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316(a) DRAFT TECHNICAL GUIDANCE--THERMAL DISCHARGES

October 30, 1974

Delete subparagraph (d)(4)(D) from Chapter V (page 47) which reads:

"The information called for in subparagraph (c)(4)(D)
above, except that such information may be [imited to
the area of fthe proposed discharge zone."

Chapter X, Community Studies, is amended as follows and included
in its entirety.



INTRODUCT I ON

(a) Foreword.

This guidance manual describes the information which should be
developed and evaluated in connection with the possible modification,
pursuant to section 3!6(a) of the Federal Water Pollution Control Act,
as amended, 33 USC 1251, !326(8), and 40 CFR Part 122, of any effluent
limitation proposed for the control of the thermal component of any
discharge otherwise subject to the provisions of section 30l or 306 of
the Act. It is intended for use by EPA and State water quality agencies
in establishing or reviewing proposed thermal effluent timitations, by
owners or operators of point sources who may file applications under
section 316(a) and by members of the public who may wish to participate
in any 316(a) determination.

Three types of demonstration are defined--Absence of Prior Appreciable
Harm (Type 1), Protection of Representative, Important Species (Type 2)
and Biological, Engineering and Other Data (Type 3) (see 316(a) Infor-
mation Flow Chart, below). Where preparation of a demonstration will
require a significant period of time after application has been made for
a permit to include alternative effluent limitations, a plan of study
and demonstration should be established, with the advice and consultation
of the Regional Administrator (or Direcfor).l/ (See 40 CFR 8122.5 (or

g122.11).)

t. Throughout these guidelines the phrase "Regional Administrator (or
Director)" means the relevant permitting authority, unless the context
requires otherwise.
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Each informational item identified in this guidance for the selected
type(s) should be inciuded in full in the demonstration unless the
established plan provides otherwise.

(b) Legal Requirements.

Heat discharged into water is a pollutant. (Section 502(6), FWPC
Act.) Point source dischargers of pollutants must achieve, not later
than July 1, 1977, effluent |limitations based on the best practicable
control technology currentiy available ("BPCTCA") or any more stringent
limitation required by certain State or federal laws or regulations,
including applicable water quality standards; and they must further
achieve, not later than Juty I, 1983, effluent limitations based on the
best available technology economically achievable ("BATEA"). (Section
301.) The Administrator is required to publish regulations to define
BPCTCA for classes and categories of point sources (section 304(b)) and
establish Federal standards of performance for new sources within cer-
tain categories of sources. (Section 306.)

Effluent {imitations guidelines under section 304(b) and new source
standards of performance under section 306 include limifations on heat
for those industries for which such limitations are appropriate.
Effluent Limitations Guidelines and Standards, Steam Electric Power
Generating Point Source Category (40 C.F.R. Part 423), include such

limitations.



Effluent limitations proposed pursuant to section 301 or 306 for
the thermal component of a discharge may be modified or waived if the
owner or operator of the source is able to demonsirate that the effluent
| imitations proposed for the thermal component of the discharge are more
stringent than necessary to protect the balanced, indigenous population
of shellfish, fish, and wildlife in and on the body of water into which
the discharge is made.2/ The basis for modification is a casebycase

evaluation of the water quality impact of the individual discharge.

2. Section 316(a) provides:

"With respect to any point source otherwise subject to the
provisions of section 301 or section 306 of this Act, whenever the
owner or operator of any such source, after opportunity for public
hearing, can demonstrate to the satisfaction of the Administrator
(or, if appropriate, the State) that any effluent limitation pro-
posed for the control of the thermal component of any discharge
from such source will require effluent {imitations more stringent
than necessary to assure the protection and propagation of a
balanced, indigenous population of shellfish, fish, and wildlife in
and on the body of water into which the discharge is to be made,
the Administrator (or, if appropriate, the State) may impose an
effluent limitation under such sections for such plant, with respect
to the therma! component of such discharge (taking into account the
interaction of such thermal component with other pollutants), that

will assure the protection and propagation of a balanced, indigenous
population of shellfish, fish, and wildlife in and on that body of
water."

Regulations describing requirements under section 316(a) should be
consulted in connection with any 316(a) presentation. (See 40 C.F.R.
Part 122.)



(c) Applicant's Demonstration.

An applicant, after consultation with the Regional Administrator
(for Director), may present evidence addressing any one or more appropriate
demonstration fypes. All demonstrations should be complieted within a
time frame which will assure maximum progress towards compliance with
the statutory deadlines of sections 301 and 306.

Each demonstration item set forth in Chapters |V-V| for the subject
demonstration type will normally apply. The Regional Administrator (or
Director) may authorize or request an applicant to modify, reduce,
expand or eliminate any item as warranted by the circumstances of the
particular case. The advance concurrence or nonconcurrence of the
Regional Administrator (or Director) in a particular demonstration
shoultd help all parties identify a relevant showing. However, the
statutory burden of proof for alternative effluent limitations is on the
applicant. Therefore,\any advance agreement should not be taken as
reducing the applicant's respopsibilifies, nor should any disagreement
be allowed to prejudice the conclusion,

Any alternative effluent limitation imposed pursuant 1o section
316(a) must assure the protection and propagation of a balanced, indige-~
nous community of shellfish, fish and wildlife. Therefore, the applicant
submitting evidence for a 3i6(a) evaluation should submit information on
all modes of discharge that he may be contemptating. For exampie, if

his information indicates that a closed system requirement is too stringent



but does not justify the use of a simple once through discharge, then he
should have sufficient evidence to justify some other mode of discharge

(a diffuser or a "helper" cooling tower). This is imperative 'since Time
may not allow for another long-term 316(a) study (due to BPCTCA and

BATEA deadlines). If this is the case and if there is not enough evidence
to assure protection of the balanced, indigenous community in using
another discharge cooling system, then there may be no other choice but

fo require a closed cycle cooling system.

Since by law the burden of proof in any 316(a) demonstration is on
the applicant, effluent IimiTaTiong proposed pursuant to sections 30| or
306 will not be modified if the weight of the evidence indicates that
such limitations are not unnecessarily stringent. Neither will they be
modified where the evidence is insufficient 1o allow the Regional Admin-
istrator (or Director) to determine whether they are unnecessarily
stringent or not. Modification will be granted only where the applicant
succeeds in making a demonstration which (1) affirmatively shows that
the proposed |imitations are more stringent than necessary and (2) is
not outweighed by any evidence fo the contrary.

{(d) Format of Demonstration.

Each demonstration should include the following:

l. Pagination.

2. A table of contents.

3. Supportive reports, documents and raw data which are not from

the open scientific |iterature.



4. Bibliographic citations fto page number.

5. An interpretive, comprehensive narrative summary of the demon-

stration.

The summary should include a table of contents. Sources of data
used in the summary should be cited to page number. The summary should
include a clear discussion stating why the applicant's demonstration is
sufficient to assure that the proposed discnarge will assure the protec-
tion and propagation of a balanced, indigenous community.

(e) Application.

The following points may be helpful in tThe review and application
of these guidelines.

[. How is the Manual fo be used: Are its requirements binding?

A. The guidance should normatly be followed for each demon-
stration. However, specific demonstration items can be changed to fit
the circumstances of The particular case, with the advice and consultation
of the Regional Administrator (or Director). The applicant is encouraged
to deveiop its plan of study and demonstration promptly, in accordance with
the law's time constraints. Of course, a demonstration plan cannot be
binding on either the applicant or the Regional Administrator (or Director),
in view of the possibility that developing information may suggest changes
in the study; the potential for third party involvement or judicial
review, and the law's mandate that the burden of proof under section 316(a)

is on the applicant.



2. How should the right demonstration type be selected? |s there

any screening procedure?

A. No formal screening mechanism can adequately predict the
"right" demonstration fype for each applicant. The applicant should
select its proposed demonstration type or fypes through consideration of
this guidance, the nature of its discharge (existing or new; low impact
or other, etc.) and the availability or attainability of information.
Consultation with the Regional Administrator (or Director) is also

encouraged.

3. How comprehensive must a demonstration be in order to provide

the required assurance of protection and propagation?

A. The study must provide reasonablie assurance of protection
and propagation of the indigenous community. Mathematical certainty
regarding a dynamic biological situation is impossible to achieve,
particularly where desirable information is not obtainable. Accordingly,
the Regional Administrator (or Director) must make decisions on the
basis of the best information reasonably attainable. At the same time,
if he finds that the deficiencies in information are so critical as to
preclude reasonable assurance, then alternative effluent |imitations
should be denied. It is expected in any case that after publication of
this guidance potential applicants will conduct monitoring and data
collection activities responsive fo the applicable portions of +this
document. In that way, as initial permits come up for renewal, subseqguent
316(a) judgments may be made with increasing levels of confidence, and
new effiuent Iimitations may be imposed as necessary (except as provided

in section 316(c)).



4. Will there be enough time to prepare the demonstrations called

for by the guidelines?

A.  The statutory timetables are very tight, and The~3l6(a)
statutory fest may require preparation of rather extensive information
in order fo reach a reasonable conclusion. The time needed for individual
demonstrations will vary according to the demonstration type being
undertaken and the data which the applicant has already collected: No
applicant should lack existing useful date on its own discharge or
proposed discharge. Where a demonstration cannot be completed prior to
the date for issuance of a permit, a permit may be issued for a term of
up tfo five years which requires the source to achieve the initially
proposed effluent limitations no later than the date specified by applicabie
law, regulations and standards, but fthe permittee may be afforded an
opportunity to request a hearing after additional information has been
developed. (See 40 C.F.R. 88122.10(b), 122.15(b).)

5. Shouldn't a showing of compliance or noncompliance with

applicable water quality standards be conclusive?

A. The statutory test established by section 316(a) is distinct
from the multiple statutory objectives of water guality standards.
In addition, standards may fail to address site-specific issues, such as
refined temperature limits to protect spawning areas or to reflect a
community which has become adapted to natural local conditions. Therefore,
compliance or noncompliance with standards alone is not a sufficient

demonstration. The law indicates that standards should be modified



where necessary to make them consistent with section 316(a) decisions.

Where such modifications have taken place, or wherever the standards are
fully consistent with the 1983 goals of the Act (see section 101(a)(2)),
compl iance or noncompliance with standards may be a persuasive factor in

the 316(a) evaluation.

6. Can the outcome of a proposed demonstration be predicfed, so

that the applicant can commence any needed planning and construction?

A. Each demonstration involves a distinct case and a distinct
water body situation. Firm decision rules would be arbitrary, and their
application would fail to provide against excessive environmental risk
or unnecessarily stringent outcomes. Instead of firm rules, therefore,
the guidelines set forth for each demonstration type a series of factors
the presence of which would fend to indicate that section 316(a) relief
should not be granted. These non-binding guidelines should be useful fo-
show the types of considerations which may be determinative.

7: Does completion of a satisfactory 316(a) demonstration

respecting the thermal component of its discharge assure the applicant

of relief from the requirements of sections 30! and 3067

A. No. All impacts of the plant must be analyzed and weighed.
Section 316(a) requires consideration of the interaction of the thermal
component of the discharge with other pollutants, such as chemicals or

the thermal! discharges of other sources. 1in addition to considerations

10



under section 316(a), other possible harmful effects of the plant’'s
operation and discharge must be prevented, including any excessive
impact on water resources or harmful effects caused by the intake
structure and/or entrainment. (See section 316(b) of the Act and 40

C.F.R. Parts 40!, 402.) Guidance on entrainment will be forthcoming.



DECISION GUIDANCE

This chapter provides guidance for section 316(a) decisions by
listing factors which suggest a failure fo assure the protection and
propagation of the balanced, indigenous community. These factors should
be used solely as guidance, not as specific decision criteria for denial
of alternative effluent limitations. The weight given fo particular
factors will differ regionally in accordance with emphasis on specific
regional problems. Additional factors may also be considered.

NOTE: The factors set forth in this chapter relate solely to the
thermal impact of the applicant's discharge. A permit may be issued
only if the plant's operation and discharge will meet all applicable
requirements of law, including restrictions on intake and entrainment
effects and the chemical component of the discharge. Guidance on entfrain-
ment will be forthcoming.

. Type I: Absence of Prior Appreciable Harm.

A failure to demonstrate the absence of prior appreciable harm may
be suggested by any of the following:

(a) Evidence of damage to the balanced, indigenous community, or
5ommuniTy components, resulting in such phenomena as those identified in
the definifion of appreciable harm. (See Chapter Il1, paragraph (10).)

(b) Absence of a convincing and otherwise satisfactory rationale
where needed to explain any information submitted by the applicant.

(See Chapter 1V, paragraphs (b)(l)=(6).)



(c) Failure to provide sufficient information to form the basis
for a determination.

(d) Any other evidence that the protection and propagation of the
balanced, indigenous community is not being assured.

2. Type 2: Protection of Representative, Important Species.

A failure to demonstrate that the discharge (existing or proposed)
is consistent with assurance of the protection and propagation of repre-
sentative, important species may be suggested by any of the following:

(a) Any one or a combination of the factors listed for a Type |
demonstration, paragraph (1), above, as those factors would apply to the
existing or proposed discharge under consideration.

{(b) Discharge zone receiving water temperatures outside the mixing
zone in excess of the upper temperature limits for survival, growth and
reproduction, as applicable, of any representative, important species
occurring in the receiving water.

(c) Receiving water temperature within the mixing zone which fails
to conform to minimum requirements for such area.

(d) Receiving water of such quality in the absence of the .proposed
thermal discharge that the addition or continuance of the discharge may
select for excessave nuisance populations of phytoplankton, macroalgae,
fouling or boring species, scavenger species or encrusting species.

(e) Ins' iciency-of information needed to select representative,
important species; to verify the selection, or to evaluate the effects

of the proposed discharge on the selected species. Sufficiency of



information should be determined by the Regional Administrator (or
Director) on the basis of the specific case, considering the signifi-
cance of the species in question, the need for the information, its
availability or attainability (inciuding time for attaining) and the
adeguacy of the applicant's other information to allow appraisal of the
overall impact of the discharge. If data crucial fo the evaluation are
not presented, the applicant's Type 2 application should be denied:
Prior consultation with the Regional Administrator (or Director) as to
informational needs should help avoid this result.

(f) Clear indications that the assurance of the protection and
propagation of the selected representative, important species will not
assure the protection and propagation of the balanced, indigenous com-
munity in and on the receiving water body segment.

3. Type 3: Biological, Engineering and Other Data. -

A failure to demonstrate that the discharge (existing or proposed)
is consistent with the assurance of the protection and propagation of
the balanced, indigenous community by means of biological, engineering
and other data is suggested by any of the following:

(a) Any one or a combination of such factors listed for a Type |
or Type 2 demonstration as might be applicable. (Paragfaphs (1) and
(2), above.)

(b) Inadequacy or rebuttal of the applicant's additional data and
information to demonstrate the assurance of the protection and propaga-

tion of a balanced, indigenous community.



To the extent feasible, the Regional Administrator (or Director)
should define specific Demonstration Type 3 factors at the time the
applicant's proposed specific plan of study and demonstration is pre-

pared. (See Chapter |, subparagraph (e)(1).)



DEFINITIONS

Definitions and descriptions in this section pertain to a number of

terms and concepts which are pivotal to the development and evaluation

of 316(a) studies.

These are developed for the general case fo aid the

Regional Administrator (or Director) in delineating a set of working

definitions and concise end points requisite to a satisfactory demon-

stration for a given discharge.

(n

Balanced, Indigenous Communify.

The regulation provides (40 C.F.R. 8122.1(h)):

The term "balanced, indigenous community" is synonymous with
+he term "balanced, indigenous population" in the Act and means a
biotic community typically characterized by diversity,
the capacity to sustain itself through cyclic seasonal changes,
presence of necessary food chain species and non-domination
of pollution tolerant species. Such a community may
inctude historically non-native species introduced in
connection with a program of wildlife management and species
whose presence or abundance results from substantial,
irreversible environmental modifications. Normally, however,
such a community will not include species whose presence
or abundance is attributable to the introduction of pollutants
that will be eliminated by compliance by all sources with
section 301(b)(2) of the Act, including alternative effluent

limitations imposed pursuant to section 3l6(a).

16



A "community" in general is any:

. assemblage of populations living in a prescribed
area or physical habitat; it is an organized unit to the
extent that it has characteristics additional to its individual
and population components and functions as a unit through
coupled metabolic transformations.

Communities not only have a definite functional unity
with characteristic trophic structures and patterns of energy
flow but they also have compositional unity in that there
is a certain probability that certain species will occur

TogeTher.l/
All communities typically have characteristics including but not |imited
to:

(a) Diversity in its general sense (species richness, equitability
and age structure);

(b) Biological processes, cycles, and periodicities such as regard
productivity, reproduction, recruifment, short or long term
succession, energy flow and nutrient turnover;

(c) Spatial characteristics, which may be ordered by the biota as

well as the hydrography and geomorphology.

. 0Odum, E.P., Fundamentals of Ecology (W. B. Saunders Co.,
Philadelphia, Pa. (1971)), p. 140.

17



A "balanced, indigenous" community means a desirable community
consisting of fish, shellfish and wildlife plus the biota at other
trophic levels which are necessary or desirable as a part of the food
chain or otherwise ecologically important to the maintenance of the
desirable community. In keeping with the objective of the Act, the
community should be consistent with the restoration and maintenance of
the biological integrity of the water. (See section |0l(a).) However,
it may also include species not historically native to the area which:

) Result from major modifications fto the water body (such as
hydroelectric dams) or to the contiguous land area (such as
deforestation attributable to urban or agricultural develop-
ment) which cannot reasonably be removed or altered.

° Result from management intent, such as deliberate introduction
in connection with 2 wildlife management program.

] Are species or communities whose value is primarily scientific
or aesthetic.

Thus, it is not necessary to show that the applicant's discharge is
compatible with a community which may have existed in a pristine environ-
ment but which has not persisted.

Community imbalance may be evidenced by any one or more of the

following:



Blocking or raversing short or long term successional frends

of community development.

A flourishing of heat tolerant species and an ensuing replacement
of other species characteristic of the indigenous community.
Simplification of the community and the resulting loss of

stability.

An imbalanced or nonindigenous community could also be characterized by

excessive levels of:

(2)

Species whose dominance results from the introduction of

pol lutants.

Species introduced and maintained in residence as a result of
habitat destruction by man's activities (for example, dredging).
Species introduced by human activities (such as aquaculture)
which colonize or establish tThemselves at the expense of
endemic communities and which are beyond the limit of manage-
ment intent. (See section 318, FWPC Act, and 40 C.F.R. Part

[15.)

Representative, Important Species.

The regulation provides (8122.1(g)):

The term "representative, important species" means

species which are representative, in terms of their biological

requirements, of a balanced, indigenous community of

shellfish, fish, and wilidlife in the body of water into

which the discharge is made.

19



Species should be representative of the community in the sense that
a maintenance of water quality conditions assuring the natural completion
of their life cycles will also assure the protection and propagation of
+he balanced, indigenous community. "Natural completion of life cycles"
refers to species growth, development, reproduction, metabolism and
behavior adequate fo maintain the species within the community. Species
can be important from a direct economic standpoint, as a food chain
organism for an economic species, or broadly from the ecological aspect
for normal community function and maintenance. For example, to maintain
a desired fish species, temperatures must be limited not only to meet
the therma! tolerance of the desired species itseif but also to maintain
species of relevant biotic categories necessary as part of the food web
supporting the fish species.

(3) Biotic Categories.

Biotic categories include the following:

(i) Primary producers--autotrophic organisms that fix CO2 into
organic matter using radiant energy through photosynthesis.
Aquatic examples include but are not limited to phytoplankton,
periphyton, macrophytes, and macroalgae.

(i) Macroinvertebrates--animals that are large enough to be seen

by the unaided eye and can be retained by a U.S. Standard No.
30 sieve (28 meshes per inch, 0.595 mm openings). Aquatic
examples include but are not limited +o mol lusks, insects,

annelids, and crustaceans.

20



(ii1) Fish--the common usage of this term.

(iv) Economically imporfant species--plant and animal species of

present or potential recreational or commercial value as
objects of hunt or harvest.

(4) Principal Macrobenthic Species.

Principal macrobenthic species are those dominant macroinvertebrates
and plants attached or resting on the bottom or living in bottom sediments.
Examples include but are not limited to crustaceans, mollusks, polychaetes,
and habitat forming species such as attached macroalgae, rooted macrophytes
and corail.

(5) Nuisance Species.

Nuisance species are microbial, plant and animal species, most of
which are pollution-tolerant, present in the indigenous community or
recruitable from contiguous waters which, by virtue of the direct or
indirect effects of the discharge, will be given sufficient advantage to
appear in the zone of discharge in large numbers at the expense of other
members of the indigenous community. The concept is infended to carry
+the connotation of "weeds" used in its agricultural sense and may refer
to a species with otherwise desirable features. However, any species
which indicates a hazard to ecological balance or human health and
welfare that is not naturally a feature of the indigenous community must
be defined as a nuisance species (e.g., large numbers of fecal strepfococci

or new blooms of coccoid or blue-green algae).

21



(6) Migrants.

Migrants are nonplankfonic organisms that are not permanent residents
of the area but pass through the discharge zone and water contiguous to
it. Examples include the upstream migration of spawning salmon and
subsequent downstream run of the juvenile forms, or organisms that
inhabit an area only at certain times for feeding or reproduction
purposes.

(7) Threatened or Endangered Species.

A threatened or endangered species is any plant or animal that has
been determined by the Secretary of Commerce or the Secretary of the
Interior to be a threatened or endangered species pursuant to the
Endangered Species Act of 1973, as amended.

(8) Discharge Zone.

The discharge zone is that portion of the receiving-waters which
falls within the delta 2°C. isotherm of the plume 30% or more of the
time, as defined by data representing a period of at least a few months
and preferably indicative of a complete annual cycle.

(9) Water Body Segment.

A water body segment is a portion of a basin the surface waters of
which have common hydrologic characteristics (or flow regulation patterns);
common natural physical, chemical, and biological processes, and which
have common reactions to external stress, e.g., discharge of pollutants.
(See 40 C.F.R. £130.2(m).) Where they have been defined, the water body
segments determined by the State Continuing Planning Process under

section 303(e) of the Act will apply.

22



(10) Appreciable Harm.

Appreciable harm is damage to the balanced, indigenous communifty,
or to community components which results in such phenomena as the following:
° Substantial increase in abundance or distribution of any
nuisance species or heat tolerant community not representative
of the highest community development achievable in receiving
waters of comparable quality.
. Substantial decrease of formerly indlgenous species, other
than nuisance species.
° Changes in community structure to resemble a simpler suc-

cessional stage than is natural for the locality and season in

quesTtion.
o Unaesthetic appearance, odor or taste of the waters.
o Elimination of an established or pctential economic or recrea-

Tional use of the waters.
o Reduction of the successful completion of life cycles of
indigenous species, including those of migratory species.
. Substantial reduction of community heterogeneity or trophic
structure.
This definition describes harm which should be considered appreciable.
I+ is not intended that every change in flora and fauna should be considered
appreciable harm.

(11) Low Potential Impact.

An exisTing or proposed discharge may be determined to be a low
potential impact discharge, on a case-by-case basis, in either of the

following situations:

23



® The thermal plume comprises or would comprise a relatively
small percentage of the shore fo shore distance and cross-
sectional area of the fresh water body segment or stream flow
and is not in an area of high biological value.

® The discharge is an off-shore marine discharge which results

or would result in a plume which does not or would not impact
benthic or shoreline organisms,-off-shore migratory paths,
spawning areas of fishes or areas of upwelling.

Site-specific considerations which could influence the determination
of low impact include the amount of thermal loading in the water body
segment to which the discharge is to be made and lack of any important
spawning areas in the discharge zone.

(12) The definitions of the following terms contained in the regulations
shall be applicable to such ferms as used in this guidance manual:
"Effluent limitations," "alternative effluent limitations," "water
qual ity standards,” "section 3i6(a)," "pollutant," "discharge of a

pollutant,”" "point source,” "discharge" and "pol lution."

24



v

DEMONSTRATION TYPE |: ABSENCE OF PRIOR
APPRECIABLE HARM (EXISTING SOURCES)

(a) Introduction.

An existing source may present information pursuant to this chapter
to demonstrate that the thermal component of Its discharge has not
caused appreciable harm to the balanced, indigenous community.

A Type | demonstration should include the information identified in
this paragraph, unless written modifications are developed following
consultation with the Regional Administrator (or Director). The demonstra-
tion may also include such additional information as the applicant may
wish to be considered, provided that the additional information is
accompanied by a rationale stating why such information indicates the
absence of prior appreciable harm. Information to be submitted includes
the following:l/

® Water quality standards information. (Paragraph (b)(l1).)

® Records of shutdowns. (Paragraph (b)(2).)

® Water quality related communications. (Paragraph (b)(3).)

. Species information. (Paragraph (b)(4).)

° Discussion of economic and recreational effects. (Paragraph
(b)Y (5).)

® Other known reports on effects of the discharge. (Paragraph

(b)(6).)

|. Where field studies are carried out, sample repiication should be
adequate to determine the precision of the data generated and to conduct
appropriate statistical tests.

25



® Engineering and hydrologic information. (Chapter Vil.)
® Thermal load information, if needed. (Chapter IX.)

Information for a full Type | demonstration includes all of the
above items. Wherever the applicant can show to the satisfaction of the
Regional' Administrator (or Director) that its discharge has a low potential
impact on the receiving water body segment, the Regional Administrator
(or Director) may provide in writing that the Type | demonstration may
be |imited by omitting the species information described in paragraph
(b)Y(4).

In demonstrating that no appreciable harm has been caused, it is
not necessary for the applicant to show that every species which would
occur under optimal conditions is present, as long as it demonstrates
that the community as a whole, and all major components thereof, are
intfact. At the same time, -the applicant's demonstration should show -the
effects of its discharge on species in the entire water body segment:
Demonstration of the absence of appreciable harm may not be wholly
dependent on exempting a portion of the waters for a mixing zone.

The Type | demonstration is not available in either of the following
cases:

° The applicant has not been discharging the heated effluent

into the body of water for a sufficient period of time (gen-

erally at leas |- year) prior to its 316(a) appiication to

allow evaluation of the effects of the discharge.
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° The discharge has been made into waters which, during the
period of the applicant's prior thermal discharge, were so
despoiled as to preclude evaluation of the effects of the
thermal discharge on species of shellfish, fish and wildlife.

(b) Applicant's Information.

Information to be submitted inciudes The following:

(1) Evidence of compliance with applicable water quality
standards. The applicant shou)d submit sufficient evidence for The
Regional Administrator (or Director) to make a determination of compliance.
If any of the evidence reveals non-compliance with water quality standards
the applicant should submit a rationale stating why this evidence does
not indicate prior appreciable harm to the balanced, indigenous community.

(2) Records of shutdowns and their effects on the aquatic
biota. All shutdowns which resulted in the disruption (complete stoppage)
of heated effluent flow during the last five years should be documented
and some assessment of the known effects of each shutdown should be made
by the applicant. If the applicant's records are incomplete or if he
has no knowledge of harmful effects for a specific shutdown he should so
note and should describe his monitoring efforts in connection with such
shutdown. |f any effects harmful to aquatic biota have resulted from
shutdowns, the applicant should submit a rationale stating why these
effects did not constitute appreciable harm to the balanced, indigenous

community.
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(3) Copies of all water qualtity related communications (which

indicate possible harmful effects) between the applicant and any regulatory

agency other than EPA during the last five years. The applicant should

submit copies of all such communications or show why he is unable to do
so, except that in the case of State administration of the permit program,
communications with the State need not be submitted but communications
with EPA should be included. For each communication the applicant

should also submit a rationale explaining why the concerns reflected in

the communication did not reflect appreciable harm 1o the balanced,

indigenous community.

(4)(A) A list, and an indication of the abundance, of threatened
or endangered species and nuisance species, at any trophic level; principal
macrobenthic species and species of fish, shellfish and wildlife, in:

(i) . The discharge zone under existing conditions;

(ii) The water body segment just outside the discharge
zone under existing conditions; and

(iii) The water body segment under theoretical conditions
which would exist by including non-point source influences but excluding
stress from point source discharges.

All threatened and endangered species should be

except that no information should be requested that would require field
sampling prohibited by the Endangered Species Act, 16 USC 153] et. seq.
The degree fo which nuisance species, principal macrobenthic species and

species of fish, shellfish and wildlife are to be listed should be
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determined by consultation between the applicant and the Regional
Administrator (or Director).

Data should be provided for each of the following
seasonal conditions: summer maximal temperature, fall transitional
regime, winter minimal ftemperature, and spring ftransitional regime. The
Regional Administrator (or Director) may request the applicant to conduct
more thorough sampling where needed for his analysis of the particular
case.

Information relating to the discharge zone should
represent conditions throughout the zone (i.e., from the point of discharge
to the 2°C. isotherm), unless the Regional Administrator (or Director)
designates a particular portion of the discharge zone for study.

The estimation (iii) of the species which would be
abundant under theoretical conditions should represent the applicant's
best approximation based cn historical data or the biota of appropriate
(relatively unpolluted) nearby water bodies, e.g., at upstream control
stations. The basis and limits of comparability of such water bodies
should be stated.

(B) ldentification of the reproductive period (dates) and
reproductive temperatures for each species of fish and shellfish listed.

{(C) A map showing the l!ocation, within the discharge zone
of reproductive and nursery areas, migratory routes, and principal
macrobenthic forms,

(D) Where fthe Regional Administrator (or Director) has

reason to believe there may be a specific disease or parasitism problem
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as a result of the thermal discharge, information on the incidence of
disease and parasitism and on the condition of fish inhabiting the
discharge zone and water body segment just oufside the discharge zone.
This information should include a comparison of affected vs. unaffected
populations.

(E) The data called for in subparagraphs (A)-(C) above
should be accompanied by a rationale stating why the information provided
does not suggest prior appreciable harm to the balanced, indigenous
community. This rationale should include a comparison of species and
abundance lists and, where appropriate, estimates of areas impacted and
levels of impact for locations of similar habitat within areas (i), (ii)
and (iii), subparagraph (A) above, using a statistical method such as
coefficient of similarity or analysis of variance. |If such statistical
methods are inappropriate, -an-appropriate method of comparison may be
substituted and the rationale should include the reasons for the sub-
stitution.

(5) A description and discussion of the effect the heated
effluent has had on economic and recreational .uses of the balanced,
indigenous community.

(6) All other known existing reports concerning the effects
of the applicant's discharge on principal macrobenthic species; threatened
or endangered species or species of shellfish, fish and wildlife. |If
any of these reports indicate effects harmful o any such species, the
applicant should submit a rationale stating why these effects did not

constitute appreciable harm to the balanced, indigenous community.
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DEMONSTRATION TYPE 2: PROTECTION OF REPRESENTATIVE, IMPORTANT SPECIES

(a) Introduction.

Any existing or new source may present information pursuant to this
chapter to demonstrate tha* the thermal component of its discharge will
assure the protection and propagation of representative, important
species whose protection and propagation, if assured, will assure the
protection and propagation of a balanced, indigenous community.
A Type 2 demonstration should include the information identified in
this paragraph, unless the demonstration is changed folliowing consultation
with the Regional Administrator (or Director). The demonstration may
also include such additional information as the applicant may wish to be
considered, provided that the additional information is accompanied by a
rationale stating why such information indicates assurance of the protection
and propagation of the balanced, indigenous community. Information to
be submitted incliudes the following:l/
. Mixing zone information. (Paragraph (c){l) or (d)(1); see
also Chapter VIII| and Appendix A.)

) Water quality standards information. (Paragraph (c)(2) or
(d)(2).)

° Record of shutdowns. (Paragraph (c)(3) or (d)(3).)

o Bioctic communities information. (Paragraph (c)(4) or (d)(4).)

I. Where field studies are carried out, sample replication should be
adequate to determine the precision of the data generated and fo conduct
appropriate statistical tests.
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° Representative, important species information. (Paragraph
(c)(5) or (d)(5); see also paragraph (b).)

o Discussion of economic and recreational effects. (Paragraph
(c)(6) or (d)(6).)

o Other known reports on effects of the discharge. (Paragraph
(e)(7) or (dX(]).)

° Engineering and hydrologic information. (Chapter VII.)

° Thermal load information, if needed. (Chapter IX.)

Information for a full Type 2 demonstration includes ali of the
above items. Wherever the applicant can show fo the satisfaction of the
Regional Administrator (or Director) that its discharge has or will have
a low potential impact on The receiving water body segment, selection of
representative, important species may be |imited fo fish and shellfish.

NOTE: The applicant should submit information on all modes of dis-
charge under consideration. See Chapter |, paragraph (c).

(b) Selection of Representative, Important Species.

(1) General.
(A) The Regional Administrator (or Director) should

select representative, important species pursuant to 40 CFR £122.9(b)(2)
(or 2122.15(b)(2)). Such species should consist of one or more species
from each of the following biotic categories: macroinvertebrates, fish
and economically important species; exgept that the Regional Administrator
(or Director) may determine, based on the characteristics of the receiving
water body segment, that species from one or more of these biotic

categories need not be included.. (See also paragraph (a), above.)
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(B) In some cases those species most important in
controlling community function are little understood and act in a subtle
fashion, so that their role is only evident following environmental
degradation. Until such species are identified, it remains prudent in
selecting representative, important species in nondegraded environments
fo consider primarily community dominants. Dominant species include:

(i) those with high biomass, and (ii) those of greatest numerical abundance,
regardless of biomass. Included among these species would be many

species important to energy and nutrient cycling, community structure,

and habitat formation.

(C) Where species known to be temperature tolerant or
capable of withstanding passage through the proposed discharge are
selected as representative, important species (based on thelr community
abundance, potential economic importance or other factors [g;g;, American
oyster, blue crab, barnacle]), additional more thermally sensitive
species in the same biotic category should generaily be selected as
well, in order better to reflect the thermal sensitivity of an entire
biotic category.

(2) Species Selection Where Information is Adequate.

Where information pertinent to species selection is
adequate, the Regional Adminlistrator (or Director) should promptiy select
representativa, important species. The applicant may suggest species
for his consideration and may, as a part of its demonstration, challenge

any selection. Species should be selected as follows:
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(A) Applicable State water quality standards.

If the State's approved water quality standards
designate particular species as requiring protection, these species

should be designated, but alone may not be sufficient for purposes of a

Type 2 demonstration.

(B) Consultation with Director and with Secretaries

of Commerce and Interior.

In the case of species selection by the Regional
Administrator, he must seek the advice and recommendation of The Director
as to which species should be selected. The Regional Administrator must
consider any timely advice and recommendations supplied by the Director
and should include such recommendations unless he believes that sub-
stantial reasons exist for departure.

The Secretary of Commerce and The Secretary of the
Interior, or their designees, and other appropriate persons (e.g., uni-
versity biologists with relevant expertise) should also be consulted and
their timely recommendations should be considered. The Director should
also consult with the agency exercising administration of the wildlife
resources of the State.

(C) Threatened or endangered species.

Species selection should specifically consider any
present threatened or endangered species, at whatever biotic category or
trophic level, except that no information should be requested that would
require field sampling prohibited by the Endangered Species Act, 16 USC

1531 EI"EES'
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(D) Thermally sensitive species.

The most thermally sensitive species (and species
groups) in the local area should be identified and their importance
should be given special consideration, since such species (or species
groups) might be most readily eliminated from the community if effluent
limitations allowed existing water temperatures to be altered. Consider-
ation of the most sensitive species will best involve a fotal aquatic
community viewpoint.

Thermal sensitivity date includes but is not |imited
to the data described in paragraph (c)(5)(A), beiow. Reduced tolerance
to elevated temperature may also be predicted, for example, In specles
which experience natural population reduction during the summer. Species
having the greatest northern range and least southward distribution may
also possess reduced thermal tolerance.

(E) Economically important species.

Selection of economically important species should
be based on a consideration of the benefits of assuring their protection.

(F) Far-field and indirect effects.

Conslderation should include the entire water body
segment. For example, an upstream coid water source should not be
warmed to an extent that would adversely affect downstream biota. The
impact of additive or synergistic effects of heat combined with other
existing thermal or other pollutants in the recelving waters should also

be considered.
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(3) Species Selection Where Information is Inadequate.

Where the available information is not adequate fo enable
the Regional Administrator (or Director) fo select appropriate represen-
tative, important species, he may request the applicant attempting to
make a Type 2 demonstration to conduct such studies and furnish such

evidence as may be necessary to enable such selection. Where species

selection is based on information supplied by the applicant, the appro-
priateness of the species as representative and important is an aspect
of the applicant's burden of proof.

The applicant's species selection studies or evidence
should normally consist of:

(A) Early submittal of the species information described
in paragraph (c)(4) or paragraph (d)(4), below, and the median folerance
limit information described in paragraph (c)(5) or (d)(5), below.

(B) Any available Information regarding species identified
by community studies, if (i) suéh community sTudfes have been conducted
at existing thermal discharge sites, (ii) the studied community included
species also found at the applicant's proposed discharge site, and (iii)
such studies have shown that any such species experienced appreciable
harm as a result of the thermal component of .the discharge. (See Chapter X.)

(C) Other information necessary or appropriate to enable
the Regional Administrator (or Director) to address the considerations

set forth in paragraph (b)(1), above.
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(c) Applicant's Information--Existing Sources.

tnformation to be submitted by an existing source includes the
following:

(1) Field data that the discharge conforms with an appropriate
mixing zone and zone of passage. (See Chapter VIII.)

(2) Evidence of compliance with presently applicable water
quality standards. The applicant should submit evidence sufficient to
enable the Regional Administrator (or Director) to make a determination
that water quality standards will be met. If any of the evidence reveals
possible noncompliance with water quality standards, the applicant
should submit a rationale stating why The expected deviations from water
quality standards will not result in a failure to assure the protection
and propagation of the selected species. (See Chapter VIIl.)

(3) Records of shutdowns (resulting in complete stoppage of
heated effluent flow) and their effects on the aquatic biota. All such
shutdowns during the last five years should be documented and some
assessment of the known effects of each such shutdown should be made by
the applicant. |If the applicant's records are incomplete or if he has
no knowledge of harmful effects for a specific shutdown, he should so
note and should describe his monitoring efforts in connecticn with such
shutdown. If any effects harmful to aquatic biota have resulted from
shutdowns, the applicant should submit a rationale stating why these
effects did not interfere with the protection and propagation of the

balanced, indigenous community. Projections of expected shutdowns and
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their projected effects on the aquatic biota should also be made, and
the applicant should also submit a rationale stating why the projected
effects will not result in a failure to assure the protection and
propagation of the balanced, indigenous community. For freshwater fish
the nomograph in the Freshwater Thermal Criferia, Appendix B, should be
consulted to determine the maximum al lowable temperatures of plumes for
various ambient temperatures. For non-fish and marine species appropriate
information, as available, should be consulted.

(4)(A) A list and data documenting the abundance of each
selected representative, important species; threatened or endangered
species and nuisance species, at any trophic level; principal macro-
benthic species; and other important species of fish, shellfish and
wildlife, including all dominants (see paragraph (b)(1)(B), above) in:

{i) the discharge zone under existing conditions,
(ii) the water body segment just outside the discharge
zone under existing conditions, and
(i71) the water body segment just outside the discharge
zone under theoretical conditions which would exist when al! point
source dischargers of poliutants are in compliance with section 30l (b)
of +he Act.
All representative, important species and threatened
or endangered species should be listed, except that no information

should be requested that would require field sampling prohibited by the

Endangered Species Act, 16 USC 1531, et. seq. The degree to which
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nuisance species and other important species of shellfish, fish and
wildlife are to be listed should be determined by consultation between
the applicant and the Regional Administrator (or Director).

Data should be provided for each of the following
seasonal conditions: summer maximal temperature, fall transitional
regime, winter minimal temperature and spring transitional regime. The
Regional Administrator (or Director) may request the applicant to conduct
more thorough sampling where needed for his analysis of the particular
case.

Information relating to the discharge zone should
represent conditions throughout the zone (i.e., from the point of
discharge to the 2°C. isotherm) uniess the Regional Administrator (or
Director) designates a particular portion of the discharge zone for
study.

The estimation (iii) of the species which would be
abundant under theoretical conditions should represent the applicant's
best approximation based on historical data or on the biota of appro-
priate (relatively unpolluted) nearbv water bodies (e.g., at upstream
contrel stations). The basis and limits of comparability of such water
bodies should be stated.

(B) A scale map showing the location within the proposed
discharge zone of reproductive and n' séry areas, migratory routes and

principal macrobenthic species.
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(C) The data called for in subparagraphs (A) and (B) above
should be accompanied by a rationale stating why the Information provided

does not suggest a failure to assure the protection and propagation of a

balanced, indigenous community. This rationale should include a comparison

of species and abundance |ists and, where appropriate, estimates of
areas impacted and levels of impact for locations of similar habitat
within areas (i), (ii) and (iii); subparagraph (A) above, using a statistical
method such as coefficient of similarity or analysis of variance.
(5)(A) The 24-hour median folerance Iimit of species of

macroinvertebrates and fish which are dominant in the receiving water
body segment. |f such data are not available, the applicant should
conduct adequately designed laboratory studies to determine such temperatures.
Such studies should be conducted with summer popuifations or warm accl imated
organisms and should empioy accepted procedures for median tolerance
tests for the particular species. Waters used for the tolerance tests
should resemble actual receiving water quality anticipated during the
period of the proposed discharge.

This information is for purposes of selecting and
verifying the selection of representative, important species. It is
useful primarily in predictive situations in the absence of reliable
field data. The number of species which should be covered should be
determined by consultation between the applicant and the Regional Admin-
istrator (or Director). Use of the 24-hour median tolerance limit is
preferable for uniformity of comparisons; however, if median tolerance
tevels for some other time scale are the only data available, they may

be used.

40



(B) The following life history thermal effects data for
each representative, important species.

(i) Life History Thermal Effects Data.--For each species,
the thermal criteria data identified in this subdivision should be
provided, |/ except that:

° If such data are not available for selected repre-

sentative, important species of macroinvertebrates,

community studies of this group may be conducted at
the request of the Regional Administrator (or Director)
or at the applicant's option with the advice and
consultation of fThe Regional Administrator (or
Director). (See Chapter X.)

® An existing source sited on flowing waters may

conduct in situ drift studies to demonstrate that

plume temperatures will not be harmful to eggs,
larvae and adults of representative, important

macroinvertebrate species. These studies may

substitute for appropriate components of life
history thermal effects data.
Thermal effects data to be provided are the following:
e Short-term maximum temperature for survival (upper
lethal temperature) of parent during reproduction.
(Use acclimation temperature comparable to expected

ambient temperature.)

. This list identifies general categories of data which relate to a
wide range of species. In presenting thermal effects data, information
categories should be tailored fto the individual species being considered.
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® Short-term maximum temperature for survival (upper
lethal temperature) of appropriate life stage during
the summer.
e Optimum temperature for growth of appropriate life
" stage (juveniles or adults).
e Minimum avoidance temperature (motile species).
® Maximum femperature at which normal! incubation and
farval development occurs.
e Normal reproductive dates (site specific) and temp-
eratures (general) at which reproduction occurs.
The applicant's [ife history thermal effects data may be
based on criteria and information published pursuant o section 304(a)
of the Act; information set forth in Appendix A; adequately designed
laboratory or field studies, or published studies on latitudinally
comparable populations, as provided in subparagraph (E) below. Thermal
effects data may be presented in tabular or narrative form, but in
either case detailed explanations of assumptions made should accompany

all data presented. All information should be footnoted as to source.

(ii) An evaluation of the effects of the proposed
discharge on the representative, important species. The evaluation
should be presented in tabular form as indicated on Sample Table A,
below. One table should be submitted for each representative, important

species. The evaluation should indicate the distribution and duration
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SAMPLE TABLE A

EVALUATION OF THERMAL DATA

SPECIES:
{Common Name) {ScTentific Name)
Area of
Data Discharge Zone Activity Excluded From Effects
Biological Activjty Temperature Source and | Exceeding Max. Temperature Discharge Zone by Heat Outside Dlscharge
to be Protected- Page (Acres Covered and What % of Area f Time of Zone
Condlitlions, Including Time Activity Excluded Exclusion
Period)

Max. for Survival
of ParentZ/

14

Max. for Summer
Survival

Optimum Growth

Minimum Avolidance

Max. for
Development

Normal Reproduction
Dates & Temperatures

I. This table identifles activities which relate to a wide range of species.
be tallored to the indlividual species belng considered.

forth at subparagraph 5(b){(i), above.

2. Use acclimation temperature comparable to expected ambient temperature.

In presenting thermal evaluations, activity categories should
The table headings constitute summaries of the thermal effects data |ist set



of potential exposure of the species (i) in the discharge zone and (im)

in the water body segment just outside the discharge zone during worst

case and average conditions during each season.

(iii) A rationale stating why the information submitted
pursuant to this subparagraph suggests that the heated discharge will
not result in a failure to assure the protection and propagation of the
selected species. Where data necessary to complete the life history
+hermal effects data are unavailable and community studies have not been
substituted, the rationale should so note and indicate why obtaining the
data is not feasible or not necessary to the analysis of the effects of
the discharge or proposed discharge.

(C) When the Regional Administrator (or Director) believes
it is appropriate, .information on the chill requirements for gamete for-
mation of selected species.

(D)(i) Except as provided in subparagraph (ii), below, the
applicant's life history thermal effects data should consist of any
applicable data contained in water quality criteria published by the
Administrator pursuant fo section 304(a) of the Act, when such data are
published as final (rather than proposed) criteria. Life history thermal
effects data compiled by EPA are provided in Appendix B and should be

used where 304(a) criteria are not available or inapplicable.
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(ii) Where 304(a) data or data provided by the Regional

Administrator are not applicable or the applicant wishes to contest any
of such data, the applicant may submit thermal tolerance data based on
well-documented field deduction, adequately designed laboratory studies
or published studies on latitudinally comparable populations. For
information based on laboratory studies, a detailed description of
methodology should be given or referenced. For information based on
published studies, the complete bibliographic reference, inciuding page
number, should be given and the use of such other sources should be
explained and justified. For information based on latitudinally compara-
ble populations, the basis and |limits of comparability should be stated.

(6) An assessment of the effect the heated effluent has had
and an indication of the expected effects it will have on economic or
recreational uses of the selected species.

(7) All other known existing reports concerning the effects
of the proposed discharge on the aquatic biota. |If any of these reports
indicate a probability of effects harmful to aquatic biota, the applicant
should submit a rationale stating why the proposed discharge will nonetheless
assure the protection and propagation of the balanced, indigenous community.

(d) Applicant's Information--New Sources.

information to be submitted by a new source includes the

following:
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(1) Data showing that the proposed discharge will conform

with an appropriate mixing zone and zone of passage. (See Chapter VIl1.)

(2) Evidence of compliance with presently applicable water
quality standards. The applicant should submit evidence sufficient fo

enable the Regional Administrator (or Director) fo make a determination

that water quality standards will be met. |f any of the evidence reveals

possible noncompliance with water gquality standards, the applicant
should submit a rationale stating why the expected deviations from water
quality standards would not result in a failure to assure the protection
and propagation of the selected species. (See Chapter VIIl.)

(3) Projections of expected shutdowns resulting in complete
stoppage of heated effluent flow, and their projected effects on the
aquatic biota. The applicant should submit a rationale stating why the
projected effects will not result in a failure fo assure the protection
and propagation of a balanced, indigenous community. For freshwater
fish the nomograph in the Freshwater Therma! Criteria, Appendix B,
should be consulted to determine the maximum allowable temperatures of
plumes for various ambient temperatures. For non-fish and marine species
appropriate information, as available, should be consulted.

(4)(A) A list and an indication of the aburdance of specieé
as called for in subparagraph (c)(4)(A), above. These data should be

supplied for:
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(1) The proposed discharge zone under existing conditions

(I1) The water body segment just outside the proposed
discharge zone under existing conditions.

(i1i) The propcsed discharge zone under projected
conditions during discharge.

(iv) The water body segment just outside the proposed
discharge zone under projected conditions during discharge.

(v) The water body segment just outside the proposed
discharge zone under theoretical conditions which would exist when all
point source discharges of pollutants are in compliance with section
301(b) of the Act.

(B A map as called for in subparagraph (c)}(4)(B), above.

(C) A rationale as cailed for in subparagraph (c)(4)(C),
above. The rationale should state why the prcposed discharge will
assure the protection and propagation of a balanced, indigenous community.
Where appropriate, the rationale should include estimates of areas which
may be impacted and levels of impact which may be expected to occur.

(D) The information called for in subparagraph (c)(4)(D),
above, exceptT that such information may be limited to the area of the
proposed discharge- zone.

(5) Life history thermal effects data, evaluations and
rationale as called for in subparagraphs (c)(5)(A) and (¢)(5)(B) and,

if appropriate, (c)(5)(C), above.
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(6) An assessment of the effect the heated effluent is expected
to have on economic or recreational uses of the selected species.

(7) All other known existing reports concerning possibie
effects cf the proposed discharge on the aquatic biota. |If any of these
reports indicate a probability of effects harmful to aquatic biota, the
applicant should submit a rationale stating why the proposed discharge
will nonetheless assure the protection and propagation of the balanced,

indigenous community.
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Vi

DEMONSTRATION TYPE 3: BIOLOGICAL, ENGINEERING AND OTHER DATA.

(a) Introduction.

Any existing or new source may present biological, engineering and
other data fto demonstirate that a proposed effluent |imitation is more
stringent than necessary to assure the protection and propagation of a
balanced, indigenous community. The purpose of the Type 3 demonstration
is to provide for the submittal of any information which the Regional
Administrator (or Director) believes may be necessary or appropriate to
facititate evaluation of a particular discharge. It also provides for
submittal of any additional information which the appliicant may wish to
be considered. Each Type 3 demonstration should consist of information
and data appropriate to the case.

(b) Definition of Type 3 Demonstration; Written Concurrences.

Detailed definition of a generally applicable Type 3 demonstration
is not possible, because of the range of potentially relevant informa-
tion; the developing sophistication of information collection and
evaluation techniques and knowledge, and the case-specific nature of the
demonstration. Prior to undertaking any Type 3 demonstration, the
applicant should consult with and obtain the advice of the Regional
Administrator (or Director) regarding a proposed specific plan of study
and demonstration. (See Chapter |, subparagraph (c).) Decision guidance

may also be suggested. (See Chapter I|Il, paragraph 3.)
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In general, Types | and 2 represent baselines for the depth of
analyses. While Type 3 information may be different in thrust and
focus, proofs should be at least as comprehensive as in those fypes and
should result in similar levels of assurance of biotic protection.

(c) Rationales.

Fach item of information or date submitted as a part of a Type 3
demonstration should be accompanied by & rationale stating why it
represents evidence that the proposed discharge will assure the protec-
ftion and propagation of a balanced, indigenous community. The rationale
should include an explanation as to why this demonstration approach was

selected.
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Vi

ENGINEERING AND HYDROLOGIC DATA

(a) Introduction.

This chapter describes the engineering and hydrologic information
which should normally be included in any 316(a) demonstration. It also
suggests formats for presentation of such information. The Regional
Administrator (or Director) may request additional information or excuse
the applicant from preparation of portions of this information as the
situation warranfts. The engineering and hydrologic information to be
submitted should censist of all information reasonably necessary for the
analysis. Where information listed in this chapter is not relevant to the
particular case, it should be excused.

The engineering and hydrologic information and data supplied in
support of a 316(a) demonstration should be accompanied by adeguafe
descriptive material concerning its source. Data from scientific litera-
ture, field work, laboratory experiments, analytical modeling, infrared
surveys and hydraulic modeling will all be acceptable, assuming adequate
scientific justification for their use is presented.

(b) Plant Operating Data.

(1Y Cooling water flow. Complete Table B (indicate units).
(2) Submit a time-temperature profile graph indicating temp-
erature on the ordinate and time on fthe abscissa. The graph should

indicate status of water temperature from natural ambient through the
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%4 Unit lLoad

|

Unit Loading
% Time

TABLE B

COOLING WATER CHARACTERISTlCSl/

Intake
Velocity¥*

Rate of Cooling
Water Flow

Condenser
AT

Discharge
A T**

Rate of Total
Water Discharge

40

50

.60

70

80

20

{00

1/ If seasonal variations occur, this should be so Indicated.

*Intake velocity data should be provided at the pofnT where the cooling water first enters the

intake structure.

flow, tidal height, water level) should be noted.

*¥Discharge & T = Discharge Temperature-!ntake Temperature.
equivalent to discharge AT.

is not the case.)

Variations in intake velocity with changes in -ambient conditions (e.g., river

(In many cases, condenser AT is

However, for plants with supplemental cooling facilitles, this



cooling system and discharge until its return to ambient. Worst case,
anticipated average conditions, and ideal (e.g., minimum time/ temperature

impact) conditions should be i!lustrated, preferably on the same graph.

(3) Submit a graph or table indicating the total heat rejected
via the discharge as a function of time, including short-term (daily)
and long-term (annual) fluctuations.
(4) For plants using fresh water, complete Table C, indicating
units,
TABLE C
Water Use Table

Fresh Water Receiving Water
Consumption Evaporation*

Maximum Design

Monthly**

Average Annual

¥Increase in evaporation caused by the thermal discharge.
*¥*|f variable, please indicate degree of variations by percent or
extremes. This may be illustrated graphicaily.

(c) Hydrologic Information.

(1) Flow: Provide the information called for in paragraph
(i), (i), (iii) or (iv), as applicable to the site:
(i) Rivers: flow -- monthly means and minima (7 day, |0
year low flows).
(i) Estuaries: freshwater input, tidal flow volumes,

net tidal flux -- monthly means and minima for each.
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(ii1) Reservoirs: flow through time, release schedules --
monthly means and minima.

(iv) Oceans: tidal heights and information on flushing
characteristics.

(2) Currents: Provide the information called for in paragraph
(i), (ii) or (iii), as applicable to the site:

() Rivers: maximum, minimum, and mean current speed,
giving seasonal (or monthly) fluctuations.

(1) Estuaries: tidal and seasonal changes in current
speed and direction.

(i1i) Large lakes and oceans: offshore prevailing currents;
focal tidal and seasonal changes in current speed
and direction.

(3) Tabulate or illustrate monthly means and summer extremes
in stratification characteristics and salinity variations in the vicinity
of the intake and discharge. ff intake and discharge conditions are
identical, so state and provide only one fabulation or illustration.

(4) Tabulate or illustrate ambient temperature of the receiving
waters, giving monthly means and extremes for the preceding 10 years as
data availability permits. |f comparable site waters aFe used, indicate
the basis and limits of comparability.

(5) Indicate intake and receiving waters depth contours a+t
0.5 m. intervals. Provide other significant hydrological features

(e.g., thermal bar characteristics).

54



(d) Meteorclogical Data.

If energy-budget computations are inciuded as part of the 3l6(a)
demonstration, provide the following meteorological data for the plant
site, giving both monthly means and seasonal extremes. Indicate units.

(1) Wet bulb air temperature.

(2) Dry bulb air temperature.

(3) Wind speed and direction.

(4) Long wave (atmospheric) radiation.
(5) Short wave (solar) radiation.

(6) Cloud cover.

(7) Evapotranspiration.

(e) Outfall Configuration and Operation.

Provide the following information on outfall configuration and
operation, indicating units expressed.

(1) Length of discharge pipe or canal

(2) Area and dimensions of discharge port(s)

(3) Number of discharge port(s)

(4) Spacing (on centets) of discharge ports

(5) Depth (mean and extreme)

(6) Angle of discharge as a function of:

A. horizontal axis

B. vertical axis

C. current direction(s)
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(7) Velocity of discharge:

A. maximum

B. most usual

(f) Thermal Plume Characteristics.

Provide the following information on thermal plume characteristics:
(1) Scale drawings accurately depicting the plume's configura-
tion under various hydrologica! conditions. Drawings should provide
isotherms in at least 2°C. increments and should indicate 3 spatial
dimensions to the extent possible. Such drawings should be supplied for
low and slack tides or low and average flows during each of the four
seasons.
(2) Indicate by similar illustration the expected variation
in plume isotherms under variable conditions of climate. A qualitative
discussion of the effect of changes in relevant meteorological parameters
may be provided if adequate information is available.
(3) Graph plume velocity vs. distance.
(i} along centeriine
(ii) along bottom

(g) Chemical and Water Quality Data.

Section 316(a) specifies that the thermal component of +he discharge
must be evaluated ". . . taking into account the interaction of such
thermal component with other pollutants. . . ." While data on such
synergistic effects are |imited, certain information will assist the
Regional Administrator (or Director) in assessing potentially harmful

interactions. The following information should be provided:
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(2)

(3)

‘The amount of chlorine used daily, monthly and annually,

the frequency and duration of chlorination, and the

maximum total chlorine residual at the point of discharge
obtained during any chlorination cycle.

A list of any other chemicals, additives, or other discharges
which are contained in the cooling water discharge including
the name, amount (including freqguency and duration of
application and the maximum concentration obtained prior

Fo dilution), chemical composition and the reason for
addition,

The effect of the thermal discharge on the dissolved

oxygen levels in the plume and in the receiving waters in

increments of 0.5 mg/l.
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Vil

!
MIXING ZONE GUIDELINES‘/

(a) [Introduction

(1) General

The protection and propagation of a balanced, indigenous
community in the receiving water body segment must be assured. Consis~
+ent with achieving this assurance, in many cases one or more areas of
a segment may be designated as mixing zones. Within such zones, reduced
water quality may be allowed, provided that the zones, individually and
in combination with other point and nonpoint source influences on the
segment, are so |imited as not to preclude the statutory protection and
propagation requirement.

The mixing zone to be employed should be the zone set forth in
applicable water quality standards. Where the language of the standards
is not sufficiently precise to identify the mixing zone with certainty,
the Regional Administrator (or Director) shoufd/prompffy identify the
mixing zone called for by the standards. In the case of any new source,
the Regional Administrator (or Director) should specifically identify an
appropriate zone of passage at the outset of the demonstration.

If the applicant is seeking alternative effluent limitations
which would be based on a mixing zone other than the mixing zone provided

by the applicable water quality standards, the submittal should describe

I. See also Appendix A.
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the location, size and shape of the desired zone and the water quality
within the zone. This information should be accompanied by a rationale
stating why the existence of such a zone will be consistent with the
assurance of the protection and propagation of the balanced, indigenous
community. The rationale should consider the mixing zone materials
accompanying this guidance and should include an evaluation of the
relationship of the recommended mixing zone with other discharges (present
and potential, thermal and non-thermal) to the receiving water body
segment. The rationale may also include such other information as the
applicant may wish to present.

Any mixing zone must be limited to a temporal and spatial
(area, volume, configuration and tocation) distribution which will
assure the protection and propagation of a balanced, indigenous com-
munity of shellfish, fish and wildlife in and on the receiving water
body. If the applicant's submittal involves review of the mixing zone,
the Regional Administrator (or Director) should:

o Consider the principles set forth in this chapter and

Appendix A, as appropriafe.l/

® Consider applicable water quality standards.2/

|. Guidelines for mixing zones in fresh water are set forth in paragraph
(b) of this chapter; guidelines for marine mixing zones are included at
paragraph (c). Appendix A contains additional materials which may be
considered in connection with fresh water mixing zones. The guidelines
may be supplemented with information on mixing zones contained in the
report of the National Academy of Sciences, "Water Quality Criteria"

(1973).

2. The statutory rule of section 3i6(a) that effluent limitations
should "assure the protection and propagation of a balanced, indigenous
population” requires maintenance of receiving water body characteristics
which will assure that protection and propagation, notwithstanding any
possible departure from otherwise applicable water quality standards,
including their mixing zone provisions.
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in the case of a determination by the Regional Adminis-

°
+rator, consult with the Director.

. In the case of interstate or international waters, con-
sult with the responsible water quality management agencies
of such other jurisdictions.

. Consider of any pertinent information submitted by the

applicant or however obtained.

(2) Definition.

A mixing zone is an area contiguous fo a discharge where
receiving water quality does not meet the requirements otherwise applicable
to the receiving water. Description and delineation of mixing zones
pose difficult regulatory problems. |+ is obvious that any time an
effluent is added having lesser quality than the receiving water, there
will be a zone of mixing. The definiftion as used here is that receiving
water area where exceptions to otherwise applicable water quality standards
are granted. It is important fto recognize that by this definition the
effluent or plume may be identifiable at distances or in places outside
the defined mixing zone. This definition should not be confused with
engineering usages, often employed in designing outfalls, and that refer
to the area before compiete mixing occurs. The mixing zone is a place

to mix and not a place to treat effluents.
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(3) General Principles.

There are several principles that are applicable to most
mixing zones and provide the basis upon which to establish conditions
for them. A most important principle is that since by their definition
mixing zones provide for exceptions to otherwise applicable water
qual ity standards and damage mayloccur, the permissible size of the
mixing zone is dependent on the acceptable amount of damage. For obvious
regulatory reasons, as well as biological ones, the size and shape of
the mixing zone should be specified so that both the discharger and the
regulatory agency know its bounds. A mixing zone should be determined
Taking into consideration unique physical and biological features of the
receiving water, but there are principles about the size and shape that
can aid in decision making.

(4) Physical Size.

For physical reasons, the size of the mixing zone may neeg to
be larger for very large discharges than for very small ones. The
permissible size depends in part on the size of the receiving water; the
larger the body of water, the larger the mixing zone may be without
exceeding a given portion of the total receiving water. The acceptable
size for a mixing zone depends also on the number of mixing zones on a
body of water. The greater the number, the smaller each must be in
order to keep the area devoted to mixing zones sufficiently small. In

this connection, future growth of industry and population must be considered
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(5) Quality Within Zones.

There are upper limits to the permissible degree of degradation
within mixing zones. All mixing zones should be free of:

(i) Materials that will settle to form objectionable
deposits.

(ii) Floating debris, oil, scum, and other matter.

(iii1) Substances producing objectionable color, odor,
taste, or turbidity.

(iv) Substances and conditions or combinations thereof
in concentrations which produce nuisance aguatic life.

The conditions that may exist in the mixing zone should be
determined for each site but general principles can guide. There should
be no conditions permitted that are rapidly lethal +o locaily important
and desirable aquatic life.” Therefore, rapid mixing is desirable. Many
planktonic organisms are such weak swimmers that they must drift through
the mixing zone and and will be exposed to its conditions for the périod
of time required fo drift through and in lakes or reservoirs this may be
an extended period. Therefore, toxicity or adverse conditions should be
such that these organisms can survive without undue damage or stress
while fthey are passing through. There are concentrations of some pol lu-~
tants that attract animals but are also lethal or ciearly adverse. Such
pollutants that attract aquatic life are more troublesome than those
pol lutants that are avoided. For example, crowding fogether in a heated
plume enhances disease susceptibility and transmission. Concentrations

exceeding the 96-hour LC__ should not be permitted.
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(6) Fresh Water/Marine Water Distinction.

For purposes of this chapter, water may be delineated as fresh
water or marine water on the basis of salinity or tide. Marine waters
include all oceanic waters and those under the influence of the ocean.
Specifically, they include waters of the coastal region and those extending
into bays, estuaries, river mouths, and other lowlands to that point at
which either (a) the salinity falls below 0.5 parts per thousand, or (b)
a predictable tide no longer persists. All waters above this point
should be considered fresh water. At boundary locations, the Regional
Administrator (or Director) may indicate, based on fthe hydrological and
biological features of the site, whether the mixing zone, if any, should
be evaluated on the basis of fresh water or marine water principles.

(b) Fresh Water Mixing Zones.

(1)  Summary.

The following discussion is a tool to aid decision-making when
mixing zones are established. |t cannot replace knowledge of local
areas or common sense, but it can assist in identifying key elements
upon which to base decisions.
The basic components are:
(i) Delineation of the most valuable areas and consideration
of blological values.
(ii) Selection of a level of protection for each area and
determinaticn of the portion of the area to be allocated to all mixing zones
(iii) Limitation of the permissible conditions of quality
in the mixing zones.

(iv) Allocation fto present and future dischargers.
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NOTE: This paragraph discusses general principles regarding
fresh water mixing zones. A proposed optional system for
establishing fresh water mixing zones based on receiving
waters' biological value is set forth at Appendix A.

(2) Biological Considerations.

From a biological standpoint, the location of the mixing zone
is important. |t is generally true that an offshore discharge has a
lesser potential for adverse effect than a comparable onshore discharge
into shallow water. Shallow water in lakes, reservoirs, and rivers is
generally more biologically valuable and productive. There are several
reasons and-some of them are critical during site selection.

Food production is greater in the shallow water zone because
light penetration is sufficiently deep fo support growth of periphyton,
attached algae, and rooted vegetation; nutrients from runoff are commonly-
more plentiful; ferrestrial food organisms are more plentiful; there is
a greater variety of substrates (sand, sediment, and rubble as contrasted
to mostly fine sediment in deeper water) that provide habitat for many
kinds of food organisms; and oxygen concentrations are more favorable
because wave action and diffusion processes transport oxygen to the
bottom.

The density and variety of fish are greater in shallow water
because most fish spawn in shallow areas and their progeny utilize these
areas as nursery grounds; prior to spawning migrations into tributary
streams, numerous fish species concentrate in shallow waters until

conditions are optimal for spawning runs; cover provides more protection
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from larger predators; the more diverse substrates support a greater
variety of species in Iarger numbers than in the more uniform habitat of
deep waters; and, in rivers and streams, many fish species migrate
through the shallow shore zones. Shallow, protected bays and coves on
large lakes and reservoirs are often the most biologically important,
probably for the above reasons, but also because wind and wave action
are reduced and the bottom is more stable.

Mixing zones in shallow water affect a greater benthic area as
the result of limited dilution volume and natural turbulence resulting
in fop to bottom mixing. In some instances, however, the very sha!llow
water (less than a few meters) can be less productive due to an unstable
substrate of shifting sand and sediment caused by wave action by wind or
shipping activities.

The location of mixing zones should consider migratory routes
of important species, and they should not be positioned so as fo form a
block to such movements. |If less than one-half the width of a stream or
river is used, then discharges on opposite sides will not constitute a
block. In this connection, future dischargers must also be considered.
Thus it is good practice fo limit single mixing zones to one-third or
one-quarter of the width of a stream or river.

Recreational uses, such as water contact sports and spart
fishing, are concentrated in the shore zone also. This zonr s important

to the aesthetic appeal of water bodies, as well.
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(3) Positioning.

The positioning of mixing zones relative fo each other is
important. Special concern is needed where mixing zones contain
different components (such as heat and copper) and may be adjacent or
overlap. Overlapping or superimposed mixing zones are acceptable if
there is not an additive effect and the toxicity limits given below are
met. In this way, less area is used for a given number of dischargers
but regulatory problems may be made more difficult.

(4) Shape.

The shape of mixing zones is important because the boundaries
must be easily located for compliance purposes. Actual plumes are not
fixed in either size or shape and therefore cannot be used as boundaries.
The prudent approach is to adopt a simple configuration that is easy to
locate in the body of water and yet avoids excessive impingement on
important areas. A circle with a specified radius is preferable. Other
shapes could be used, depending upon unusual site requirements. "Shore-
hugging" plumes should be avoided.

An accepted fact is that the plume will not conform exactly to
arbitrary configurations but within some portion of that configuration
mixing to quality as good as receiving water standards must occur. It
is true that water currents may cause the plume to bend different directions
on different days, but the intent is to require that the plume quality

be as good as receiving water standards by the time the boundary is
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reached. It is obvious then that the practice of calling the plume a
mixing zone is prohibited. Indeed, some sites may require diffusers or
other devices to meet the requirements. For future discharges, these

limitations may force site selection considerations and if so--everyone

will gain,

(c) Marine Water Mixing Zones.

(1) Introduction.

General recommendations are presented to aid in defining
mixing zones for heated water discharge into estuarine and coastal
waters. New sites should be seiected to permit effective employment of
a near bottom diffuser discharge. This is recommended ‘o optimize the
dissipation of heat by vertical diffusion through the water column and
minimize the surface area impacted by excessive temperature. Considerations
of location, configuration and maximum size are outiined for single
mixing zones. In summary, specific recommendations for marine mixing
zones Include:

(A) Location at sites with good flushing characteristics
and a bottom community of minimal ecological importance.
(B) Siting which will not result in thermal addition to
the intertidal zone.
| (C) Discharge at depth sufficient to permit good sub-
surface dilution of the heated effluent without excessive impact to the
bottom nor excessive ioss of cross-sectional water column area for

pelagic and planktonic life.
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(DY Maximum width of the mixing zone at slack water not
exceeding ten percent of the shore-to-shore distance of a waterway nor
of the cross-sectional area of a waterway.

Final delineation of a mixing zone must take into consideration
other mixing zones as well as pertinent socio-economic factors, which
are highly site specific. These guidelines must be supplemented by
careful consideration of such factors. Two cases in point are (a) local
water quality conditions and (b) mixing zones, thermal or non-thermal
and existing or potential. Factors such as these can greatily influence
permissible size and location of a new thermal mixing zone. However,
guidelines to weight these factors have not yet been developed for the
marine environment.

(2) Location Guidelines.

(A) Mixing. zones should not impinge over five percent of
the time on shallow shoreline waters subject to appreciable natural
summer atmospheric heating which normally experience wide tidal or
diurnal fluctuations in temperature. Maintenance of normal temperature
fluctuations, both in amplitude and frequency, is imperative for protection
of the indigenous shallow water and intertidal community. Shallow water
is defined for this purpose as the extreme low water |ine minus three
feet for sites having a maximum shoreline current in excess of 0.5
knots; or as extreme low water minus six feet at sites having less

shoreline current.
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(B) Sites having good flushing characteristics are

preferable,.

(C) Sites having a dense, well-developed bottom community
are not desirable.

(D) Open coastal!l waters are more preferable for mixing
zones than the estuary due to the latter's dominant role as a plankton
dependent nursery ground.

(E) Sites bordered by a narrow intertidal zone are
preferable; sites bordered by wide intertidal flats or marshes are
undesirable due to the potential adverse influence of a heated discharge
on these shallow, highly productive habitats.

(3) Size and Configuration Guidelines.

(A) The slack water maximum dimension of any mixing zone
should not exceed ten percent of the respective shore-to-shore dimension
of a waterway, nor occupy over ten percent of its cross-sectional area.

A 90 percent zone of passage should be maintained for the passive flow
of planktonic algae, zooplankton and developmental stages of invertebrates
and fishes and for the active passage of highly motile forms such as

fishes and crustacea.

(B) The cross-sectional area devoted To a mixing zone
should be minimized. Biologically, loss of surface area can be as
important as volume consideration in the marine environment. AT well-
selected new sites, near-bottom diffuser discharge should be at a depth

which would not only meet receiving water criteria at the surface
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but which alsoc results in a mixing zone without excessive horizontal

dimensions.

(4) Multiple Mixing Zone Considerations.

The maximum number of mixing zones that are ecologically
permissible, existing or potential, in a single estuary or adjacent open
coastal strand is dependent on variations in hydrography, geography and
local thermal and biotic characteristics. Thus, the question can only
be resolved on a case-by-case basis, and analysis of the total thermal
load on the segment may be appropriate. (See Chapter IX.)} The characteristics
enumerated in paragraph (2) regarding preferable mixing zone location
also pertain To the question of multiple mixing zones. Where site
conditions are highly favorable, multiple mixing zones may be considered.
A potentially preferable site could be a coastal strand which does not
receive estuarine waters. Long-shore migration of fishes, the nature of
the bottom community and other factors would have to be taken into
consideration as well. In contrast, within small estuaries, multiple
power plant siting may be precluded entirely by the increased adverse
impact on planktonic |ife caused by cooling water pumping of an additional
plant or by other thermal or non-thermal mixing zones, existing or

proposed.
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X

THERMAL LOAD ANALYSES

Introduction

For 316(a) evaluations, the major emphasis is on developing infor-
mation to support a determination as to the assurance of the protection
and propagation of the balanced indigenous community (Chapters IV=VII)
and the determination of an allowable mixing zone based on biological
considerations (Chapter VII1). While the "mixing zone" approach may
constitute the primary means of evaluating thermal discharges in specific
cases, at times an additional calculation of the total thermal load on
the receiving water body segment is needed. Such a calculation should
be made whenever there is indication that the effect of one or more
thermal discharges discharging during critical hydrological (low flow),
meteorological or biological conditions may cause critical temperature
conditions in the segment.

Basically the approach in thermal load analyses is to measure total
heat contribution from all discharges entering a water body, determining
t+he volume and/or surface area of the receiving water under consideration,
and compare the possible physical changes in the receiving water with
pertinent water quality standards and criteria (temperature, temperature
change, BTU's, etc.) or other temperature requirements determined as a
part of the 316(a) process. The need for total thermal load caiculation
should be especially considered in the case of new sources to be located
near existing facilities or the reservation of therma! load allocations

to future discharges to certain receiving waters.
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The following outline addresses several points fto consider:
I. When is the load analysis required?

A. When there are occurring or suspected violations to water
qual ity standards and/or criteria relating to tempsrature (including
standards which are in existence and any changes to them which have been
proposed by the State or which the Regional Administrator has requested
the State to adopt) during critical conditions (low flow, adverse meteorology,
intense local biological activity [E;Q;’ spawning season], peak output
of plant, etc.); or

B. When there are several thermal discharges in close proximity
or where future growth plans indicate the installation of several new
facilities (power plants, steel mills, etc.); or

C. Where thermally loaded waters are specifically identified
under Section 303(d)(1)(B) and (D) of P.L. 92-500.

Il. When is the load analysis sufficient?

A. When the analysis has identified the probable compliance
with or violations of water quality standards and criteria relating to
temperature (whether such standards are in existence, proposed by the
State or requested of the State by the Regional Adﬁinisfrafor) for daily
variations of plant operation or receiving water conditions, various
seasons, extremes of low flow and weather, etc.; and

B. When the analysis provides sui Llenf detail regarding the
control strategy(ies) which are needed (i.e., the rate of heat rejection

limits [e.g., in BTU/hr.] allocated to each discharger under consideration);

and
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C. If models are used for the analysis, when the accuracy of
these models is firmly established. Therefore, specific accuracy levels
for the model being used in a particular case should be reported by the
applicant (temperature, heat load, etc.).

I'il. Information fo be obtained by the applicant.

A. See Chapter VI| "Engineering & Hydrologic Information."

B. If the applicant is the only significant thermal discharger
on the receiving stream where violations are suspected, he will bear the
burden of supplying data for the entire study (both near and far field).

C. |f there are several dischargers within the study area,
each discharger is responsible for data collection in his immediate
area.

. All dischargers in the study area should collect data
useful for the specific model being used.

2. The Regional Administrator or State Director may be
responsible for requesting data collection by dischargers other than the
applicant, for organizing all data and for conducting the overall load
allocation study. Exceptions include:

a. |f one facility is discharging nearly all the
heat, it should carry the burden of the study.
b. Joint studies by major heat dischargers shouid be

conducted.
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IV. Information tc be supplied by the Regional Administrator or

State Permit Program Director.

A. Applicable water quality standards and/or criteria reifating
to temperature, including standards which are in existence and any
changes to them which have been proposed by the State or which the
Regional Administrator has requested the State to adopt.

B. Where there are multiplie dischargers, it may be necessary
for the Regional Administrator (or Director) to conduct the overall load
analysis (far field).

V. Procedures.

Therma! load analyses require the use of acceptable analytical
methods and techniques. Several methods are illustrated in the technical
literature and range from those using very simplified techniques of low
level accuracy to others which incorporate complex computer programs.
Therefore, prior to commencing its analysis the applicant should submi+t
information on the methodology to be employed; provide justification for
its selection and use, and obtain the written concurrence of the Regional

Administrator (or Director) in the proposed methodology.
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X

Community Studies

(a) Introduction

This chapter identifies community studies which may be appropriate
in any 316(a) demonstration. In particular, the applicant may submit
results of such studies as a substitute for certain information items of
a Type 2 demonstration (see Chapter 1V, paragraphs (c)(5)(B) and (d)(5),
above) or as a supplement to any demonstration; or the Regional Admin-
istrator (or Director) may request such studies as a supplemental informatioun
item.

For purposes of Section 316(a), community studies for the groups,

primary producers, zooplankton, and macroinvertebrates, are appropriate.

These studies focus on parameters which are indicative of an array of
species within a biotic category. They seek, therefore to relate the
effects of a discharge or proposed discharge to the community of organisms
of a given biotic category, rather than fo individual species in that
category.
Studies described herein are neither exhaustive nor all-inclusive.
The Regional Administrator (or Director) may expand or delete listed
informational items as site-specific conditions may warrant. For greater
detail the following references may be consulted:
(1) Biological field and lahoratory methods for measuring
the quality of surface waters and effluents, C. I.
Weber (ed.). National Environmental Research Center,

Office of Research and Development, U. S. EFA, Cincinnati,

Ohio (1973).
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(2) American Nuclear Society Standards 18.4: Guidelines for
aquatic ecological surveys for nuclear power plants (near
completion).

(b) Data Collection

(1) General. The informational items described below are some of
the possible community studies which can be undertaken. Collection of
data during all four seasons is preferable; however, the Regional Admin-
istrator (or Director) may determine that lesc information is adequate
for a particular study. The taxonomic level to which organisms are
identified depends on needs, experience, and available resources. This
level should be determined and kept constant in each major group for the
whole study. For existing plants sampies should be collected within the
discharge zone, just outside the discharge zone, and at a comparison
site upstream of the plant, if appropriate, or in a nearby similar
waterway unaffected by thermal discharge. Where baseline data exist,
comparison may instead be based on conditions at the discharge site
(within and just outside the discharge zone) before and after the beginning
of plant operation. Comparisions should be based on samples taken from
similar habitats and bases and |limits of comparability should be stated.
For new plants samples should be collected from the proposed discharge
zone. Compqrisions will necessarily be predictive in nature. These
will be discussed in greater detail below (see paragraph (c)(2)). Where

field studies are carried out, sample replication should be adequate to
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determine the precision of the data generated and to conduct appropriate
statistical tests.

For some of the parameters enumerated below, when faken aione, it
is Cifficult to interpret whether a community is imbalanced and under
stress, or not. Yet, when taken as an aggregate, they may prove useful
in evaluating the degree of similarity between a community receiving a
thermal discharge and the community at a comparable site which is not

receiving heat.

(2) Primary producers

(A) Phytoplankton

(i) quantitative measure of taxonomic composition
(ii) species diversity (including equitability)
(iii) total cell counts
(iv) standing crop biomass (mg/!)
(v) chlorophyl!| contfent
(vi) productivity

(B) Periphyton
(i) quantitative measure of ftaxonomic composition
(ii) standing crop biomass
(iii) chlorophyll content

(iv) productivity
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(3)

(4)

(5)

(C) Macrophyton and macroalgae

(i) quantitative measure of taxonomic composition
(i1) standing crop biomass
(iii) chlorophyll content
(iv) productivity
Zoop fankten
(A) quantitative measure of faxonomic composition
(B) species diversity (including equitability)
(C) standing crop biomass

Macroinvertebrates

(A) quantitative measure of taxonomic composition
(B) species diversity (including equitability)
(C) standing crop biomass

(D) benthic community respiration

Fouling or boring communities. For marine waters studies of

fouling or boring communities may be conducted by maintaining
panels at several stations distributed throughout the discharge
zone, just outside the discharge zone and at a comparison site
or through before and after comparisons at the discharge site
(see paragraph (b)(l), above). Sets of panels should be
suspended horizontally to collect benthic components as well

as being placed vertically. The resulting fouling or boring
communities may indicate consequences of thermal addition for

the indigenous community. Such consequences may include
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competitive exclusion due fto the flourishing of heat-tolerant
and nuisance species, failure of larval settlement of certain

species, and economic loss due to fouling or boring.

(c) Data Evaluation.

The data called for in paragraph (b) above, should in each case, be

accompanied by a rationale stating how the information presented suggests

the assurance of the protection and propagation of a balanced

indigenous community.

N

For existing sources the rationale should include a com-

parison of affected vs. unaffected communities. using standard
statistical analysis. |1 should be noted that a statistically
significant difference in any community parameter does not
necessarily indicate detfriment and also that lack of such a
difference does not insure protection; scientific judgment
should prevail since no hard and fast decision rule is available
given the present state of the art. Where a potentially
adverse statistically significant difference between an affected
and unaffected area is found (e.g., a large decrease in

either the total number of species present or the diversity
index, the applicant should present an estimation of the
physical area covered by this difference and an explanation

why this difference does not suggest a failure to assure

t+he protection and propagation of a balanced, indigenous

community.

79



(2)

For new sources, comparisons will necessarily be predictive.

In such cases the data called for in paragraph (b) should

serve as a baseline to the predictive comparisons described

below. Because these methods are predictive and therefore

fess precise analytical tools, any assumptions which are

made should be clearly defined. Predictive comparisons

include:

(A)

(B)

Predictive modeling of biclogical response to a thermal

discharge, using a specific ecological model developed
for that purpose. Verification should be carried out
using data from a comparable existing source, making

the assumptions necessary to do so. Bases and |imits

of comparability and their effects upon modeling results
shouid be explained.

Extrapolation of future community effects using community

data from a well studied existing thermal discharge
which is comparable to the proposed discharge.

Features of comparability include similar geomorphology,
substrate type, environmental regime, hydrography, water

quality, latitude and discharge size and design, or

. existence of a highly similar biological community. [t is

recognized that a comparable site may not exist in a majority

of cases.
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For predictive modeling, tThe raticnale should include a discussion
of the validity of the model, including the verification procedure,
ana a showing of long-term (e.g., one or more years) system stability.
For extrapolation from other communities, the rationale should include
a discussion of the comparability of the studied site and the
proposed discharge site, and shouid also include an explanation why
the existing discharge is consistent with the protection and propagation

of a balanced, indigenous community.
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For predictive mode!ling, the rationale should include a discussion
of the validity of the model, including the verification procedure,
and a showing of long-ferm (e.g., one or more years) system stability.
For extrapolation from the comparability of the studied site and The
proposed discharge site, and should atso include an explanation why

the existing discharge is consistent with the protection and propagation

of a balanced, indigenous community.
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APPENDIX A

Biological Value System for Establishing
Mixing Zones

i i tablishing fresh
This appendix sets forth a proposed system.for es
water mixing zones based on allocation of the biological value of the
receiving waters. Use of the system is optimal

(a) Delineation of Biotic Zones.

The total area allocated to mixing zones can be more easi}y and
accurately allocated than can arcas for individual ones. This is so
because the error, if any, is distributed proportionately to each
mixing zone and the decision considers the pgtentiel combined effects of
all discharges. This must be done by competent staff but only needs to
be decided once.

The mixing zone discussion in Chapter VIII identifies certain biotic
zones (e.g., shore zone) that are more important than otherg andtzgi
related to water depth. Depth than can be used as a convenient
+to delineate the various zones.

The light intensity at which oxygen production in photosynthesis
and oxygen consumption by respir:tion of the plants concerned are equal,
is known as the compensation poiut, and the depth at which the compensa-
tion point occurs is called the compensation depth. This depth will vary,
of course, in any scgment and is dependent upon season, time of day,
cloudiness of the sky, condition of the water (turbidity), and other
factors. An approximate determination of the compensation depth as
the means of diirferentiating the shallow and deep water zones is simpler
thun conducting a thorough biolossical characterization.. If such &
characterization, based on the vurious biological populations, is

available in adequate detail, it should be used but if not, the following
can be substituted.

In general, the compensation depth is that depth at which 1ight
intensity is about 1 per cent of full sunlight intensity. This depth
should be determined using photometric techniques and measurements should
be obtained with a frequency capable of establishing the average condition.
As an alternative, Secchi disk readings represent the zone of light
penetration down to about 5 per cent of the solar radistion reaching the
surface and a depth 3 - 4 times the Secchi disk depth is a good approxima-
tion of the compensation depth. Either techhique should suffice and there

are usually more data available on Secchi disk readings than photometric
measurements.
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The use of light penetration to distinguish the challow nnd deop
water zones cshould be an acceptable means of delinntinr

the rore 1o luct-
ive and biologicully shallow watcer zone and the devper, lenz erity-al
(and, therc“nro, 1o :s sensitive) zones. Stratified vqtfr in whiocn, Jduring
summer contils, trou. and sal:ion are restricted, o Lol WL teon crnture.
to the deeper, hyvolirmnetic waters, cannot be differentiated ws rendLly

since the deeper, cooler water is eritical to the-continued precence of

these valued species.- -Once the compensation derth has becen determined,
a depth contour is used to calculate the surface area of each zonc.

(b} Biological Value.

Since some biotic zones are more important than others, mixing zones
should be located in the less important ones or in those that are larger
in area. A relative biological value for the various zones is needed in
order to allocate portions of each zone for mixing.

To be sure, this biological valuation cannot be strictly objective
but must utilize prefessional, oxpert opinion of biclogists Lfwaldliur
with the local situcticn. lfHighly valued trout waters in two-story lokes
or areas inhabited ty cndansorer species can be given on inrinile value
end no mixing zenes z2lliowed in those areas. Bioleogical valuc can b2
based on the species diversity of the zones and the value mnde groportione
to the ratio of speciec diversity in various zones. Current-cwept mid-
channecls of large rivers or decp waters, deveoid of D.O. in larre liaes,
both can be given low valuc. Wwnere data are inadequite, it mnay be
possible Lo usc only two valuer--a value of two for onc zone Known LO be
more important than the seccnd zone. A value of ten for a "hisuly”
imporiant zonc could be given instead of a value of two as in the
precccding situantion.

Occasions will arise when there is not a competent dala base upon
which to establish biological value. In such cases, one may assume the
biological value to be the same for both areas. (i.e., the value of a
unit area is inversely proportional to the total area in each zone).
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Assigmment of total biological value is important because it defines
upper limits on the amount of each biotic zone that may be used for mix-
ing. This assignment offers dischargers a chance to select better sites
for installation and allows the Regional Administrator (or Director) to
encourage dischargers to locate in the areas least likely to be damaged.

The biological value "weighs" the various zones, thus allowing the
same percent of the value of -each (but not area) to be used for mixing.
without stressing one zone more than another.

(c) Level of Protection (Degree of Risk).

What percent of total biological value, then, should be used? Conditions
necessary for all life history proccesses maey not be provided in mixing
zones. When en excessively large percent of a segment is made up of
mixing zones, the population of some species will decline and an unpredict-
able chain of events may ensue. Furthermore, estimates of an acceptable
percent of an aquatic environment that can be allocated to mixing zones
must be conservative, since predictive capabilities are uncertain.

Determination of the amount of a segment's biological value to be
allocated to mixing zones is based on a variety of criteria, including
type of water body, water velocity, depth, the number and type of habitats,
migration patterns, and the nature of the local food chain. Level of
productivity, water temperature, ability of tributary waters to provide
recruitment, human value (aesthetic, commercial and sport fishing,

recreational), endangered species, and other criteria must all be
considered.

It is acknowledged that any estimate of the amount of area assigned
to mixing zones, that will not have an unacceptable effect on a water
segment, must be based on expert opinion. However, it is apparent that
there are varying degrees of protection desired or required for different
wvater bodies or in different words, the acceptable risk differs with
location. Consequently, degrees of protection are recommended: Maximum
level of protection for unique or fragile environments; low level of
protection for the less wvaluablce environment or an environment most
capable of withstanding insults; und a moderate level of protection
intermediate between the two. The per cent of‘biologié;I value to be
consigned to mixing zones could bc one per cent for maximum protection
end ten percent for a low level of protection with specific values
from one to ten being selected l'or intermediate protection.
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(d) Allocation Alternatives.

(1) The final step is not a biological one, but an administrative
process of allocation to present and to future dischargers. This
decision cannot be universal. However, there are several considerations
that should be given attention when making this decision. Available
projections on future municipal-industrial growth can be evaluated to
estimate the potential future need for mixing zones. The planned
plant closures due to obsolescence, etc. should be known. Also, same
classes of industry are utilizing production or waste treatment tech-
nology based on more efficient use of surface waters (e.g., closed-
cycle cooling, water reclamation and re-use).

Basically, the determination of specific mixing zone sizes is a
process of allocation of which there are several optioms:

(A) A1l mixing zones the same size.
Advantages--simple, direct ani easy to calculate.

Disadvantages--lurre volume discharges would require
a much greater lcvel of treatment than would small
volume discharges. Allows small volume dischargers
to discharge relatively large quantities of persistent
pollutants.

(B) Each discharger in a general class of discharges (paper
mills, metal finishing, municipal waste, power plant) is given the
same size mixing zone, but different classes are given different
sizes.

Advanteges--simple and direct, could better allow

for general diffcrences in volume of discharge, could
take into account general persistence or toxicity of
different classes of discharges.

Disadvantages--there is a rather large variation in
discharge volumes in any given class. Penalizes large
plants apd favors small ones.

©) .xing zane direclly proportional to the volume of the
the discharge (e.g., for each unit volume the mixing zone would
be & unit area).

Advantages--calculation simplified, superficially
fair to all dischargers.

Disadvantages--encourages dilution pumping to obtain
a larger zonc.
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(D) Mixing zone proportional to some monotonic increasing
function of the discharge volume, that has a finite upper bound.

Advantazes--in contrast to '"'(C)" would discourage dilution
pumping and would not unduly favor large volume discharges.

(BE) Mixing zone apportionment based on toxic units that
consider toxicity and volume of waste.

This approach has as a basis the actual cause for concern--
hazard to aguatic life. 1is chief disadvantage lies in the probable
frequent need for toxicity tests before decisions can be made.

(2) Example.

To illustrate how these suggestions might be employed to establish
mixing zone sizes and placement, consider the following general example.

Assume that on the basis of the foregoing considerations a water
segment has been divided into m zone types, with knownareas (A), Az, °*°°
Am) and correspondingly assigned relative biological values (BVy, BV, es
BVm). Also, assume that there are presently n dischargers on the segment
with relative flow rates of (Ql, Q2, ***, Qn). From this information,
ve must establish a policy for mixing zones for the present and any future
dischargers on this segment.

Several decisions of critical impgrtance must be made before we
may proceed. The level of protection 1% <p<l10%and the fraction of
biological value (<021 alloted to present dischargers must be chosen.
Also, an allocation scheme to divide the deemed expendable biological
value among dischargers must be decided.

Given these factors, we proceed as follows:

(A) The total biological value of the segment is calculated by taking the
sum of the biological value for each zone so that

BV = BV} + BV, + -+« + BVm

(B) The total amount of biological value deemed expendable for present
and future mixing zones is calculated to be

pPBV

(g) The amount of biological value allocated to present dischargers is
thus
OpBV
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(D} The fraction of this to be allocated to an individual discharger
is to te made proportional to scm: a3 yet unspecified function £(Q)
of a discharger's flow rate. Thus, if we define

Bn = £(Q;) + £(Q,) + *<+ + £(Qn)

tbke amount of biological value to be given to & discharger with flow
rate Qk is

Uy, = @pBV_ £(Qk)
Sn

(E) The only task remaining in order to explicitly define Uy is to
glve £(Q) a specific form.

The choice of f£(Q) is dependent upon the goals desired in a segment
and thus is not unique, but should as & minimum be monotonically increas-

ing and have a finite upper bound. One such function that meets these
criteria is

£(Qk) = Qk___
Qk + Q (W-1)

vhere § = (Q) + Q + *- + Qn)/n is the average flow rate and KW« is the
ratio of the biological value that would be allocated to a theoretical
dis¢harger with an infinite flow rate to that allocated to a discharger
with flow rate §. The larger W is, the more biological value is alloted
to large dischargers. If W=1, then all dischargers would receive the
same number of biological units independent of their flow rates. If W==»,
then each discharger would receive an amount that is in the same propor-
tion as the flow rate. (See figure 2)

A compromise between these two extremes would be to linearly
interpolate to find & half-way point. Since one value is infinite,
the interpolation would have to Le done on a reciprical scale, thus
interpolating half way between the reciprocals we have, that

1/1= 1, 1/~= 0 halfway is 1/2 =1/W or W= 2,
Using W=2, our function f(Qk) has the simple form

r(Qk) = QK
Q}(+§

and the allocation formula in this instance may be expresscd as

=  OpBVQk
% Sn(Qx + Q)
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(F) Once Uy is specified, it is up to the individual discharger to

choose his own mixing zone as he sees fit, subject only to the constraints
that it is circular in form and contains no more than his allocated number
of biological units. In order to protect the very shallow shore areas

and give the discharger incentive to discharge into deeper water, any

land in thedischarger's chosen circle can be given the same biological
value as the water zone in his circle with greatest biological value.

If the mixing zone circle is contained totally in one type. of
zone, then the radius Ty of a circle in the Jth zone allocated to a
discharger of flow rate Ek is

T, _ U A
Jk = n BV%
If & mixing zone is in more than one zone type, the radius of the cirecle

must be obtained by trial and error, where a radius is specified and the
pumber of biolegical units in the circle is computed to be:

AyBUz+ Ay yPV, + +- + AukBVm

Al Az Am

where AJk is the area of the circle in the jth zone given to the kth
discharger. The radius is then adjusted until the computed biological
units are eqal to the allotted number of biological units.

Present dischargers are free to obtain a mixing zone according to
this formula and future dischargers can be issued p2rmits on the same
basls, until the total number of allocated bio;ogical units are exhausted.

In addition, it should be noted that by using this proc%dure, it is
possible to utilize a proportion pBV/BV, of the area of the }J h zone type
for mixing zones. Thus, an upper bound for each type zone might also be
established that would limit the total area that could be taken for any
one type of zone by not issuing any permits in that type of zone, once
this upper limit was met.

As a guide to following these concepts, consider the following
concrete numerical example.

A segment, shown in ligure 1, is divided into two zones on
the basis of a compensation point which occurs at a I0-meter depth.
The areas (A, A,, m = 2) and corresponding relative biological values
(Bv,, BV,) of cach zone are specified and the total biological value
computed as indicated in Figure 1. We shall also assume that we have
three (n=3) dischargers on the segment with relative flow rates shown

in Table 1. Choosing (p = .02, 0 = .5, W = 2) we obtain the allocation
formula

U, = .02182 Q
Qk + 3
and the allocation of biological units also indicated in Table 1.

88



"r g

. ircividual with relative flw rate of @ was to have his circle
entirsly ia the first zone, his rudius would be

r=| (.02182)9 {35} = .3019
(9+3) (n)(2)

o o Zrdividual with relative flow rate of .5 units, all in zone 2, would
noore toredius of size

r= | (.02182)(.5
(

(25) = .2792
(.5+3) (1)

)

tonciusichn

In essence, the approach in these guidelines focuses on the need
tc consider the collective effects of all discharges to the segment or
izrge partion of the segment. The guidelines identify critical overall
considerations and suggest decisional alternatives. They discuss allo-
cation of the total acceptable mixing zone area among present and future
discharges.

The Regional Administrator (or Director) can employ the decision-
making process of these guidelines and still use available local expertise
and common sense. Thus, the determinations will be visibly rational and
consistent among discharges; at the same time each decision will be
tailored to the local situation.
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p=.02,8= .5, W=2
Numerical Example
k Qx £ (Qk) = _Ck Uk = (.5X.02X3)r(Qk) = .02182f(Qk)
Qk+3 1375
1 1 .25 .005L3
b 3 .50 .01091
3 5 .625 .01364
z 9 1.375 .03
Q=(1+3+5)/3=3
8n = .25 + .5 + .625 = 1.375

90



fee e b

L BAtic DATA

BSOS SRS SRS

£«

co..

HYPOTHETICAL. B LOGICAL

1T AND NUMERICAL

l T

Nt e A

|

ArrAz =€

E 2
A=
B = By

|
!
!
|
|
S

mrmimiiee T T
..... e e -
SIS RTINSO P

- i

!



..........
RS SY ERRSS BICES S
B e b el I

]

|
!
R

@u

MPLE ---
CR

=
ATEE
cF

a
- L. - .
oo ou s
= 2 Ve 3
WL Sa@
2 SRR S T -
.‘.,., . o0 _!.
RS Ty
[ ~t g
- - &

EFT
-D

L4
Pl

\TH A F

!Lt
s




APPENDIX B

FRESH WATER TEMPERATURE CRITERIA

Acceptable temperaturce linits in fresh water curing any tims of Lo
year are:
a. A maximur: veekly average temperaturs thac:

1. In receiving waters during the varmer nmenths (approvimately
April through October in the North and March through November in rhe Saull:)
is one-third of the range betwecn tlie optiium tempersature for growvih and
the ultimate upper inn~ipient lethal temperature for the most sevsitive
important species (or appropriate life stage) that is normally found ot the
location at that tiwme (see Table 1).

2. In the heated plume during the cooler months (opprovimately
mid-October to micd-April in the North and December to Yebruary in the LHouth)
corresponds to the appropriate cmbient temperature iv the Lwomograoph in
Figure 1. This should protect against wost fish mortality when the temperature
to which the fish are exposed in the plume rapidly drops to the ambient
temperature. In some areas this limit moy also be applicable in the suumwmer.

3. During reproduction seasons (gencrally April-June and
September-October in the Noxth and March-Mayv and October-Novenber in the
South) meets specific site requirements for successful maturation, migration,
spawning, egg incubation, fry recring, and other reproductive functious
of important species ac presented in part in Table 2.

or 4. At a specific site is found necesscry Lo preserve novmal
species diversity or provent wndesivable rovei of nuisance orgeniis.

and b, maximum temperaturce: yrur short—icrm exposures ol any scason
as developed veing the resistance tiva ogustlon:

log (clme in ming) = a + L (Pomp, in T0)
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vhere a2 and b respectively are intorcept and slope

v
&

, which are cheracterictics

of cach accliwation tamparature for cach species (sce létcr detailed dizcussion).
Duving the cpavming seasoen this limitation, which was desgsigned to prevent
juvenile and adult fish wertality, would not be adequately protective of repro-

Y

ducticen. Conscquently, this limitation will be superseded Ly short-term maximun
temperatures based on maximum successful spawning and egg incubation temperatures.
Local reguirements for reproduction should supersede all other require-
ments when they are applicable. Detailed ecological analysis of both natural
and man-modified aquatic environments is necessary tq ascertain when these
'rcquirements should apply.
Available data on temperature requirements for growth and reproduction,
lethal limits for various acclimation temperature levels, and various

temperature-related characteristics of many of the more important freshwater

fish species are included in Appendix A.

Rationale (Temperature):

Living o;ganisms do not respond to the quantity of heat but instead,
to degrees of temperature or to temperature changes caused by transfer of
heat. Organisms have upper and lower thermal tolerance limits, optimum
temperatures for growth, preferred temperatures in thermal gradients, and
temperature limitations for migration, spawning and egg incubation.
Temperature also affects the physical environment of the aquatic medium
(e.g., viscosity, degree of ice cover, and oxygen capacity); therefore,
the composition of aquatic communities depends largely on temperature
characteristics of the environment.

Because temperature changes may affect the composition of an aquatdc

community, an induced change in the thermal characteristics of an ecosystem
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may be detrimental, On the other hand, aitered thormal characteristics

may be beneficial, as evidenced in sceme of the newer fish hatchery practices
and at other aguaculturel facilities. The gencral difficulty in developing
suitable criteria for temwperature (which would limit the addition of heat)

is to determine the deviation from "natural' temperature a particular body

of water can experience without adversely azffecting its desired biota.
Whatever requirements are suggested, natural diurnal and seasonal cycles

must be retained, annual spring and fall changes in temperature must be
gradual, and large unnatural day-to-day fluctuations should be avoided. 1In
view of the many variabtles, it seems obvious that no single temperature

rise limitation can be applied uniformly to continental or large regional areas;
the requirements must be closely related to each body of water and to its
particular community of organisms, especially the impertant species fouad

in it. These should include inverteﬁrates, plankton, or other plant and
animal life that may be of importance to food chains or otherwise interact
with species of direct interest to man, Since thermal requirements of
various species differ, the sccial choice of the species to be protected
allows for different '"levels of protection'" among water bodies. Although
such decisions clearly transcend the scientific judgments nceded in
establishing thermal criteria for protecting selected species, biologists_
can aid in making these decisions. Some measures useful in assigning levels
of "importance" to specieé are: (1) Ligh yield or desirability to cecmmercial
or sport fisheries, (2) large biomass in the existing ecos&stem (if desirable),
(3) important links in food chains of other species judged important for

"endangered" or unique status. If it is desirable to

other rcasons, and (4) -
attempt strict preservation of an existing ccosystem, then the most sensitive

species or life stapge may dictate the criteria selected..
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Criteria for making recommendations for water temperature to protect
desirable aquatic life cannot be simply a maximum allowed change from natural
temperatures. This is principally because a change of even one degree from
an ambient temperature has varying significance for an organism, depending
upon where the ambient level lies within the tolerance range. 1In addition,
historic temperature records or, alternatively, the existing ambient
temperature prior to any thermal alterations by man are not always reliable
indicators of desirable conditions for aquatic populations., Multiple
developments of water resources also change water temperatures both upward (e.g.
upstream power plants or shallow reservoirs) and downward (e.g., deepwater
releases for large reservoirs) so that ambient and natural temperatures at a
given point can best be defined only on a statistical basis. Criteria for
temperature should coasider both the multiple thermal requirements of aquatic
species and requirements for balanced communities. The number of distinct
requirements and the necessary values for each require periodic reexamination
as knowledge of thermal effects on aquatic species and communities increases.
Currently definable requirements include:

* Maximum sustained temperatures that are consistent with maintaining
desirable levels of productivity (growth minus mortality);

* Maximum levels of thermal acclimation that will permit return to
ambient winter temperatures should artificial sources of heat cease;

* Temperature limitations for survival of brief exposures to
temperature extremes, both upper and lower;

* Restricted temperature ranges for various stages of reproduction,
including (for fish) gonad growth and gamete maturation, spavning migration,

release of gametes, development of the embryo and larva, commencement of
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independent feeding (and other activities) by juveniles; and temperatures
required for metamorphosis, emergence, and other activities of lower forms;

* Thermal limits for diverse compositions of species of aquatic
communities, particularly where reduction in diversity creates nuisance growths
of certain organishs, or where important food sources or chains are altered;

* Thermal requirements of downstream aquatic life where upstrcam warming
of cold water sources will adversely affect downstream temperature requirements.

Thermal criteria must also be formulated with knowledge of how man
alters temperatures, the hydrodynamics of the changes, and how the biota can
reasonably be expected to interact with the thermal regimes produced. It is
not sufficient, for example, to define only the thermal criteria for sustained
production of a species in open waters, because large numbers of organisms
may also be exposed to thermal changes by being pumped through the condensers
and mixing zone of a power plant. Design engineers need particularly to
know the biological limitations to their design optiomns in such instances.
Considerations such as impingement of fish upon intake screens, mechanical
or chemical damage to zooplankton in condensers, or effects of altered
current patterms on bottom fauna in a discharge area may reveal non-thermal
impacts of cooling processes that may outweigh temperature effects. The
environmental situations of aquatic organisms (e.g., where they are, when
they are there, in what numbers) must also be understood, Thermal criteria
for migratory species should be applied to a certain area only when the
species is actually there. Although thermal effects of power stations are
currently of greater interest, other less dramatic causes of temperature

change including deforestation, stream channelization, and impoundment of

flowing water must be recognized.
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6

Available data for temperature requirements for growth and reproduction,
lethal limits for various acclimation temperature levels, and various
temperature-related characteristics of many of the more desirable freshwater
fish species are included in the Appendix, General temperature criteria for

these species are summarized in Tables 1 and 2.

Terminology Defined

Some basic thermzl response of agquatic organisms will be referred to
repeatedly and are defined and reviewed briefly here. Effects of heat on
organisms and aquatié conmunities have been reviewed periodically (e.g.,

1, 23 3, 4, 5, 6). Some effects have been analyzed in the context of thermal
modification by power plants (7, 8, 9, 10, 11). Bibliographic information
is available in various publications (12, 13, 14, 15, 16, 17).

The thermal tolerance range is adjusted upward by acclimation to warmer
water and dowaward by cooler water, although there is a limit to such
accommodation. The lower end of the range usually is at zero degrees
centigrade (32° F) for species in temperate latitudes (somewhat less for
saline waters), while the upper end terminates in an "ultimate incipient lethal
temperature" (18). This ultimate threshold temperature represents the
"breaking point" between the highest temperatures to which an animal can be
acclimated and the lowest of the temperatures that will kill the warm-
acclimated organism.

At the temperatur above and below the upper and lower incipient
lethal temperatures, survival depends not only on the absolute temperature
but also on the duration of exposure, with mortality occurring more rapidly

the further the temperature departs from the threshold.
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Lecavse the equations bLzsed on research on thermal teolerance predict
50 percent mortality, a safety factor is needed to assure no mortality.
Several studies have indicated that a two degree centigrade (3.6° T) reducticen
of an upper lethal temperature results in no mortalities within an equivalent
exposure duration (19, 20). 7Tue validity of a two degree safety factor was
strengthened by the results of Coutant (21), which showed that for median
mertality at a given high temperature, for about 15 to 20 percent of the exposure
time there was induced sclective predation on thermally shocked salmon and
trout. This also amounted to reduction of the effective stress temperature
by about two degrees centigrade. Unpublished data fiom subsequent predation
experiments showed that this reduction of about two degrzses centigrade also
applied to the incipient lethal temperature. The level at which there is
no increased vulnerability to predation is the best estimate of no-stress

exposure that is currently available.

Maximum Weekly Average Temperature for Growth

Occupancy of habitats by most aquatic organisms often is limited within
the thermal tolerance range to temperatures somewhat below the ultimate upper
incipient lethal temperature., This is the result of poor physiological
performance at near lethal temperatures (e.g., growth, metabolic scope for
activities, appetite, food conversion efficiency), interspecies competition,
disease, predation, and other subtle ecological factors. This complex
limitation is evidenced by restricted southern and altitudinal distributions
of many species. On the other hand, optimum temperatures (such as those
producing fastest growth rates) are not generally necessary at all times to

maintain thriving populations and are often excecded in nature during summer
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months. Moderate temperature fluctuations can generally be tolerated as
long as a summer maximum upper limit is not exceeded for loug periods.

A true temperature limit for exposures long enough to reflect metabolic
acclimation and optimum ecological performance must lie somewhere between
the physiological optimum and the ultimate upper incipient lethal temperature.

Examination of literaturc on physiological optima (swimming, metabolic
rate, temperature preference, growth, natural distribution, and tolerance)
of several species has yielded an apparently sound theoretical basis for
estimating an upper temperature limit for long-term exposure. The most
sensitive function for which data are aveilable appears to be growth rate.

A temperature that is one-third of the range between the optimum
temperature for growth and the ultimate incipient lethal temperature can be

calculated by the {forwmula:

Optimum + Ultimate incipient lethal temp - optimum temp for growth

temp 3
for growth

This formula offers a practical method for obtaining allowable limits, while
retaining as its scientific basis the requirements of preserving adequate rates
of growth. This formula was used to calculate the summer growth (on a monthly
basis) criteria in Table 1.

The criterion for a specific location would be determined by the most
sensitive life stage or the sensitive important species likely to be present
In that location at that time. Since many fishes have restricted habitats
(e.g., specific depth zones) at many life stages, the thermal criterion must
be applied to the proper zone. There is field evidence that fish avoid
localized aveas of unfavorably warm water. This has been demonstrated both

in lakes where coldwater fish normally evacuate warm shallows in summer
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9
and at power station heated plumes. In most large bodies of water there are
both vertical and horizontal thermal gradients that mobile organisms can
follow to avoid unfavorable high (or low) temperatures. The summer maxima
must apply to restricted local habitats such as lake hypolimnia or thermoclines,
that provide important summer sanctuary areas for coldwater species. Any
avoidance of a warm area within the normal seasonal habitat of the species will
mean that less area of the water body is available to support the population
and that production may be reduced. Such reduction should not interfere
with biological communities or populations of important species to a degree
whichk is damaging to the ecosystem or other beneficial uses. Non-mobile
organisms that must remain in the warm zone will probably be the limiting
organisms for that location., Any upper limiting temperature criteria must
be applied carefully with understanding of the population dynamics of the

species in question in order to establish both local and regional requirements.

Maximum Weekly Average Temperature for Winter

Although artificially produced temperature elevations during winter
months may actually bring the temperature closer to optimum or preferred
temperature for important species, and therefore attract fish, metabolic
acclimation to these higher levels can preclude safe return of the organism
to ambient temperatures should the artificial heating suddenly cease or the
organism be driven from the heated area. The lower limit of the range of
thermal tolerance of important species must, therefore, be maintained at
the normal seasonal ambient temperatures throughout cold seasons. This can
be accomplished by limitations on temperature elevations in such areas as

discharge canals and mixing zones where organisms may reside, or by insuring
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that paximum temoeratures occur ounly in areas not accessible to important
aguatic life for lengths of time sufficient to allow metabolic acclimation.
Such inaccessible areas would include the high-velocity zones of diffusers
or screcned discharge channels. This reduction of maximum temperatures
would pot preclude usc of slightly warmed areas as sites for intense winter
fisheries.

This consideraticn may be important in some regions at times other than
in winter. The Great Lakes, for example, arc susceptible to rapid changes
in elevation of the thermocline in summer which may induce rapid decreases
in shoreline temperatures (upwelling). Fich acclimated to exceptionally
high temperatures in discharge canals may be killed or severely stressed without
changes in power plant operations.

Some numerical values for acclimation temperatures and lower limits of
tolerance ranges (low?:Mincipient lethal temperatures) fgr several species
are given in Appendix A. Lower winter temperature is necessary for some
species such as yellow perch for egg maturation and lake whitefish for egg
incubation,

Figure 1 is a nomograph that demonstrates the relationship between the
maximum weekly average temperature acceptable in heated plumes and different
ambient temperatures. The nomograph was calculated using lower incipient
lethal temperature data that would, after applying the 2° C safety factor,
ensure protection against partial lethality for most fish species for which
there are data (22). At an acclimation (heated plume) temperature of 10° C
(50° F) or less, warm water fishes can tolerate a drop in temperature to

any lower ambient temperature. Conversely (see Fig. 1), whenever the ambient
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applicabie to thz heated plume rathier than the receiving water since the
principal conceimr for most fish at that time is to protect against excessive
rapid declirne in temperature. At the time that the earliest spawning should
occur, the apprepriate maxirum weekly average temperature for the receiving
water must be applied again. If species similar to yellow perch or lake
whitefish are to be protected, a maximum weekly average temperature in the

receiving water during the winters should be necessary as well as the

limitation in the plumes,

Short—-term Exposure to Extreme Temperature

To protect aguatic life and yet allew other uses of the water, it is
essential to know the lengths of time organisms can survive extreme
temperatures (i.e., temperatures that exceed the 7-day incipient lethal
temperature). The length of time that 50 percent of a population will survive

temperature above the incipient lethal temperature can be calculated from

a regression equation of cxperimental data as follows:

log (time in min.) = @ + b (Temp. in °Cc)
where a and b arc intercept and slope, respectively, which are characteristics

of each acclimation temperature for each specics (22). In some cases the



time-temperature rclationship is more complex than the semilogarithmic
model given above. This equation, howevesr, is the most applicable, and is
generally accepted by the scientific community (5). Caution is recommended
in extrapclating beyond the data limits of the original research. Thermal
resistance may be diminished by the simultancous presence of toxicants or
other debilitating factors. The most accurate predictability can be
derived from data collected using water from the site under evaluation.

It is clear that adequate data are available for only a small percentage
of aquatic species, and additional research is necessary. Thermal resistance
information sheculd be obtained locally for critical :nreas to account for
simultaneous presence of toxicants or other debilitating factors, a consideration

not reflected in the Appendix data.

nrY

The resictance time equation discussed earlier was used to calcnlate
tolerance limits for many species of “fish for several time intervals up
to 10,000 minutes. The results of these calculations revealed a uniform
relationship between these species that would permit establishing maximum
acceptable temperatures for spring, summer, and fall that would protect fish
against lethal conditions when subjected to occasional temperature levels
exceeding the maximum weekly average temperature during these seasons. These
limits, applicable to the receiving water, are summarized in Table 1 and are
based on the 24-hour median tolerance limit, minus the 2° C (3.6° F) safety
factor discussed earlier using the maximum weekly average temperature as
the acclimation temperature.

Sin;e these temperatures excced those permitting satisfactory, albeit

sub-optimal growth, unnatural excursions above the maximum weekly average
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temperature to the maximum temperature should be permitted only in extreme
instances and then only for short time periods.,

A procedure has becn developed and discussed for the evaluation of
specific thermal discharge sites using a rearrangement of the resistance-time
equation (22). This useful procedure allows the summation of specific
effects on aquatic organisms during passage through condensors, discharge
canals and heated plumes,

During the spawning season short-term maxima determined using the
resistance time equation will protect the spawning population from lethal
temperatures. However, spawning and egg incubation temperature requirements
are more restrictive (lower) and these biological processes would not be
protected b; those maxima. The upper temperature limits for successful
spawning and egg incubation for a given fish species are essentially the
same and these limits are the recommended short-term maxima during the

spawning season (Table 2).

Reproduction and Development

The sequence of events relating to gonad development, spawning migration,
release of gametes, development of the egg and embryo, and commencement of
independent feeding represents one of the most complex phenomena in nature,
both for fish (23) and invertebrates (6). These events are generally the
most thermally sensitive of all life stages. The erratic sequecnce of
failures and successes of different year classes of lake fish attests to
the unreliability of natural conditions for providing optimum reproduction
each year,

Uniform elcvatlons of temperature by a few degrees during the spawning

period, while maintaining short-term tewperature cycles and seasonal thermal
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patterns, appear to have little overall effect on the reproductive cycle
of resident aquatic specics, other than to advance the timing for spring
spavners or delay it for foll spawners. Such shifts are often seen in
nature, although no quantitative measurements of reproductive success have
been made in this connection. For example, thriving populations of many
fishes occur in diverse streams of the Tennessee Valley in which the date of
spawning may vary in a given year by 22 to 65 days. Examination of the
literature shows that shifts in gpawning dates by nearly one month are coumon
in natural waters throughout the U. S. Populations of some species at
the southern limits of their distribution are exceptions - the lake whitefish

(Coregonus clupeaformis) in Lake Erie that require a prolonged, cold incubation

period (24) and species such as yellow perch (Perca flavescens) that require a

long chill period for egg maturation pricr to spawning (25).

Highly mobile species that depend upon temperature synchrony among
widely different regions or enviromments for various phases of the
reproductive or rearing cycle (e.g., anadromous salmonids or aquatic insects)
could be faced with dangers of dis-synchrony if one area is warmed, .but another
is not. Poor long-term success of one year class of Fraser River (British

Columbia) sockeye salmon (Oncorhynchus nerka) was attributed to early (and

highly successful) fry production and emligration during an abnormally warm
summer followed by unsuccessful, premature feeding activity in the cold

and still unproductive estuary (26).

Changes in Structure of Aquatic Communitics

Significant change in temperature or in thermal patterns over a period

of time may cause some change in the composition of aquatic communities
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(i.e.. the specics represented aud the numbers of individuals in each
species), Allowing temperature chauges to significantly altecr the comaunity
structure in natural waters may be detrimental, even thouglh species of
direct dmportance to man arc not eliminaied.

Alteration of aquatic communities by the addition of heat mayv occasionally
result in growths of nuisance organiums provided tnat other environmental
conditions esscential to suvceh growths (e.g., nutrients) exist.

Data on tewperature limits or thermal distributions in which nuiseonce
growths will be produced are not presently available due in part to the
complex interactions with other growth stimulante. There is not sufficient
evidence to say that any temperature increase will necessarily result in
increased nuisance organisms. Careful evaluation of local conditions is

required for any reasonable prediction of effect.

EXAMPLE

The nuances of developing freshwater aquatic life criteria for
temperature can best be understood by an example (Table 3). Tables 1 and 2
and Figure 1 and the Appendix are the principal sources for the criteria.
The following additional information about the specific environment to
which the criteria will apply is needed.

1. Species to be protected by the criteria. (In this example, they
are bluegill, largemouth bass, and white crappie).

2. Tocal spawning seasons for these species. (Bluegill - May to July;
white crappie - April to June; largemouth bass - May to July).

3., Normal seasonal risc in temperature during the spawning season.

(Since spawning may occur over a period of a few months and only a single
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maximum weekly average temperature for optimal spawning is given for a
species (Table 2), one would use that optimal temperature for the middle
month of the spawning season. In a normal scason the criterion for the
first month of a three-month spawning season should be below the maximum
weekly average temperature for spawning for the species to be protected,
and the last month chould be above this temperature. Such a pattern should
simulate the natural seasonal rise .

4, Normal ambient winter temperature. (In this case it is 5° C
(41° F) in December and January and 10° C (50° F) in November, February,
and March. These will be used to determine permissible plume temperatures in
the winter (Figure 1).)

5. The principal growing season for these species. (In this example
it is July through September. Criteria in Table 1 will be used).

6. Any local extenuating circumstances. _(If certain non-fish species
or food organisms are especially sensitive and thermal requirement data are
available, these data should be used as well as the criteria considered for
the fish species).

In some instances there will be insufficient data to determine each
necessary criterion for each species (Table 3). One must. make estimates
based on any available data and by extrapolation from data for species for
which there are adequate data. Tor instance, if the above example had
included the white bass for which only the maximum weekly average temperature
for spawning is given, one would of necessity have to estimate that its summer
growth criterion would approximate that for the white crappie which has a

similar spawning requirement.
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The choice of desirable fish species is very critical. Since in this
example the white crappie is the most temperature sensitive of the three
species, the maximum weekly average temperature for summer growth is based
on the white crappie. Consequently, the criteria would result in lower than
optimal conditions for the bluegill and largemouth bass. An alternatec approach
would be to develop criteria for the single most important species even if the

most sensitive is not well protected. The choice is a socioeconomic one.
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TALLE

1

Mawimom Weelkly Average Temperaturcs for Growth and Short-Term

Mazima for Survival for Juveniles aud
Adulrs Dusing thr Summer

{Centigrade and Fohirenheodit

Spezies

Atlantic Salmon
Bigwouth Butfalo
Black Crappile
Bluegill

Brook Trout

Carp

Channel Catfish
Coho Salmon
Emerald Shiner
Freshwater Drum
Lake Herring (Cisco)
Largemouth Bass
Northern Pike
Rainbow Trout
Sauger
Smallmouih Bass
Smallmouth Buffalo
Sockeye Salmon
Striped Bass
Threadfin Shad
White Bass
White Crappie
White Sucker
Yellow Perch

Srowth

20 (6%9)
27 (61)
29 (84
19 66)
32 (50)
18 (64)
30 (86)
17 (63)
32 (90)
28  (82)
19 (66)
25 (77
29 (84)
18 (64)
27 (81)
28 (82)
22 (72)

b

Nt

)

Maxima®
23 (73)
32 (90)
23 (73)
36 ~(97)
24 (75)
31 (88)
25 (77)
3 (93)
30 (86)
24 (75)
22 “(72)
29 (84)

a
Based on 24-hour median lethal limit minus 2° C (3.6° F) and accli-
mation at the maximum weekly average temperature for summer growth.

b
Based all or in part on data for larvae.
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TABLE 2

Maximum Veekly Average Temperature for Spawning and Short-term
Maxima for Embryo Survival During the Spawning Season
(Centigrade and TFahrenheit).

Species Spawming Maximum
Atlantic Salmon 5 (41) 7 (45)
Bigmouth Buffalo 17 (63) 27  (81)
Black Crappie - -
Bluegill 25 (77) 34 (93)
Brook Trout 9 (48) 13  (55)
Carp 21 (70) 26 (79)
Channel Catfish 27  (81) 29 (84)
Coho Salmon 10 (50) 13  (55)
Emerald Shiner 23 (73) 27 (81)
Freshwater Drum 21 (70) 26  (79)
Lake Herring (Cisco) 3 (37) 8 (46)
Largemouth Bass 21 (70) 27  (81)
Northern Pike 12 (54) 19 (66)
Rainbow Trout 9 (48) 13  (55)
Sauger 10 (50) 21 (70)
Smallmouth Bass 17 (63) 25 (77)
Smallmouth Buffalo 17  (63) 21 (70)
Sockeye Salmon 10 (50) 13  (55)
Striped Bass 18 (64) 24 (75)
Threadfin Shad 18 (64) 3L (93)
White Bass 19 (66) 24 (75)
White Crappie 18 (64) 23 (73)
White Sucker 10 (50) 21 (70)
Yellow Perch 12 (54) 20 (68)
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NS
Donth

JAN
Fib
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

TABLE

a
Criteria Developed for Example

Maximum Weelly Average
Terperature

Receiving
Water

21
25
27
27
27
21

a
a
a

(64)
(70)
an
(80)
(80)
(80)
(70)

a

leated

Plume

15 (59)
25 (77)
25 (77)
25 (77)
15 (59)

Short—-Term Maximum

20
29
32
32
32
32
29

(79)
(84)
(90)
(90)
(90)
(90)
(84)

(Centigrade and Fahrenheit)

Dacision Basis

Protcction against temperature drop
Protection against tempevature drop
Protection against temperature drop
White crappie spawning

Largemouth bass spawning

Bluegill spawning and white crappie
White crappie growth

White crappie growth

White crappie growth

Nermal gradual seasonal decline
Protection against tcemperature drop
Protection against temperature drop

Decision Basis

o

Bluegill, survival (estimated)
Bluegill survival (estimated)
Bluegill survival
Bluegill survival
Bluegil survival
Bluegill survival

Bluegill™ survival (estimated)

oo oo

a . ] , .
If a species had required a winter chill period for gamete
maturation or cgg incubation, receiving water criteria would

also be required.

No data available for the slightly more sensitive white crappie.
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Species:

FISH TEMPERATURE DATA SHEET

Atlantic salmon Salmo salar

I. Lathal threshold:

Uppexr

Lower

II. Crowth:;j

Optioum and

[rangeZ/]

I1I. Reproduction:

Migration

Spawning

Incubation
and hatch

IV. Preferred:

acclimation data 3/
temperature larvze  juvenile  adult source=
5 22% 1

6 22 I B
10 23%. -3 ? ‘
20 _23* Lz §
27.5 27.5 10 4
*30 days after hatch -
I
larvae juvenile adult
] 5:_ a 4
optimum range month(s)
adults 23 or less, smolt 10 or less 7
5-6(9) t=Dec(8) 8,9 -
0.5-7 3
acclimation
"temperature larvae  juvenile adult
4 14(2) 2
Sunmer _ 17 (5) 14-16(6) 5,6

2/

=' As reported or te 50% of optimum if data permit.

3/

List sources on back of page in numerical sequence.
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Atlantic salmon
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Speciles:

FISH TEMPERATURE DATA SHEET

Bigmouth buffalo, Ictiobus cyprinellus

I. Lethal threshold:

Upper

Lower

1I. Growthrl/
Optimum and

[rangeg/]

ITI. Reproduction:
Migration
Spawning

Incubation
and hatch

IV. Preferred:

acclimation data 3/
temperature larvae juvenile adult source=
larvae juvenile adult
optimum range month(s)
17 1427 Apr—Tune 1,2, 3,46
14-17 2,5.6
acclimation
temperature larvae juvenile  adult
Surmer 31-34% 7
*Ictio§g§_§3
fiers

3/
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FISH TEMPERATURE DATA SHEET

Black crappie, Pomoxis nigromaculatus

Species:
acclimation data /
I. Lethal threshold: temperature larvae  juvenile  adult source=
Upper -
29 - 333 2
T T T *Ultimate incipient leyel
Y.ower
IT. Growth:l/ larvae juveﬁile adult
Optirum and 22-25 2
[fangeg/] (11-30)* ‘ 2
#limits of zero growth
III. Reproduction: optimum range month (s)
Migration
Spawning : 14-18 (4)=* Mar (4)~July[3) 3,4
Incubation
and hatch
*pegin spawning
acclimation
JV. Preferrad: " temperature laervae  juvenile adult
“Summer 18-20(5) 24-34(1) 1,5
1/

=" As rcported or net growth (growth in wt. minus wt. of mortality).
=" As reported or to 50% of optimum if date permit.
3/

= List sources on back of page in numerical sequence.

120



(Wi}
-

Black crappie
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FISH TEMPERATURE DATA SHEET

Bluegill, Lepomis macrochirus

Specles:
acclimation data 3/
I. Lethal threshold: temperature larvae juvenile adult source=
20 - 32 2
259, 25(S 36.(8) 23 (2) 2 8
38 - 34 2
33 _? 37 g
Tower 15(2), 12€8) 3 (8) 3 (2) 2,8
=
20 _ 5 2
25(2), 26(8) 10 (8) 7 (2) 2,8
30 11 2
33 15 8
II. Growth:lj larvae juvenile adult
Optimum and 2L-27(3) ki
2/
[range="] (16 (L z30€a) | 1,4
III. Reproduction: optimum range month(s)
Migration
Spawning 25(5) 19(5)-32(6) Apr-Aug. 1.5,6
Incubation (L
and hatch 22-24 22-34 8
acclimation
IV. Preferred: tenperature larvae  juvenile adult
32 9

As reported or net growth (growth in wt. minus wt. of mortality).

2/
= As reported or to 50% of optimum if dzta permit.

3/

= List sources on back of page in numerical sequence.
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Bluegill sunfish
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Species:

Brook trout

FISH .TEMPERATURE DATA SHEET

_Salvelinus: fontinalis

I. Lethal threshold:

Upper

Lowex

1/

IT. Growth:=
Optimum and
2/

[fange— ]

III. Reproduction:
Migration
Spawning

Incubation
and hatch

IV. Preferredr

acclimation data 3/
temperature larvae Juvenile adult source=
3 23
11 25 3
12 20%,25%* 2.
15 25 3
20 25 3
‘25 25 3
*Newly hatched
**Swimup’
larvae Juvenile adult
12-15(2) 16(1) 1,2
(7-18) (2) (10-19) (1) 1,2
optimum range month(s)
<9 -12 Sept;—Nov. 1
6 -13 1
acclimation
témperature larvae Juvenile adult
14-19% 4

*age not given

1
1/ As reported or net growth (growth in wt.

2/ As reported or to 507 of optimum if data permit.

3/

= List sources on back of page in numerical sequence.
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minus wt. of mortality).



Brook troat
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Species:

FISH TEMPERATURE DATA SHEET

Carp, Cyprinus carpio

I. Lethal threshold:

Upper

Lower

IT. Growth:i/
Optimum and

[rangegl]

III. Reproduction:
Migration
Spawning

Incubation
and hatch

IV. Preferred:

1/

acclimation data 3/
temperature larvae  juvenile  adult source~—
20 31-34% 3
26 36%* 3
*24 hr. TL50
larvae juvenile adult
optirum range month(s)
19-23(2) 16 (4)—26 (C Mar-Aug(5) _ 2.4.5
17-22 (7) 7
Abnormal larvae after 35° shock of embryp 1
acclimation
temperature larvae  juvenile adult
25-35(5) 31-32(6)
Summer 33-35 8
10 17

As reported or net growth (growth in wt. minus wt. of mortality).

As reported or to 50% of optimum if dara permit.
3/

List sources on back of page in numerical sequence.
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FISH TEMPERATURE DATA SHEET

‘Species: _ Channel catfish, Ictalufus punctatus
acclimation ] data 3/
I. Lethal threshold: temperature larvae Juvenile adult source="
Upper 15 31(3)* 30(2) 2,3
25 : 351y . 33023 1,2
30 37 1
35 38 1
g #No acclimation temperature givej
Lower 15 _ 0 2
20 : 0 2
25 . 0 2
II. Growth:l/ larvae Juvenile adult
Optimum and 29-30(3) 52§;§gzlg) 3,10
[range?/] (27-31)(3)  (22-34) (4) 3,4
III. Reproduction: optimum range month(s)
Migration ‘
Spawning 27(5) 21-29(5) Apr-July (6} 5,6
Incubation
and hatch 22(8) 18(7)-29(5) 5,7,8
acclimation
IV. Preferred: ‘témperature larvae Jjuvenile adult
‘Summer ' 30-32% 9

#field

As reported or net growth (growth in wt. minus wt. of wmortality).
As reported or to 507 of optimum 1if data permit.

3/ .. . .
= List sources on back of page in numerical sequence.
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FISH TEMPERATURZ DATA SHEET

Cisco (Lake herring), Coregonus artedii.

Q'.)'_ﬁ"' =
opetLes.

I. Lethal threshold:

Upper

Lower

.1
1I. Growth:—
Cptimun and

2/

Irange™ ]

III. Reproduction:
Migration
sSpavming

Incubation
and hatch

iV. Preferred:

zceelimation datza 3/
temperature leowrae juvenile adult source™
2(3), 3(2) 20(2) 20(3) 20(4;6)* 2,3,4,6
5(3), <10(5) 22(3) <24(5) 3,5
>13 26 3
20 26 | 3
25 26 _ 3
*accl. temp. uanknown
2 3
5 .5 3
10 3 3
20 5 3
25 10 3
larvae juvenile adult.
_16 2
(13-18) . 2
optimum range month(s)
To spawning grounds at = 5 7
-3 ~1=-5 Nov-Dec 7,8,9
6(1) 2-8(1) Apr-May 1,8,9
(6-9)
acclimation
cémperature lztvae  juvenile adult I
13 : 6

=/ As reported or net growth (growth iz wi. minus wt. of mortality).

2 o . ve o .
= As reported or to 50% of optimum ii data permit.

List sources on back of page in numarical sequence.
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FISH .TEMPERATURE DATA SHEET

Coho salmon, Oncorhynchus kisutch

Species: ;
acclimation . data 3
I. Lethal threshold: temperature larvae  juvenile adult source>’
5 23 1
Upper 10 24 21*% (3) 1,3
15 24 1
20 . 25 1
23 25 1
*Accl. templ} unknown
Lower 5 0.2 ‘1
10 2 1
15 3 1
20 5 1
_ 23 6 1.
II. Growth:l/ larvae juvenile adult
Optimum and 15% 2

[range2’ ] (5-17) 6

*unlimited food

III. Reproduction: optimum rangs month(s)

Migration 7-16 (5) '

Spawning 7-13 (3) Fall 3

Incubation

and hatch
acclimation
IV. Preferred: ‘temperature larvae juvenile adult

“Winter 13 4

1 ‘ .

1/ As reported or net growth (growth in wt. minus wt. of mortality).
2 o .

2/ As reported or to 507 of optimum if data permit.

3/

List sources on back of page in numerical sequence.
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Coho salmon
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FISH TEMPERATURE DATA SHEET

Emerald Shiner, Notropis atherinoides

Species:
acclimation data 3/
I. Lethal threshold: temperature lervae juvenile adult source~
5 22-23 1
Upper 10 27 1
15 29 1
20 31 1
25 31 1
Lower
15 2 ]
20 5 1
II. Growth.;j larvae juvenile adult
Optimum and 29 . 2
[rangeg/] (24-31)
II1. Reproduction: optimum range month(s)
Migration
Spawning 20(3)-27(6) May-Auc (1Y _1.3,5,6
Incubation (5)
and hatch
acclimation
IV. Preferred: temperature larsae juvenile adult
Summer 25% 3
Winter 27%
#unknown age

lj As reported or net growth (growth in wt. minus wt. of mortality).
2 , - .
2/ As reported or to 50% of optimum if data permit.

3/

~ List sources on back of page in numerZcal sequence.
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Emerald shiner
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FISH TEMPERATURE DATA SHEET

Species: Freshwater drum, Aplodinotns gruaniens
acclimation data /
I. Lethal threshold: temperature larvae juvenile adult source>=
Upper
Lower
IT. Growth:lj larvae -juvenile adult
Optimum and
2/
[range—]
III. Keproduction: optinum range month(s)
Migration _
Spawning 21 19-24 May=1 1 1,2.3,5.6
Incubation
and hatch 22-26 1,4.6
acclimation
IV. Preferred: "témperature larvae  juvenile adult
Summe 29-31% | 7
*Field

l/ As reported or net growth (growth in wt. minus wt. of mortality).

2/ As reported or to 507 of optimum if data permit.

3/ List sources on back of page in numerical sequence.
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Freshwater drum
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Specles: Largemouth bass, Micropterus szl=oiies

acclimation

data

I. Lethal threshold: temperature laxreze fuvenile adult sourccél

Upper 20 33 1
25 35 1
30 36 1
35 36 1

Lower 20 5 1
25 7 1
30 11 1

: 1/ o 4
II. Growth:— larvae jurenile adult
Cptimum and 27 30(8) 2,8
[rangeg/] (20-30) 23-31(8) 2,8
III. Reproduction: optinum range nonth(s)
Yigration
. Apr—June(3)
Spawning 21¢4) 16-27(4) Nty (4) 3.4
Incubation : o
and hatch 20(5) 13(3)-26(9) 5,6,9
acclimation
IV. Preferreaq: temperature lar-rae juvenile adult
30-32% 7

*season not given

1 \ . . . .
i/ As reported or net growth (growth in wi. minus wt. of moftality).

2/ . o
=" As reported or to 507 of optimun if dozz2 permit,

3/

=' List sources on back of page in numer:

. o

(]
fo
o)
v
sy
[p]
[
]
ju
O
[$]
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Largemouth bass
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FISH TEMPERATURE DATA SHEET

Northern pike, Esox lucius

Species: [
acclimation data /
I. Lethal threshold: temperature larvae juvenile adult source™—
Upper 18 25,28% 2
25 32 1
27 - 33~ 1
30 33*% 1
%At hatch and free swimming, resfectively
Lower **Jltimate incipient level .
18 3% A 2
*At hatch and free swvimming
II. Growth:;j larvae juvenile adult
Optimum and 21 26 ' 2
[range2’]. (18-26) 2
III. Reproduction: optimunm range month(s)
Migration ‘
Spawning 4(4Y-19(3, Feb-June (5) 3,4,5
Incubation .
and hatch 12 7-19 4 2
acclimation
IV. Preferred: temperature larvae Juvenile adult
' 24, 26% 6
*Grass pickrel and misky, respeci!

As reported or net growth (growth in wt. minus wt. of mortality).
2/ As reported or to 507 of optimum if data permit.

3 . . .
3/ List sources on back of page in numerical sequence.
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3.
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5.

6.

Northern pike
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Species:

FISH TEMPERATURE DATA SHEET

Rainbow trout, Salmo gairdneri

I. Lethal threshold:

Upper

Lower

II. Grothril

Optimum and

2/]

[fange—

IIXI. Reproduction:
Migration
Spawning

Incubation
and hatch

IV. Preferred:

acclimation data /
temperature larvze  juvenile  adult source=
18 27 1
19 ' 21 2
larvae juvenile adult
171 5
3(8) = ) 8
optimum range month(s)
5-13(6) ¥ov-Feb (7) 6,7
Feb-June (7
5-7(9) 5=13(&) 4,9
acclimation
temperature lzrva=2  jJuvernile adult
Not given 14 3

i/ As reported or net growth (growth in w:.

—' As reported or to 507 of optimum if dztz permit.

3/

— List sources on back of page in numerica2l sequence.
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TISH TEMPERATUZZI SATA

. Smallmouth bass, micropterus delomieud

Life stage unknown

acclimation ; data
I. Lethzl threshold: temperature iegTvee juveniie adult f source=—
'
t
]
£
%acclization not given i
. £y 7 . {
Lower 15(3) L{)=* 2(3) i _3.9
H
18 A ; 3 i
22 7 i3
i
26 10 v 3
*acclization temperature not given
t
II. G:owth:éj larvae uvenile 2dult :
Zervae gcullt ;
Optimum and 28-29(2) 26(3) i 2.3
2 i
[range—/] i
H
E
- !
—_— - i _
i
]
e - . i
iIZ. Reproduction: nptimum range month(s)
.o . i
izration h
i
Spavming 17-18(53) 13(8)~21(7) May-July(8) _3,7,8
Incubation ?
and hatch [
i
+
acclimation #
- - 5 - -k
IV. DPrezerred: temperature lzrvas iuvenile adult i
1]
Is
Summer 21-27 ti
. Iy
Winter >8%(1)=28(4) i _l.4
i
!
" i

As reported or net growth (growth im wi. minus wt. of mortality).

o o =
~ ~

As Teported or to 507 of optimum if czta permit.
3

ources on back of page in numerical seguence.

l46



Smallmouth bass
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FISH .TEMPERATURE DATA SHEET

Species: Smallmouth buffalo, Tctiobus bubalus

acclimation . data /
I. Lethal threshold: temperature larvae Juvenile adult source=
Uppex
Lower
IT. Crowth:l/ larvae juvenile adult
Optimum and
[range~ ]
III. Reproduction: optimum range month(é)
Migration
Spawning A7¢1,3) : 14(1);?](1’2) Mar—Jun 1,2,3
Incubation (3
and hatch 14(1)-21(2) 1,2
acclimation
IV. Preferred: témperature larvae juvenile adult
31-34% 4
*Ic;iobhs
sp. field

1/ . . .
=/ As reported or net growth (growth in wt. minus wt. of mortality).

2/ As reported or to 50% of optimun if data permit.

3 . .
—j List sources on back of page in numerical sequence.
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Smallmouth buffalo
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FISH TEMPERATURE DATA SHEE
/

o
FR

a
Sockeye salmon, Oncorhynchus nerka—

Species: ,
acclimation data /
Z. Letchal threshold: temverature larves fuvenile adult source—
Upper > 22 P L
10 23 1
15 24 1
20 25 1
Lower 5 (4] 1
10 3 1
15 4 1
20 5 3
23 7 1
1/ |
II. Growth:~ larvae juvenile adult ;
Optizum and 15(6) 152)* 2.6
- 2/ |
[range~"] 10-15 iP5
*Max. with excess food
III. Reproductiocn: optimun rznze ronth{s)
Migration 7-16
Spavming 7-13 Fall s 7
e !
Incubation ;
and hatch £-13 4
s ;
acclimation !
. 4 !
IV Preferred: temperature lzrvee  Juvenile  adult |
. Summer 15 —
j
1 . . .
Y 4s reported or net growth (growth in wo. ninus wt. of mortality).
r} < . - »
2/ As reported or to 50Z of optimum if data pammit.
3/ ~ . .
=’ List sourccs on back of page in numerical saguence.

/

|

Data for sea-run Sockeye, not Kokanee
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Sockeye Salmon
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FISH .TEMPERATURE DATA SHEET

Species: Striped bass, Morone Saxatilis :
acclimation data /
I. Lethal threshold: temperature larvae Juvenile adult source>
Upper
Lower
1/
II. Growth:~ larvae juvenile adult
Optirum and
: 2/
[range—']
IITI. Reproduction: optimum range month(s)
Migration '
Spawning 17-19 13-22 Apr—July 1,2,3.4.5
Incubation )
and hatch 16-24 1
acclimation
IV. Preferred: témperature larvae  juvenile adult

T ,
1/ As reported or net growth (growth in wt. minus wt. of mortality).
2/ As reported or to 507 of optimum if data permit.

3/ .. .
=" List sources on back of page in numerical sequence.
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Striped bass
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Threacfin shad
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FISH TEMPERATURE DATA SHEET

Species: _White crappie; Pomoxis annniarie
—_—

!
. acclimation cdata
I. lethal threshoid: temperature larvae  juvenile adult source—
Upper
33* c
*Ultimate incipient lpyel
Lower : 4
: 1/ .
II, Growth:~ larvae juvenile adult
Optimum and 25 5
[raagegj]
III. Reproduction: optimum range nonth(s)
Migration —_—
. ! i Har(4)=
Spawning 16-20(6) 14--23(6) Tl 3,4,6
Incubation *blftZOCé;f .
and hatch - €3in Spawning
"Hatch in 24-27-1/2 hrs. at 21-23 2
acclimation
IV. Preferred: temperature larvae juvenile adult
] 28-29 1

l/ As reported or net growth (growth in wt. minus wt. of mortality).
2/ As reported or to 507 of optimum if data permit.

3/

2! 1ist sources on back of page in numerical sequence.

157



White cracpoie
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White sucker
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Syooiz Yellow perch Perca flavescens

. threshold: izxvee  juveniie 2l D oEoun
Tooer 5 21 Pl
11(1), 10(4)  10(4)* 25(1) P14
A15(1), 19¢4) 19(4)* 28(1) ;1,4
25 30% o1
25 *swin-up T32%% T
“owez *winter X
*Fgumert
25 4 i
i érowth:é- laxrvae Juranile ziult z
Ootizum 2nd 4
-7 2/, ' o
[ranze=] 13(6)-20(7) | 6,7
oo
—
ZIIL cvtimum ranre :::th(s);
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: e Gr

10 up 1°/day ~ 7-20 o4

to 20 I
acciinmation i
!

IV, DPrefaerres: “temperature larvaz e 2dvit :
. i
Uinter ~22(8) 21.(2) i 8,2
» i
Summer . 24 I
. I
— i
24 ) 20-23 18-20 ¢ 9
i
!
i
: - - . = I B
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Yellow perch

References

Hart, J. S. 1947. Lethal temperature relations of certain fish in
the Toronto region. Trans. Roy. Soc. Can., Sec. 5 41:57-71.

Ferguson, R. G. 1958. The preferred temperature of fish and their
midsummer distribution in temperate lakes and streams. J. Fish.
Res. Bd. Canada 15:607-624.

Jones, B. R., K. E. F. Hokanson and J. H. McCormick. 1973. Winter
temperature requirements of yellow perch. Unpublished data.
National Water Quality Laboratory. Duluth, Minnesota.

Hokanson, K.E.F. and C. F. Kleiner. 1973. The effect of counstant amnd
rising temperature on survival andé development rates of émbryonic
and larval yellow perch, Perca flavescens (Mitchill). Submitted
for publication at International Symposium in the early life
history of fish, Oban, Scotland, 1973.

Breeder, C. M. and D. E. Rosen. 1966. Modes of reproduction in fishes.
Natural History Press.

Coble, D. W. 1966. Dependence of totasl annual growth in yellow perch
on temperature., J. Fish. Res, Bd. Canada. 23:15-20.

Weatherley. 1963. Thermal stress and interrenal tissue in the perch,
Perca fluviatilus (Linnaeus). roc. Zool. Soc., London,
Vol. 141:527-555.

Mildrim, J. W. and J. J. Gift. 1971. Temperature preference, avoidance

and shock expariments with estuarine fishes. Ichthological Associates
Bulletin 7, 301 Forest Drive, Ithaca, MN.Y.

¥eCauley, R. W. and L., A. A. Read. 1973
juvenile and adult yellow perch (Perca £
Fish. Res. Bd. Canada. 30:1253-1255.

. Temperature selections by
lavascens) acclimated to 24 C. J.
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I

MARINE TEMPERATURE CRITERIA

The philosophy underlying criteria for marine and estuarine

cooling water is that volumes shall be minimized to reduce plant pas-

sage of planktonic organisms. Accordingly, there shall be no dilu-

tion pumping.

a.

b.

d.

The maximum acceptable increase in surface temperatures is
2.2°C (4°F) during fall, winter, and spring.

The maximum acceptable increase in surface temperatures is
1.1°C (2°F) during the summer (defined as July-September
north of Long Island and the northern extremity of California;
June-September south of those points).

Alteration of characteristic daily temperature cycles in
either frequency or amplitude is unacceptable.

Exceeding the following summer maxima is unacceptable:

Maximum True Daily Mean®*

Tropical Regions 32.2°C (90°F) 30°C (86°F)
(South of Cape Canaveral and

Tampa Bay, Florida, Puerto

Rico, Pacific tropical islands)

Cape Hatteras, N.C. to Cape 32.2°C (90°F) 29.4°C (85°F)
Canaveral, Florida

Long Island (south shore) to 30°C (86°F) 27.8°C (82°F)
Cape Hatteras, N.C.

*True Daily Mean = the daily average of 24 hourly temperature readings.

Data presently are not sufficient to prescribe general upper limits

for other regions of the country. Nonetheless, development of ceilings

on a case-by-case basis using best available data is recommended.

e,

Rapid temperature decreases associated with plant shutdown
are unacceptable when ambient water temperature is less than
15°C (59°F).

RATIONALE

The preceding criteria summarize temperature conditions necessary

to protect marine ecosystems and represent constraints which can be
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met by using submerged discharge. Volume of the vertical diffusion
zone in which temperature criteria do not apply is intended to be
minimized by siting on relatively deep and well flushed waters. Near-
bottom diffuser discharge should be at a depth which would not only meet
summer receiving water criteria at the surface (i.e. a delta 2°F rise)
but which also results in a mixing zone without excessive horizontal
dimensions. Biologically, loss of surface area is as important as
volume considerations in the marine environment. As shallow portions

of estuaries are highly productive and represent important nursery
areas, shallow water discharge is not recommended.

An instantaneously measured ambient temperature is to serve as the
baseline for permissible elevations. Baseline thermal conditions shall
be measured at a site in which there is no unnatural thermal addition
from any source, which is in reasonable proximity to the power plant,
and which has similar hydrography to that of the receiving waters at
the discharge point. Measurements shall be made 6 inches below the
surface.

Estuarine and coastal communities normally experience diurnal and
tidal temperature variations. Laboratory studies have demonstrated
that thermal tolerance is enhanced when animals are maintained under
a diurnally fluctuating temperature regime rather than at constant
temperature (Costlow, 1971). 1In addition, a daily cyclic regime is
protective as it serves to reduce the duration of single exposures
of supraoptimal temperatures. This has been observed in the inter-

tidal blue mussel (Mytilus edul%;) (Pearce, 1969; Gonzalez, 1972).

A mussel bed can tolerate brief exposure to summer low tide tempera-
tures of 29-30°C if it is flooded intermittently by cooler tidal water.
In the laboratory, constant exposure to 30°C caused mussel death in 9-
12 hours, while 6-hour cyclic exposures from 30 to 25°C were tolerated
for over 40 days.

It is also necessary to maintain the natural annual temperature
cycle. This should approximate the historical thermal regime under
which local biota evolved and indigenous communities developed. Regular

thermal events, such as the diurnal cycle and irregular phenomena including
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atmospheric frontal passages, are examples of components of this

historical regime. These natural heterogeneous temperature patterns

must be maintained. A permissible incremental rise over ambient con-
ditions is presently the best approach to define ecologically safe
thermal elevations for the marine community.

During late fall, winter, and spring, natural temperature condi-
tions are usually well below critical upper thermal limits for most
life functions. More subtle effects of artificial heat on the biota,
particularly from a total system standpoint, are not well documented
for these seasons. Some marine species, including winter flounder and
cod, require periods of cold water temperatures for maintenance of
physiological condition, development, reproduction, and survival and
growth of eggs and larvae (Rogers, in press; Johansen & Krogh, 1914).
The recommended constraint of 2.2°C (4°F) elevation over ambient
represents an increase of approximately 50 percent of the range of
diurnal fluctuation in temperature commonly observed in well-mixed
estuarine waters, The permissible elevation should meet envirommental
requirements of cold water species. It falls well within the tolerance
range of most motile marine organisms passing through a thermal discontinuity
Also protected are benthic or intertidal species confronted with thermal
pulses resulting from tidal circulation of warm water.

During summer, natural thermal maxima can occur in magnitude suf-
ficient to cause heat death or emigration by motile forms. This is
particularly common in the tropics and warm temperate zones (Vaughan,
1918; Glynn, 1968; Chin, 1961). Natural thermal kills also occur in
more northern waters, e.g. a winter flounder kill in Moriches Bay,
Long Island, N.Y. (Nichols, 1918). Temperature incremental ceilings
are applicable during the period of maximum natural heating when
further thermal addition could be deleterious. These increments may
be lower than prevailing water temperatures in some coastal embayments
for certain periods, yet these are nonetheless times of thermal stress
for the marine system. Some organisms continue to populate waters
having a warmer daily regime, but thermally sensitive species are
absent. Addition of heat from artificial sources at such sites during
periods of maximum heating is not appropriate. For these regions of

the country where data presently are not sufficient to prescribe general
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upper thermal limits, development of ceilings on a case-by-case basis
is recommended.

Poundaries for regional ceilings are demarcated by biogeographic
provinces. Species compositicn of the marine system, and most impor-
tant, responses to elevated temperature, are generally similar within
a region. Boundarics of a biotic province are characterized by sig-
nificant thermal discontinuities. Boundary areas are maintained
during summer or winter due to combined forces of current, wind, and
coastal geomorphology. On the east coast, Cape Canaveral, Fla., Cape
Hatteras, N.C., and Cape Cod, Mass., represent these boundaries. On
the west coast, Pt. Conception in southern California marks the limit
of warm and cold temperate zones.

Recommended thermal criteria are based on scientific evaluation of
best available data. Selected representative data are tabulated below
for an array of ecologically diverse marine organisms, grouped by
biotic region. Data largely document limitations of thermal additiomn
during summer. Unless otherwise noted, cited studies deal only with
summer or warm-acclimated organisms. Results of sublethal effects
studies are cited also. Twenty-four hour TLm (median tolerance limit)
data have been adjusted by subtracting 2.2°C to estimate the upper
thermal protection limit for the life history stage in question (Mihursky,
1969). Recognized biological variables such as recent environmental
history, nutritional state, size, sex, and age are considered for all
thermal effects investigations. Likewise, contrasting methods of
study are considered.

Normally, thermal effects data derived in one biotic region should
not be applied to another. Latitudinally separated populations of
widely distributed species may exhibit significant generic variability
and usually have experienced different recent environmental histories.
The manner in which data relate seasonally to a local temperature
regime is illustrated by the Cold Temperate Zone (southern portion)
superimposed on the 20-year mean temperature curve of the Pawtuxet
River at Solomons, Md. (Figure 1). It should be recognized that mean
temperature curves show only the thermal norm, and not short-term

extremes which are ecologically the more significant.

166



Boreal Zone, Arlantic Coast: This region extends from Cape Cod,
Mass., to the Gulf of Maine,

Insufficient data are available for
setting regional temperature limits. Upper limits should be deter-

mined on a case-by-case basis using best available data for the site

and its environs.

In the boreal region, maintenance of a general temperature regime
resembling natural conditions is particularly important during winter
months. Some boreal species require periods of uninterrupted low
water temperatures to fulfill environmental requirements for successful
maturation of sexual products, spawning, and subsequent egg and larval

survival. Winter flounder (Pseudopleuronectes americanus) have an

upper limit for spawning of 5.5°C (Bigelow and Schroeder, 1953).
Spawning occurs during the winter. -
Ten °C is the upper thermal limit for Atlantic salmon (Salmo
salar) smolt migration to the sea, which normally occurs in June.
Twelve °C inhibits maturation of sex products (DeCola, 1970). De-

velopment of winter flounder (Pseudopleuronectes americanus) eggs to

hatching is reduced 50% at 13°C (Rogers, in press). Blood worm

(Glycera americana) spawning is induced when temperatures reach 13°C
(Creaser, 1973). Fifteen °C is the upper limit for spawning Atlantic
herring (Clupea harangus) (Hela and Laevastu, 1962), and of an amphipod,

Psammonx nobilis, (Scott, unpublished). In Atlantic herring, there is

above normal incidence of a protozoan disease at 15°C (Sinderman, 1965);
and at 16°C, there is a prevalence of erythrocyte degeneration (Sherburne,

1973). Field mortality of yellowtail flounder larvae (Limanda ferruginea)

was observed at 17.8°C (Colton, 1959). The protection limit for yearling
Atlantic herring (48-hr TLm - 2.2°C) is 19.0°C (Brawn, 1960). At 21°C,

embryonic development ceases in the amphipod, Gammarus deuben (Steele

and Steele, 1969). Above 21.1°C, spores are killed and growth is re-

duced in the macroalga, Chondrus crispus, which is commerically har-

vested as Irish moss (Prince & Kingsbury, 1973).

Cold Temperate Zone, Atlantic Coast: Temperature ceilings are

particularly critical in the southern portion of this region (south

shore of Long Island to Cape Hatteras, N.C.) where enclosed sounds
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and large coastal-plain bays and rivers are prevalent. Maximum tem-—
peratures should not exceed 30°C (86°F). The true daily mean should
not exceed 27.8°C (82°F). Were 30°C to persist for over 4 to 6 hours,
appreciable stress or direct mortality would occur among juvenile
winter flounder, striped mullet larvae, Atlantic silversides eggs,

larvae, and adults; adult northern puffer, adult blue mussel, and

adult soft shell clam (Mya arenaria). Specific critical temperatures
. hadg

forﬁEﬁéngSf ies are detailed in Figure 1., Adult protection limit

(Eim ~’2T§ﬁi, is 28.8°C for sand shrimp (Crangon septemspinosa) and
- 4@ -

30.8°C—for;opossum shrimp (Neomysis americanus). Both are important
food orgagﬁsms for fish (Mihursky & Kennedy, 1967). Respiration rate

is depressed above 30°C in the mole crab (Emerita talpoida) (Edwards &

Irving, 1943). At 31.5°C, there is 67% mortality in coot clam (Mulinia
lateralis) when exposed for 6 hours (Kennedy, et al, 1974).

A limit of 27.8°C approximates the upper limit for larval growth
of the coot clam (27.5°C; Calabrese, 1969) and the upper tolerance limit
for soft shell clam adults (28.0°C; Pfitzenmeyer, unpublished). Between

28 and 30°C juvenile amphipods (Corophium insidiosum) leave their tubes

and thereby lose natural protection from predation (Gonzelez, 1972).
Such elevated temperatures may also have subtle sublethal effects,

such as reducing feeding and growth. In the quahaug (Mercenaria mer-

cenaria), growth is optimum at 20°C (Ansell, 1968). 3Growth is in-
hibited above 24°C in a rock weed (Ascophyllum nodosum) (Southland &

Hill, 1970). Prolonged locomotion is markedly reduced at 22°C in the

rock crab, Cancer borealis; at 28°C in C. irroratus (Jeffries, 1967).

An oyster pathogen (Dermocystidium marinum) proliferates readily only
above 25°C (Andrews, 1965).

High temperature will usually elicit avoidance response in fishes.

Avoldance is triggered at 29°C in Atlantic menhaden (Brevoortia tyrannus),

and at 26.5°C in sea trout (Cynoscion regalis) (Meldrin & Gift, 1971).
Breakdown of the avoidance response in striped bass occurs at 30°C

(Gift & Westman, 1971). Maximum reported temperature for capture of

spotted hake (Urophycis regis) is 24.8°C in Chesapeaka Bay (Barans,
1972).
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TABLE 1.

SELECTED THERMAL, REQUIREMENTS & LIMITING TEMPERATURE DATA

Atlantic Cold Temperate Biotic Province (Southern Portion):
South of Long Island, N.Y, to Cape Hatteras, N.C.

Figure Temperature
Designation o0 oF Effect Species. Seasonal Occurrence Reference
A 30 86.0 Avoidance response breakdown Vorone saxatllis April-November Gift & Mestman, 1971
(cm™) (striped bass)
B 29.8 85.6 Behavior-reduced feeding and Pomatomus saltatrix May-October Olla, 1971
behavior altered (bluefish)
C 29.4 84,9 Survival-eggs (50% optimal Menidia menidia May-June Everich & Neves
survival) (Atlantic silverside) (unpublished)
D 29.1 84.3 Survival-larvae (TLm) Mugil cephalus January-April Cortenay & Roberts,
' (striped mullet) (coastal waters) 1973
E 29.0 84.2 Survival-adult protection Sphaeroides maculatus January~December Hoff & Westman, 1966
1linit (TLm - 2.2°C) (Northern puffer)
F 29.0 84,2 Avoldance response Brevoortia tyrannus April-October Meldrim & Gift, 1971
(Atlantic menhaden)
G 29.2 82.7 Survival-adult protection Menidia menidia April-November Hoff & Westman, 1966
1imit (TLm - 2,2°C) (Atlantic silverside)
H 28.0 82.4 Survival-adult limit Mya arenaria January-December Pfitzenmeyer
(soft shell clam) (unpublished)
I 27.5 81.5 Development-upper limit Mulinia lateralis: March-October Calabrese, 1969
larval development (coot clam)
J 26.9 80.4 ‘Survival-juvenile pro- Pseudopleuronectes americanus April-December Hoff & Westman, 1966
tection limit (TLm - 2.2°C) (winter flounder)
K 26.5 79.7 Avoidance response Cynoscian regalis May-October Gift & Westman, 1971
(sea trout)
L 26.0 78.8 Survival-adult Mytilus edulis January-December Gonzalez, 1973
(blue mussel)
M 25.5 77.9 Avoidance response Lelostomus xanthrus January-December Gift & Westman, 1971
(spot)
N 24.8 76.7 Occurrence-maximum tem- Urophyeis reguis January-December Barann, 1972
perature for occurrence (spotted hake)
in Chesapeake Bay
0 24,6 76.2 Survival-larvae (TLm) Menidia menidia May-June Everich & Neves
(Atlantic silverside) (unpublished)
P 20 68.0 Growth-optimum Mercenaria mercenaria January-~December Ansell, 1968

(Northern quahaug)




North of Long Island, a 1.1°C rise above summer ambient provides
reasonable protection. For example, maximum short-term temperatures
in Narragansett Bay, Rhode Island, usually would not exceed 23.4°C in
August (judging from 15-year mean temperature data for Fox Island).
Larval Atlantic silversides, juvenile winter flounder, and blue mussel
should be protected by that thermal limitation. Thermal protection
limit (TLm - 2.2°C) for juvenile winter flounder (Pseudopleuronectes

americanus) is 26.9°C (Gift & Westman, 1966). Everich and Neves

(unpublished) found that exposure to 24.6°C for 15 days caused 50%

mortality of Atlantic silverside larvae (Menidia menidia). Repeated

exposures to 25°C would stress the blue mussel (Mytilus edulis),

causing cessation of feeding (Gonzalez, 1972) and arrest of embryonic
development and larval growth (Hrs-Brenko, unpublished). Diurnal
summer maxima exceeding 22°C can alter normal metabolic rates in
embryonic tautog (Tautoga onitis) (Laurence, 1973) and cause feeding
problems for adult winter flounder (011la, 1969) and the sand-collar
snail (Polinices duplicata) (Hanks, 1953).

Optimum for summer development of the rock crab larva (Cancer
irroratus) is 20°C; at 25°C, mortality precludes completion of larval
development. Optimum for the northern crab (C. borealis) is 15°C,
with development blocked at 20°C (Sastry, unpublished). Between 15

and 20°C, activity of the amphipod (Gammarus oceanicus) is much re-

duced (Halcrow & Boyd, 1967). Initiation of spawning is often cued
by temperature. Blue mussel spawning occurs when spring temperatures
reach 12°C (Engle & Loosonoff, 1944). A minimum of 10°C is required
for their embryonic development (Hrs-Brenko & .Calabrese, 1969) and
spawning occurs at 15°C. Migration occurs among striped bass, blue
fish and Atlantic silversides (Hennekey, unpublished) at 15°C. Peak

spawning runs of American shad (Alosa sapidissima) into rivers occurs

at 19.5°C (15 year average, Connecticut River); downstream migration
of juveniles occurs as temperature falls below 15.5°C (Leggett &
Whitney, 1972). Menhaden migrate at 10°C (Bigelow & Schroeder, 1953);
striped bass (Morone saxitallis) migrate into or leave rivers at 6 to

7.5°C (Merrimim, 1941). 1In the fall and winter, fishes congregate in
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discharpe plumes which exceed these temperatures., These fishes exhibit
increased incidence of disease and a general loss of physiological con-
dition (¥ihursky, et al, 1°70).

Vem Temperate Zone, Atlentic and Gulf Cecasts: This region extends

from Cape Hatteras, N.C., to Cape Canaveral, Fla., and on the Gulf
Coast frcm Tampa, Fla., to Mexico. A maximum of 32.2°C is the recom-
mended ceiling. Ixposures to temperatures above this level would ad-
versely affect povtions of the biota. The upper incipient lethal tem-
perature for two dominant estuarine fishes, mullet and pinfish, is 33°C

(Ceck, unpublished). At 33°C, bay anchovy (Anchoa mitchilli) embryonic

development is reduced to 50% of optimum (Rebel, 1973). The upper

tolerance limit for coot clam embryos (Mulinia lateralis) and for embryos

and larvae of American oyster and quahaug is 32.5°C (Anon, 1969). The
upper limit for growth of juvenile white shrimp (Panaeus setiferus) is

32.5°C (Zein-Eldin & Griffith, 1969). A decline in field abundance of

brown shrimp (P. aztecus) at temperatures above 30°C was reported by
Chin (1961).

Protection limits (50% of optimal survival) of two sardines (Haren-
gula jaquana and H. pensacolae) for development of the yolk sac larval
stage are 31.4°C and 32.2°C, respectively (Rebel, 1973; Sakensa, et al,
1972). The critical thermal maximum (CTM) is exceeded for striped bass

at 30°C (Gift & Westman, 1971). Larval pinfish (Lagodon rhompoides),

and spot (Leistomus xanthurus) have CIM's of 31.0°C and 31.1°C, res-
pectively (Hoss, Hettler & Coston, 1973). Protection limit (TILm - 2.2°C)
for young-of-the-year Atlantic menhaden is 30.8°C (Lewis & Hettler, 1968).

Upper limit for adult growth of the quahaug (Mercenaria mercenaria) is
31°C (Ansell, 1968).

Mean temperatures exceeding 29°C would result in mortality of

striped mullet (Mugil cephalus) eggs. Their 96-hr TLm is 26.4°C

(Courtenay & Roberts, 1973). Egg and yolk sac larval survival of

sea bream (Archosargus rhomboidalis) is reduced to 50% of optimal at

29.1°C. For yellowfin menhaden (Brevoortia smithi), exposure to 29.8°C

reduced survival of egg and yolk sac larvae to 50% of optimal (Rebel,

1973). Sublethal but potentially damaging ecological effects could
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occur at levels well below 29°C. For example, the upper limit for
optimal growth of post larval brown éhrimp (Penaeus aztecus) is 27.5°C
(Zein-Eldrin & Aldrich, 1965); in the American oyster (Crassostrea
XEEEEELQQ) it is 25°C (Collier, 1954). Developing embryos and fry of
striped bass cannot tolerate 26.7°C in fresh water (Shannon, 1969).

This report may also apply to fry in waters at the head of estuaries.

This species spawns in early spring. Elevation of winter temperatures
above 20°C in St. Johns River, Florida, could interfere with upstream

migration of American shad (Alosa sapidissima) (Leggett & Whitney,
1972).

Tropical Regions: Ceilings for tropical regions such as south

Florida (Cape Canaveral and Tampa southward), Puerto Rico, and tropical-
zone Pacific Islands are an instantaneous maximum 90°F (32.3°C) and a
true daily mean not exceeding 86°F (30°C). A review by Zieman and

Wood (in press) suggests that the thermal optimum is 26-28°C (79-82°F)
for tropical marine systems, with chronic exposure to temperatures
between 28 and 30°C causing heat stress. Death of the biota is

readily discernible between 30°C and 32°C (86-89°F)., Mayer (1914)
recognized that nearshore tropical marine biota normally lives at
temperatures only a few degrees below their upper lethal limit. A

study of elevated temperature effects on the benthic community in

Biscayne Bay, Florida, resulted in the following data (Roessler, 1971):

Temperature for High Temperature for 50%
Phylum Species Diversity (°C) Species Exclusion (°C)
Molluscs 26.7 3174
Echinoderms 27.2 31.8
Coelenterates 25.9 29.5
Porifera 24.0 31.2

Other thermal data for tropical biota include a 25.4-27.8°C optimum for
fouling community larval settlement (Roessler, 1971); 25°C optimum for

larval development of Polyonyx gibbesi, a commensal crab (Gore, 1968);

27°C for growth and gonad development in sea urchins (Lytechinus vari-

egatus) and for growth in a snail (Cantharus tinctus) (Albertson, 1973);

27 to 28°C optimum for larval development of pink shrimp (Penaeus
duorarum) (Thorhaug, et al, 1971); and 30°C optimum for turtle grass
(Thalassia testidinum) productivity (Zieman, 1970). Kuthalingham (1959)

studied thermal tolerance of newly hatched larvae of ten tropical marine

fishes in the laboratory. When held at a series of constant temperatures
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for 12 hours, immediately following hatch, optimal survival for all
species fell between 28-30°C, but their tolerance limit ranged from
30-32°C.

Thermal stress of the fouling community is seen in 507 reduced
settlement rate at 28°C (Roessler, 1971). Fifty percent reduction in

gonadal volume of the sea urchin (Lytechinus varigatus) occurs at 29.9°C

(Thorhaug, et al, 1971 b), These workers also report irreversible

plasmyolysis of the macroalga (Valonia ventricosa) at 29.9°C and of
V. macrophysa at temperatures above 29.7°C. Survival of developing
embryos to the yolk sac larval stage reduced to 507 of optimal at 29.1°C

among sea bream (Archosargus rhomboidalis). At 29.8°C, yellowfin men-

haden (Brevoortia smithi); and at 31.4°C scaled sardines (Harengula

jaquana) suffer similar mortalities during early development (Rebel,
1973). Temperatures in excess of 31-33°C can interfere with embryonic
development in six species of mangrove-associated nematodes, even though
adults can tolerate 2 to 7°C additional heat (Hopper, et al, 1973).

Upper limit for larval (naupliar) metamorphosis in pink shrimp (Penaeus
duorarum) is 31.5°C (Thorhaug, et al, 1971 b). Upper lethal temperatures
include 31.5°C for five species of Valonia (Thorhaug, 1970); death in

3-8 hours for five Hawaiian corals at 31-32°C (Edmondson, 1928; Jokiel &
Coles, 1974); a 32°C TLm (95 hr) for the sea squirt (Ascidia nigra) and

sea urchin (Lytechinus varigatis) (Chesher, 1971). Average daily tem-

peratures near 31°C for three to ten days results in decreased growth

in seagrass, Thallassia testudinium and red macroalgae, Laurencia

poitei. Between 32 and 33°C, health and abundance of these species
declines markedly (Thorhaug, 1971, 1973). Replacement of seagrass
is slow, especially if rhizomes are damaged due to excessive consump-
tion of stroed starch during heat stress (Zieman, 1973). Recovery of
Thallassia beds may take decades (Zieman & Wood, in press).

Pacific Coast: Fewer thermal effects studies have been conducted

on West Coast species, However, the concept of seasonal restrictions
for temperature elevations above ambient are well supported in several
East Coast provinces and is deemed applicable toc the West Coast as a
general biological principle. Data are not sufficient to develop

specific regional ceilings. These must be determined on a case-by-
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lne Pacific Coast consists of two distinet biogeographical regions.

The cold t v 4 e - ; . .
emperate province ranges north from Pt, Conception, California;

the warm temperate region from Pt, Conception south. Published data on

thermal effects are summarized by tiotic province, These should pro-

vide a2 general guideline to prevent possible adverse effects on indigenous
species by excessive thermal discharge.

Pacific Cold Temverate Zone: Some winter and spring spawning tem-

perature ranges include 3-6°C for Pacific herring (Clupea pullasi)

(McCauley & Hancock, 1971); 7-8°C for English sole (Parophvrs
vetulus) (Alderdice & Forester, 1968); 13°C for May and June spawning
of razor clams (Silicua patula) (McCauley & Hancock, 1971) and 12-14°C

for native little neck clams (Protothaca staminea) (Schink & Woelke,

1973). Optimal growth occurs at 10°C in the small filamentous red

algae (Antithamnion spp) (West, 1968), and 12-16°C is optimal for

growth and reproduction of various red and brown algae, including

kelp (Macrocvstis pvrifera) (Druehl & Hisiao, 1969), Twelve to 16°C

favors sea grasses, Zosterz maring and Plvllospadix scouleri (McRoy,

1970). Spawning migration of striped bass (Morone saxitilis) occurs

at 15-18°C (Albrecht, 1964); in American shad (Alosa savidissima),

spawning runs occur at 16,0-19.5°C (Leggett & Whitney, 1972). At Van-

couver Island, B.C., distribution of a kelp (Laminaria gzaenlandica)

is temperature influenced. (The long stipe form is not found above
13°C; the short stipe form does not occur above 17°C., In the labora-
tory, elevation of temperature to 13°C produces abnormal sporsphytes

(Druehl, 1967).) Dungeness crab (Cancer magister) larval development

is optimal at 10 and 13.9°C, survival is reduced at 17.8°C, with no
survival to megalops at 21.7°C (Reed, 1969). Upper thermal limit for
razor clam embryonic and larval development is 17°C (McCauley & Han-
cock, 1971). Upper growth limit for small filamentous red algae (e.g.

Antithamnion spp) is 18°C (West, 1968). King salmon migration into

San Juaquin River may be delayed by estuarine temperatures in excess
of 17.8°C (Dunham, 196%).
to die off at 20°C

(McRoy, 1970), and the pea pod borer (Botuiz Zulc za) ceases to develop

The sea grass (Phrllospadix scouleri) begin

[0}
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(Fox & Corcoranm, 1957). Twenty °C is also the upper limit for embryonic
and larval development of the summer-spawning horse clam (Tresus nut-

talli) and native little neck clam (Protothaca staminea) (Schink &

Woelke, 1973). Upper incipient lethal temperature for the mysid

shrimp (Neomysis intermedia) is 21.7°C (Hair, 1971). This value is

collaborated by reports of a drop in field peopulations of this im-
portant fish food organism above 22.2°C in the San Joaquin estuary
(Heubach, 1969). Twenty-two °C is the upper tolerance limit for

embryological development of the wooly sculpin (Clinocttus analis)

(Hubbs, 1956). A four hour exposure to 23°C results in significant

mortality of the adult razor clam (Siliquo patula) (Woelke, 1971) and

the sockeye salmon (Oncorhynchus nerka) (Brett & Alderdice, 1958).

Striped bass (Morone saxatilis) are believed stressed at temperatures

above 23.9°C (Dunham, 1968). Sexual maturation in a gobiid fish
(Gillicthys mirabilis) is blocked at high temperatures. Gonadal

regression begins at 22°C in females; at 24°C in males. Gonadal
recrudescence will not occur at 24°C or above, regardless of photo-
period (DeVlaming, 1972). The 36 hour TLm for red abalone adults is
23°C when acclimated to 15°C; for the embryos, 26°C, when exposed for

30 hours (Ebert, 1974)., Sea urchin (Strongvlocentrotus purpuratus)

upper tolerance limit is 23.5°C for adults (Gonor, 1968); 25°C is
lephal to embryos and renders adults limp and unresponsive after 4
hours (Farmanfarmaian and Giese, 1963).

Pacific Warm Temperate Zone: The thermal threshold for spawning

in Pacific sardine (Sardinops caerulea) is 13°C (Marr, 1962). Re-

ports of temperature optima for spawning include 15°C ir a cteno-

phore (Pleurobranchia bachei) (Hirota, 1973); 16°C in the spring

spawning wooly sculpin (Clinocottus analis) (Graham, 1970); 17.5°C

for northern anchovy (Engraulis mordax); 19°C for opaleye fish (Girella

nigricans) (Norris, 1963). Larval survival is best at 16-18°C in
white abalone (Haliotis soremseni) (Leighton, 1972).

Limiting effects of temperature include scarcity of the kelp
isopod in the beds above 17.8°C (Jomes, 1971). Upper limit for growth
in P. bachei is 17°C; 20°C is the upper tolerance limit for the adult
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ctenophore (Hircis. 1973), Twenty °C also causes limited survival in
recently settled juvenile white abalone (Leighton, 1972). Limiting
effects for wooly sculp1n include the upper limit of optimal growth
at 21°C; at 22°C, a 50% reduction in successful development of eggs;
at 24°C, the upper limit for embryonic development is reached (Hubbs,

1966). Sea urchins (Strongvlocentrotus sp.) are weakened or killed
at 24~25°C (Leighton, 1971).

At 25°C, partial osmoregulatory failure

occurs in staghorn sculpin (Leptocottus armatus) at 37.6'c/oo (Morris,

1960). A maximum temperature of occurrence of 25°C is reported for

top smelt (Atherinops affinis) by Doudoroff (1945) and northern an-
chovy (Engraulis mordax (Baxter, 1967). For topsmelt, the upper

limit at which larvae hatch is 26.8°C (Hubbs, 1965).
Natural summer temperatures are stressful to beds of giant

kelp, Macrocystis pyrifera, in southern California. This precludes

any thermal discharge in the vicinity of these beds. Deterioration
of surface blades 'is evident from late June onward, due in part to
reduced photosynthesis (Clendenning, 1971). Several weeks' expo-
sure to 18.9°C is harmful to the beds (Jones, 1971), while tempera-
tures over 20°C results in pronounced loss of kelp (North, 1964).
Brandt (1923) reported some 607 reduction of kelp harvest when the
average temperature was 20.65°C and that a bacterial disease, black
rot, thrives on kelp at 18-20°C. One day exposure to 22°C is quite
harmful to cultured gametophytes of giant kelp (North, 1972).
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