
. __;
. _ _ . . . __ . -

i

,

:

crystal river power plant
Environmental Considerations'

final report to the

| Interagency Research Advisory Committee /

THE ATTACHED FILES ARE OFFICI AL RECORDS
OF THE OFFICE OF REGULATION. THEY HAVE
BEEN CHARGED TO YOU FOR A LIMITED TIME
PERIOD ANS MUST BE RETURNED TO THE
CENTRAL RECORDS STATION 008. ANY PAGE(S)
REMOVED FOR REPRODUCTION MUST BE RETURNED
TO ITS/THEIR ORIGIN AL ORDER.

[# ~ 74 ' 2E DEADLINE RETURN DATE
O O
E d
.o a
2 m

2__ m- n 5 Florida
Power
coaeonarios

MARY JINKS, CHIEF
CENTRAL RECORDS STATION

&37S

8003130 10 $

. _ __ - -



CRYSTAL RIVER POWER PLANT

ENVIRONMENTAL CONSIDERATIONS

VOLUME I

OCTOBER,1974

1

|

|
1

i

5



.

-TABLE OF CONTENTS-

VOLUME I

INTRODUCTION
Florida Power Corporation I-3

PROGRAM OVERVIEW AND STATISTICAL REVIEW I-7
Law Engineering Testing Company

POWER PLANTS AND ESTUARIES AT CRYSTAL RIVER, FLORIDA

An Energy Evaluation of the System of
Power Plants, Estuarine Ecology
and Alternatives for Management -

Howard T. Odum, W.M. Kemp, W.H.B. Smith,
H.N. McKellar, D.L. Young, M.". Lehman,
M.L. Homer, L.H. Gunderson, and A.D. Merriam

SYSTEMS ECOLOGY GROU)

Department of Environmental Engineering
Sciences

University of Florida

INTRODUCTION AND RECOMMENDATIONS I-13
H.T. Odum

ENERGY EVALUATION OF COOLING ALTERNATIVES AND REGIONAL I-29 ,

IMPACT OF POWER PLANTS AT CRYSTAL RIVER
M. Kemo

HAIN ECOLOGICAL SUBSYSTEMS OF THE ESTUARY AND THEIR I-73
ADAPTATION TO THE POWER PLANTS

A. SHALLOW INSH0RE ECOSYSTEM 0F BOTTOM COMMUNITIES I-77
AND THE EFFECT OF THERMAL PLUME
Wade Smith-

B. METAB0LISM AND MODELS OF OUTER BAY PLANKTON ECOSYSTEF6 I-159
AFFECTED BY POWER PLANT i

H. McKellar

C. 0YSTER REEFS AT CRYSTAL RIVER AND THEIR ADAPTATION I-269
TO THERMAL PLUMES
M. Lehman

D. ECOSYSTEMS OF THE INTAKE AND DISCHARGE CANALS I 361
H. Kemp

E. TIDAL CREEKS AND EFFECTS OF POWER PLANTS I- 387
M. Homer

!
.

-e



U

|

|
|

l

TABLE OF CONTENTS l

'

VOLUME II

l

l

AN ENER'iY EVALUATION OF THE SYSTEM 0F POWER PLANTS, ESTAURINE ECOLOGY, AND |
ALTERNATIVES FOR MANAGEMENT (CONTINUED) "

|
'

F. ' SALT MARSH AND THE EFFECT OF THERMAL PLUME II-l
D., Young

VALUE OF HIGHER ANIMALS AT CRYSTAL RIVER ESTIMATED WITH ENERGY QUALITY II-93
PATIOS .

n. Kemp, H. McKellar, and M. Homer

MONITORING FUT'JRE TRENDS AND ONSET OF ADDITIONAL PLUMES WITH A METAB0LISM II-109
BUOY

L. Gunderson and A. Merriam
,

APPENDIX A. PAPERS RECENTLY PUBLISHED IN THERMAL EC0 LOGY SYMPOSIUM II-ll7
'

APPENDIX Al. ENERGY COST-BENEFIT MODELS FOR EVALUATING THERMAL PLUMES II-ll8
H.T. Odum

i

i

APPENDIX A2. STUDIES OF FLORIDA GULF COAST SALT MARSHES RECEIVING II-140
THERMAL DISCHARGES -
D.L. Young

APPENDIX A3. TOTAL METAB0LISM OF THERMALLY AFFECTED C0ASTAL SYSTEMS ON II-159
THE WEST C0AST OF FLORIDA
W. Smith, H. McKellar, D. Young, and M. Lehman

APPENDIX B. ENERGY COST-BENEFIT APPRUACH TO EVALUATING POWER PLANT II-175
ALTERNATIVES
H.T. Odum

APPENDIX C. PRELIMINARY CALCULATIONS OF ENERGY QUALITY RATIOS OR WORK II-185
EQUIVALENT FACTORS
M. Kemp and W. Boynton

"

i APPENDIX D. MODELS OF THE INTERACTION 0" THE CRYSTAL RIVER POWER PLANT II-209
| AND THE ADJACENT 00TER' BAY ECOSYSTEM: RELATION TO

COASTAL FISHERIES
H. McKellar

APPENDIX E. SALT MARSH MICR0 ARTHROPOD POPULATIONS II-241
E.A. McMahan and D.L. Young

i

11

-
. _ _ . . -- . _. .



TABLE OF CONTENTS

VOLUME Il

FINAL REPORT TO THE FLORIDA POWER CORPORATION II-255
Dr. Samuel C. Snedaker, Principal
Resource Management Systems Program
Institute of Food and Agricultural Sciences
University of Florida
Gainesville, Florida

REPORT A. EVALUATIONS OF INTERACTIONS BETWEEN A POWER GENERATION II-257
FACILITY AND A CONTIGUOUS ESTUARINE ECOSYSTEM

Samuel C. Snedaker,

REPORT B. IMPINGEMENT AT THE CRYSTAL RIVER POWER GENERATION FACILITY II-259
A-QUANTITATIVE ANALYSIS

Samuel C. Snedaker

REPORT C. SEDIMENT COMPOSITION AND DISTRIBUTION AT CRYSTAL RIVER II-309
POWER PLANT: EROSION VS. DEPOSITION

Daniel J. Cottrell

REPORT D. COMPARISONS OF THE BENIHIC FLORA IN ESTUARIES ADJACENT TO II-377
THE CRYSTAL RIVER POWER GENERATION FACILITY-

Robin F. Van Tine

VOLUME III

FINAL REPORT TO THE FLORIDA POWER CORPORATION
SUBMITTED BY
Dr. Samuel C. Snedaker,
Principal Investigator (continued)

REPORT E. BENTHIC INVERTEBRATE COMPARISONS IN TWO ESTUARIES ADJACENT TO III-l
THE CRYSTAL RIVER POWER GENERATION FACILITY

Gary Evink and Barbara Green

REPORT F. COMPARISON OF SELECTED VERTEBRATE POPULATIONS IN TWO ESTUARIES
ADJACENT TO THE CRYSTAL RIVER POWER GENERATION FACILITY III-l

Clayton A. Adams
1

REPORT G. EFFECTS OF IMPINGMENT AND ENIRAPMENT ON THE CRYSTAL RIVER III-107
BLUE CRAB, CALLINECTES SAPIDUS RATHBUN, POPULATION

Clayton A. Adams, Michael J. Oesterling and
Samuel C. Snedaker

APPENDIX A.. PHYLOGENETIC LISTING 0F ESTUARINE SPECIES AT CRYSTAL III-147
RIVER, FLORIDA

Clayton A. Adams, Gary L. Evink, Michael J. Desterling,
William Seaman and Robin "an Tine

;

i

i

|
|

1 111

-.

-e.,



.

.

TABLE OF CONTENTS

VOLUME III

APPENDIX B1 IMPINGEMENT DATA RECORD III-165
Clayton A. Adams, Charles J. Bilgere
and Samuel C. Snedaker

.

APPENDIX B2 IMPINGEMENT DATA SUMMARIES III-315
Clayton A. Adams, Charles J. Bilgere
and Samuel C. Snedaker

INDEPENDENT ENVIRONMENTAL STUDY OF THERMAL EFFECTS
OF POWER PLANT DISCHARGE

Dr. Kendall L. Carder
Principal Investigator
Department of Marine Science
University of South Florida

" NATURAL HEATING 0F SALT MARSH WATERS IN THE AREA 0F THE CRYSTAL RIVER III-379
POWER PLANT" - TECHNICAL REPORT #3

Ronald H. Klausewitz, Steven L. Palmer, Bruce A. Rodgers, and
Kendall L. Carder

RESULTS ON BATHYMETRY AND BOTTOM TYPE ANALYSIS OF THE CRYSTAL RIVER 111-413
POWER PLANT DISCHARGE BASIN - TECHNICAL REPORT #5
Bruce A. Rodgers, Ronald H. Klausewitz, and Ihomas J. Keller

VOLUME IV.

ZOOPLANKTON RESEARCH
Dr. Frank J. Maturo, Jr.
Principal Investigator
University of Florida Marine Laboratory
Gainesville, Florida

A SUPPLEMENTARY ZOOPLANKTON SURVEY AT THE CRYSTAL RIVER PLANT SITE IV-1
Frank J. Maturo, Jr., John W. Caldwell, and William Ingram III

EFFECTS OF POWER PLANT ENTRAINMENT ON MAJOR SPECIES OF COPEPODS IV-69'

Frank J. Maturo, Jr., Ray Alden and William Ingram III

APPENDIX A DATA TABLES IV-103
,

APPENDIX B BIOLOGICAL PARAMETERS GRAPHS IV-105

APPENDIX C NET MORTALITY GRAPHS IV-151

| APPENDIX D CONT 0UR GRAPHS IV-205

APPENDIX E FECUNDITY IUCIE ANALYSIS IV-209

APPENDIX F GROWTH CURVES IV-215
i

i

iv

_



TABLE-OF CONTENTS

VOLUME IV

EFFECTS OF POWER PLANT ENTRAINMENT ON MA'JR SPECIES OF COPEP0DS IV-235
MEASUREMENT OF ZOOPLANKTON MORTALITY US1NG ADENOSINE TRI-PHOSPHATE
AS A VIABLE BIOMASS INDICATOR.
Frank J. Maturo, Jr. and Richard D. Drew

EFFECT OF POWER PLANT OPERATION ON SHALLOW WATER IV-265
C0ASTAL ZOOPLANKTON

Frank J. Maturo, Jr. John W. Caldwell and William Ingram III

GENERAL OBJECTIVES IV-269

OBJECTIVE 1 SOURCE AND DISCHARGE AREAS OF CRYSTAL RIVER IV-282
POWER PLANT'S COOLING WATER IN RELAT.ON TO
ZOOPLANKTON SAMPLING STATI0'.J
Richard Cullen and Ron DuBose

OBJECTIVE 2 STANDING CR0P ESTIMATES IV-282
Tom Chaney

OBJECTIVE 3 PRODUCTION OF ZOOPLANKTON POPULATIONS AT CRYSTAL RIVER IV-287
Ray Alden and Frank Hearne

OBJECTIVE 4a CTEN0 PHORE STANDING CROP AND PREDATION IV-299
Eric F. Hallquist

OBJECTIVE 4b CHAETOGNATH PREDATION IV-306
Alex Smart

OBJECTIVE 4c DECAPOD PREDATION IV-312
Alex Smart

OBJECTIVE 5 A COMPARISON OF POWER PLANT PREDATION AND NATURAL IV-331
PREDATION

' Richard Cullen and Ronald DuBose

OBJECTIVE 6 STATISTICAL ANALYSIS OF NATURAL AND POWER PLANT INFLUENCES IV-334
ON ZOOPLANKTON COMMUNITIES AT CRYSTAL RIVER.
William Ingram

OBJECTIVE 7 COMPARIS0N OF ZOOPLANKTON DIVERSITY OF SEVERAL - IV-392
AREAS IN THE EASTERN GULF 0F MEXICO
Herbert Hickox and Arthur Wenderoth

v

-

-,-+w --- - _ - 7w



.

TABLE OF CONTENTS

VOLUME IV

PHYTOPLANKTON RESEARCH
Dr. Thomas L. Hopkins
Principal Investigator
Department of Marine Science
University of South Florida

PHYTOPLANKTON ECOLOGY IN THE VICINITY OF THE FLORICA POWER CORPORATION IV-419
GENERATING PLANT AT CRYSTAL RIVER. NOVEMBER,1973 - APRIL,19/4.
Robert A. Gibson, J.0.- Roger Johansson, Mark E. Goman and
Thomas L. Hopkins

APPENDIX I IV-445

.

$

l

i

*vi
|

L
' - ~~

'~_________________________l'_"_*M_.____?___________ _ _ . _ _



CRYSTAL RIVER POWER PLANT

ENVIRONMEffrAL CONSIDERATIONS

I-1

|

L



- . - _. . - _____-___

J

INTRODUCTION

This report concludes two and one-half years of study at Florida Power
Corporation's Crystal River Power Plant. Its purpose is to serve as a
decision making tool for regulatory agencies of the State of Florida and
the federal government. In particular, the Atomic Energy Comission and
the Environmenta.1 Protection Agency are required to evaluate the power
plant's effect on the local and' regional environments prior to issuance
of an operating license and a discharge permit. This report describes
the baseline conditions found at the two existing fossil fuel units
thereby serving as a basis for accessing the interaciton with the envi-
ronment of Unit 3, an 855 MWe Nuclear Power unit. In addition, this

research formed the basis for the setting of plant operating limitations
which will assure that existing ecosystems of the receiving waters are
not significantly altered.

Environmental projects at the Crystal River Plant began shortly after
Florida Power applied to the AEC for the license to construct Unit 3 in
Au9ust, 1967. In a letter to the AEC, the Department of the Interior
(Fish and Wildlife Service) expressed concern that the proposed once-
through cooling might be detrimental to the marine environment. As a
result, Florida Power Corporation comitted to conduct a study of the
effects on the environment at Crystal River attributable to the two
existing units as a proviso to issuance of the nuclear plant construc-
tion permit in September,1968. This survey was initiated by the Florida
Department of Natural Resources under contract with the Company and
resulted in some half dozen publications growing out of a year and a
half study. Detailed hydrographic mapping of the discharge plume was
begun in June, 1970.

In compliance with the NEPA legislation of 1969, Florida Power submitted
its original Environmental Report in the Fall of 1970. On September 9,
1971, as a result of the Calvert Cliff's decision, the AEC published its
revisod Appendix 0 to 10CFR Part 50, which required holders of construc-
tion permits issued prior to January 1,1970, to "Show Cause" why con-
struction should not be stopped pending the completion of an environmental i
review. Florida Power filed the required statement October 15, 1971,
and advised the AEC that it intended to submit a new environmental :

report incorporating the substance of the original report and containing i
the information required in the revised Appendix D. On November 23, l

Florida Power was notified that construction would not be halted. The l
new environmental report was docketed January 4,1972. Three volumes !

were submitted on that date and in response to further questions, two |more volumes were compiled. Eight months later, in September,1972, the '

AEC Draft Environmental Statement was issued. i

It became evident from the concerns expressed in the draft statement
that the federal regulatory agencies were relatively unaware of much of
the environmental research which was currently being conducted at Crystal-

River and which had been done in the past despite several years of
widely circulated reports. As a result, Florida Power docketed a tech- !

nical description / discussion of research at Crystai River in March,
1973.

To resolve differences and identify problem areas in the exi. ion r.-
; search, on May_10th, a meeting was held betwo Florida Power and tM
|
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AEC, EPA, NOAA and the Department of the Interior. At this meeting, a
revised research program was outlined which to a great degree was con-
sistent with the research then in progress. The AEC Final Environmental
Statement, issued later in May, concluded that an operating permit
should be issued but that Florida Power should produce an acceptable
environmental research program capable of establishing-baseline ecologi-
cal data from which an evaluation of the effect of the operation of
Crystal River 3 could be made prior to November,1974. An additional
goal was to provide sufficient information to make an assessment of,

cooling alternatives for the plant.

The Company began to implement the revised program, continuing to uti-
lize resources from within Florida, particularly the state university
system, the keywords being accessibility and credibility. On June lith,
Florida Power docketed the proposal describing the implementation of the
revised research program which would comply with the expressed concerns
of the federal agencies. The scope went beyond that for the third unit
to a consideration of the impact of units 1, 2, and 3. This was to
ensure that the EPA would be supplied data acceptable in making its
assessment for the discharge permit (NPDES) for all three units. On
June 27,1973, the most significant meeting to date was held at the AEC
offices in Bethesda, Maryland with federal participation which included

i the AEC, Department of Interior, EPA. and NOAA. At this meeting, the
'

revised research program was essentially accepted. Two exceptions
required that the direction of the plankton program be modified and
ongoing independent statistical analysis of the program be performed.
Finally, the concept of an interagency team to give direction to and
monitor research progress was formalized. The need for the interagency
team was strongly supported by Mr. Nathaniel P. Reed, the Assistant
Secretary of the Interior for Fish, Wildlife and Parks, and Mr. Jack
Ravan, Region IV Administrator of EPA. By September, the planktoni

'

program and a statistical overview proposal had been accepted.

On October 15, 1973 the AEC officially designated the membership of the
Interagency Governmental Subgroup (the interagency team). This team
has met once each quarter since its inception. At these meetings, the
researchers elaborated on their findings and the interagency team could
make consnents and criticisms of any part of the program. Because all
the principals were present, it was possible t1 resolve program issues

i immediately thereby avoiding much of the delay in approval usually as-
I sociated with this type of program. The importance of the concept of
l continual governmental participation through such an interagency sub-

group cannot be overstated. It allowed the federal agencies an improved
method to insure that the proper environmental information was being
generated to assure the technical basis for responsible licensing deci-
sions. In addition, by continued governmental participation, those who
must make these decisions are well enough informed to make judgements.
From the Company's standpoint, Florida Power has the assurance that the
data and methods are acceptable to the concerned agencies, without risk
of loss in time and can be confident that permits will not be delayed as
a result of inadequate enviornmental information.

This report stresses only those areas where the existing environment and
the power plant interact, primarily those ininediate to the intake and
discharge canals. Specific studies included i ) a survey of the benthic,l

I-4
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pelagic, and planktonic connunities of the intake and discharge canals,
the inner bay area (that area under the plant's influence) and the outer
bay; (2) the effects of entrainment on plankton dominants; (3) a model-
ling of all major communities to identify the major components and
pathways; and finally (4) a benefit-cost analysis which looks at the
power plant and its system at the regional level. A uninvolved third
party was enlisted to provide overview and to evaluate statistical
procedures. Supporting information to aid in the assessment of cooling
alternatives is supplied in the appended reports by the consulting firms
of Gilbert and Associates and Dames & Moore. A benefit-cost analysis
of alternate cooling schemes vs. the designed once-through system is
also incorporated.

.

|

|
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In' response to a request by Florida Power Corporation,

Law Engineering Testing Company contracted to participate

in The Crystal River Environmental Research Program to Meet

Current Federal Requirements. Responsibilities in this pro-
<

gram included acting as a disinterested third party for -

purposes of:

A. Meeting with individual principal investigators as

requested by Florida Power Corporation preliminary to -

obtaining final year of data in the Crystal River

study. These meetings were for purposes of obtaining

information on various objectives, proposed statistical

models, and tests.

i B. Reviewing quarterly data of various phases of the

Environmental Research Program at Crystal River for
i

purposes of providing statistical control and over-

view functions. After each review, a summary report

was furnished to Florida Power Corporation.

C. eteeting with individual principal investigators during

Ele ccurse of the study as requested by Florida Power
i

for purposes of providing statistical consultation.

D. 11eeting with interagency personnel as needed and re-

quested for purposes of discussing objectives, statistical
,

models and significance likely to be obtained therefrom

on each phase of the Crystal River Research Program.

These responsibilities have been fulfilled to date and are

| represented by 'a series of summary reports submitted to Florida

Power Corporation. These professional services were supplied by

Drs . IXnt E. lienley, Limnologist and Robert T. Lackey, Statistician.
,

:
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1.. ABSTRACT

,

This is the report of a contract between the Systems Ecology group

of the Department of Environmental Engineering Sciences, University of

Florida and the Florida Power Corporation summarizing many studies of the

estuaries at Crystal River and the impact of the power plants. Models,

energy evaluations, and measurements of five estuarine ecosystems were used

for an evaluation including the effects of entrainment, temperature,

circulation, and economic costs on the shallow inshore bottom dominated

bays, deeper bays where plahkton is more important, oyster reefs, salt

marshes, and intake and discharge canals as well as the larger power shed

region. Impact on the estuary was compared with impact of proposed cooling

t$wers to determine which alternative maximized generation of total value

by the combined system of man's economy and the production processes of

nature. An energy cost-benefit procedure showed a cooling system utilizing

the estuary to have much greater value than a system of cooling towers.

.

&
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2. SUMMARY AND RECOMMENDATI NS

This is an evaluation of the present and proposed systems of power

plants and estuary at Crystal River, Florida. After seven years of operation-

the power plants, the adjacent estuary, and the ci.rculation of water

between plant and estuary have developed patterns of marine life involving

adaptation of ecosystems to the plant and vice versa. The plant is like a

giant consumer, absorbing some of the plankton and swinning. life, returning

them as nutrient materials to the estuary along with some increase.in

temperature and current velocity. This circulation has been substituted

for the coastal circulation that existed before the plant and its barrier

were constructed. A new plant now under construction (Unit #3) will increase

the flow and thus the area of influence of the consumer (power plant)

interactions. This report summarizes studies of the several estuarine

ecological rubsystems affected by the plant and suggests the changes that

may follow with the additional plant. The observed and possible positive

and negative effects of the plants on the estuary are compared with alter-

natives such as cooling towers using a new energy cost-benefit approach.

The economic vitality of the region served by the Florida Power Corporation

is dependant on maximizing the total useful work including that of man and

that of nature in the estuarine ecosystems. The losses in useful work

associated with the estuarine impact are far less than the losses that

would result with building cooling towers.

Ecological subsystems stuCled include (1) a shallow inshore bay

dominated by bottom plants and animals, (2) marshes with their tidal

i

| creeks into which larger fishes, shrimp, and crabs come and go, (3) oyster

I-14

!
4

| .~ , . .- , . .
_ , , .



.

reef bars, (4) the ' deeper waters further out, in which plankton ecosystems'

are more important with fewer bottom organisms, and (5) the new ecosystems in

and along the power plant intake and discharge canals.. Measurements of

predominant organisms, the general diversity of life, overall metabolism

and energy budgets, and nutrient cycles that are a part of these, show

relatively small differences in the areas affected by the plant and areas

measured nearby. Only the inshore bay ecosystem in the direct path of the-

outflow showed a significant decrease of about 50% in total metabolic work

and related indices. The area of this shallow bay exhibiting depressed

metabolism under present conditions of once-through cooling of two units

is about 175 acres.

Simplified overall energy models were used to provide perspective

on the interaction of parts of ecosystems, the effect of more circulation,

the effects of temperature, and plant impact. Computer similations were

run on each of the subsystems to determine consistency of the concepts of

how the' estuary works with observed data. As finalized, the computer graphs

of seasonal change produced by the models were giving patterns stailar

to the observed seasonal trends of data. These model studies included the

action of temperature as an accelerator of constructive processes and as a

disordering destructive process as is well established in biological studies

of temperature effect on life. These models were simulated with conditions

expected for the new plant (greater flow and slightly increased temperature).
,

The effects on the general productivity were predicted to be within 30%

of the present condition.

If built, cooling towers for units 1, 2, and 3 would require a flow

I-15
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of monay of 17 million dollars per year and thus an energy diversion of

540 x 109 Kcal of fossil fuel equivalent work per year. Presently, the effect

of the two operational units is a reduction of present estuarine energy flow

in units of equivalent ability to do work only about 1 % as much as the

energy flow associated with cooling towers. If the effect on the estuary

increases to 64 x 109 K:a1 as predicted in this report from the increased discharge

of Unit 3 the factor favoring estuarine cooling becomes 50 to 1. The energy

flowing throughout our national economy to supply 17 million dollars worth

of goods and services to build and maintain a cooling tower is estimated to
,

be n..? from purchased fossil fuels and 30% from the free servic es to the

economy from work of the environment such as absorbing and recycling wastes.
*

In other words, 30% of the energy cost of the cooling towers is environmental

impact elsewhere. This effect in 100 x 109 Kcal of fossil fuel work equivalents

9per year is about 2 times greater than the 64 x 10 Kcal/yr of impact on

the estuary.

,_

In summary, energy evaluations show that the system of power plantc: and

esturrine cooling as they are after an adaptation period is economically and

ecologically more competitive than the proposed alternatives of cooling towers.

The estuarine ecosystems after adaptation are somewhat different from unaffected

ones, but within the range of energy budget, nr.tabolism, diversity and prod-

uctivity of fishery species of other Gulf Coast estuaries.

Calculations were made to show the power needs for the region using the

new concept of energy investment matching. The carrying capacity of the

Crystal River Power plant region for economic development based on purchased

energy sources from outside is calculated as that level with as high a ratio of

natural free energy contribution to match purchased energy as competitors.

4
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This ratio (natural to bought work rates) is about 1.0 bought to 0.4 natural

for the United States (1970). Since this ratio is declining along with

world fuel supplies, the maximum carrying capacity for fossil fuel work

is estimated to be declining from present value of 45.3 x 1012(FFWE) Kilo-

calories per year. Allowing 43d'of this for electric power generation

and converting to electrical units, the ultimate power needs of the

region served by Crystal Rivet units are calculated to be 1890 megawatts,

similar to the capacity of the present plants and those under construction.

This calculation predicts little further power plant development, although

there may be further c.onomic development in the less populated areas around

the plants. The impact of the plant on the estuary should not be judged

as one of many yet to come.

For the start-up of the third pL. t, we recommend that any judgement

as to the effects be reserved until af ter the initial transitional period

of adaptation is over. In order to allow observation of the adaptation.

Since the new adaptations that will follow the additien of flow fram the

third power plant will require at least one year, we recommend monitoring

for key indices of the ecosystems through a two year transition pericd.

A bt,y for continuously measuring total metabolism has been constructed

and is now operational for scanning each of the affected ecosystems by
|

rotating every week. (See section 6 of this report) . Zooplankton diversity, |
|

larger fishes caught by nets in marsh creeks, and visual scanning of bottom |

ecosystems are aaditional techniques for a long range, low cost, monitoring
,

|

|
of the eetuary during the transition.

*
Percent for United States in 1970, -

|
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SUMNARY-

SHAIL W INSHORE ECOSYSTEM OF BOTTCM COMMUNITIES

AND THE '.FFECT OF THE POWER PIANT DISCHARGE PLUME

,
Wade Smith -

The heated discharge of Florida Power Corporation.'s power plants near

Crystal River, Florida first flows into a shallow estuarine basin of about ,

one meter average depth consisting primarily of benthic animals and plants,

and expecially one species of seagrass, Halodule _wrightii (formerly t

Diplanthers wrightii). This bottom dominated ecosystem is influenced by

| oyster reefs on its boundaries and mud bottoms adjacent to the salt marshes

on the landward edge. (See Fig.1, 2, and 3.) As part of a larger project

(- to assess the environmental impact of these plants and a third under' con-

struction, total c.ommunity metabolism has been measured since the summer of

j 1972 in this basin and similar benthic dominated areas to the south and '

.

north. Measurements from this study and data from concurrent studies by
t

; others were cc Uined with models and computer simulations to evaluate the

effects of present and future plants.

,

Total commiunity metabolism was measured with the complete diurnal
|

method and a more approximate dawn-dusk-dawn method. A marked seasonal

pattern of daytime net photosynthesis, might respiration, and gross

production was evident in the control areas with lowest values in winter,

highest in sumaner and fall. Values in the control area were similar regardless

of season. Winter values were similar in the two areas, but were 2 to 3

times higher in the control areas during spring, susmer, and fall.

,
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The range in values of gross production of 2 to 10 g 0 /m .da measured2

in the Crystal River region are very similar to those measured in ths

many different types of bay systems of the Texas coast (Odum and Hoskins,

1958; Odum and Wilson, 1962), falling within the lower two-thirds of the

range of values recorded there (Odum, 1967). Olum (1963) reports seasonal

patterns and levels of metabolism for Redfish Bay, a Tha11assia and Halodule

dominated Texas bay which is much like the control areas at Crystal River.

Light and dark bottle measurements of water column metabolism excluding

larger organisms indicated the benthic dominance of metabolism except in

spring. In the discharge bay water column metabolism ranged from 3.10 g 0 /" *d"
2

to 0.81 g 0 /m *da, being highest in spring based on only two measurements,
2

and considerably lower in summer and fall. In the control areas the average

value ranged from 3.14 g 0 /m da to 0.54 g 0 /m da and was also highest
2 2

in spring and lower in the fall.

Plankton production was a larger portion of total production in the

discharge area than in the control areas ranging from 75% of total production

in the spring to 23% in the summer and fall. In the control area it was

33% in the sp-ing and 73 in the fall.

.
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SUMMARY

METABOLISM AND MG)ELS OF OUTER BAY ECOSYSTEMS

AFFECTED BY THERMAL PLUME

'

Hank McKellar

This chapter evaluates the effects of the coastal power plant at

Crystal River, Florida on the outer bay ecosystem. Considered were the

net effects of the thermal discharge, canal spoil banks, and plankton

entrainment on ecosystem energy flow. An energy circuit model was

proposed for the bay ecosystem's structures, functions, and interfaces

with influences from the power plant. The major energy flows and storages

of the model were evaluated with field measurements and with supporting

information in the literature. Evaluated models for both " discharge" and

" control" bays were compared to show differences due to the new design of

ecosystem parts and processes which developed in adaptation to power

plant influence.

Power plant influence on total biological energy flow was small

with less than 10% difference in annual averages of community gross

primary production (5.58 and 5.22 g. organic matter /m / day in the control

and discharge bays, respectively). During August, September, and

October, net daytime production in the discharge bay was significantly

lower than in the control bay by about 15%, possibly indicating some

j degree of photosynthetic inhibition following the warmest months of the

. year. Some evidence was also found indicating a spring time stimulation

of respiration and photosynthesis in the discharge bay.
|
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In general, bottom metabolism in the control bay was more important

than the plankton. Gross planktonic production usually comprised less

than 50% of the total community gross production. Power plant influence

in the discharge bay apparently led to more plankton dominance in community

energy flows with gross planktonic production generally greater than

50% of community production. Annual average gross planktonic production

2was 1.93 and 3.06 g/m / day for the control and discharge bays, respectively.

Rates of zooplankton respiration per unit body weight' were found to

change significantly from winter to summer (0.006 g/g/ day and 0.028 g/g/ day,

respectively)although no differences could be shown between control and

discharge bays. Daily oxygen consumption by zcoplankton was between

3% and 9% of total planktonic respiration and between 0.5% and 1.5% of

total community respiration. ,

Planktonic chlorophyll-a in both bays fluctuated from winter concentrations

around 1 mg/m3 to spring and summer peaks around 5 mg/m . Although no consistent3

differences were demonstrated between the two bays, the annual average

3in the discharge bay (2.97 g/m ) was about 34% higher than in the control
3bay (2.21 g/m ).

Total phosphorus in the water column fluctuated from winter concentra-
,

3 3tions around 30 mg/m to spring and summer values around 60 mg/m . During

most of the year, concentrations in the discharge bay were 20 to 40%

higher than in the control bay. This trend was offset by higher levels

in the control bay during spring phyto,,lankton blooms. Annual averages
3 3c2 total phosphorus were 40.9 ag/m and 44.1 mg/m for the control and

i

i discharge bays, respectively. Dissolved inorganic phosphorus was

consistently higher in the discharge bay by about 10% indicating possible

|
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effects of increased temperatures on recycling inorganic fractions.

Chlorophyll-a and total phosphorus concentrations in the power plant

canals were similar to those found in the bays. As was found for the

discharge bay, the discharge canal always had higher concentrations of

dissolved inorganic phosphorus than the intake canal.

Distinct gradients of chlorophyll and phosphorus concentrations were

found across the continental shelf adjacent to the power plants.

Chlorophyll-a concentrations in inshore waters we 2 found to be more than

an order of magnitude higher than concentrations found at stations over

the outer shelf. Similarly, total phosphorus at inshore stations was 30

to 80% more concentrated and particulate phosphorus was 100 to 200% more

concentrated than in offshore waters. The seaward effect v: power plant

influenca on these materials could not be distinguished from the - ,2dients.

The combined information on system metabolism and organisms. biomasses

indicated that the total system turnover rate during the summer was faster

in the discharge bay. Total organism biomass (48.5 g/m ) in the discharge
2bay was about 30% lower than in the control bay at 66.8 g/m . With similar

rates of total metabolism, respiration per unit biomass was correspondingly

higher in the discharge bay. Tor.a1 system turnover times for the control

and discharge bays were 15 and 11 days respectively.
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SUMMARY

OYSTER REEFS AT CRYSTAL RIVER, FIDRIDA
AND THEIR ADAPTION TO THERMAL PLUMES

M. E. Lehman

Intertidal oyster reefs receiving thermal effluent from power
Field measurementsplants were compared with those unaffected nearby.

of biomass gave area-weighted estimates of 253.4 g/m2 (dry meat
2

weight) for the thermal area, and 256.4 g/m for the control area. The

American oyster, Crassostrea virginica, comprised 78% of the total

consumer biomass in the thermal area, and 47% in the control area.

Lower species diversity in the thermally-af fected area may reflect the

greater oyster dominance. Spawning rates of cysters were similar in

both areas with less seasonal variation in the plume-warmed waters.

Total community respiration of reefs in the thermal plume was 20.9 g/
2

m / day. Respiration of reefs not in the thermal plume was 15.7 g/m /2

day. Underwater metabolic rates of thermally-affected reefs were six
Thetimes greater than rates during exposed periods at low tides.

underwater rate was three times the exposed rate for reefs not re-
,

ceiving thermal effluent.

|

|

! 1-23-
|:

M



.

. s . .

Simple models evaluated and simulated to help understand preser.t

conditions showed increased turnover times of storages in the thermal

model. Over-all structure and function were similar in the two models.

Simulation of. future adaptation to additional thermal influenca rug-

gested a dampening of seasonal variation in certain standing stocks

with some stocks beinF reduced. Increased temperatures as much as 4*C+

altered reef stoc'es less than 20%.

The value of oyster reefs in the energy budget of the estuary.was

calculated for use in et.vironmental impact statements. Similarities

of reef system s':ructure and function, and comparable energy budgets,

of thermally-affected and unaffected reefs, suggests successful adap--

tation of reefs at Crystal River to thermal plitmes.
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SUMMARY

ECmYSTEMS & THE INTAKE AND DISCHARGE CANALS

W.M. Kemp

The power plant's intake and discharge canals represent significant

components of the coastal areas near Crystal River. The ecosystems within

the canals have developed in response to the energy sources and stresses

provided by the power plant. Because of their proximity to the power plant

and since they are strongly influenced by plant activities, the canals offer

a reasonable point at which to monitor the effects of power plant operation.'

Field work from June to January,1974, and computer simulations are presented
;

; which attempt to characterize these ecosystems.

Total gross primary production in the canals ranged from 6 to 22 g/m / day.

Average primary production in the intake c' anal was 35% greater than in the

discharge canal, perhaps owing to the greater depth of the euphotic zone in
-

the intake canal and to thermal and chlorine stresses in the discharge canal.

Also, P/R ratios were slightly higher in the intake canal.
2Gross planktonic productivity ranged frem 0.17 to 16.9 g/m / day and was

about 2.5 times greater i- the intake canal than in the discharge canal.

Planktonic production accounted for about 36% of the total production in the

intake canal and about 21% in the discharge canal.

Total animal biomass in the discharge canal, dominated by a littoral

community of oysters, barnacles and crabs, was about 70% greater than in the

intake canal system. The intake canal intertidal animal co===mity was

dominated by the small porcelain crab, Petrolisthes sp. with mud and stone

crabs contributing substantially to the overall biomass. The intake
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canal benthic intertidal animal community was 46% more diverse than the

' discharge canal.

- An energy circuit model is prooosed which illustrates some major

characteristics of this ecosystem,' with emphasis of consumer components.

Simulations were performed to test the model's response to varying rates of
.

plankton input, benthic consumption of plankton and detricus, fish

immigration, fishing pressure, and water flow.

i
l

i

l

l

,

i

|
1
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SUMMARY

CHARACTERISTICS OF TIDAL CREEKS RECEIVING THERMAL DISCHARGE

Mark Homer

Results of the first months of sampling are iacluded in this report.

Fish biomass levels in the control creek peaked in July at 4.6 g wet weight /m ,

while disenarge creek fish biomass reached its highest level in September

at 3.7 g/m .

Lower div,rsity levels for the first five mor.ths of sampling were

found in the discharge creek. Diversity in species per 1000 ranged from

9.5 to 20.5 in the discharge area and from 13.5 to 23.5 in the control creek.

Preliminary measurements were made at planktonic and sediment metabolism

using light and dark bottle methods. Gross production ranged from 1.83

to 2.29 g 0 /m / day in the discharge creek area and from 1.29 to 2.82 g 0 /m / day
2 2

in $he control area. 24 hour respiration ranges were 1.34 to 2.16 g 0 /" /d*7
2

in the discharge creek and 1.24 to 2.21 g 0 /m / day in the control creek.
2

These values were similar to those measured in the shallow inshore bay

system of basin #1.

A few preliminary fish production values were calculated for two species

of resident killifish, Fundulus grandis and F similis of age class Q.2

In the control areas, production values for F. grandis ranged from

-2 2-0.22 to 18.9 x 10 E wet wt/m /mo, wPile those for F. similis ranged from
~

1.35 to 21.34 x 10 g wet wt/m /mo. In the discharge area F2 arandis

production values ranged from -0.21 to 1.51 x 10' g wet wt/m /mo, while
-2 2

those for F. similis ranged from -0.05 to 13.54 x 10 g wet wt/m j,,,
i

I-27

'

. .%___._



. .

.

ACKNOWIEDGMENT

The authors acknowledge field and laboratory assistance from

W. Auffenberg, T. Ballentine, J. Bernardi, G. Bevis, C. Bilgere, N. Black,

W. Boynton, S. Brown, J. Caldwell, T. Chaney, J. Cox, D. Dorman, R. Drew,

R. Dubose, T. Gayle, D. Hinck, J. Huffaker, J. Murray, J. Peck, F. Ramsey,

D. Rohe, M. Sell, S. Simonet, H. Tyus , and J. Zucchetto.

Technical assistance and advice were provided by C. Adams, R. B' eyers,

K. Dugger, C. High, S. Jones, W. Huber, F. Maturo, M. Oesterling, S. Snedaker,

R. Stanford, E. Striker, P. Brezonik, J. Fox, and S. Snedaker loaned the

use of field equipment and supplies. The State University System's

Institute of Oceanography in St. Petersburg and Florida State University's

Department of Oceanography in Tallahassee provided research vessels and

crews for work in the deeper bays and offshore areas. Florida Power

Corporation's D. McMullin and W. Trowell maintained smaller boats used in

this study. Secretarial work was done by J. Breeze, B. Barnard, B. Dawson,

N. McMann, and N. Russell.

I-28

~
_ _ _ _ _ . _ _ _

_ _



3. ENERGY EVALUATION OF COOLING ALTERNATIVES AND REGIONAL IMPACT OF4

POWER PLANT AT CRYSTAL RIVER, FLORIDA *

W.M. Kemp

Department of Environmental Engineering Sciences
University of Florida, Gainesville 32611

In keeping with the requirements set forth in t'ne National Environment'

Policy Act(NEPAA969) Florida Power Corporation hasestablished and supported a

multifaceted research program to investigate the impact of the Crystal

River electric power generating plant on the region with which it interacts.

Together, the various components of this research effort are intended to4

characterize the relationship of the existing two-unit plant with its

environment. In addition, effort has been made to project this understanding

to anticipate any further impact which would result from the operation of

the third unit. Future rescarch monitoring programs will be maintained

; to detect any further environmental changes.

To assist in organizing the many aspects of this project, models have

been developed as a format for assuring comprehensiveness of the field

program and for understanding the interrelationships of the research tasks

and of the parameters being measured. Model simulations have helped to

predict the general consequences of proposed power plant changes and have
'

led to identification of sensitive ecosystem parameters for further scrutiny.

This report provides such models and data synthesis toward an'ut.derstanding

The concepts provided in this report include inputs from many participants*

of this and related projects in the Systems Ecology Program at the University
;

of Florida. A summary of the important concepts can be found in Odum, H.T..
Energy, Value, and Money, in C. Hall and J. Day (eds),Models as Ecological

,

i Tools: - Theory and Case Histories (in press) Special contributions from
C. Kylstra, W. Boynton, S. Bayley, and J. Zucchetto are grarefully acknowledged.
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of the effects of the power plant on the estuary. An overall evaluation of

the impact of the Crystal River power plant on its regional environment

under several management alternatives is quantified using an energy cost

benefit analysis technique.

Methods and Concepts of Environmental Impact Analysis

and Regional Planning

The concept of environmental impact assessment was developed to " insure
! that presently unquantified environmental amenities and values may be given

appropriate consideration in decision making along with economic and
!

) technical considerations " (NEP A , 1969) . The mandate of this law requires
!

that environmental impact assessment be~ directed toward regional design add

planning for a vital economy of both r.an and nature. It is essential in

this planning process that impact af human activity on " natural" work

functions be understood so that man's structures and functions can be designed

to maximize the sum of both nature's and man's work, coupled together in the

tagional economy. We suggest that the overriding notion which dictates

surviving patterns, and upon which all planning effort must be based is

the Locka maximum power principle. Our efforts to evaluate the role of

the Crystal River power plant in its regional environment through modeling

and energy cost-benefit calculations are rooted in the essence of the

Locka principle. The following few paragraphs are pre <ided to explain

| this principle and its corollaries as preface and explanation to our methods
|

of environmental impact assessment.|

1
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Lotka Principal of Maximum Power for Regional Design

The Locka principle states that any system will tend to prevail,

prosper, and survive in competition with alternatives if it utilizes all

its energy resources to maximize its useful work value. In order to maximize

its value a system must build adequate structure to maintain flexibility

in competitive functions and channel its energies into feedback pathways

which further increase its total power budgets. Furthermore, a system of

man and nature such as a region containing estuaries, power plants, and
,

human settlements makes best use of its available energies by building

intricate structures which emphasize partnerships, symbioses and diverse

functions,and avoid unnecessary waste. Translated specifically into

management questions in the Florida Power Corporation pcwer shed, the

pattern of power plant, man, estuary, and the economy of circulating

money which develops a compatible fabric, maximizing the useful work of the

entire region, will maintain an economically competitive position and

ultimately be regarded as reasonable, correct, and desirable by component

individuals who adapt as part of the surviving system.

Converting EnergyValues to Work Values Using F. Srgy Quality

It has been recognized for some time in the fields of engineering

and physics that all types of energies do not possess equal ability to perform

work (Tribus and McIrvine 1971; Evans,1969). In such a large, diverse

region as that which is directly influenced by Crystal River, there is
|

a broad spectrum of many kinds of energies contributing various work functions

in the system. The analysis presented in this report tabulates and compares
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magnitudes of energies flowing into and out from the region, and attempts

to establish management schemes which will maximize the overall work ~alue

of these energies to the system.

Since measurements and reported data are osually given in terms of-

energy flows rather than "useful work accomplishments" but since it is the.

latter in which Iotka's principle and our analysis are ultimately interested,

i

| the general ability of a given flow of a given kind of energy to do a unit

of work becomes a key issue. We therefore introduce the notion of energy

quality which we define as the ability of a unit amoult of energy to perform

a unit of work (work value). On a relative scale the eaergy quality or

" work concentration" for one energy type can be quantified in terms of

another type. An energy quality ratio (EQR),then,is the ratio of the work

values of two different energy types, and a system of energy quality ratios

can be developed with the work concentration of a given energy type being

sei equal to unity. This energy type is thus given unit quality and is

then usedas the common basis to which all other energies are compared.

Only when energies of various quantities, concentrations and sorts

are converted to a comanon basis using energy quality ratios is their work

value comparable. We. calculate there 20R's % rk concent?ation factors) by

investigating a given work process which c ? se performed by more than one

energy type. The kilocalories of energy (in terms of heat content) required

to do this work by a given kind of energy is ieversely proportional to ice

quality. A recent paper by Odum (1974) provides an example calculation

in which it is shown that electrical energy is about 3.6 times as concentrated
..

to support work as is the thermal energy of coal. Ir costs about 3.6

:
I
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calories of energy in the form of coal (including cost of maintaining

the installations involved in the conversion) to make one calorie of

electricity. Calculations for all of the energy quality conversion ratios
'

used in this report are given in Appendix C.

Some of these work concentration factors are calculated from only

one of two examples, but others utilize numerous data sets to document mean

EQWh. It is thought that the energy quality ratios will vary some depending

on the actual concentration of energy per unit area , that is, 150 feet of

water head can generate electricity more efficiently that can 15 feet of
/

head. Therefore energy concentrations common to northern Florida were used

wherever possible. While the exact magnitudes of these energy quality ratios

are somewhat variable from situation,to situation, we are confident that

those used in this report are reasonable.

In an earlier report (Odum et al.1973) the EQR of primary production

of sugar was set equal to 1.0 and work concentration factors were related

to it as a common basis for comparison of work value. Calculations in

this' report utilize the EQR for the work of fossil fuel energy as the

common level for comparison,since fossil fuel work dominates most regional

sytems in this country. Where relevant, totals are also given in terms

of 1973 U.S. dollars, realizing that most readers will have a better sense

of the work associated with dollar rather than fossil fuel magnitudes.

Table 1 summarizes the energy quality ratios used in this report as calculate,

in Appendix C.
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Table 1. Energy Quality Ratios (Work Equivalents) for Various

Kinds of Energy Flows at Concentrations Typical for Florida.*

Energy Type Reference to Sugar Fossil Fuel
Appendix C Equivalents Work Equivalents

-4Sunlight 1 0.01 7 x 10

Winds 1 1. 8 0.13

Tides 2 6 0.4

Waves 3 3 0.2

Water Head 4 25.5 1.7

Water as Dilutant 5 15
_ 1

Sugar 7 1 0.37

General Water 6 0.2 0.014
Kinetic Energy

Wood 7 2 0.14

Coal 7 10 0.7

Fuel Oil 7 20- 1.4

Electricity 7 50 3.6
0 0Dollars 45 x 10 3 x 10

* Work equivalents are generally greater for energy flows found in high

concentrations - viz., the amount of work per Kcal of water head is greater

for a larger head than for a smaller.

|

|
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&
Mixtures of High and Low Energy Quality

Within the network of both " natural" ecological systems and the

economic systems of man, as well as within the combined systems of both
t

which must be considered in ragional evaluations, many components of varied

energy qualities occur working together. The work of lower energy quality

units and functions develops higher quality ones, which in turn feedback

special services of management ar.d recycle for the effective functioning

of the whole system. For example, in biological systems one observes

food chains converging in the high quality functions of larger complex

animals that have management roles in the ecosystem. The pattern of dis-

tribution for these various system comp)nents whose energies are of different

qualities emerges in a distribution resembling the classical power spectra

of molecular energies, ocean wave frequencies, or turbulent eddy energies.

The extent to which high quality components can be developed in a system

|
(both in terms of level of quality and numbers of units at the highest

qualities) is dependent on the magnitude of the total energies available

to the whole system. Higher quality units are more energy expensive to

maintain, and the expense increases with quality in an apparent logarithmic

fashion. High quality functions must be supported and maintained by a

broad base of lower quality work functions.

When a system is complex, branched, and running on several main

sources of energy, one must develop models and diagrams to suggest what

are the main means by which the overall condition of surviving maximum power

is developed. An example of such a complex system is the food web of the

estuary at Crystal River. Fig. 1. in Section 5 of this report is a diagram

of this system. In Fig. 3. of Section 5 the trophic web system is
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rearranged into general work functions. Since all work functions are of

equal value to the overall operation of the system, the higher trophic-

! levels which process less energy have a greater work value per unit energy.

Transitions and Steady Stat _a
1

When a modification is made in a regional pattern, there may be

transition periods in which subsystems change and substitute as part of

the adapting and selecting processes, ultimately leading to a new kind

of steady state that maximizes power under the new conditions. For

ultimate planning, the temporary losses as one system replaces another

should not be the primary long range questions as to desirability of

alternatives, although they must be included in calculating the total loss

or gain in replacement. Evaluation of the impact of adaptation to new

| conditions required a diversion of energy and will usually be manifest as
:

a temporary negative to the total system. For example, a significant

impact could result from starting up a power plant or in stopping it after

adaptation, but the main issue should be the nature of the new steady

state after adaptation has occurred.i

!

At Crystal River there has been an adaptation period of over
7 years since the initial piant operation, and the adapted system

which is well tuned to its environment (including the Crystal River
power plant) has had sufficient time to develop. Under the

additional special energy ' conditions associated with the power plant,
!

(ultimately from fossil and nuclear fuels), certain changes in the estuarine

ecosystems have occurred with new adaptations developing and replacing some

previous ones. The new external energies, while displacing some previous
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. values, are also the basis for additional work value to the region. The
'

energy users that will prevailare the ones which make the best use of the combined

energies in accordance with the Locka principle.

Ultimate Evaluation on Large Scale-

In evaluating alternatives and making choices in management questions,

such as the best method for cooling a power plant, the ultimate decision

must be determined by that alternative that will maximize the power of the-

overall larger scale system of estuary, terrestrial system, and human

economy all considered together. The various economic decisions of man

are a part of the overall self design process for maximum work value but

typically do not consider the large supporting and free energy flows of

1 nature. In evaluating the environmental impact of the Crystal River

power plant, the scale of analysis must be one-step broader than the local.

area of impact. This is because significant work value effects result

from energy exchanges across the local boundaries of that area. While

components interact at the scale of their own system, the system which

they comprise further interacts as a component in a larger system, and

so on, through a cascading hierarchy. Fig. la and b and 2a and b illustrate

the regional scale for analysis of power plant effects, and Table 4 gives

the method used for calculating the areal extent of this region.
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Table. 4. Calculation of Terrestrial * and Marine Areas Affected by Crystal River ., . . .

Power Plant.

TERRESTRI AL REGION AREA

A = area land region = A )
~

g

A = Area of 32 counties in Florida Power Corp. Power Shed#8 = 23,878 mi2

G = Electric Power generating capacity of Crystal River plant (3 units)*#
= 1690 Mw

G = Electric Power generating capacity of all power plants inps 32 county area.
4453 Mw=

A1 = 23,878 mi x(h) 9062 mi=

"This calculation is based on the assumption that the land region affected is that
portion of the total Florida Power Corporation power shed equivalent to the fraction
of the total Florida Power Corporation power generation provided by the Crystal River
Plants.

MARINE REGIONAL AREA

A , = Area Marine region = L xh

s(N): h = Q x T/ Ler/ d : d = h,,,,,L =L
Gs 6080ce p

L, = length of shore 11ne in power shed = 308 mi.

Lcr= length of shoreline affected by Crystal River = 117 mi.
,

Q = Crystal River plant water flow = 2940 ft.3/sec.

T = estimated life of plant = 30 yrs.

d = depth of volume affected by Crystal River distributed over
A = 4.97 ft.m

h = width of area affected by Crystal River = 30,218 ft.

10 ft.2 = 1.74 x 10 m9 2A, = (30,218 f t.) x (4.97 f t.) = 1.867 x 10

The affected marine area is calculated assuming that the maximum water volume affected
would be that which is pumped through the power plants during their operational life.
It is also conservctively assumed that no water parcel is ever pumped more than once.
The length of the coastal water area affected is calculated by pro-rating the total
coastline in the power shed by the fraction power contribution by Crystal River units.
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Subsystems

Model building for the purpose of evaluating contributions to
s

maximum work value is complicated by subsystems that develop specialized

adaptations to particular combinations of energy flow of man and nature.

At Crystal River, where shallow bay ecosystems, deeper plankton-domi-

nated ecosystems, oyster bars, and salt marshes interact with one

another as subsystems of the greater estuary, the power plast is yet

another susbystem that has some similarities to a reef of plankton

consumers. New ecosystems'are developing in the power plant canals

as a result of the unique combination of ptssping, channeling, barge

stirring, and thermal energies occurring there. Each of these old and

new subsystems including the power plant technology itself becomes

linked to the other systems as the plastic ecological components go

through an adapting and selecting process. The total work value 'inich

results is maximized as symbioses develop between subsystems so that

the energies of one help functions of the other. The subsystem inter-

connections cycles, population management service, migrations, and spa-

tial and tempord timing of behavior in harmonious schemes. Any over-

view of energy flows, and regional design toward maximum work value (and

thus, survival) requires models that recognize symbiotic pathways of

functional exchange in systems as they ultimately emerge surviving

from the adaptive and self designing process. Figure 1 in the preface

; to Section 4 illustrates the interrelationship between subsystems in

the estuary adjacent to the Crystal River power plant.

Energy Cost Benefit Table

!

Once a model for energy pathways and the main subsystems is drawn

and evaluated for each alternative of special' energy management ap-
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plication (Figs. la & b, and Figs. 2a & b) one may sununarize the total

work done by tabulating the total energy inputs after conversion to

the saas' concentration level. Each alternative considered affects {

its own particular energy gains and losses. In many cost-benefit

analyses such as for Crystal River, the changes in work value associated

with various alternative plans, although significant in themselves,-

are small in comparison with the total regional work value. Therefore,

i a tabulation includes just the changes in work value for each alter-

native related to some base (e.g. primitive) conditions. The system

with the higher total energy flow per area per year is the one that

will ultimately survive since it is the system with the. higher re-

sources for itself and its ability to withstand competitions from with-

out and from within. It is the system that provides the most total

real work to the combined pattern of man and nature. The system with less

total work will falter in economic and ecological competition.

Energy Budget for the Coastal Zcne Region Influenced by the Crystal

River Power Plant

Given in Figs. la & b is a general model of the main energy flows

in the region influenced by the operation of the Crystal River power

plant. The main energy flows into and out of the regional system are

given in terms of their raw hest content (Fig. la) and their respective

fossil fuel work equivalents (Fig. lb). Corresponding to these diagrams

the main components to the regional energy budget arc listed in Table

2. The details of calculation for these energy flows are given in

the footnotes folloving the table.

I-44

1

_. -

s q%?M's , .. #



|

I

Table 2. Ener y Budget for Region" Affected by Crystal River Power Plants -

Heat Con Energy Qual- Work ValueFoot-
(Kcal x 10{gnt/yr) .ity Ratio Fos'sil FuelSource note

(fossil fuel) Equiva{gnes
(x 10 )

F_ggg:

Wind .1 2.3 0.13 0.30

Tides 2 2.5 0.4 1.0

Waves 3 0.3 0.2 0.06

Fresh Water Head 4 0.2 1.7 0.34

Freshwater 5 0.3 1.0 0.30
(as dilutant)

Productivity
- Land 6 343.0 0.07 24.01

- Estuary 7 15.8 0.07 1.11

Subtotal Free 362.4 27.12

Purchased:

Power Plant Fuel 8 +23.0 1 23.0
Crystal River

Others 9 (44.6) 1 (44.6)

Other Fuels 10 +22.3 1 22.3

b
Goods & Services 11 +52.7 1 52.7

Imported
i

Exported 12 -9.9 1 -9.9

Tourists & Cap. 13 +56.0 1 56.0
Invest.

( Subtotal Purchased 144.1 144.1

12 12
Total 506.5 x 10 Keal/yr 171.2 x 10 Kcal/g

See Table 4 for calculation of sire of affected region.a
b Fossil fuel work equivalents.
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Footnotes to Table 2

(1) Wind: Power, P = (drag) x' (velocity) = D * u = 1/2 p A * u Cwd g

Cg = (1.89)(1.62 log f )-2.5; K, = roughness coeff. = 4 x ht of vegetation .

11 2 5A = surface area = 906 mi = 2.53 x 10 ft ; 1 = 5.67 x 10 fg

C = .002; Assume mean wind speed u = 7.33 fps
f

P = 1/2(2.3 x 10-3 h)(7.33 )3 (2.53 x 10 fg )(.002)x
~ 11 2

7s *1(3.15 x 10 )(3.24 x 10" _ b)
P = 2.34 x 10 Kcal/yr

d

=pgAf(2) Tides: Power, P

13 2 2 3h = 91.4 cm; A = 1* 77 x 10 cm ; g = 980 cm/sec ; p = 1.025 'g/cm

cm ) (91.4 cm)23 2 13 2P = (1.025 g/cm )(980 cm/sec )(1.77 x 10
r

(2.38 x 10-11 Kcal)(1410 tides)erg yr
l2

P = 2.49 x lo Kcal/yr
r

Pg /2 5/22 (for shallow waves, E < 1 )3(3) Waves: Power, P = 1/8 H
vv

2p=1.025g/cm;g=980cm/sec;H=30cm;2=1.88x10
= 1/8 (1.025 g/cm )(980cm/sec )3/2 (30cm)5/2(1.88 x 10 cm) x3P

(3.15 x 10 sec/yr) (2.38 x 10 bcal/ erg)~

12 0P = 0.27 x 10 Kcal/yr = 3.8 x 10 ft-lb/ day /ft

(4) Presh Water Head: Power, P = 1/2 p*g*V hg
3 2P = 1.0 g/cm ; g = 980 cm/sec

,

V = volume of fresh water running off and infiltrating in region x

= rainfall x area x fraction runoff = (5 )(.08h)(2.53 x 10
11
ft ) x

10 ,f)(.28)631.5'

,

10= 0.29 x 10 ft /yr = 0.82 x 10 cm /yr,

h = mean-height of water = mean elevation of region = 100 ft
2

P = 1/3)1 g/m )(980 cm/sec )(30.48 x 10 cm)(0 82 x 1016 ,3/yr) xc

(2.38 x 10-11 Kcal) .I-46 'f8
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Footnotes to Table 2 (continued)

(5) Fresh Water Dilutant: Power, P = 4 F x V x m, = (nRT ) x V x m,
FD

n = 1 mole /35gm; R = gas constant = 1.99 cal / mole K

T = annual mean water temp = 20 C = 293 K

C = freshwater delta conc. of dissolved solute = 120 ppm
y

C = solute conc. of seawater as sink = 35,000 ppm
2

V = total freshwater in region = 2.95 x 1010,3/yr (rain)

x 10 mDyr)f(293Nn(5000= (35 gm ( .H x 0 gmP .

g
12

= 0.34 x 10 Kcal/yr

(6) Land Productivity: Power, P =gxMg

10 ,2g = area of affected land region = 2.35 x 10
M = typical mean metabolism for pine flatwoods = 40 Kcal/m / day

P = (2.35 x 10 0,2)(40 Kcal/m / day)(365 day /yr)

12
= 343 x 10 Kcal/yr

(7) Marine Productivity: Power, P =gxMg

f affected marine region = 1.74 x 10'mA = area
M

M = typical outer bay metabolism = 25 Kcal/m / day

= (1.74 x 10'm )(25Kcal/m / day)(365 day /yr)2
Pg

12= 15.8 x 10 Kcal/yr

(8) Power Plant Fuels: Power, P =CxpxfxK
PC FF

3C = per capita electric consumption = 8.5 x 10 Rwh/ cap /yr
0p = population of region - 2.3 x 10

f = fraction of population served by Crystal River = .38

sail fuel equivalent of electric power = 3.6K =

FF
3 6

P = (8.5 x 10 /yr)(86CKeal)(2.3 x 10 cap)(.38)(3.6)
p

12= ; 23.x 10 Kcal/yr (FWE)
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Footnotes to Table 2-(continued)

4

(9) Power Plant Fuels: - Power, PPO " PC(

x10bcal/nP x 10 (PO.=
=. .

r

(10) Other Fuels: (Gasoline, Natural Gas, Liquid Fuels):

P0F"(G+bG+Cty) x P
0C = consumption of gasoline - 15.9 x 10 Kcal/ person /yrg

" " 6C
NG natural gas - 1.98 x 30 Kcal/ person /yr=

i Cgy + liquid fuels - 7.66 x 10 Kcal/ person /yr" " 6

P = (15.9 + 1.98 + 7.66) x 106 (.88 x 10 cap)6
0F

12= 22.3 x 10 Kcal/yr

(Fuels burned in electric power generation are subtracted)

; (11) Imported Goods and Services: Power, P = I(f)(1-e)(S0
7

I = total dollars paid for imports in Florida = $16.88 x 10'/yr
,

! f = fraction of Florida population in region = .13

e = fraction of budget spent on fuels = .10

S = conversion of dollars to Kcal = 30,000 Kcal

$16.06 x 10'/yr (.13)(.90)(30,000 cal) = $1.88 x 10'/yrP =,

7 9
135.63 x 10 Kcal/yrr-

(12) Exported Goods and Services: Power, PE"
9E = total dollar value of exports from Florida = $2.54 x 10 /yr

f = .13 ; S = 30,000 Kcal/$

9P = $2.54 x 10 /yr (.13)(30,000 Kcal/$)
E

12= $3.31 x 10 /yr (30,000) = 9.9 x 10 Kcal/yr
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Footnotes to Table 2 (continued)

(13) Tourists and Capital Investments: Power, P = D (f)S - P
7 E

D = total dollars coming into Florida =
y

f = fraction of Fla. population in region

9.P = $ 6. x 10 /yr(.13)(30,0M - 9.'9 x 10
TC

= 56 x 10 Kcal/yr = $187 x 10 /yr-(30,000 Kcal)12 7
,

;

;

w .%
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The 32-county area served by Florida Power Corporation is shown

in Fig. 3, a relatively rural area of Florida having towns, agriculture,

forestry plantations, lakes, estuaries, swamps, and other non-human

ecosystems. The region considered to be influenced by the Crystal

River power. plant operation is taken as that portion of these 32 coun- )
i

ties (and each subsystem therein) represented by the fraction of t'4e

total electric power generated in the FPC power shed which would be

provided by the Crystal River plant. The affected marine arsa is

taken as a function of the total volume of water pumped by the 3 generat-

ing units in a 30-year lifetime. This volume is spread over the Gulf

shelf along a coastline equal to a prorated portion of the total coast-

line in the 32 counties. Table 4 details the specifics of this method

used in calculating the size of the region of power plant influence.

Figs. la & b provide some perspective on the value and importance
?

| of the power plant system to the overall system of man and nature, both

in terms of heat energy and fossil fuel work value. Included in the

diagram is the work of the sun in photosynthesis and stirring air masses,

the input of potential energy of rain as a flowing mass and chemical

dilutant, the energy transferred to the earth from friction of winds,

the inflow of waves and tides onto the coasc, the input of various fossil

fuels including coal and oil to run the power. plants, the import and

export goods and services, and the influx of tourists and investment

dollars.

The Crystal River power plant fuel consumption is about 5% of

the regional energy budget in terms of heat content, but accounts for

over 13% of the work done in the region.- Natural energies represent

about 72% of the regional energy in terms of heat content, but only

15% of the regional work value. Inversely, purchased energy accounts
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for 28% considering. heat content, but 85% in terms of work equivalents.

The tot.al work _ value of the region is equivalent to some 171.2x1012

fossil fuel kcal/yr (5.7 billion 1973 U.S. dollars).

Energy Cost Benefit Calculation of Cooling Alternatives

As an integral part of the overall environmental impact analysis

various alternative schemes for managing the power plant cooling water

flow must be evaluated, balancing gains and losses to the regional

work economy associated with each alternative. Government regulatory

agencies have suggested that cooling towers be considered as possible

means for mitigating losses of nature's work value resulting from the

cooling water flow of the power plant. Table 3 provides a comparison
.

of the total work value lost to the system resulting from 3-unit power

plant operation under three management alternatives. In terms of

fossil fuel equivalents of work value, the use of mechanical draft
i

cooling towers (the cheapest technological alternative) for unit 3

results in some eighty times greater loss to the region than using the

estuary for cooling. Cooling towers for all three units give a loss

of work value of about 160 times the losses incurred without cooling

towers. The money which would be invested in cooling tower construc-

tion, operation and maintenance represents a diversion of fossil fuel

energy from ether possible investments into the economy of man and

nature which would return a greater income to the system. By way of

comparing magnitudes of investments, the cost of cooling towers for

, all three units is about equivalent (in terms of work value) to complete i
!

inhibition of primary productivity in the entire estuary region assigned
to the power plant (about 1.8x10'm2 2or 600 mi ),
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Table 3. Changes in Regional Annual Energy Budget Associated with Management
Alternatives for Cyrstal River Power Plants

Estuary Cooling Cooling Tower Cooling Towers.

*
Unit 3 .All Units

Heat Fossil Fuel Heat Fossil Fuel Heat EQR Fossil FuelFoot- Kcal Work Equi-
(x10g) (x10g)
Kca Work Equi- Eca Work Equi-Affected Energy Flow note ('x 10 ) EQR valents9 EQR valents valengs~9 9(x10 ) (x 10 ) (x 10 )

.Land Productivity
.

Construction Land 1 -22.6 0.070 -1.58 -23.2' O.070 -1.62 -23.80 0.070 -1.66
Salt Spray Effects 2 - - - -43.3 0.070 -0.30 - 8.65 0.070 -0.61
Estuary

Potential Energy in 3 ('560 - (160) - - - - -

Residual Heat
Plant Stirring 4 +0.03 0.014 ,+0.0004 to.004 0.014 .+0.00006 - - -

Interrupted Circulation 5 -0.01 0.014 -0.0001 -0.01 0.014 -0.0001 -0.01 0.014 -0.0001
Y Ecosystems Displaced by 6 -19.4 0.070 -1.36 -19.4 0.070 -1.36 -19.4 0.070 -1.36y Canals

Canal Metabolism 7 +i3.2 0.070 +0.92 '+11'.0 0.070 +0.77
'

+ 6.6 0.070 +0.46
Depressed Inner Bay 8 - 7.8 0.070 +0.55 - 3.9 0.070 -0.27 - - -Metabolism

Screen Wash Mortality 9 - 1.0 0.070 -0.07 - 0.5 0.070 -0.035 - - -

'Entrainment Mortality 10 -11.45 0.070 -0.80 - 5.61 0.070 -0.19 - - -

Subtotal of losses to ecosystem -3.44 -3.21 -3.20
Coolina Towers -276.0 - 1.0 -276.0 -539.0 1.0 -539.0
Power Plant (230,000) (230,000) (230,000)

Total Chanae in Heat content -49.0 -361.42 -571.5-

TOTAL CHAN0E IN POSSIL FUEL WDRK VALUE -3.44 279.21 542.2($0.11 x 10'/yr)" ($9.3 x 10 fy,)s ($18.07 x 10 fy,)e
6 6

converted to 1973 U.S. dollar's by ratio 3 x 10*Kcal: $1 (Odum, 1974)a

b Numbers in parentheses not included in totals. .

1

.
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Footnotes to Table 3.

(1) Construction Land Productivity Loss:

Unit 3: Power, Pe{ = Ac2*M
5 2Ac = Area covered by conscruction = 3 x 10 fg = 1.58 x 10 .26

M = Metabolism of ecosystems displaced = 60 Kcal/m / day-

6 2x 10 m2)(60Kcal/m / day)(36 Y) = 232 x 10 Kcal/yrPc = (1.581

Units-1-3: Power, Pc2 = Ac2 xM

62Ac = Area covered by construction = 1.61 x 10 g2

= (1.61 x '10 m )(60Kcal/m / day)(365b)= 238 x 10 Kcal/yri Pc D2
2 yr

(2) Depressed Land Productivity from Salt Spray

Unic 3: Power, Ps = (R )(b) M

R = radius of area in which salt spray addition equals
background rate of salt deposition.

b = assumed mean rate of productivity inhibition = .25

M = metabolism of affected terrestrial ecosystems = 60 ,$8lday

Background salt deposition rate = 0.125 lb/m /yr

Maximum salt deposition rate from towers = 4.8 lb/ acre /mo
2= 0.'140 lb/m /yr

6

.R (at max. rate) = 0.5 Km
2 9Ps = (7.9 x 10% )(.25)(60 Kcal/m / day)(365 days /yr) = 4.33 x 10 Keal/yry

Units 1-3:

9Ps = 2 x Ps = 8.65 x 10 Kcal/yr2 1

i

1

|

|
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Footnotes to Table 3. continued

* *0* *(3) Potential Energy la Residual Heat: Pt"

T = change in te..perature across condensers

C =_ specific heat of water

Q = flow rate of water

= density of water

T = absolute temperature

Units 1-3:

6 3 6 -3KcPt = (8 C)(1 )(7.1 x 10 )(1.02g/cm )(10 )(10 cy)( 3o)365 day /yr
ll ealK= 5.6 x10

yr

Units 1-2:

Pt = (6 C)(1 )(7.1 x 10 )(1.02 g/cm )(10 )(10-3Kca1) ( )365 day /yr3 6
,

11Keal
= 1.6 x 10

yr

(4) Plant Stirring: Pke = 1/2 Qv

v = velocity of plume

Units 1-3:
3

see)2 (263 day)(2.38 x 101Real)Pke = 1/2(1.02 g/cm )(7.1 x 1012cm )(303 C9- xday yr erg
8Kcal

= 0.3 x 10
yr-

Units 1-2:

Pke = 1/2(1.02)(3.6 x 1012)(15) (365)(2.38 x 10'11)
**1

= 0.04 x 10
yr

.

|
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Foonotes to Table.3 continued *

(5) Circulation Interrupted by Spoil Banks'

This is the calculated loss of kinetic energy of estuary waters diverted

into frictional heat loss due to drag of canal spoil banks.,

Pke = 1/2 RdV = Power of_ kinetic energy
3= mass of water g/cm

R = east-west horizontal length of affected zone

; d = depth (cm)

V. = velocity (cm/sec) ',

A. Water Movement Not Interrupted by Spoil Banks

Assume a horizontal velocity profile of constant mean velocity from eng
i
~

of spoil banks to 0.5m from coast _(boundary layer).

1) Area outside boundary layer

V = 5 cm/sec

5Pke = 1/2 (1.020 g/cm )x (Sem/sec) x (4.5 x 10 cm) x (200 cm)

= 5.74 x 10' erg /see x 3.15 x 10 sec/yr x 2.38 x 10 Kcal/ erg~11

6= 4.30 x 10 ge,777,

2) Area inside boundary layer

V = 2.3 cm/sec

1/2(1.020 g/cm )x(2.5 cm/sec) x(.5 x 10 cm)x(100cm)Pke =
2

! 7 -1kcal/ erg3.98 x 10 ergs /sec x 3.15 x 10 sec/yr x 2.38 x 10=

6.30 x 10 Kcal/yr-=

0Total P (area inside + Area outside) = Pkey + Pke2 = 4.60 x 10 Kcal/yr

|
|

t

|

!
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Footnotes to Table 3 continued

B. Water Movement Interrupted by Spoil Banks

Assume that as flow streamlines move west to sweep around spoil banks,

they create a back-eddy on the southwest side of the spoil bank / shore

- intersection. Velocities are reduced due to frictional drag.

1) Zone outside of back-eddy (R = 3 % x 10 cm)

V = 2.5 cm/sec
5

Pke = 1/2 (1.02)x(2.5)3 (3.5 x 10 )x(200)x'

= (5.6 x 10 )x(3.15 x 10 )x(2.38 x 10-11)0

5= 4.2 x 10 Kcal/yr
5

2) Zone within back-eddy (R = 1.5 x 10 )

V = 1.0 cm/sec
5

Pke = 1/2 (1.02)x(1)3 (1.5 x 10 )x(100)x ;

= (.77 x 10 )x(3.15 x 10 )x(2.38 x 10-11) |
7

i

5
= .58 x 10 Kcal/yr 1

1

0=.6 x 0 Kcal/gTotal P = Pkey+N2B

Difference in Pke with spoil banks = P -P
3 g

0 6 6
Pke = .468 x 10 Kcal/yr - 4.60 x 10 Kcal/yr = -4.12 x 10 Kcal/yr

t

Total loss in available power prior to spoil bank emplacement equals 2 times j

calculated Pnet, assuming mirror image effect on other side of spoil banks.

l
.

Total (P )mt = 2(-4.12x 10 Kcal/yr) = .0824 x 10 Kcal/yr

li

,

.

1

4
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Footnotes to Table 3. continued

(6) . Ecosystems Displaced by Canals

Production = A x P x D

A'= Area displaced (m )

P = productivity of displaced system (Kcal/m )

[40 Kcal/m / day for land]

[25 Kcal/m / day for marine]

D = time in days

A. Terrestrial systems

21) Area of plant = 1.68 x 10 tt = 1.55 x 10 m

6Pt = (1.55 x 10,2)(40Kcal/m / day)(365 days /yr)
0= 2.26 x 10 Kcal/yr

B. Marine systems

( 1) Area of discharge canal = 5.3 x 10 ft = 4.93 x 10 ,25

6 2 5! 2) Area of intake canal = 17.5 x 10 ft = 1.62 x 10 ,2
!

6 2Pm = (2.13 x 10 ,2(x)25Kcal/m / day)(365 days /yr)
10= 1.94 x 10 Kcal/yr

Total production displaced = Pt + Pm

10
= 4.20 x 10 Kcal/yr

!
!

!
|
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Footnotes to Table 3. -continued

(7) Canal Metabolism

Metabolism - GPP x A x K x D

GPP = Gross Primary Production (mean annual)

A = Area in canals (m )
#8K= = 4.5go

2
D = time in days (365)

A. Units 1 and 2 operating:

1) Intake canal: (A = 5.62 x 10 m )(GPP = 9 go /m / day)
2

5
y = (9)x(5.62. x 10 )x(4.5)x(365)

= 8.32 x 10' "*
r

5
2) Discharge canal: (A = 1.47 x 10 ,2)(GPP = 11 g0 /m / day

2
5

Mp = (11)x(1.47 x 10 )x(4.5)x(365)

9 cal
= 2.64 x 10

10K al
3) Total metabolism = g + MD = 1.10 x 10

B. Units 1, 2, 3 operating:

Based on model predictions metabolism increases by 20%

1 al 1 "IM = (1.2)x(1.10 x 10 yr ) = 1.32 x 10 yr

C. No Circulating Water Flow

Based on model predictions metabolism decreases by 40%

M = ( .6) (1.10 x 10 " *f = .66 x 101R 11

4
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Footnotes to Table- 3. continued

(8) Depressed Inner Bay Metabolism

The annual mean total-community metabolism for the shallow inner bay
_

ecosystem was measured to be 50% lower for the discharge area than for the.

control area. (see Smith, Section 4A, Fig. 22)

Production bay = (M - g) g

M = metabolism of control area = 1.22 x 10 Kcal/m /yr
~

C

M = metabolism of discharge area-= .65 x 10 Kcal/m /yrD

A = Area of inner bay system = 6.9 x 10 m
B

P = [1.22 x 10 ) - (.65 x 10')](6.9 x 10 )5

4 5= [.57 x 10 ](6.9 x 10 )
9Kcal

= 3.9 x 10
-yr
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Footnotes to Table 3 continued

(9) Screen Wash Mortality

P = B x EQR

B = Biomass lost in 1 yr (extrapolated from gas wet wt/52 days)

EQR = Energy Quality Ratio (see section 5 for derivation )

1) Batfish
5

P = (6.61 x 10 )x(29.8)
7= 8.9 x 10

2) Burrfish
5P = (1.57 x 10 )x(25.3

= 1.8 x 10

3) Blue Crab ~
P = (.98 x 10')x(29.7)

7
= 1.3 x 10

4) Cowfish
5P = (.49 x 10 )x(29.5)

= .7 x 10

5) Pinfish
5

P = (.41 x 101x(23.7)
= .4 x 10

6) Tunicate
5P = (.41 x 10 )x(11.2)

= .2 x 10

7) Silver Jenny
5P.= (.38 x 10 )x(27.8)

7= (.5 x 10 )
8) Squid

$P = (.32 x 10 )x(36.4)
7= (.5 x 10 )

9) Silver Berch
5

P = (.29 x 10 )x(31.3)
= (.4 x 10 )
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Footnotes to Table 3 continued

10) Scaled Sardine
5

P = (.25 x 10 )x(24.4)
7= (.3 'x 10 )

11) Jack

P = (.17 x 10 )x(33.5)
7= (.3 x 10 )

12) Mullet-

P = (.11 x 10 )x(12.7)
7= .1 x 10 Kcal/yr

13) Atlantic Threadfin
5

; P = (46.2 x 10 )x(24.4)
= 50.7 x 10 Kcal/yr

14) Other

P = (1.43 x 10 )x(25)
1.67 x 10 Kcal/yr

9K**1P = 0.67 x 10 = work equivalent loss /yr

. Biomass total = 59.6 x 10 grams /yr = amt lost /yr
Total loss of Biomass through Screen Wash =

B = (59.6 x 10 g/yrix(5 Kcal/gm) = 29.8 x 106Kea
r

Value of this mass as detritus
Vm = (29.8 x 10 Kcal/yr)x(EQR detritus) = .17 x 10' 1

Total Annual Loss of Value to Region = P , ,7 - Vm,

9Kcal cal 9Keal= . 67 x 10 .17 x 10 = 0.5 x 10yr yr yr

i

l

!
i

|

i

!
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Footnotes to Table 3. continued

(10) Entrainment_ Mortality for Zooplankton:

P = N x m x Q x M x K x R x EQR
E

N = numerical density (individuals /m )

m = mass per individual (K9/ individuals

M = metabolism per asss (Kcal/kg' day)

K = entrainment mortality

R = loss of metabolism (day / replace)

Q = daily circulating water flow (m / day)

EQR = energy quality ratio (see section 5 for derivation)

Units 1 and 2 Operating:

Copepods -
-8 re lace *-P = 10.769 .68 x 10 x 00 ** *

d k y
63x 3.4 x 10 m / day x 11.1 x 365 days /yr

5Kcal= 1.51 x 10 yr

Fish Eggs and Larvae -
E *1 d*Y

P = ss x 1.18 x 10-8 g x 250 x .90 kill x 20 x
ind Kg day reolace

m 63x 3.4 x 10 m / day x 11.1 x 365 days /yr

C*I
= 1.61 x 10 yr

Chaetognaths and Medusae -

P = 171 x 1.98 x 10 Kg/ind 250 x .30 Kill x 20 *I
-

d r ace
6x 3.4 x 10 ,3/ day x 24.0 x-365 days /yr

8Kcal= 1.51 x 10
yr

,

|

[
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Foonotes to Table 3 continued
.

. . -

Veligers, Trochophores, Mysids, etc.-

~

P= 2279 x .68 x 10 d* g ay- r place *** *

63.4 x 10 x 20.4 x 365 days /yry
0 **1= 4.13 x 10

yr

Juvenile Fish -

*P = 0.4 x _d x 250 x .90 kill x 20 x
d ,

6 33.4 x 10 m / day x 24 x 365 days /yr
9 **1= 4.56 x 10

yr

Units 1. 2. and 3 Ooeratine

Copepods-

P = 10769 x .68 x 10 x 500 x.3killx10klace5-8

d
t

7.1 x 106 ,3/ day'x 11.1 x 365 day /yr
9 **1=3.16 x 10

yr

Fish Eggs and Larvae-

*
- P = 22 x 1.18 x 10' x 250 x .9 kill x 20 x1,

7.1 x 106 ,3/ day x 11.1 x 365 days /yr

ca= 3.36 x 10
yr

Chaetognaths and Medusae -
d-8

250(* x .3 kill x 20 xP = 171 x 1.98 x 10 x
1,g

67.1 x 10 m / day x 20.4 x 365 days /yr
*= 2.68 x 10
r

1

I-64-

- . _. _



..

|

i

Footnotes to Table 3 continued

Veligers, Trochophores, Mysids, etc. -
-8

P = 2279 x .68 x 10 250 x .3 kill _x 20 7, , xg ,y

7.1 x 106 ,3/ day x 14.3 x 365 days /yr

= .86 x 10' yr

Juvenile' Fish -

M 5-4 KJ x 250M x 10 x .9 kill x 20 xP = .4 m3 ind Kg. day replace

7.1 x 106 ,3/ day x 20.4 x 365 days /yr

UP = 9.52 x 10 . yr

Total 1 & 2 Operating = 6.76 x 10' **

10 KcaTotal 1,2,3 Operating = 1.38 x 10
yr

Percent value of biomass converted to detritus = .17

cal
Total loss of value ( 1 & 2 Operating) = 5.61 x 10

yr

9 ***I
Total loss of value ( 1,2,3 Operating) = 11.45 x 10

yr

,
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Power Needs for a Vital Economy Estimated from the Ratio

' "'of Energy Invested to Work' Returned'

The ratio of the total work output (work of nature, W , plus work
,

of man, W ) of a system to the fossil fuel investment (W ) in that sys-g f

tem all converted to fossil fuel work equivalents gives an indication

of the overall return for invested fossil fuel capital.

W +W
f

f

The ratio approaches infinity in primitive societies and declines to-

ward unity as the system becomes' more and more dependent on bought

energies such as fossil fuel.

Among competing systems of man and nature with approximately

equivalent amounts of fossil fuel to invest, the surviving syn.sem will

be that which invests the fossil fuel energy in such a way as to pro-

duce the maximum system work without destroying the balance between

man's and nature's work value. In the hierarchal fabric which finds
!

_

systems embedded within larger systems which are imbedded within still larger

systems, and so on, the adaptive investment ratio to guide the design

of one system is determined by the investment ratio of the larger

system, as long as energy resources of the larger system remain rela-
|
' tively constant. Referring to numbers given in Table 2 and considering
|

only the fuels burned versus terrestrial productivity, the investment

| ratio for the Crystal River power plant region is:

[ 78.89kcal/yr + 149.3kcal/yr
= 1.53

, 149.3kcal/yr
|

This number is considerably higher than that which has been previously

calculated for Florida (1.25) and even higher than the investment ratio

as calculated for the entire U.S. (1.41)(Kylstra, 1974). This indicates

I-66
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that the region considered still has room for fossil fuel investment

(that .is, unit 3 at Crystal River) without becoming non-competitive

'in the larger Florida system in which it functions. This conclusion,
;

of course, assumes that energy resoruces, specifically net fossil fuel

available, will remain constant -during the period of investment. The

fact that we have been experiencing disproportionate increases in

fuel cost (by a factor of four in three years) indicates that fossil

fuel available for development investment in the U.S. has declined

markedly. With the fuels that support so much of our economy becoming

scarce, it is mandatory that we plan our fossil fuel investments in

terms of priorities. Such priorities must be established (in accord-

ance with the Locka principle) on the basis of the specific increased
,

monetary or natural work value which would result for the regional

economy.

Cooling towers for all three units at Crystal River would re-

duce losses to the environment in fossil fuel work equivalents by:

9 9(3.44-3.20)x10 kcal/yr = 0.24x10 kcal/yr

9With an investment of 539x10 kcal/yr the annual return is about 0.05%,

which is poor compared to returns available from other investment

opportunitt.s.

Our calculations indicate that there is substantial loss of

ecosystem work resulting from power plant operation at Crystal River

9(3.44x10 fossil fuel equivalent kcal/yr, or $110,000/yr for proposed
|
'

three unit operation). This is about 0.002% of the total regional work-

budget. Considering the construction and operation of cocling towers
,

|
as an investment which would mitigate part of this loss by diverting ;

fossil fuels from other investment opportunities; the return on this

,

!

| I-67
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investment would be 0.05%. The total loss in work value to the ecosys-

tem is less than 1% of the diversion of fossil fuel capital resulting
i

from the cosling tower alternative (for all three units). By the

objective criteria presented in this analysis, cooling towers sre a

poor investment for the total work budget (and thus survival) of this .

region.

;

!

|

,
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4 MAIN ECOLOGICAL SUBSYSTEMS OF THE

ESTUARIES AND THEIR ADAPTATION TO THE POWER PIANTS

Although the questions of management alternatives must be decided on

the ic.rger overall scale as already discussed, the present procedures and

laws, the habits of thinking of most scientists and environmental managers

in our culture, and the design of the research programs at Crystal River

as required by agencies are oriented downward to the parts and processes

within the estuary and its rela. tion to the plant. Since it is the further

responsibility of this component of our research team to help the visualization

and planning of these smaller scaled detailed efforts by providing models for

portrayal and understanding of the subsystems, six are identified:

1. Inner bay with bottom communities

2. Outer bay with plankton associattor.s

3. Oyster reef

4. Canal Ecosystems

5. Tidal Creeks

6. Salt Marsh

The ecosystems that form the estuary include the shallow inner waters

dominated by bottom plants and organisms, deeper waters with plankton roles

more dominant, oyster reefs, special ecosystems developing in the canals

under influence'of energies of water flow and plant action, the salt marsh

into which warm waters exchange, and the tidal creeks interacting with both

the salt marsh and bay ecosystems. For the first five of these subsystems a

summary system ecological model is given with stocks and flows enumerated.

Supporting tables show the source of these numbers within the current report

of various investigators or elsewhere. These diagrams and tables include

many of the varied data. Then in the narrative that goes with each system,
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the diagrams are discussed in terum of turnover rates, comparisons with con-

I trol areas, and estimated offects of temperature directly and as partially
)

cancelled by recycle and push-pull effect of temperature affecting all parts

of the system. Included in these considerations are questions about plant

actions on plankton turbidity, metab'olism, nutrients, and other organisms.

Fig. I shows the main ecosystems of the power plant region. These

include the intake area south of the spoil banks and the thermally affected

discharge area to the north, the developing ecosystems of the power plant

canals affected by plant pumping and heat loading, and offshore systems linked

by advective exchange driven by large scale eddy motion with those inshore.

The power plant pumps water, materials, and orgarisms in its role as a large

coastal consumer, processing and returning them in a different form with added

heat to reenter the cycles of the regional ecosystems.

|

|

:
i
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4A. SHALLOW INSHORE ECOSYSTEM OF BOTTOM COMMUNITIES
AND THE EFFECT OF THE POWER PLANT DISCHARGE PLUME

Wade Smith
Department of Environmental Engineering Sciences

University of Florida
Gainesville,32611

INTRODUCTION

The heated discharge of Florida Power Corporation's power plants near

Crystal River, Florida first flows into a ' shallow estuarine basin of about

one meter average depth consisting primarily of benthic animals and plants,

and especially one species of seagrass, Halodule wrightii. (formerly

2iplanthera wrightii). This bottom dominated ecosystem is influenced by

oyster reefs on its boundaries and mud bottoms adjacent to the salt marshes

on the landward edge. (See Fig. 1, 2, and 3.) As part of a larger project

to assess the environmental impact of these plants and a third under con-

struction, total community metabolism has been measured since the summer of

1972 in this basin and similar benthic dominated areas to the south and

| north. Measurements from this study and data from concurrent studies by
!

others were combined with models and computer simulations to evaluate the

effects of present and future plants. These projects included: Measurements

and modeling of the deeper aquatic systems in which plankton played a more
i

important role, the salt marsh system, oyster reef associations, and canal

systems; measurements of biomass of stocks such as resident bay fishes,

marsh creek fishes, benthic invereabrates and
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regional coastline. Oyster bars are indicated by dotted lines.
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seagrass and macroalgae; seasonal measurepent of nutrient levels; seasonal

zooplankton stocks; ir.pingement of organisms or the barrier screens of the

intake pumps.

Some questions considered in this study were:

1) What is the effect of heated effluent on total community metabolism

as a measure of overall adaption and level of work functions developed

under these conditions as compared to those of other nearby coastal areas?

2) What are the differences in levels and composition of standing

stocks in the thermally affected and unaffected areas. How does *.his

indicate system adaptation in the affected area?

3) What are the relative magnitudes of flows between stocks? How do
.

,
turnover times compare between systems?

Reported here are results of the metabolism studies and synthesis of data

relating to this shallow system from other project tasks.

METHODS

Metabolic Measurerents

Community metabolism was measured with both complete diurnal sampling

runs following Odum and Hoskins (1958), Odum and Wilson (1962), and Odum

(1967), and an abbreviated method using dawn-dusk-dawn oxygen measurements-

(McConnell, 1962). Oxygen was measured by the azide modification of the

Winkler technique (Standard Methods,1971) but adapted for use with smaller

sample collection bottles.

Mini-Winkler Field Kit and Winkler Method Fodification

Because of the large number of samples to be processed and the need for

compactness, a mini-Winkler field kit developed at the University of Texas

I-81.
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Institute of Marine Sciences was used in this' study. Standard flat-topped
#

125m1 reagent bottles were used for sample collection in place of 300ml

BOD bottles. Samples were fixed with 0.5 al of manganous sulfate and aside

reagent carried in ' dropping bottles in the field kit. After acidification

with 0.5 al concen'trated sulfuric acid 100 mi subsamples were titrated with

0.0125N sodium thiosulfate. This normality allowed direct reading of al

of titrant as ag/l of oxygen.

Sources of. variability between replicate pairs of oxygen samples could -

have arisen from many sources. Since the small reagent bottles used

were of an inexpensive nature variation in their individual volumes was

expected. A test of 54 bottle subsample of those in use gave an average volune -

of 122.8 m1 with a standard deviation of 1.66 al (see Table 1). Because

each bottle was filled from separate samplesof bay water taken

30 seconds to one minute apart variations due to water mass differences

could also have occured. Other sources of variation could have included

differences in reagent volumes added and differences in sample volumes

titrated. Actual differences in titrant volume encountered between replicate

pairs of samples were small, however. Based on a subsample of 486 replicate h

pairs 72.6% differed by 2 drops (0.1 al) or less. Since titrant volume was

generally in the range of 4-8 al, this gave an average error of 1.3-2.5%.

Ioss of accuracy due to increased sources of variability was, therefore,

considered minimal, and was far outweighed by convenience in handling in the

field. Thus, more samples were processed permitting better statistics in

estimating values for the whole bay.

Complete Diurnal Sanelina of Oxvnen

Stations were sampled approximately every three hours over a 24-hour

period. ' ho buckets' of. surface water were collected about one minute apart

I-82
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Table 1 Average volume of water sample bottles used in diurnal
oxygen analysis

Bottle Volume Bottle Volume Bottle Volume

No. (ml)- No. (ml) No. (ml)

115 125.0 77 123.0 118 125.0
132 124.8 31 123.0 40 125.5

25- 121.7 45 '22.7 123 120.4
.

149 125.7 146 121.7 28 121.0

68 122.5 145 121.1 120 125.5

76 123.5 18 125.3 155 122.2

124 121.3 29 122.9 147 123.0

157 121.3 148 123.0 67 124.8

38 122.0 156 122.7 158 121.0

143 120.9 47 122.0 88 125.2

16 120.9 85 125.8 48 120.9

11 122.4 49 122.9 133 121.4
86 120.9 140 125.0 10 123.8

74 122.5 125 124.9 162 122.C

159 120.9 84 125.7 46 120.4
22 123.5 69 123.0 71 121.0

59 121.8 64 121.8 33 122.8
63 122.0 50 121.3 144 125.0

Average volume = 122.8 ml
Standard dev. = 2.7

.

6
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at each station and sample bottles were filled from the bottom by siphoning
.

, , .- - -

through rubber tubing. Late night samples were sometiam stored without-

acidification for titration the following morning. ' Time, temperature,

salinity, and depth were noted at each station. *

The effect on the Winkler method of saving fixed oxygen samples with or
I

without adding acid was tested because of controversy surrounding the proper

procedure. Thirty bottles were filled with salt water from a thoroughly

mixed bucket and inrnediately fixed with the manganous sulfate and azide

reagents. A group of ten botit=s w s picked at random, acidified, and

titrated within 30 minutes. The remaining bottles were split into two
t

groups, one group of ten bottles received acid while the other group did

not. After storing in the dark for eight hours acid was added to the latter
|

group and both groups were titrated. Tabla 2 gives the results of the three

| treatments. Differences between treatments were significant (95% level)

but were considered too small to have any effect on the measurements.
,

Because of the large tidal flushing. advection of water masses from

j outside areas was important. In order to assess this effect on the

diurnal oxygen curve in the study areas four or five stations were sampled

in the early part of the project. Measurements showed a general similarity

in the daily increase and decrease of oxygen at all stations suggesting that

advection was from areas of similar metabolism, and it was decided that

any errors introduced by advection were small, and the number of stations
1

was sometimes reduced to two or three. See Fig. 4. for example of separate

points and the mean curve.-

Diurnal metabolism graphs were constructed using a standard format to

allow easy visual comparison of all diurncl samples taken at Crystal River as

well. as with others in the literature (see Fig. 4). Several different

workups of data were employed as the study progressed. At first, a graph for

each station was plotted. Oxygen per square meter was obtained by multiplying

I-84
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Table 2 Results of technique test of Winkler method to determine-
~

.

effect of presence or absence of acid in fixed bottles which have been

saved for 8 hours.

Bottles fixed, Bottles fixed and Bottles fixed immediately.

acidified, and acidified immediately. Acidified and titrated
titrated immediately Titrated 8 hours later 8 hours later.

(ml. titrant) (ml. titrant) (ml. titrant)

5.41 5.45 5.46

5.37 5.40 5.49

5.40 5.46 5.50

5.47 5.43 5.45

5.52 5.45 5.52

5.55 5.43 5.45

5.45 5.45 5.55

5.45 5.40 5.45

5.45 5.40 5.45

5.43 5.42 5.46

Average 5.45 5.43 5.48

Std. Dev. 0.0540 0.0233 0.0355
,

l

|
i
|

|

|
|

|
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oxygen concentration (g/m ) by depth at that time. Percent saturation was

calculate- lor the temperature and salinity at each time using the formula of

Truesdale, et al. , (1955) . the divergence of Truesdale's saturation

values from those presented in Standard Methods (1955) was reviewed by

Churchill, et al. , (1962), who' showed deviations at temperatures less than

25'C. Maximum deviations, however, were less than 5% of the Standard

Methods values so the errors incurred in this study by using Truesdale's

values were considered small. Average curves were constructed from

individual station curves by averaging hourly values for oxygen concentration,

depth, temperature, and salinity. Oxygen per square meter and per cent

saturation were then calculated from the averaged data. After this

initial testing of data, individual station graphs were no longer done..

Instead, only the average graph was done but with individual station points

also plotted on it. Each oxygen point represented the mean of duplicate

Winklers.

An oxygen rate of change curve was constructed from the graph of

average oxygen per square meter. The amount of change of oxygen during

each hour was measured and plotted on the half-hour. This raw curve

reflected changes in oxygen concentration under one square meter due to

changing depth from tide exchange and diffusive exchange with the atmosphere,

as well as photosynthesis and respiration. The effect of changing depth was

eliminated by multiplying the incremental depth change for each hour by the

average oxygen concentration during that hour. This value was added to

the rate curve if the tide was falling or subtracted if the tide was rising.

The final adjustment to the rate of change curve was for oxygen

lost or gained by diffusion between the water and atmosphere. At Crystal

River the rate of diffusion tended to be largely a function of tidal

current velocity and was measured at various stages of the tidal cycle

I-87
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using a small nitrogen filled plastic dome, which floated on the water

surface (Hall,1970, based on original work of Copeland and Duffer,1964).

A field oxygen probe measured the return or oxygen to the dome from the

water under the normal conditions of underwater circulation. The

diffusion rate as g/m /hr/100% deficit was calculated from the area of -

water surface covered, volume of the dome, and the obeerved saturation

value of dissolved oxygen in the water. This was the maxiaum rate of

diffusion into oxygen-free water or out of water 200% saturated with oxygen.

Fig. 5 shows a typical diffusion measurement, Table 3 shows a sample

calculation, while Table 4 gives the diffusion measurements made in this

study. Because of the small number of measurements taken, assigning

diffusion rates to time periods on the graph was a combination of actual

measured values and estimates based on field experience with the general

magnitudes of tidal currents at different stages of the tidal cycle

in the study areas. The actual diffusion correction for each hour was

calculated by multiplying the maximum rate selected for that hour by the

actual saturation deficit during that hour.

This laborious method was soon modified to a f aster procedure.

Average oxygen concentration, temperature, depth, salinity, and percent

sar.uration cere plotted as before, but the areal oxygen curve was not
!

calculated. The rate of change curve was obtained by multiplying the

; hourly rate of change of oxygen concentration by the average depth at that
i

| hour giving the rate of change on an areal basis. The adjustment for

! diffusion was made as before. In all methods the final rate of change graph

showed the rise of oxygen-due to net photosynthesis during the day and

decrease due to respiration ac night. Net daytime photosynthesis was

taken as the area under the rate of change curve above the zero rate of

change line. Night time respiration was taken as the area under the

| I-88
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Table 3. Example of calculation of diffusion constant from data

obtained from floating dome experiment at Fort Island, June 25, 1973

Volume of dome = 4.5 liters

Surface area of water covered = 0.1024 m

Average percent saturation during run = 87.6%

From regression equation, rate = 12.6%/hr/0.1024m /87.6% sat.

If. dome full of air about 20% of volume would be oxygen:

(4500ml)(0.2) = 900 ml 02

After 1 hour 12.6% of that amount of 0, had diffused 1 :9
(900 ml)(0.126) = 113.4 mI 0 /hr/0.1024 m /87. 6% sat.2

! Correction of volume to STP:
113.4 a1 x = 100.51 ml at STP

_

Weight of oxygen:

100.51 ml x = 0.144 g0 at STP22400 ml 2

K = 0.144 go /0.1024 m /hr /87.6% sat. = I 40 go /m /hr/87.6% sat.
2 2

K = 1.60 go /m /hr/100% deficit
2

I-90
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Table 4. Diffusion Rates Measured in the Power Plant Discharge

and Fort Island Study Areas -

location. Date Tidal Stage Wind Diffusion Rate-
2(go /m /hr/100% deficit)

2

Discharge Bay Oct. 10, 1972 Falling. Low Brisk white 0.78
high to high low caps

Discharge Bay June 28, 1973 Falling.High Brisk 0.53
high to low low

Discharge Bay July 26, 1973 Falling.High Moderate 0.54
high to low low

0 Discharge Bay September 12, 1973 Slack high tide Calm to light 0.13

Discharge Bay September 13, 1973 Falling.High Calm 0.24
high to low low

Discharge Bay September 12, 1973 Falling.High Light 0.44
high to low low

Fort Island June 24, 1973 Rising. Low Light 0.55
low to low high

Fort Island June 25,1973 Falling.High Light 1.60
high to low low

.
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--



.

rate of change curve below the zero rate of change line.
.

Dawn-Dusk-Dawn Measurements

In order to gain more data as a check on day to day variability

of total metabolism and to reduce the amount of field labor involved the

dawn-dusk-dawn method was used after the first year. The low point

of oxygen at dawn, the high point at dusk, and the low point the following

dawn were measured as a short cut method of approximating the true

diurnal curve. Experience in the field showed that the time of the

minimum and maximum was not always at dawn or dusk. Clouds in the east

at sunrise tended to delay the onset of rising oxygen by an hour or more.

Similarly, afterncon thunderstorms often caused the downturn of oxygen well
,

l
before dusk. Even on clear days full diurnal curves showed that oxygenr

concentration often would not increase any more in the last 2 ' hours

before sunset. The times of dawn and dusk sampling, then, was often

adjusted to the prevailing conditions. Dawn samples were delayed if the

morning was cloudy in the east. Dusk samples were generally taken about

1 1/2 hours before dus':.

Water samples were drawn, fixed, and titrated as described before.

Diurnal graphs of averaged data were drawn in the same way as for full

| diurnals but used only three points. Fig. 6 gives an example.

|

Light-Dark Bottle Measurements

.

Light and dark bottles studies u r r r. In the later stages of the
1

project to estimate the metabolic component of the water column as apart from
|

| bottom and fishes. 300 ml BOD bottles were suspended at about 0.5 m
!

depth with small chains secured to a four foot length of 3/4 inch PVC
1

pipe floated at each end by a plastic milk carton. Generally, five!

replicates each of both light and dark bcctles were put out as soon as the

I-92
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dawn diurnal run was completed and picked up at the same time the

following day. Fixation and titration were as in Standard Methods (1971)

except that only a 100 m1 subsample was titrated because of the 0.0125N

thiosulfate used. The increase in the light bottle was taken as 24 hour net

production, the decrease in the dark bottle was taken se 24 hour respiration,

and the sum of the oxygen gained plus that used up was taken as gross,

photosynthesis.

RESULTS

For purposes of synthesis, increasing understanding of total system

structure and function, and assessing the nature of the adapted and surviving
'

system which has developed under the influenca of the thermal plume, data from

other tasks of the Crystal River project as well as that gathered in this

phase are presented here. Data for control areas comes from two different

sites. Biomasts data was gathered by Snedaker in basin #6 just south of tne

intake dike while diurnal metabolism data was measured in a bay near Fort
'

Island just to the south of the mouth of the Crystal River (see Fig.1 ).
1

Diurnal and Season Patterns of Data from
Other Portions of Crystal River Project

,

| Sunlight

Fig. 7 gives average daily insolation by month for the period 1961-72

, measured at Tampa, Florida 90 miles to the south (U.S. Weather Bureau, 1967).
2Peak insolation months (about 6000 Kcal/m day) were April and May at the

very end of the winter-spring dry season. Daily summer values were lower

P
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probably due to frequent afternoon thunderstorms. Fig. 8 gives a typical

summertime pyranometer tracing for Crystal River showing afternoon thunder-

storms reducing insolation.

~

*Air Temperature

Fig.9a gives monthly mean, maximum, and minimum daily temperatures

at Tampa (taken from Fla. Power Corp. ,1972). Diurnal variation was smallest

.during the summer months when the climate was primarily under the influence

of the Bermuda high pressure system and frontal systems usually remained

well north of the area. Minimum temperatures dropped sharply in October

as cold fronts began penetrating into Florida and remained low through

the winter when the climate was characterized by cold snaps following each

frontal passage with warming until the penetration of the next cold air mass.

Precipitation

Monthly mean and maximum 24 hour precipitation at Tampa is presented

: in Fig. 9b (taken from Fla. Power Corp. ,1972). About 60% of the yearly

rainfall occurred from June through September, the rest falling over an

extensive eight month dry period extending through May.

Wind Direction and Speed

Wind rose diagrams by season are given in Fig.10 (Fla. Power Corp. 1972).

Summer winds are predominantly westerly and easterly as influenced by the

large scale circulation about the shifting position of the Bermuda high

pressure cell and by the more local regional land-sea breeze system.

With the change in the fall and winter to weather patterns dominated by

frontal systems the predominant wind direction shifted to northerly

directions. Average wind speed (Table 5 Fla. Power Corp.,1972) was,

lowest in the summer and highest in fall and winter, probably due to the

strong winds associated with frontal passages.

.
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Table 5. Seasonal average vind speed at crystal River site (Fla.
Power Corp., 1972).

.

Average Wind Speed (mph) Frequency of Calms (%)

Spring 11.1 0.88

.

Summer 9.5 1.56

Autumn 12.0 0.43

Winter 12.0 0.59

Annual 11.4 0.75

i

;
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Water Temperatures
.

Weekly average water temperatures at various locations in the discharge

' ' canal, discharge study area, and intake area are given in Fig. 11. Buoy

locations are given in Fig. 12. Weekly average power plant load for units 1 and 2

and temperature rise across the condensers for unit 1 is shown in Fig.13.

The seaJonal ambient water temperature cycle was indi' ated by buoy K locatedc

at the Gulf end of the south intake dike (Fig.11) and water entering ths

intake pumps (Fig. 13). For 1973 lowest temperatures of 12 to 15 C occurred

in January and February rising through the spring to a plateau of 28-30 C in

the summer months of June through September. Rapid cooling began in October.

These data are very similar to monthly average data for Cedar Key 25 miles to

the north (25 year record).

Discharge area temperatures (Fig. 11) had the same seasonal pattern

i as ambient areas but with a consistant temperature increase due to the thermal

plume. Canal temperatures (buoys F and G) were about 5 C higher than ambient,

corresponding to the average temperature rise across the power plant condensers.

Over the shallow inner bay, (buoys GA, CB, GC) the average temperature increase

was only about 3 C over ambient, probably due to evaporative and radiative

cooling and mixing with some ambient water.

Diurnal temperature patterns are given in Fig.13 for four days in late

May, 1974. Ambient daily change (buoy K) was about 3 C. Canal temperatures

(buoy G) was about 5 C above ambient but the pattern was variable. Tidal effects

were evident in the record with buoys G and GD exhibiting opposite behavior.
i

In the canal (buoy G) surface temperature decreased at high tide, probably as

cooler offshore water flowed in over the warmer but more saline and dense plume.

At the north boundary of the discharge plume (buoy GD) a rising tide pushed warm

i

I
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plume water across the bay, which finally reached the buoy aensor at full

tide stage. The temperature quickly dropped to ambient as cooler water from

the north flowed past on the falling tide.
,

The effect of plant load on temperature is apparent in the data pattern

for May 26 and 27.when unit I went offline while unit 2 continued to operate

at a fairly constant load factor. Since both units continued to pump ambient

water, the canal temperature dropped several degrees because of dilution of the

; heat from anit 2. Because of mixing and cooling the plume reaching

buoy GD dropped closer to ambient levels. Very little solar heating was

evident for May 27 because of the cloudy conditions for that day.

Benthic Macrophytes

Sealonal patterns of biomass of benthic macrophytes in basin #1 affected

by the thermal discharge and in basin # 6 south of the f ntake dike are given

I in Fig. 15. Biomass in basin #1 was composed ainost entirely of the

seagrass Halodule wrightii except during the winter of 1972-73 when mixed |

Ectocarpaceae were present in abundance. It did not return, however,

during the milder winter of 1973-74. Basin #6 had a larger standing stock with;

j macrophytic algae becoming much more important. See ' report by Van Tyt.e for
|

;more detail and discussion. !

i

Resident Fishes !
'

Seasonal values of biomass and numbers of fishes caught in drop nets

in basin #6 are given in Fig.16. See discussion by Adams elsewhere in

this report for more detailed data and analysis.

Nutrients

An indication of nutrient levelc in basin #1 may be indicated by

measurements at the mouth of the discharge canal (Fig. 17).
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Total Metabolism Measurements

All total metabolism measurements obtained by the free water diurnal

methods and water column metabolism as measured by light-dark bottles

are given in Tables 6 and 7 for the discharge bay and unaffected bays.

The total metabolism measurements are plotted graphically by date in Fig.18 |
|

and 19, and all data for the three years have been combined and plotted

on one 12 month graph in Fig. 20 and 21 .

Daytime Net Photosynthesis

Seasonal averages of daytime net photosynthesis are shown id Fig. 21

for the discharge and control bays indicating a seasonal trend in both

In the discharge bay highest net production occurred in the spring,,

areas.

was somewhat lower in summer, and lowest in the fall. However, the seasonal

differences were not significant at the 95% level.- In the control bays I

the highest value also occurred in the spring, with lower values in the summer

and fall, and lowest in winter. T-tests (eg = 0.05) showed that winter

was significantly different from the other seasons, spring was different

from summer but not from fall, while summer and fall were not different.

Comparing the two areas showed that spring, summer, and fall values

of net production in the control bays were generally 1.5 to 2.5 times those

in the discharge area with almost identical values in the winter. Spring

and fall values were significantly different between areas while winter and

sunmer values were not.

Nighttime Respiration;

Fig. 22 gives night respiration by season for the control and discharge

A marked seasonal pattern was evident in the control area. Theareas.

I-lli

--
_



7.
- . _ - ._. _ _ - _ . _ _ - _ _ - _ . _ -- - -

Table 6 .

Record of Metabolism by Diurnal Free Water Metabolism and
Bottle Measurements in Plume Affected Inner Bay Area (Basin 1)

Daytime Change Change Cross
Net Night in. Light in Dark Produc- Insolation.

Photosynthesis Respiration P+R Bottles Bottles tion (Kcal/m da)2
2 3DIte Method * (gm0 /m .da) (gm0 /m2.da) (gm0j/m .da) (mg/1)- (mg/1) (gm0 /m ).2 2 3

Winter:

Dec. 14-15, 1972. D 2.42 2.53 4.95 .

.,4 Jan. 22-23, 1973 D 0.90 1.11 2.01
0 -Jan. 31-
U Feb. 1, 1973 D 1.24 3.60 4.84

Mean 1.52 2.41 3.93
Std. Dev. 0.80 1.25 1.67

' Spring:

May 10-11, 1973 DDD 4.83 4.28 9.11
May 11-12, 1973 DDD 2.88 3.29 6.17
May 24-25, 1973 DDD 2.57 1.12 3.69 6500May 25-26, 1974 DDD 1.68 0.70 2.38 6409
May 26-27, 1974 DDD 2.28 1.79 4.07 +1.15 -0.39 1.54 5834June 14-15, 1972 .D 1.33 1.71 3.04
June 29-30, 1972 D 2.27 2.17 4.44
June 17-18,1973 D 3.24 2.40 5.64
June 18-19, 1973 DDD 2.14 0.89 3.03
June 19-20, 1973 DDD' O.00 1.31 1.31
June 20-21, 1973 DDD 2.39 1.90 4.29 +2.47 -2.18 4.65June 21-22,'1973 D 1.72 2.50 4.22
June 22-23, 1973- DDD 0.96 1.19 2.15

.

Mean 2.18 ' '4 4.12 1.81 1.29 3.10.

Std. Dev. 1.17' 1 2.02 0.93 1.27 2.20.

2
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Table 6 (cont'd)

.
Daytime Change Change Cross

Net Night in Light in Dark Produc- Insolation-
2

Photosynthesis Respira31on P+R Bottles ' Bottles tion (Kcal/m da)
(gm0 /m -da) (gm0 /m da) (gm0 /m da) (mg/1) (mg/1) (gm0 7 ,3)Date Method *

22 2 2

' Summer:

July.7-8, 1972 D 3.15 2.29 5.44
July 26-27, 1973 DDD 3.51 2.64 6.15 +0.71 -0.30 1.01 6115

Aug. 2-3, 1972 D 5.96 4.16 10.12
Aug. 2-3, 1973 DDD 0.92 1.25 2.17 +0.51 -0.06 0.57 2889

.Aug. 22-23, 1973 D 1.14 1.96 3.10
Aug. 23-24, 1973 DDD 1.16 1.27 2.43 +0.86 -0.36 1.22

'1 Aug. 24-25, 1973 DDD 1.43 1.48 2.91
U Aug. 25-26, 1973 DDD 0.10 2.27 2.37

I " Aug. 26-27, 1973 DDD 0.56 1.78 2.84
Aug. 27-28, 1973 DDD 1.09 2.57 3.66

Mean 1.90 2.17 4.12 0.69 0.24 0.93
Std. Dev. 1.78 0.86 2.49 0.18 0.16 0.33

Fa ll:

Oct. 29-30, 1973 DDD 1.12 1.60 2.72 +0.54 -0.22 0.76
Oct. 30-31, 1973 D 1.60 2.77 4.37 +0.47 -0.23 0.70

Oct. 31-
+0.68 -0.19' - 0.87 3850Nov. 1, 1973

Nov. 1-2, 1973 DDD 1.27 ,2.21 3.48 +0.55 -0.36 0.91 4490

1 Mean '1.33 2.19 3.52- 0.56 0.25 0.81
Std. Dev. 0.25 0.59 0.84 0.09 0.08 'O.10

.

'O DDD - Dawn-dusk-dawn method
D - Full diurnal curve method
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1

Table 7 .

Record of Metabolism by Free Water Diurnal Metabolism and
Bottle Measurements in Fort Island Area Away from Plume.

Daytime Change Change- Cross
Net Night in Light in Dark Produc- ,Insolagion:

2 Photosynghesis Respiragion P+R Bottles Bottles tio (Kcal/m *da)
Dita Method (gmQ, /m da) (gm0 /m .da) (gm0 /m *da) (mg /1) bg/1) (gm0'/"g)

2 2 2

Winter:
.

Feb. 13-14, 1973 D 2.03 1.25 3.28
F4b. 22-23, 1973* D 1.48 1.68 3.16

,

s

h Mean 1.76 1.47 3.23
#' Std. Dev. 0.39 0.30 0.69

Spring:

May 25-26, 1974 DDD 5.36 4.47 9.83 +1.81 -0.54 2.35 6409
May 26-27, 1974 DDD 4.72 4.29 9.01 +1.67 -0.60 2.27 5834
Junn 25-26, 1974 DDD 1.93 3.05 4.98 -2.11 -3.48 1.37 3037-
Juna'26-27, 1973 DPD 5.09 5.37 1:1.46 +0.70 -0.46 1.16 6543
June 26-27, 1973 D1 6.20 5.67 11.87 6343
Junn 27-28, 1973 DDD 5.17 5.75 10.92 6144
June 28-29, 1973 DDD 5.63 4.96 10.59 +0.58 -0.22 0.80 6648

Mean 4.87 4.79 9.66 0.53- 1.27 1.57
Std'. Dev. 1.38 0.95 2.25 1.58 1.47 0.69

.

._;
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Table 7 (cont'd)
-

Daytime Change Change Gross
- Net Night in Light in Dark Produc- Insolation-

2P+R Bottles. Bottles tion (Kcal/m .da:2 Photosynthesis Respirag. ion 3
. Dtta Method (gm0 /m .da) (gm0 /m da) (gmo /m2.da) (mg /1) (mg /1) (gm0 /m )

2 7 y 7

Summer:

Aug. 02-03, 1972 D 4.18 5.04 10.12
Aug. 16-17,'1972 D 3.54 5.69 9.23

:7.'Aug. 10-11, 1972* D 2.60 3.40 6.00
f.5~Aug.24-25,1973 D 3.95 6.22 10.17

Aug. 26-27, 1973 DDD 1.55 6.87 8.42*

Aug. 27-28, 1973 DDD 3.77 7.33 11.10

Mean 3.27 5.91 9.18
Std. Dev. 1.00 1.37 1.80

Fall:

Nov. 12-13, 1973 DDD 2.14 3.41 5.55 +0.10 -0.17 0.27' 3100

Nov. 13-14, 1973 DDD 3.97 4.35 8.32 +0.17 .-0.12 0.29- 4140

Nov. 14-15, 1973 DDD 4.30 4.15 8.45 +0.13 -0.12 0.25 ~4280

Nov. 15-16, 1973 DDD 3.36 5.09 8.45 +0.21 -0.06 0.27

Mean. 3.44 4.25 7.69 0.15 0.12 0.27
Std. Dev. 0.95 0.69 1.64 0.05 0.05 0.10

* Hodges Island
1 Single Station
2 DDD - dawn-dusk-dawn method

D - full diurnal curve method
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lowest value (1.47 go /m day) occurred in winter,' increased to '4.79 go /n> day)
2 2

'

in spring, reached its highest value (5.91 g0 m day) in sunener, and declined '
2

-again in the fall to 4.25 go /m day. T-tests (95% level) showed that
2

spring, sumaner, and fall were not significantly different from each other'

while all were significantly different from vinter.

In the discharge area night respiration values stayed almost constant,.

varying between only 1.94 go /m day and 2.41 g0 /m * day over the four
2 2

seasons. T-tests showed no significant difference between any seasond.

Comparing the two areas in winter showed the controls to be lower

than the discharge bay but not significantly different (95% level) . During

spring, sununer, and fall night respiration in the central bays was larger

and significantly different from the discharge bay.

Daytime Net Photosynthesis Plus, Night Respiration

If nighttime respiration was assumed to be the same as daytime

respiration, then the sum of daytime net photosynthesis and night respirationt

was a measure of gross production. Fig.22 gives a plot of daytime net

photosynthesis plus night respiration by season for the discharge and control

bays. Average P + R in the discharge bay showed virtually no variation

with season, remaining about 4 g0 /m day. There was no statistical
2

difference between seasons (95% level) .

The control bays showed a seasonal pattern of average P + R, being

lowest in winter (3.23 g0 /m day), highest in spring (9.66 g0 /m day)
2 2

and declining some in sunamer and f all. ' There was no significant difference

(95% level) between spring, suunner, and fall values, but they were all

significantly different from the winter value.
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Average winter P + R in the control area was slightly lower than that

of the discharge bay but the difference was not significant at the 95%

level. Control area values were larger during spring, sununer, and fall
,

than those obtained in the discharge are, the difference being significant

'at the 95% level.

P/R Ratio

P/R ratios calculated two different ways are given in Fig. 24a and 24b.

The first ratio (Fig. 24a) would indicate if the net gain of photosynthetic

product manufactured during the day was sufficient to satisfy nighttime

respiration requirements. Fig. 24b involved the assumption that daytime

respiration was similar to that measured during the night. It measured

whether total photosynthetic product produced was sufficient to satisfy

total respiratory requirements. The patterns exhibited were similar in

both calculations. In the discharge bay the P/R ratio was less than

one during winter, sununer, and fall, increasirs to greater than one in

the spring. The control bays had a ratio greater than one during winter

and spring, dipping below one in summer and fall. The ratio was lowest

during the summer.

Light and Dark Bottle Measurements

Light and dark bottle measurements of water column metabolism excluding

larger organisms are given in Table 6 and 7 for the discharge bay and

control bays. Relatively few measurements were made wi'th none available

i for the winter period in both areas or for the summer period in the control

bays. In the discharge bay water column metabolism ranged from
i

3.10 go /m *da to 0.81 go /m *da, being highest in spring based on only
2 2

two measurements, and considerably lower in summer and fall. In the control
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areas the average value ranged from 3.14 go /m *da to 0.54 go /m *da and2 2

was also highest in spring and lower in the fall.

Plankton production was a larger portion of total production in the dis-

charge area than in the control areas ranging from 75% of total production

in the spring to 23% in the summer and fall. In the control area it was-

33% in the spring and 7% in the fall.

DISCUSSION

Evaluated Seasonal Models

Energy diagrams have.been drawn for the plume affected basin #1 and

the Fort Island and basin #6 control areas to campile overall project

data in one place and to aid synthesis in the mind's eye for gainin? a

comprehensive overview of the effect of the thermal discharge on the

shallow system of basin #1. These diagrams are presented by season in

Fig. 25 a-d and Fig. 26 a-d. The numbers are drawn from various tables

and graphs in this and other project reports or calculated.as indicated.

The components were chosen to represent the major stocks and flows being

measured.

Total Metabolism Measurements

Comparison with other systems

The range in values of gross production of 3 to 10g 0 /m *da' measured
2

in the Crystal River region are very similar to those measured in the j

!

many different types of bay systems of the Texas coast (Odum and Hoskins,

1958; Odum and Wilson, 1962), falling within the lower two-thirds of the l
I

range.of values recorded there (Odum, 1967). Odum (1963) reports seasonal !

I
patterns and levels of metabolism for Redfish Bay Tha11assia and Halodule I

dominated Texas bay.which were much like the control areas at Crystal

River. Hellier (1962) reported summer values of gross production for the j

I-125
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Table A. Calculations of numbers presented in Fig. 25a-d and 26a-d.

Storage Description Calculation Reference

Q Total phosphorus in
h. bay water

Q2 Phytoplankton biomass

Q Benthic macrophyte Van Tyne,3
biomass

this report
o.

Q Organics in water4
column

Y
[; QS Resident fish Adams, this
*'

report
Q6 Benthic invertebrates Evink, this

report
Q Organic matter in

7
sediments

.

O
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Table A continued.

Flow Description Calculation Reference

J Average seasonal insolation

J Gr 88 Production of phyto- Seasonal average from Tables 6 or 7 of light and dark
2 bottles. Assumed to be 107. of total gross productionplankton

if no bottle data available.

J Phytoplankton respiration Assumed to be 307. of gross production
3

J Benthic macrophyte gross Seasonal average total system gross production (P+R)
4 from Table 6 or 7 minus phytoplankton gross productionproduction

';;' J Benthic macrophyte Assume 307. of gross production Day, 1973
5

[ respiration
u,

J Sediment microbe Remainder after all other respirations including
6 dark bottle were subtracted from seasonal totalrespiration

respiration in Table 6 or 7.

J Respiration of benthic Assume respiration rate of 0.085 g dry wt. respired / Day, 1973
7

invertebrates g dry wt./ day.
-

J Respiration of resident fish Assume turnover of 12 times per year. Day, 1973
8

J Oyster reef respiration Assume respiration of 57. dry body we./ day Day,1973
9

J Respiration of water column Dark bottle value minus calculated phytoplankton
10 microbes respiration.

11' 12 Phosphorus taken up in photo- Assume phosphorus 0.57. of organic matter
synthesis

7# Phosphorus regenerated by res- Assume phosphorus 0.57. of organic matter.J13 19
piration

i
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upper Laguna Madre, Texas, a hypersaline Halodule dominated system,
!-

which were two to three times Crystal River control data while winter

metabolism was similar in the two areas.
,

(

Seasonal patterns 1.n. control areas _a,e Crystal Rivert
4

; Seasonal trends of metabolism in the Crystal River coastal-region

as indicated by data from the control bay measurements (Fig. 21 and 22),
|

! show low photosynthesis in winter, a pulse of net productivity in spring
!

! corresponding to the yearly peak of sunlight in April and May (see Fig. 7),
t

, and lower values in sunser and fall with reduced insolation due to af ter-
|
'

noon convective clouds and storms. Respiration was also low in winter,

increased greatly in spring along with net photosynthesis, peaked in
a

summer, and declined again in fall possibly being influenced by the

temperature regime, which peaks in August. High respiration in summer

possibly reduced net productivity. Light-dark bottle measurements

(Table 7) in the control areas, although incomplete, tend to reinforce

j this pattern of a pulse of spring productivity. When daytime net
t
'

photosynthesis and night respiration were added together as a measure
!

of gross production of organic matter (Fig. 22) the spring pulse of net
.

!

gain was not as sharp, as productivity remained high through both spring

and summer.

A P/R ratio (Fig. 23) greater than one in winter indicated a net gain
l

in organic matter during this season, but it probably was small because of -l

the level of metabolism. Although net photosynthesis reached its seasonal

high in spring, the P/R ratio was only slightly greater th'an r 4e since total

respiration had also increased indicating a close coupling af organic

matter production and total) respiratory demand during this " spring dinner"

period. Tha' dominance of respiration over production during summer

and fall may result from increased sediment microbial respiration of

| I-136
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accumulated organic material from winter and spring during the period of

highest seasonal temperature.

Seasonal patterns i_n_ ge_ therst.11y_ af fected basin fl,n

Patterns of metabolism in the thermally affected basin #1 were remarkably

constant compared to the- unaf fected area.(Fig. 21 and 22) . An increase in net

photosynthesis is evident in the spring although.the difference was not

statistically significant at the 95% level. Respiration ten'ded to be highest

in the winter possibly attributable to stimulation from the higher temperatures.

- The seasonal differences, hc"ever, were not statistically significant.

Since metabolism values were similar in winter in the two areas (Fig. 21

and 22), and assuming worst case conditions, lower values in spring, summer,

and fall could be possibly attributed to a depressing effect of the power plant

heat loading during these seasons.

P/R ratios (Fig. 23) were less than one in all seasons except spring

indicating utilization of an external source of organic matter such as detritus

exported from the surrounding salt marshes and organisms killed by the power

plant and flushed in by advection of the discharge plume. The ratio rose above

one in spring indicating a spring pulse of productivity as occurred in the

control areas.

-
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Seasonal Model of the Shallow Inshore
Benthic Dominated Ecosystem

Fig. 27 diagrams a model of the inshore system of basin #1 and #6 used for
an analog computer simulation reported in a previous report (December 1973)
using more preliminary data than now available. The model has been aggregated
so that all fish have been lumped into one compartment, phytoplankton have been
eliminated, and the relationship of microbes to the detrital otganic matter
compartment has been simplified. Table 8 gives the calculations a * sources
of the values of the flows and storages listed on themodel diagram. The simu-
lation was done on an EAI 680 analog computer.

! The model consists of five biological storages internal to the model
(benthic plants, total phosphorus, organic matter, benthic invertbra es, and
fish) and one external component (oyster reeis). With the exception of organic
matter these components were chosen becaus.e they are the ones being measured at

Crystal River as part of the overall project. The dynamics of oyster reefs were
not included because of the more detailed model being done by M. Lehman (see his
section in this report). However, their role in filtering food, contributing
to the detrital pool, and regenerating nutrients are included. Zooplankton have
been considered part of the benthic invertebrare compartment because no separate
data were available for the inner bay area. Phytoplankton have been excluded

from the model because measurements have shown them usually to contribute
207. or less of the total metaboilsm.

Of the total driving force of sumlight energy falling on the estuary (J,)
some is absorbed by the primary producers (J ) and fixed into organic matterg

(J ) at a rate which is a function of the level of sunlight energy, tre stock2

of nutrieat (phosphorus) available, the temperature driving the reactions, an.
the quantity of plant structure for capturing the available insolation.

I-138
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Table 8 Description, calculations, and source of values of stocks and flows used for simulation of Inner
Bay system.

Storage . Description Calculation Reference

Q- Total phosphorus in bay water Measured at Crystal River site Smith, 1973g

Q Benthic macrophyte biomass Measured at Crystal River site Snedaker, 19732

Q Organic matter in watcr column
3 and sediments Estimate

Q Benthic invertebrate biomass Measured at Crystal River site. Venturi pump Snedaker, 19734
samples plus core samples. Core samples
unavailable. Assumed to be of same order asy venturi pump value. Therefore, total biomass

y 2x venturi value.
O

Q Fish biomass Measured at Crystal River site by drop net Snedaker, 1973S
method. Assume dry wt. 25% of wet weight

R Oyster reef biomass Measured at Crystal River site Lehman, 1973

,

|

I..

,
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Table 8 - (cont.).

Flow- Description Calculation Reference

-J Total sunlight reaching ground Average of measured valges for 2-week period in Young, 1973
June, 1973, 5500 kcal/m / day

J Cross photosynthesis of-bottom Total metabolism measurements minus phytoplankton
2

plants component as measured _with light-dark bottle
measurements

Summertime average gross metabolism - 4.65g0 /m /da Smith, 1973
2

Light-dark bottle gross productivity - 1.86g0 /m /da Smith, 1973
2

4.65g0 /m /da - (1.86g0 /m /da)(0.5m) =
2 2

3.72g0 /m /da
27

w
$ J Phosphorus loss offshore due By difference at steady state: J28 + 30 163

to flushing , ,y +3 ,3 +3

0.0215 g/m /da = 0.0186 g/m /da + J
32

=0.0029g/mbdaJ
32

J Phosphorus released by plant Assume phosphorus to be 0.5% of organic matter
4 2respiration (3.72g/m /da)(0.005) = 0.0056 g/m /da

J Bacterial respiration By difference after subtraction calculated respiration
6 of benthic plants, benthic invertebrates, oysters, and

fish from measured total respiration.

Tc,tal respiration - J -J -J
3 19 24 33 ' 6~

4.52g/m /da . - 1.12 - 0.3 - 0.09 - 0.73 = 2.28g/m /da
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Table 8 (cont.)
.

Flow Description Calculation Reference

J Organic matter input from marsh Detrital. export from marsh = 1.0g/m /m of Young. 197310
marsh area / day. Assume marsh area about the same
aginnerbayarea. Input to inner bay = 1.0g/
m / day.

2J Ingestion of organic matter by Sum of J and J 0.53g/m / day + 0.53g/m / day
benthic invertebrates 1g.

= 1.06g/m /da

J Ingestion of organic matter by fish By difference. T ~ 222 25 23
0.53g/m / day + 0.25g/m / day - 0.14g/m / day =

h 0.36g/m / day
n

J kss of organic offshore By difference at steady state: J29 + 10 + #2713
+

25 + 21 + 17 " 11 + 12 + 13 + 14
24.83g/m / day = 3.9g/m / day + J

13

J = 0.93g/m / day3

J Ingestion of organics by reef
Steady state population so that J14 = J33 + J15g ~

*
rgan sms

+ 0.2 = 0.4 g/m / flay

J eces, pseudofeces, death
Assume steady state population Jo that J15 " 3315 ~

0.20g/m / day

J Phosphorus recycled by reef Assume phosphorus 0.5% organic matter16
respiration

(0.2 g/m / day)(0.005) .+ 0.001 g/m / day
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Tabl2-8 (cent.)

Flow Description Calculation Reference

J Feces production of benthic Assume 50% assimilation efficiency of ingestion
7

invertebrates-
Therefore, J =J = 0.53g/m / dayp 8

J Cross' assimilation by benthic Assume 15% of standing stock per day1g
invertebrates (3.5/m )(0.15/da) = 0.53 g/m / day

Respiration of benthic invertebrates Assume respiration rate of 0.085 g dry wt. Day, 1973
19 respired /g dry body wt/ day

J Phosphorus released by benthic Assume phosphorus 0.5% of organic matter
20

{ invertebrate respiration (0.3g/m / day)(0.005) = 0.0015g/m / day
'C

J Mortality Assume 2.5% of standing stock per day

(3.5 g/m )(0.025/ day) = 0.09 g/m / day

J Predation loss to fishes Assume 4% of standing stock per day *

2
2(3.5g/m )(0.04/ day) = 0.14 g/m / day

J,3 Cross assimilation by fish Assume to be 10% of standing stock per day
2 2-

(2.5g/m )(0.1) = 0.25 g/m / day

J Respiration of fish 3.6% of dry body wt. per day Prosser and Brow...g
(2.5 g/m )(0.036) = 0.09 g/m / day 1961

J Feces production of fish Assume assimilation efficiency of total food
25

intake to be 50%, i.e., the same as J
23

.

_
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; Table .~8 (cont.)

Flow Description Calculation Reference

.J Phosphorus released in respiration Assume phosphorus to be 0.5% of organic matter2o 2 2of fish (0.09g/m / day)(0.005) = 0.00045 g/m / day

J Mortality (all causes) Assumed to be difference between respiration and27
gross assimilation (J ~ 24 + #2723

0.25 g/m / day - 0.09 g/m / day = 0.16 g/m / day

J Phosphorus released in microbe Assume phosphorus is 0.5% of organic matter28
respiration 2

28 g/m / day)(0.005) = 0.0114 g/m / day
7
g J Flow of plant biomass into By difference assuming steady. state

i * organic matter pool

J =J3+J29 at stcady state
2

J =J -J
29 3

29 = 3.72 - 1.12 = 2.60 g/m / day,

J Phosphorus input from salt marsh 1.'O g/m / day = detrital input from marsh (see30
calculation for J10). Assume lg or detritus comes
from Ig of live plant. Juncus roemerianus is

0.15% phosphorus. Assume 90% of phosphorus lost
from plant ipon death. Therefore, lg detritus
would have released:

3

(1.0g/m /da)(0.0015) = 0.0015g P/m /dey

J Uptake of phosphorus by plants Assume phosphorus is 0.5% of organic matter produced37
in photosynthesis in gross photosynthesis (J ) '

.

2
(3.72 g/m / day)(0.005) = 0.0186 g/m / day
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. Table 8 (cont.)

Flow Description Calculation Reference

J loss of phosphorus to offshore By difference assuming steady state
32 "*'*# Total inputs =. total outputs

0.0241g/m / day = 0.0186g/m / day + J32-
J = 0.0241 -0.0186 = 0.005 g/m / day

32
2

J Reef respiration Assume total biomass = 100g/m f reef area.
233 Use respiration rate of 7.5g/m / day

Assume reef area is 5% of. bay area and

submerged 12 hrs / dayy
2

h (7.5g/m / day)(0.05)(0.5) = 0.20 g/m / day

.

% w
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The organic matter produced becomes available to consumers after flowing (J29)
into an organic detritus pool (Q ). In addition to cycling through the consumers3
(J J12'314) where some is assimilated this detrital pool has a constantgg

inflow from the adjacent seit marshes (J10) and loses a portion permanently to
of fshore waters (Jg3).

Respiration pathways are a function of the temperature acting on the met-
abolic pathways and the quantity of biomass respiring. The benthic invertebrate

.

and fish consumers react to their ter.perature affected respirat6ry rate by
adjusting their food gathering activities in proportion to their respiration rate.
Respiration also regenerates phosphorus, which is recycled into the phosphorus
pool within the water column (Q ). Phosphorus also flows in at a constant rateg

from the salt marshes (J30) and is lost permantly offshore (J32).

The first simulation of this model using as initial conditions summer values
for the plume affected inner bay area gave responses shown in Fig. 28. The

light and temperature regimes at Crystal River were approximated with sime wave,

forcing functions. Light had a seasonal high of 5500 Kcal/m /da at the end of
2June and a seasonal low at the end of December of 2500 Kcal/m /da. The ten:per-

ature function lagged 3 months behind light reaching a high of 35 C at the end of
Augus,c and a low of 16*C at the end of March.

The storage component of benthic plants and its epiphytic associations followed
a seasonal pattern which tracked primary production. Their maximums occured in
late summer with the peak occuring just before maximum temperature. These
maximum values. were very close to the measured values at crystal River. The
decline through the fall reached a broad minimum lasting through the winter.
The ensuing spring rise in rate and biomass was somewhat steeper then the decline

of the previous fall. The minimums were much lower than measured values both
biomass and gross production dropping by a factor of 3 or 4 while temperature andg

light dropped only by about 2 times. Observed at crystal River but not yet
included in this model is the change of dominance in the benthic plants
from llalodule wris:htii in the late spring, summer, and fall to an Ectocarpaceae
in the winter and early spring. This species substitution may be a system
mechanism for making use of the still relatively abundant wintertime light energy
source and thereby increase winter metabolism. Inclusion of this observed

behavior in the model may raise the low minimums of biomass and gross production.

|
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Total respiration closely tracked gross production and plant biomass
j since the major contributors to this rate were plant and microbial

respiration in this simulation. The seasonal variation in total respiration
; was similar to measured values. The ratio of gross production to total i

respiration (P/R ratio) varied from about 1 in the susumer to about 0.5 in the
winter, a seasonal variation similar to observed data.

i

Total phosphorus exhibited a sharp rise in level through the summer,.

1 peaking in the fall, and slowly declining until the next summer. The few
measurements so far taken at Crystal River indicate a fairly constant level,

of total phosphorus in the water column throughout all seasons. Incorporation
j of physical flushing by tides and the discharge plume into the model coefficients
! should level out the behavior of this component. The current model is probably '

more similar to a closed system such as a reservoir.

Organic matter exhibited only a small fluctuation due to the large storage
relative to the inflows and outflows.

The consumer populations of the benthic invertebrates and fish could not

be maintained unless a small outside source of biomass was added. The summer peaks i

corresponded fairly well with measured values but overall behavior was not like
the observed patterns.

!
| A Model of Temperature and a Metabolism-Sensed Energy Inflow

:

: In order to refine and improve the large system model submodels of the
j

producer and consumer components were simulated in isolation. The goal of this
effort was to test ideas about these modules concerning the role of temperature

'

on their function and to gain a better understanding of their dynamics in the
; context cf the larger.model.

A submodel of the. consumer compartment and the results of its simulation
,

are given in Figs. 29-34. In this configuration temperature directly affected
the pathway of respiratory metabolic disordering. As this drain increases

! with temperature the organism must increase its input of energy to compensate.
The pathway of structural rebuilding and maintainence was pos'tulated to vary
directly with the rate of structural degradation. With a constant rate of4

i food addition to the food tank this subsedel had the property of decrease in the
steady-state level- of biomass with increasing temperature (Fig. 30). This
behavior may result' frua~ che limited food source being drawn upon (constant-
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flow source) becoming limiting preventing the rebuilding of structure from
keeping up with'the drain. Fig. 31 showed this as a seasonal pattern with
biomass acting inversely to temperature over a four-year period.

The great sensitivity of this configuration to the rate at which food
was added to the food tank (productivity) is seen in Fig. 32. At a constant
temperature increasing product 1/ity by a factor of 2 greatly increased consumer
biomass. Simulated as a seasonally varying cycle of productivity with
temperature held constant gave a response as shown in Fig. 33,

A seasonal pattern of varying production and temperature gave results
graphed in Fig 34. Production was programmed to follow seasonal pattern like
sunlight (high in late June, low in late December) with temperature lagging
3 months behind. The standing stock of food rose rapidly with production while
the scock of consumers lagged behind. Once temperatures rose, food was rapidly
grazed back and consumer biomass quickly added. Consumers declined in the fall
and winter.

Overall behavior of this configuration doe.s not correspond very well with

i
observed patterns in nature. The sensitivity of biomass to food availability was
too great, which may be result of the 5-day turnover time chosen for this
submodel. However, a consumer with these coefficients could possibly exist
if it were to migrate away during periods of low temperature and productivity,
returning when conditions vere suitable once again. Its ability for rapid growth

could then take maximum advantage of available food.
.

Push-Pull Effect of Temperature on a Producer Module
with an Unlimited Energy Source

Shown in Fig. 35 is a su;sodel of the producer compartment illustrating

the push-pull effect of temperature acting on both the photosynthetic and

respiratory sides of the storage compartment. This simulation assumed that in an

adapted plant the coefficient of the respiratory drain due to temperature is

not larger than the corresponding temperature induced increase in the rate of
;

photosynthetic rebuilding. In this case the effect of temperature .cnt the
l
! disordering pathway is set equal to the effect on the synthesis pathway.

Fig. 36 and 37 graph the model response to the variation of one forcing
function while holding the other constant. With varying temperature and constant

light (Fig. 36) respiration and production vary with temperature. Since the
push equals the pull, however, biomass remains constant. In the opposite
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condition of constant temperature and varying light respiration, biomass, and
production track the light pattern (Fig. 37).

Combining varying light with varying temperature lagging three months
behind gives model responses graphed in Fig. 38. Productivity and biomass
rose rapidly in the spring as light increased but the respiratory drain was
still small with the low temperature, remained high through'the summer, and declined
through the fall and winter when both temperature and light were declining.
Respiration lagged productivity tending to follow the temperature furiction.

,

This simulation indicated that this. small sub-model had some of the basic,-

patterns observed in many real estuaEies* No.t modelled here is the coupling of

consumer populations to this seasonar pattern 'and their role in nutrient

regeneration. Addition of these comIonents lW,a larger model may tend to makef

total system respiration track production more. closely.
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4B. METABOLISM AND M@ELS OF OUIER BAY ECOSYSTEMS
AFFECTED BY THERMAL PLUME

Hank McKellar

Department of Enviornmental Engineering Sciences
,

University of Florida
Gainesville, Florida 32611

. INTRODUCTION

Present technological societies now face a transition from conditions
,

of abundant energy supplies and rapid growth to a steady state with limited

energies. Survival through the transition and into the steady' state will

depend on a new partnership between man and nature with optimum combinations-

of natural energies and fossil fuel based technologies (Odum, 1971; 1973).

Therefor 9 the need is urgent to understand, predict and plan for viable

interfaces between natural ecosystems and technology. Presented here is an'

effort to evaluate the effects of a coastal power plant on an adjacent

marine bay and to develop a model for understanding and prediction.
.

The Coupling of Estuarine Ecosystems with Coastal Power Plants

Due to the large volumes of cooling water necessary for fossil-fuel

and nuclear driven power plants, it has been desirable for power companies

to locate generating stations in coastal environments. The heat and water

exchange added with the thermal plume plus effects of plankton entrainment

represent additional driving energies to which the affected marine ecosystems

must re-design and adapt.

Proposed in Fig.1 is a general energy circuit model of the major

parts and processes of an estuarine bay ecosystem and its interactions with

i a coastal power plant. Such models have been shown to be a powerful-

tool in. evaluating overall impacts of man-nature interactions and
|

!.
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Fig. 1. An energp circuit diagram of the outer bays near Crystal River.
The diagram specifies external driving forces, internal stor-
ages, pathways of energy exchange, and their interactions.
The power plant influences involve four main interactions; 4 T
increases bay water temperature, AT and pumping causes a
switch from plankton import to detrital import due to entrain-
ment, mortality, pumping adds to the general water exchange
through the bay, and the spoil banks interrupt coastal currents
and thereby inhibit water exchange.
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in environmental planning (Odum,1962; Odum, Littlejohn, and Huber,1972).

This model. specifies energy exchanges among five major compartments of

energy storage in the marine system and their relationships to external

energies, including the power plant. The power plant is shown to interact

as functions of the thermal plume (36 T), the physical water exchange due

to the pumping of cooling waters, and the physical structure of the canal

spoil banks.

Water temperature in the bay, as influenced by ambient water temperatures

and the heat added by the power plant (JLT) was a major determinae . of total

energy flow through the bay system. A major effect of temperature is to

increase biological exchanges involved with community primary production,

respiration, and corresponding nutrient recycle. Up to a certain limit,

heat is expected to stimulate primary production through the enzymatic

process of photosynthesis (Jorgensen and Nielson, 1969). . Heat also

stimulates respiratory activities of producers and consumers. Nicol (1967)

summarizes respiratory responses of a wide range of marine organisms

documenting two to three-fold increases with each 10 C rise in temperature.

Higher levels of general activity in swimming, feeding, and reproduction.

Fig. I shows zooplankton, benthic invertebrates, and fish with a property

which increases their self-maintaining feed-back energies in' proportion to

their own respiration rates, thereby providing an adaptive response to

effects of higher temperatures.

A major issue concerning the metabolic responses of organisms to

higher temperatures is the net effects on total community metabolism of the

energy costs associated with increased respiration and the benefits of

increased photosynthesis and trophic transfers. Copeland and Davis (1972)
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foundLthat total community metabolism in heated artificial pools containing

estuarine water and biota was higher than in similar unheated pools. The
;

!heated systems were more autotrophic during the summer and more heterotrophic'

during the winter.

Temperature also serves as an information source which triggers

migration of larger organisms to and from the bays. Many invertebrates

and fish leave the estuarine bays during the winter and head for the warmer

deeper waters of the Gulf. Those organisms and their young return again

in the spring in time for the vernal bloom of estuarine productivity (Gunter.

1945; Simmons, and Hoese, 1959; Copeland, 1965; Odum, 1967). Summer

emigrations also occur when temperatures exceed normal maximum preferences.

These temperature related movements represent programmed responses of

estuarine organisms to maximize their utilization of seasonal energy pulses.

These responses are shown in Fig. I as a temperature controlled switch on

the migratory exchanges of larger consumers with external stocks.

The actual volume of water pumped by the power plantt rad -he physical

structure of the associated canals and spoil banks alter patterns of water

exchange. In un-affected bays water. exchange with the sea and adjacent

bays is due to tidal action and advective currents. Rates at which plankton,

t;ttrients, and detritus are imported to the system are proportional to

their external concentrations and the magnitude of water exchange. Export

rates are similarly related to concentrations within the system and water

' exchange.

Plankton populations and nutrient stocks generally have rapid tu.4over

times in marine systems and, therefore, tend to fluctuate suddenly with
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small changes in the environment. For these compartments, water exchange
4

serves as a stabilizing energy which spreads out local concentrations
,

and moderates large fluctuations. Such effects may,-thereby, add to the

stability of the entire system. Fig. 1 phows effects of power plant
4

operation on water exchange. The volume of power plant pumping adds

to the total water exchange and the physical structure of the associated

canals and spoil banks may inhibit water exchange by interrupting longshore

~

currents. Again, the model points out issues of energy costs and benefits

associated with power plant influence.

Plankton are entrained in the power plant cooling waters and the

corresponding mechanical and thermal shock and effects of chlorination

ccuse some degree of stress on the entrained org nisms (Morgan and Stross,
4

1969; Heinle, 1969, Carpenter, Peck, and Anderson; 1972; Fox and Moyer,

1972, Carpenter, et al, 1974). Entrainment mortality is shown in Fig. 1

as a switch from plankton imports to detritus imports to the receiving bay.

This effect may tend to decrease planktonic involvement in the receiving

systems while contributing to detrital exchanges and nutrient recycle.

In summary, this proposed model points out several component issues

concerring the net effects of energy costs and benefits to estuarine bays

as they interact with coastal power plants. If the energies added by the

power plants represent a resource with which the ecosystem may interact then

the system's use of its total available energies may increase (Odum, 1974).

Otherwise the energies added by the power plant may be a stress on the system.

The encompassing issue addressed in this study concerns the functioning of

the entire bay ecosystem as a coordinated unit. Does the system which self-

designs and adapts to power plant influences develop structures and functions

capable of maintaining its original levels of energy flow?
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This study is an effort to evaluate this issue for the outer bay j

ecosystems affected by power plants near Crystal River, Florida.

Plan of Study

The interface design between the outer estuarine bays and the Crystal

River power plants was examined through ecosystems models evaluated by

field measurements and other available data. The conceptual model shown

in Fig. I was presented as

(a) a visual sunmary of the issues to be evaluated,

(b) an inventory of the total energies driving the system, the dominent

internal storages, and the critical pathways of energy exchange; and as

(c) a structural basis for collecting and comparing data from " affected"

and " control" bays.

Total community metabolism, as determined from diurnal oxygen curves,

was taken as an indication of the ecosysten's ability to process its total

available energies. Comparisons of metabolism between bays affected by

the power plants and similar control bays indicated the degrees to which

the affected system had changed with respect to those abilities.

Metabolism studies conducted'at sites in the outer discharge and control

bays are indicated in Fig. 2. Studies were initiated in June,1972, and

were performed at approximately quarterly intervals through May,1974,

thereby establishing the general seasonal trends of metabolism.

Since plankton were an important component of the outer bay ecosystems,

efforts were made to partition total metabolism between its planktonic

components and the remaining benthic and nektonic components.----
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Zooplankton respiration and corresponding turnover rates were estimated

by measurement te determine their relative importance in the total energy

flow of the bay system.

Light penetration through the water column and concentration of

phosphorus fractions and planktonic chlorophyll. in the bays were also-

measured to augment the interpretation of metabolism data.

To determine the transition of water mass characteristics from off-

shore environments up to these bays and the possible seaward extent of

power plant affects, phosphorus, chlorophyll, and zooplankton concentrations

were determinec in transects from stations on the outer continental shelf to

the bays near the power plants.

Concurrent with these studies, investigations were conducted by other

researchers on biomass of macrophytes, benthic invertebrates, fish, and

zooplankton in the bays and power plant canals (Snedaker, et al, 1973-74

Concurrent with these studies, investigations were conducte. by other

researchers on biomass of macrophytes, beathic invertebrates, fish, and

zoopienkton in the bays and power plant canals (Snedaker, et al, 1973-72;

Maturo, et al, 1972-73 ; Drew,1974) . This additional information was combined with

the metabolism data and other supporting measurements from the outer

control and discharge bays. Using this data base. along with information in the

literature, and with scme necessary calculations and assumptions, the

energy circuit model in Fig. 1 was completely evaluated for both the outer

discharge had control bays. The avaluated models thereby provided a

direct visual comparison of the differences in energy flows, storages, and

rates of systems turnover.

.
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Field Measurements

Total Community Metabolism

The metabolic activity of the total outer estuarine community was deter-
4

mined from diurnal oxygen changes in the free water with two methods modified

from Odum (1956) and Odum and Hoskin (1958). The first method involved the

analysis cf full diurnal oxygen curves with date from several stations. The

second method was an abbreviation of the first which involved estimating

daily oxygen changes from samples taken at times near dawn and dusk (McConnell,

1962). Both types of analysis required corrections for oxygen diffusion

across the air-water interface and allowances for tidal fluctuations in depth.

A total of 43 metabolism studies were performed in the outer estuarine areas

near Cyrstal River. The major areas of data collection were the outer

discharge area (D ) and the outer control area (C ) where 84% of the total

metabolism values were obtained.

Full Diurnal Oxygen Curve Procedure

For each determination of total community metabolism three to five stations

were monitored for dissolved oxygen, temperature, salinity, and water depth.

Stations in tha outer discharge area (D ) are given in Figure 3i. Stations

were visited at approximately 3-hour intervals throughout a 24 hour period.

Dissolved oxygen was determined-on duplicate water samples (taken approximately

1 minute apart) by the Azide Modification Method (APHA,1971). Values obtained
|

from stations within an area were averaged for each sampling time, thus

obtaining an averaged didrnal curve for each parameter.'

i

i
i
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On several occasions an oxygen probe -(Yellow Springs Instrument

Model Sl-A) was used to facilitate oxygen determinations at various depths
~

in the water for the diurnal analysis. Use of the probe enabled . continuous

oxygen monitoring at a single station rather than intermittent sampling at

several stations. For these diurnals, the small variations in oxygen were

observed while the generality gained from multiple station diurnals was

sacrificed.

Typical diurnal variations in these parameters are shown in Figure 4.

The percent oxygen saturation for each combination of dissolved oxygen, temp-

! erature, and salinity was calculated using the formula of Truesdale, Downing,

and Lowden (1955). At temperatures less than 25 C values given by this

[ formula are known to differ slightly from those given by APHA (1971) as
i

I reviewed by Churchill, Elmore, and Buckingham (1962) . However, the maximum
!'

deviations were less than 5% of the Standard Methods values so errors incurred

by using Truesdale's formula were considered negligible. Truesdale's formula

proved to be more useful in this study because it provided saturation values

for water temperatures above 35 C.

Observed oxygen changes were considered to be due to community

metabolism and atmospheric exchange across the air / water interface. Although.

community metabolism and atmospheric exchange generally influence dissolved

| oxygen in proportion to water surface area, the corresponding additions or

losses of dissolved oxygen are mixed throughout the water column. Therefore,

the observed change in oxygen concentration between each hour (Fig. 4a)

were multiplied by the average depth of the water column during that time

interval' (Fig.'4 b) to obtain the rate'of oxygen change in g/m /hr. (Fig 4f,

solid line). Atmospheric exchange was determined (see Oxygen Diffusion,-
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below) and subtracted from the observed rate of oxygen change. The

corrected curve (Fig. 4 f dashed line) thereby represented oxygen changes

due to the net effects of photosynthesis and respiration. The integrated

area defined by the corrected curve above the zero rate-of-change line during

the day i. presented net daytime community photosynthesis (Pnet day}* *

area b t zero rate of change line represented nighttime community

respirat ).

Odum and Hoskin (1958) caucioned researchers on the use of the free-

water diurnal oxygen curve procedure in open estuarine areas where large net

exchanges of water masses with different oxygen regimes may lead to con- -

siderable errors in calculating total metabolism. However, oxygen concentra-

tions at different stations within each study area were generally similar

(Fig. 4c) , indicating that the exch nging water masses had similar metabolic

histories. Therefore, the general procedure for calculating total metabolism

did not involve a special correction for net water mass advection, although

some error was involved.

Dawn-Dusk Procedure

The full diurnal oxygen curve procedure was abbreviated in order to

j cover more area and to obtain metabolism estimates for several days in

succession during each study period. For this abbreviated procedure,

stations were sampled only at times near dawn, dusk, and the following dawn

(or dusk-dawn-dusk) during a 24-hour peried. Samples were taken, as before,

for dissolved oxygen, water depth, temperature, and salinity. Oxygen con-

centrations ob' served at times near dawn and dusk were taken as the best

estimates of the daily oxygen minimum and maximum, respectively. These

measurements thereby provided points for an estimated diurnal curves

for oxygen, depth, temperature, and saturation (Fig. 5).,
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Dawn-dusk estimates of diurnal curves have been used in previous meta-

bolism studies in carboy microcosas (McConnell,1962), shallow artificial

pot 1 microcosas (Whitworth and Lane,1969), and in shallow marine ponds

(Smith,1971) where oxygen changes were nn affected by tidal action and

net water adrection. The semi-diurnal tidal patterns in the open estuarine

bays at Crystal River required additional considerations in interpreting

dawn-dusk data. Oxygen changes were measured on a volume basis and nultiplied

by the depth to obtain rates of oxygen change on a bas!s of surface area.

Therefore, care was taken to establish the actual times and magnitudes of

tidal depth changes. The depth curve (Fig. 5b) was calculated from the ob-

served depth measurements (see data points) and the expected tidal depth

changes as indicated by published tide tables for the Crystal River area

(U.S. Dept. Commerce, 1972-1974).

Figure 5 illustrates the direct ecmparisons of the dawn-dusk procedure

with the full diurnal analysis (Fig. 4) although such graphical representation

was not necessary for metabolistu calculations from dawn-dusk samples.,

The net oxygen diffusion during the day in g0 /m was calculated as
2

day " ( day ( dayD

where K was the diffusion constant in g/m /hr/100% saturation deficit S
day

was the average tercene saturation deficit during the day ( = (S +S *dusk
and t was the time between dawn and dusk in hours. Net daytime photosynthesis

(P ) in g/m / day was calculated as

2 dusk}(iday),- Dday= ([0 lnet day 2 dawn -

where (0 ] dawn "" 2 duskl were t e xygen c ncen rat ns observed at dawn2

and dusk, respectively, and I was the average daytime depth of the water {day

column throt.gh which changes in oxygen per a were integrated. Iday "**
calculated by averaging hourly depths from dawn to dusk as determined in

|

depth plots such as in Figure $b. Nighttime respiration was calculated |

|
|

in a similar manner for the interval between dusk and dawn minus the net

nighttime oxygen diffusion.
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Sixty-three percent of.all the total metabolism estimates were obtained

by the daten-dusk procedure. To evaluate the differences between metabolism

estimates obtained through this abbreviated procedure and full diurnal analyses,

subsample of full diurnal curves was analyzed according to the dawna

dusk procedure. Stations along the full diurnal curves taken 1-2 hours

after sunrise and 1-2 hours before sunset were taken as dawn and dusk-

samples. Corresponding metabolism estimates were calculated and compared

with estimtres obtained through integrating the full d1urnal curve. Resulting

differences are shown in Fig. 6.. Occasionally, the dawn-dusk estimates were
'

30-40% lower than those obtained by f.11 diurnal analyses. These deviations

occured on dates when oxygen concentrations 1.egan to decline several hours

before dusk due to cloudy and/or rainy conditions. The corresponding " dusk"

sample underestimated the oxygen maximum. However, dawn-dusk estimates were

generally less than 10% below those from full diurnals. The average difference

between these 18 gairs of values was 0.25 g/m , which was not si p ificant

at a 95% confidence level. However, when vide deviations occured, estimates

| obtained by the dawn-dusk procedure were low.

:

!
|
|
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Oxymen Diffusion

Oxygen diffusion (D) in g/m /hr was calculated as a linear function of

the deviation of the dissolved oxygen concentxation from saturation.

D = KS
.

where S was the percent dissolved oxygen saturation deficit and K was the

oxygen diffusion coefficient in g/m /hr at 100% saturation deficit (Odum and

Hoskin , 1958) .
*

Diffusion coefficients were determined from gas exchange into a floating

plastic dome with a method based on original work by Copeland and Duffer
I

(1964) and further developed by Hall (1970) and Day (1971) . In general, a

small plastic dome with an oxyg'en probe inside was floated on the water
i.

surface. An initial oxygen meter reading was obtained representing 100%
2

saturated air. The dome was then purged with N gas until the 0 meter

reading was close to zero. Oxygen meter readings were recorded at short

intervals for one to two hours thereby documenting return of oxygen toward

|

saturation. For this duration, oxygen return to the dome was generally linear

as shown by the results from seven diffusion experiments (Fig. 7). With the

observed rise in percent oxygen satucation in the dome, diffusion coefficients

were calculated as follows:

" h'( 2 '" " **'x 02 '" "#*K=

(A)(t)(% sat. def.),

where K = diffusion coefficient in g 0 /m /hr at 100% saturation deficit;
2

v = volume of air in dome initially displaced by oxygen (ml) = volume of dome

X .2 (air = 20% oxygen); (0 ) = density of oxygen corrected to air temperature;
2

A = area of water surface covered by the dome; t = duration of the experiment; _ j

and I sat. det. = avarage percent. saturation deficit between the dome and the .

I

water for the duration of the experiment.

l

|
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Key Area Date Tide K,

A Outer Discharge Area (D ) 13 Dec., 1972 Ebb 4.752

B " " " " " " " Slack 0.98
" " " " " " "C Flood 0.07
" " "D (D ) 10 July,1973 Ebb 0.391
" " " " " " "E Flood 0.31

|

F " " " " 20 Oct., 1973 Ecrly Flood 0.04
1

G Outer Control Area (C ) 11 July,1973 Slack 0.38
'

y
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The highest diffusion coefficient was observed during an ebbtide

with fairly ' strong current velocities (Fig. 7a). . The lowest K values
~

(Fig. 7c and f) 'were observed during flood tides when currents were generally
3

weak and variable.

Based on these data the'following diffusion coefficients were used

in metaboliss corrections-for diurnal curves obtained in the outer-bays

at Crystal River.
,

(a) In the areas where the majority (84%) of the total metabolism

measurements were taken (areas D and C ; Fig. 2) a coefficient
7 y

of K = 0.35 b/m /hr at 100% sat. def. was used for diffusion

corrections for all tidal. stages. This value was also used for

correcting the single diurnal curve obtained at Hodges Island

(control Area P Fig. 2). Diffusion corrections using this

| value usually represented less than 5% of the observed oxygen

changes.1

(b) Diffusion measurements were not available for the outer stations

at Fort Island (Control Area C r Fig. 2) . However, diffusion
4

values obtained for the im.er areas at this location were appr6x-

imately three times higher than in the inner-discharge ~ area

(Smith, 1974). Also, these measurements indicated an approximate

two-fold increase of ebb-tide diffusion coefficients over those

observed during flood tides. Assuming similar relationships

|-, 'between diffusion coefficients for the outer' discharge area (C )
i 1

'and'those for the' outer stations at Fort. Island, a K value of.

:1.00 was used for diffusion corrections during ebb-tides and a,

,
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value of 0.50 was used for corrections during flood tides.

This combination led to diffusion corrections generally less than

10% of the observed oxygen changes.

(C) Data in Fig. 7a, b, and c indicated that diffusion coefficients
i

were relatively high in discharge area D , especially during
2

ebb-tides. For the two metabolism studies in this area a K value

of 4.75 was used during ebb-tides and a value of 0.5 was used

during rising tides. Since control area C2 (Fig. 2) was further

offshore and unprotected from oyster bars and spoil banks, these

relatively high diffusion coefficients were also used for the
i
j single metabolism study at that location. These values led to

diffusion corrections which were 15 to 60% of the observed oxygen
I

changes.
I

Total Plankton Metabolism
:
1 Levels of net primary production and total respiration of the plankton

community were determined by oxygen changes in light and dark bottles. Dark

bottles were prepared by completely covering 300 ml BOD bottles with one

layer of black electrical tape and a second layer of silver duct tape.

Tops were covered with 2 layers of aluminum foil during experiments. Approx-

imately 5 gal. of water were collected in a plastic bucket, mixed thoroughly,

and siphoned into triplicate pairs of light and dark bottles. -Two additional

bottles were also filled for determination of the initical crygen concentration.

The light and dark bottles were; incubated on station by suspending them at a

depth of approximately 0.5 m for 24 hours. The oxygen changes in the light

bottles were multihlied by the average water depth to obtain an estimate of
4
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net planktonic production- (g/m / day)' for the 24 hour period (P _g) .
Similarly, the changes in the dark bottles were taken as total planktonic

r'espiration over the 24 hours (Rg) .

OxvRen Uptake by Concentrated Zooplankton.

Zooplankton respiration _was estimated based on oxygen changes in BOD

bottles to which portions from concentrated zooplankton samples were added.

3Zooplankton samples were collected by filtering 5 to 10 m of water through

a 202 p mesh (relaxed) zooplankton net. The concentrated sample was diluted

to a known volume (1000 ml) with raw sea water and mixed gently. Small portions

(5-10 ml) of the diluted zooplankton sample were carefully added to 3 partially

filled BOD bottles which were then filled with sea water, stoppered, and

suspended in the water on site for incubation. Three additional bottles

were filled only with sea water as controls. The remainder of the zooplankton

sample was preserved with buffered formalin to be later dried at 60 C for 1-2

days and weighed. To account for variability betwean zooplankton tows,,

this entire procedure was generally performed in duplicate resulting in the

incubation of 6 bottles with concentrated zcoplankton and 6 control bottles.
,

The bottles were allowed to incubate for 5-6 hours during the winter

and 2-4 hours during the summer. After incubation, the bottles were examined

, to determine if the zooplankton were still moving and then analyzed for|- .

dissolved oxygen. Results were discarded when 0 dropped below 3 g/m and/or3
2

zooplankton died during incubation. This occurred once in 18 experiments.
I

Zooplankton respiration was calculated as
.

( d o )(v)gR=
(t)(V) (f)(Z)

!
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where R was the respiration rate in g 0 /g dry wt./hr., A02 was the observed2

oxygen change in the BOD bottles (g/m ), v was the volume of the BOD bottles

(3 x 10-4 3), t was the duration of the experiment (hrs), V was the volumem

of water concentrated for the zooplankton sample (n[), f was the fraction *

of the zooplankton sample placed in the BOD bottles, and Z was the concentration

3of zooplankton in the open water column (g dry wt/m ).

Zeiss (1963) showed that respiration of some planktonic species (Daphnia

magna) increased significantly during concentrated conditions while other

species (Calanus finmarchicus) showed no metabolic change with concentration.

Some error was possibly introduced in this present study since effects of
'

concentration were not accounted for. The degree to which zooplankton were

injured or killed by collection also contributed error which was not accounted,

for in these experiments.

Lim.c Penetration

The penetration of sunlight through the water column was determined

from submarine photometer data and from secchi disc observations.

With the submarine photometer (T.S. Submarine Illuminance Meter S/N 88/30)

light intensity was measured at 0.1 m depth intervals from the water surface

to the bottom. Each measurement was compared with surface illumination as

indicated by a " deck" cell. The percent of surface light remaining at.each '

depth interval was then calculated and plotted as shown in Fig. 8 '. Light

intensity generally decreased exponentially with depth through the water column

as expressed by
-k (Z -Z)

I2"Ie 2 1,

l
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where I is the lig; remaining at depth 3 ' I is the light intensity at2 2 l

a lesser depth (Z ), and K is the light extinction coefficient in meters' .g

Therefore with data as plotted in Fig. 11 the extinction coefficient was

calculated as
(7 )

3 -2
2 7

When the secchi disc was used, light extinction coefficients were

calculated as
~

K = 1.7/d

where d was the depth at which the secchi disc disappeared.

'

Phosphorous and Planktonic Chlorophyll

At approximately quarterly intervals, water samples were taken from

6 stations in the vicinity of the Crystal River power plants and analyzed

for phosphorus fractions, planktonic chlorophyll, and pheo-pigments. At,

each sampling data duplicate samples were taken from 2 stations in the control

area just south of the intake canal spoil banks (area C1, Fig. 2), one station

' in' the intake canal, one at the mouth of the discharge canal, and two stations

in the outer discharge area -(Dl, Fig. 2 ) . Appcoximately 4 liters of water

were collected from a depth of about 20 cm for each sample. Duplicate samples

were collected from each station about 1 min. apart. Samples were placed on

ice and kept in the dark until they were filtered for analysis 1-2 hours

after collection.

Total phosphorus was determined on unfiltered samples by the persulfate

oxidation method of Menzel and Corwin (1965). Total dissolved phosphorus

was determined also by the persulfate oxidation method performed on samples

that had been filtered through a 0.45 p, acid washed, membrane filter.

Dissolved inorganic phosphorus was determined on filtered water by the

I-184
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- single-solution, molybdenem-blue method of Murphy and Riley (1962). Samples

for dissolved inorganic phosphorous determinations were preserved with 40 mg/l

mercuric chloride and refrigeration. Analyse + were perftrmed within one

week of collection. Suspended particulate phosphorus was taken as the

difference between total phosphorus and total dissolved phosphorus. Dissolved

organic phosphorus was taken~as the difference between total dissolved phos-

phorus and dissolved inorganic phosphorus.

One to two liters of sample water were also filtered through glass-

fiber filters which were frozen and kept in the dark for later chlorophyll

determinations. For analysis, the filters were homogenized in 90% acetone,

placed in the dark, and refrigerated for pigment extraction. After at least

one hour the samples were centrifuged and the supernatant was analyzed spectro-

photometrically for chlorophyll-a and pheo pigments (Iorenzen,1967).

Distribution of Phosphorus, Chlorophyll, and Zooplankton Across the Gulf Shelf

Using Florida State University research vessel, R/V Tursiops, samples

were taken in transects across the Gulf shelf from approximately 100 miles

out in the open Gulf t.o the vicinity of the Crystal River power plants.

Fig. 9 shows the station locations and Eig. 10 shows the slope of the

continental shelf along this transect.

At offshore station A single samples were taken at the surface,10m,

25 m, 50 m, and 80 m from a water column approximately 100 m deep. At

offshore station B_ samples were taken at surface, 10, 25, and 45 m from a

total depth of 50 m. At all other stations water samples were taken only

from the surface and bottom in water columns 5-10 m deep. All samples were

analyzed in duplicate for phosphorus fractions and chlorophyll as described

above.

I-185

--



__

,

;

.

~~

1 . , I i . | .

30 00' -
-

J.

.
, ,

|
.. Suwanee .

NORTHEASTERN River
-

GULF OF MEXICO

Cedar Keys *029 00' - *
, % Power Plants

*. e ,
o

,

Of fshore Stations
.

.

,

A B
-

e a
c -

.

.

.

'

Tampa
0 30 10028 00' -

L.L_1__1. I I i _

Kilometers
t

.

l \

st
W
S

(
;

|

| 1 . . I I
85 00' 84 00' 83000'-

Fig. 9. Sampling stations taken from R/V Turisops on the Northeastern Gulf of
Mexico continental shelf., November 25,1972 (o), March 18-19, 1973 (x),
June 1-2,1973 (.) .

1=186

,



O
I

STATION STATION
_.

50--
,/ ~~f-

#

[ FLORIDA INTAKE CANAL
MIDDLE SPOllBANKS_.

/E / GROUNDS

h100-- /
/

s

w
- _.

,/
"

2

* / WEST FLORIDA
t j GULF SHELF150~$ /

/
/-.

/
#

200-. j
| /

_.,/
/

i i i i i i i i i i i i i i
14 0 120 100 80 60 40 20 0

, ,

DISTANCE FROM LAND (NAUTICAL MILES)

| Fig. 10. Continental shelf profile from the open Gulf of Mexico at 28 29'N, 84 57'W to the West Florida
Coast at the Crystal River power plants (28 58'N, 82 44.5'W)1

r

4

:

o



.. .

Zooplankton samples were collected at the deeper stations (A and B)

by vertical plankton tows with a 0.5m, 202 u mesh-size. plankton net. At

shallower stations, zooplankton samples were collectad by towing the net

horizontally behind the ship underway at approximately 0.5-1.0 knot. Zoo-

plankton samples preserved in borax buffered formalin for later drying and

weighing.

Systems Comparisons

.

The data obtained as described above were combined with other available

data co evaluate the major components of the energy circuit diagram. Data on

organism biomass, needed to quantify internal energy storages in primary

procedures, zooplankton, macro-invertebrates, and fish, were collected by

, other researchers under contract with Florida Power Corroration. These and

other data from the Crystal River bays were available in quarterly Environmental

Progress Reports.

The quantified energy diagrams for the discharge and control bays

facilitated the direct comparison of data from the two systems. With this

format data were organized to indicate differences between the discharge and

control systems with regards to total energy flow, componenet biomass,

exchange rates, and metabolic turnover rates. For comparison, compartment

storages were generally expressed in units of grams organic matter /m .

Accordingly, exchange rates were expressed in g/m / day. Storage and flows of

nutrients were expressed in units of grams of total phosphorus per m .
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RESULTS

The effects of the Crystal River power plants on the outer bay ecosystems

were studied through systems models which were evaluated with direct, field

measurements. The energy circuit diagram in Fig. I was presented as a

conceptual model summarizing ecosystem structures and functions and interactions

with the power plant. Given here, are the results of field measurements

with which major variables in the model werequantified. Completely evaluated

energy diagrams are presented which enable direct comparison between the

control and discharge bay systems with respect to energy flows and storages.

Field Measurements

Temperature, Salinity, and Light Penetration

0Water immediately discharged from the power plants was generally 5-6 C

warner than ambient water temperatures. Although patches of undiluted plume

water were often observed in the outer discharge bay, average temperatures

generally reflected considerable mixing of the plume with water masses of

ambient temperature (Fig. Il'a). When both of the power plants were operating,

the thermal discharge volume was about 3.5 x 106 ,3/ day (640,000 gallons / min.)

and the water in the outer discharge bay retained an average temperature about

3 C warmer then water in the outer control bays. When only one of the two0

power plants was on line (such as in May, Sept. , Oct. , 1973) the thermal

discharge volume was reduced by about 50% with a corresponding reduction in

the average temperature differences between the discharge and control bays.
0Maximaa temperatures for both control and discharge bays (30 and 33 C,
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Fig 11. Water temperature, salinity, and light extinction in the
outer control and discharge bays. (a) Water temperature
is shown with data points representing average diurnal
temperatures measured during metabolism studies. Lines
are drawn uonthly temperature mesns from continuous temp-
ature recordings provided by Florida Power Corporation.
(b) Salinity points represent average diurnal values
measured during metabolism studies. (c) Light extinction
coefficients were calculated from secchi dise depths (d)
where (K=1.7/d) and from submarine photometer data
(K=(It (I /1 ))/Z "Z ))t 2 2 l
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respectively) were observed in August (1972 and 1973) with a minimum temperature

of 12 C recorded in February. Diurnal variations of water temperature were

generally within a range of 2 C about the mean diurnal temperature in the control

bays and 3-4 C about the mean in the discharge bay (McKellar,1974) .

Salinity in the outer bays fluctuated between 20 and 30 o/oo (Fig, lib).

Before spring,1973, control data were taken from the bays near the Withlacoochee

and Cry tal Rivers (See Fig. 2). Salinities at these sites were about 5 o/co

lower than in the bays near the power plants. From May 1973 through May 1974

control data were taken from the outer bay just south of the intake canal spoil

banks of the power plant. Here, salinities averaged about 25 o/<' and were

similar to those measured in the outer discharge bay. Diurnal variations of

salinity were usually within a range of 4-5 o/co about the average in both buys

(See M,cKellar,1974) .

'

Data from secchi disc observations and submarine photometer readings

were used to calculate light extinction coefficients for the bays (Fig.11c) .

The average extinction :oefficient found for the outer discharge bay wcs

1.2 1 0.2 mater - This value indicated that about 10% of sunlight at the.,

water surface reached a depth of 2m (the average depth of the outer bays).

The few measurements taken in the outer control bay showed an average extinction

-1
coefficient of 1.0 1 0.1 meter indicating that about 14% of the surface

light reached a 2m depth. The differences in light penetration found between

the control and discharge bays were not significant.

.
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Total Community Metabolism

Estimates of community gross primary prcduction and total community

respiration were based on seasonal measurements of total community metabolism

in the outer discharge and control bays. These data are summarized in Fig.

12 and 13 and Table 1. A tabulation of all data obtained in these metabolism,

studies is 'provided in McKellar (1974) which includes the dates, locations,

number of stations and type of procedure used, diurnal ranges and means of

water depth, temperature, and salinity.

Seasonal trends of community metabolism in the discharge and control

bays were generally similar (Fig. 12). Winter-time lows were 1.5 to 2.0

g/m / day and summer-time highs were 3.5 to 4.0 g/m / day for both net daytime

photosynthesis and nighttime respiration. However, the paired data for August,

September, and October (1973) showed with 99% confidence that net daytime photo-

synthesis was consistently lower in the discharge area during these months.

Also, with a lower degree of statistical confidence (80%) the paired data in

May, 1974 indicated a higher rate of nighttime respiration in the discharge

bay.

If daytime respiration was at least as large as nighttime respiration a

minimal estimate of total community respiration would be(2 x Rnight)* A

corresponding estimate of total community gross primary production would be

the sum of net daytime photosynthesis and nighttime respiration (Pnet day +

'Rnight). This approximation of gross production for the control and discharge

I
|
| I-193

.. . -. . . . - - , ,



bays showed seasonal fluctuations with a summer average of 7-8 g/m / day and a2

2winter average of 3-4 g/m / day (Fig.13). Again the trends for the therinally

af fected bays and conL_sl bays were very similar although some evidence

existed indicating a possibly late summer and fall depression and a

. springtime stimulation of gross primary production in the discharge bays. The

combined data for fall 1972 and 1973 (Table 1) provided 80% confidence for

expecting that gross primary production was n11ghtly lower in the discharge

bays. The paired data for May,1974 also provided similar levels of confidence

indicating higher levels of gross primary production in the discharge bays in

the spring (1974).

The ratio of net daytime photosynthesis to nighttime respiration indicated

the degree of autotrophy or hererotrophy in these systems (Table 1). There were

no significant differences between the P/R ratios in the control and

discharge bays and none of the averaged ratios were significantly different

from unity. These results indicated an overall balance of organic produc_2on

and consumption in the outer bays near the power plant.

Plankton Metabolism

Light and dark bottle experiments were performed in winter, summer, and

fall,1973 and again in spring,1974. A summary of these results (Table 2) shows

the levels _and relative importance of plankton metabolism in these estuarine

bays. Details of these data are available in McKellar (1974). .

Winter data indicated that plankton metabolism in the control and !

discharge bays was similar showing low levels of gross primary production
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Table 1.

Seasonal-Averages of Total Community Metabolism
(g0 /m2/ day) in the Outer Control and Discharge2
Bays, 1972-1974.

P R
Net Daytime Nighttime
Production Respiration P+R P/R

Season Bay n Mean (S . D .) Mean (S. D .) Mean (S. . D .) Mean (S. D.)

Summer Control 9 4.05 (1.74) 4.20 (1. 02) 8.25 (2.30) 0.97 (.40)
-

_4 D'scharge 11 3.75 (1.27) 3.57 (1.02) 7.32 (1.89) 1.08 '(.42).
$

Fall Control 3 2.52* (0.045) 2.79 ( 0. 70 ) 5.31* ( 0. 71) 0.94 (.24)

Discharge 5 2.15* (0.40) 2.24 ( 0. 63) 4.39* ( 0. 8 0) 1.05 (.42)

Winter Control 3 1.52 (0.31) 2.06 (o.83) 3.58 (0 66) 0.88 (.51)

Discharge l! 1.32 (0.032) 1.96 (1.19) 3.28 (1.16) 0.83 (.52)

Spring Control 5 2.74 (0.62) 2.41 (o.36) 5.15 (.82) 1.14 (.26)

Discharge 5 3.20 (1.20) 2.68 ( 0. 6 3) 5.88 (1.75 1.18 (.24)
.... ___ .._________ .___.....______....____________________________ ...________ .._______ ..________ ..

Annual Mean Control 2.71 2.87 5.58 0.98

Discharge 2.61 2.61 5.22 1.04

- Number of dit'rnal studies performed.n
S.D. - Standard Deviation.
* Indicated control'and discharge values are significantly different with 80%
. confidence as shown by two-sample t-tests.
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Table ?..

Seasonal Averages of Plankton Metabolism (g 0 /m / day) in
2the Outer Control and Discharge Bays.

Pnet 24 R24 P rossg

Season Bay n Mean (S.D.) Mean (S.D.) Mean (S.D.)

h'in t e r Control 3 0 (.30) 0.31 (.32) 0.31 (.14)1973
Discharge 2 - 0.47 (.36) 0.97 (.70) 0.50 (.35)

Summer Control 2 0.04* (.50) 1.17 (.06) 1.21* (.43)
-1973

Discharge 2 3.58* (.26) 1.03 (.22) 4.61* (.10)

Fall Control 2 0.71 (.32) 3.76 (1.02) 1.55 (.7)1973.

Discharge 2 1.27 (1.05) 2.52 (1.79) 3.78 (2.80)

Spring Control 1 4.14 0.51 4.65
1974

|Discharge 1 2.85 0.52 3.37

......................................................................

Annual Control 1.24 0.69 1.93
Mean

Discharge 1.80 1.26 3.06
.

n - Number of light and dark bottle experiments.

S.D. - Standard deviations.

* ans* cates control and discharge values were significantly
different with 95% confidence as shown by two-sample t-tests.

.

*
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(P 1.0 g/m / day), and some net consumption of organic matter (Pgross ~ net 24 4 0).

Data for all other seasons generally showed strong autotrophic tendencies

( net '24 & O) . for plankton communities in both bays with net daily production
.

2values of 3 to 4 g/m / day in the spring and summer.

Summer values in the control bays showed an approximate 4-fold increase

of both gross planktonic porduction and respiration over winter values. In the-

discharge bay, respiration was similar to winter values, but gross production

had increased approximately 10-fold. Whereas respiration in the two systems

was similar gross production and corresponding levels of net production were

significantly higher in the discharge bay during the summer studies. Average

fall netabolism values in the discharge bay were not significantly different

from those in the control bays. The single experiment in bay system for

spring,1974 showed similar respiration rates but higher rates of gross and

net production in the control bay.

On an average, the outer control bay was more benthic dominated with
~ planktonic production generally comprising less than 50% of the total community

gross production (Pnet day + Rnight, Table 1) . The outer discharge bay was
!

apparently more plankton dominated where planktonic production was generally j

more than 50% of community production.

Oxygen Consumption byv, Concentrated Zooplankton
- i

Zooplankton biomass and rates of oxygen consumption were determined during j

l

the winter and late summer. Results of these studies indicate the ceasonal trends |

of zooplankton respiration in the outer bays. These data are presented in

detail in McKellar (1974) and are summarized here in Table 3.

In general, the agreement of oxygen uptake among replicate bottles in
,

|

each experiment was good with a riean coefficient of variation usually less than

20% (see Appendix). Although agreement between separate experiments during
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Table 3.

Biomass and Oxygen Consumption of Concentrated Zooplankton in
'

the Outer r.ontrol and Discharge Bays.

.

Biomass * 0xygen Consumption !

3 2( g dry wt/m ) (g 0 /g dry wt/hr)** (g 0 /m / day)***2 2.Srason Bay . Temperature ( C) n Mean (S.D.) Hean (S . D. )1

Winter Control 13.2 - 14.2 3 0.066 (.023) 0.006 (.002) 0.0 19

Sunener Control- 29.0 - 30.2 7 0.086 (.046) 0.023 (.019)
'I
$ Discharge 30.9 - 33.0 7 0.058 (.042) 0.033 (.020)o

(Conbined) 29.0 - 33.0 14 0.072 (.042) 0.028 (.018) 0.097

* Biomass in the open water colum.

** 0xygen consumption while concentrated in BOD ho,.les.

3*** Calculated for the open water column with a 2m depth, (g dry wt/m ) x (g 0 /3 dry wt/hr) x (24 hr/ day) x (2m)2

._

!

~- <



the winter was also good (Table 3) variations de g the summer were large with

standard deviations representing 60 to 90% of the mean oxygen uptake ve e.

Even though some of the summer experiments showed oxygen uptake rates

which were similar to those found in winter, the combincd summer average for

control and discharge sys was almost five times higher than the winter

average (99% confidence).
2Daily oxygen consumption by zooplankton per m during the winter was about

3% of total planktonic respiration (see Table 2, R24) and about 0.5% of total2

community respiration (see Table 1, 2 x R ). The relative magnitude

of zooplankton respiration had increased by summer to a combined summer average

representing about 9% of total planktonic respiration and about 1.3% of total

community respiration.

Chlorophyll and Phosphorus

out er Bays. Chlorophyll-a fluctuated in both bays from winter time

concentrations around 1 mg/m to spring and sumer peaks around 5 mg/m (Fig. 14).

On a given date large differences in chlorophyll concentration existed between

the control and discharge bays. At the measured peak of the spring phytoplankton

bloom in' the control bay chlorophyll concentrations were ca. 3 mg/m higher than

in the discharge bay. In early may, August, and early December, chlorophyll

concentrations in the discharge bay were ca. 2 g/m higher than in the control

bay. Chlorophyll-a concentrations perhaps reflected rates of planktonic

productivity which were found to be higher in the control bay during the spring

and higher in the discharge bay during the summer (table 2) .

The stock of degraded chlorophyll (pheo pigments) followed the general

seasonal trends of chlorophyll-a with fluctuations from undetectable concentrations

to nearly 2 mg/m3 (Fig.-14). No apparent differences were shown between

control and discharge bays with respect to the relation between chlorophyll-a

and its' degradation products.
.

I-201



The seasonal trends of chlorophyl)-a we're also reflected by changes of total

phosphorus in the water colum (Fig. 15a) which varied from winter concentrations

3around 30 mg/m to spring and summer values around 60 mg/m . As was found for

chlorophyll-a, the maximum total phosphorus concentration was measured in the

control bay during the spring and in the discharge bay during the summer. The

annual mean concentrations of total phosphorus were similar for both bay

systems (Table 4).

Seasonal fluctuations in total phosphorus were due mainly to changes in

suspended particulate phosphorus (Fig.15b). Particulate phot.phorus usually

comprised most of the phosphorus in the water column with an exception being

shown by the December samples when total phosphorus in both bays was more
. . , . g

e ve n ly. . . ., ;,. . . . sdistributed among. sall three fractions., e ..e-Seasonal fluctuations of
, ..

. .. ....c~...~ ~. . . > . - . .. . ,''"'c *' "'. -

.

particulate phosphorus resembled those found for chlorophyll (Fig.14).

Dissolved inorganic phosphorus was consistently higher in the discharge bay

throughout the year (Fig. 15). Paired t-tests for the sampling dates in 1973

showed that dissolved inorganic phosphorus in the discharge bay vas significantly

higher (957. confidence) with a mean difference of about 4 mg/m . The maximum3

dif ferences were found in August and September.when water temperatures were near

"the seasonal maximum'(Fig. 11a) and minimum differences were found in

February and May.

Canals. Measurements of chlorophyll and phosphorus fractions in the intake

canal and at the mouth of the discharge canal indicated possible changes in these

materials as they passed through the pown.r plants and into the plume-receiving

bays. These ' data are shown in Figs. 16 and 17.

Concentrations of chlorophyll-a in the two canals were very similar (Fig. 16)

with seasonal changes resembling those observed in the control bay (Fig.14).
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This relationship might be expected since a significant portion of the

cooling water intake comes from bay areas just seaward of the outer control

bay (see Fig. 2).

Concentrations of phosphorus in the power p*. ant canals are shown in

Fid. 17. The annual average concentrations of total phosphorus in the
3intake and discharge canals (39.9 and 44.0 mg/m , respectively) were very

similar to annual averages.in the control and discharge bays, respectively.

Of the annual means, particulate phosphorus comprised about 50% of the total

in the intake canal and about 40% in the discharge canal. Dissolved inorganic

phorphorun in the intake canal comprised about 10% of the total; whereas

in the discharge canal, this fraction was consistently about 10% higher

than in the intake canal and comprised about 20% of the total phosphorus.

This trend possibly indicated higher rates of phosphorus regeneration in

the warmer waters of the discharge canal.'

Distribution of Phoophorus. Chlorophyll and Zooplankton

Across the Gulf Shelf

Phosphoras, chlorophyll, and zooplankton concentrations were measured

during cruises across the continental shelf to the vicinity of the Crystal

River power plants. Cruises were made in November (1972), March, and June,

1973) when data were collected to examine the lateral structure of cross-

shelf gradients. Station locations were shown in Fig. 12 and detailed

tabulation of the results are available in Appendix C. Also given in

Appendix C are graphs showing some seasonal changes in the vertical structure

of waters over the outer shelf.

I
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Table 4.

. Seasonal Averages of-Chlorophyll-a and Total Phosphorus
-(mg/m ) in the Outer Control and Discharge Bays (1973).3

Chlorophyll-a _. Total Phosphorus
Season Bay n Mean (S.D.) n Mean (S.D.

.

Winter Control 2 1.10 (0 .14 ) 2 24.2 (1.2)

Discharge 4 1.17 (0 60) 4 30.4 (3.1)
.

Spring Control 4 3.22 (2.33) 2 66.3 (5.9)

Discharge 4 2.57 (1.12) 2 44.3 (1.9)

Summer Control 2 2.67 (0.12 ) 2 42.3 (3.7)
,

Discharge 2 5.37 (0. 2 7 ) 2 58.8 (8.4)

Fall Control 4 1.86 (1.29) 2 30.7 (1.9)

Discharge 4 2.76 (0. 8 3) 2 42.8 (1.9)

"""" ' ""
Co.itrol 2.21 40.9

Discharge 2.97 44.1

Number of duplicate samples takenn-

S.D. - Standard Deviation

|

|

I

1
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Distributions of temperature, salinity, plankton, and phosphorus across

the Gulf shelf showed some transitions of water mass properties from the

outer shelf to the coastal waters near the power plants. Cross-shelf gradients

are shown in Fig. 18, ,19, and 20 and are summarized in Table 5.

Temperature gradients across the Gulf shelf indicated the heat buffering
'

property that was provided for shallow inshore areas through water exchange *

with the outer shelf. In November, the water over the outer shelf was about

6-7 C warmer than the cool water (13.5 C) at the most landward station about

7 miles from land (Fig.18). Four months later, in March, the temperatures

over the outer shelf and in coastal water were about the same at 20-21 C

(Fig.19) . By June outer shelf water was 5 to 6 C cooler than the 30 C inshore

, waters. that were not affected..by..the therma 1. plume.. (Fig. 20). . . . , -
1

,

In general, concentrations of chlorophyll, phospherus and zooplankton f

increased from the offshore stations, across the shelf, toward the coastal

bays. In particular, chlorophyll-a concentrations in inshore waters during

March and June were more than an order of magnitude higher than concentrations

found over the outer shelf. Also, total phosphorus at the inshore stations

was 35% to 80% more concentrated and particulate phosphorus was 100 to 200%

more concentrated than in offshore watere. Fluctuations of total phosphorus

across the shelf generally corresponded' to changes in suspended particulate

phosphorus which coincided with changes in chlorophyll and zooplankton.

Zooplankton were patchy in water masses within 25 miles of land.

Concentrations were found ranging from levels characteristic of offshore
3populations (0.01 to 0.03 g/m ) to concentrationa as high as 0.29 g/m .

Statistical comparisons of cross-shelf zooplankton concentrations showed

no significant differences.

Evidence of lateral eddy exchange between offshore and coastal water masses

was provided by the cross-shelf salinity distribution found in June (Fig. 20) .
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Salinity dropped at an average rate of 1 o/oo Tir 8 nautical miles from 95

miles seaward to land. The isolated salinity peak of 33 o/oo water at

a station about 15 miles from land indicated the intrusion of an offshore eddy into

waters of lower salinity (26-28 o/oo). This pocket of more saline water

coincided with an abrupt' drop in concentrations of phosphorus fractions and
*

chlorophyll-a.

.

T

'T

g se * .s * .* * *r *e e ee , ,,e , s *
,

1

*

=

6

< 4 ,-

a

2

e

I-213
4

I

% *

* ~ + . + - * - y v , q 9-_-_g ,*,, 9 ,. , 9 _,
,

*



. _ _

25

,o 20 - -

Temperaeure

, 15
1

0.30

-

/ '.
.

- --

/ \-

g -0.15 .
'

/ \s
' .

f , .* .

8e / \3.0" yb.
.

'

5' g g-0.10
,

o nu / \o 2 . 0- *-

.

- 2; '

o
.

-0.05 .
-

1.0- !
,

,

/
_

Chlorophyll-a _ g
.

.

120 1DO f 6'O 4D 2'O d0
Distane .com Land (Nautical Miles)

Fig. 18. Distributions of water temperature, chlorophyll, and zooplankton
along a transect from the outer Gulf shelf to the vicinity of
the Crystal River power plants, November 25,1972. Each point
represents the weighted averages for the entire water column. The
arrow on the lower right indicates the seaward extent of the power
plant intake channel and spoil banks.

I-214

_ _ - - - - . _ _ _ _ _ _ . - . - - _ _ _ - .



24

$ TEMPERATURE

P. .3-
.

%_

'

:
*

_

_

PHOSPHORUS40 -

TP
-

O-------O~~~~,,,.#*,,P,,,,~.--~~00 'o-
n

E

20 -
y
.

|
-

X-..............y..............--~pP~~~~~~~~~~~............-A
DIP :+

O *g i i g i i i j i i i

,
, , . . . . . ~ -,..:, < . ~

,

4
4.0-

- 0.15 ^m
E-

n _

s
E -

s 3
o'

.E,,

-

,t-
o.-

:o - -0.10 -

1 5 'o
j2.0- $ og-

|z -

o _
$ @-a
a

-0.05 o $
Z N

~"
@ ._._ 4 _. ..__ ZOOPLANKTON.

_

e

O
'

, i i i 8 3

g g j j | | a

120 100 80 60 40 20 0

DISTANCE FROM LAND

(NAUTICAL MILES)

Fig. 19. Distributions of water temperature, phosphorus fractions,
chlorophyll and zooplankton along a transect from the outer

!
Oulf shelf to the coast near the Crystal River power plants,
18-19 March, 1973.'

I-215

L



. .-

. x...*.....*%..*..,'*.,
OSS~

.
' y

h .' ' Q'
.

| \.
.

,,

/ *,

.' ''~.. ., so-
| \

E
-

*
,

'- .

u
k

-o

TEMPEftATM N
* .

23- i
- ix

k-

PHOSPHORUS

40--

o

m
G -

N
e
t y

|\-

20~-W; _..
__ -A. ,

,

p,,.
-

g _ ,_o o P__..._ o _.

.._
.,

k
x.,y|------.....x...........??-----------

.

.

DIP
,

.

..

4 .0 - ,,

n
'O.l5 Eg <,

th -

-
.s 4
a o~e w
I

I

d 5
- 0.10->-

.h
{ 2.0- 3

a. .c .

zi #*- ./ '

ogo?
-0.05 . ,

!
b*

------- -..~. j00 PL AN g 70y----.____f~

O~~~~~~~~~~~~
-

-

|5 j1 i

gh
'

,1
' * i

d10 0 40 20 o
DISTANCE FROM LAND I40Vfical miles)

|

j Fig. 20 Distributions of water temperature, salinity, phosphorus
fractions and chlorophyll, and zooplankton along a transecti

| from the outer Gulf shelf to the coast near the Crystal
! River power plants, 1-2 June, 1973. ,

I-216



- . . - _ _ _ . _ _

'
.

I

Table 5. f;
3

Dif ferences in . Chlorophyll-a, Zooplankton, and Phosphorus Concentrations Between Inshore and Of fshore Stations on '

the Gulf Shelf. . Inshore values represent averages of stations taken within 25 nautical miles of land; offshore values
cre averages of stations 95-122 nautical miles from land (scations. A and B, Fig.11). Means are of the depth weighted
averages for the entire water column at n number of stations.

25 Nov., 1972 18-19 Mar., 1973 1-2 June, 1973

Mean (n. S. D. ) Mean .(n. S. D.) Mean (n. S. D.)

, ~

Chlorophyll-a Inshore 1.29 (2, .51) 2.96* (4, .84 2.66* (7, 1.22*)
(mg/m3) Offshore 0.28 (2, .20) 0.19* 4;(2, .06) 0.19 * (2, .03*)

i
Zooplankton Inshore .156 (2, .189*) .059 -(4, .047*) .065 (6, .037)

;
' (g/m3) Offshore .007 (2, .003*) .032.'(2, .00l*) .018 (2, .003)'

'
s
h Total Phosphorus Inshore 1.35* f(4, .06) 0.97 (7, .36)'

C Offshore 1.00* ;(2, .07) 0.52 (2, .06)'

.

'(4, .12) 0.43 (7, .23)Particulate Inshore 0.42 ,'

: _ Phosphorus Offshore 0.20 (2, .03) 0.14 (2, .03)

Dissolved Inorganic Inshore 0.09 ' (4, .03) 0.08 (7, .10)
,

Phosphorus Offshore u ;(2, -) 0.08 (2, .10) ,

*.
a-

Dissolved Organic ' Inshore 0.85 {t4,.07) 0.51 (7, .10)
Phosphorus Offshore 0.79 j(2, .01) 0.30 (2, .06)

~'

* Indicates that values inshore stations were significantly different .from offshore stations with
95% confidence as shown by two -sample t-tests and F-tests. ,

t.
.

*!

'
+ -

?

.

:
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Evaluated Energy Flow Disarams for the 0, uter Bays

Data presented in the previous sections were combined with other

available data to evaluate the models shown in Fig.'s 21 and 22. These

quantified diagrams represent the best available estimates for energy storages

and flows in the outer control and discharge bays during summer conditions.

The most reliable values (based on measurements taken at Crystal River)

are shown in bold print and the least reliable ones are in

parentheses. Data from other research projects under contract with Florida

Power Corporation which were used in these models are summarized in the appendix

to this section (Appendix 4B-A) Appendix A. The values for all the driving forces,

storages, and flows shown in Fig.'s 21 and 22 are listed in Appendix 4B-B with

component discriptions and the necessary calculations, assumptions, and references

needed to fully evaluate the models.

Comparison of Fig's 21 and 22 indicates the major differences in system

structure and-function between the outer control and discharge bay eco-

systems. Higher water temperatures and the altered pathways of water

exchange represent the major changes in external driving forces to which

the discharge bay system has adapted.

Water Exchange

Exchange of external water masses with the water in these open

estuarine bays was the main driving force for the import and export of

materials and organisms. Since the outer bay was defined as an area of

1 km (see Fig. 3) with an average depth of 2 m, then the volume of the
03outer bay was ab'out 2 x 10 m . The complete physical flushing of this

I-218
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volume due to tides, currents, and (in the discharge bay) plume exchange

was on the order of 1 to 2 times per day. The exact total volume of water

exchange is still uncertain due to the lack of information on mean longshore

currents and the effects of the power plant on them.
.

Producers-

Cross primary production (Jgp) in the Mscharge bay was about 1M

lower than in the control bay during the summer with a corresponding 20%

decrease in producer biomass (Q ) . Complete turnover of producer biomassy

due to organic production (Q /Jgp) occured every 5-6 days in both bays.7

Respiration per unit producer biomass also appeared to be similar in both
, ,, _ _

_ _ ,_ , ,,>: . > ~ ,, , . .- .:.. ... , , , ,

bays with a respiratory turnover time of producer biomass of about 10 days.

Consumers

Zooplankton biomass (Q ) in both control and dischar3e bay systemsa

2

was less than 1% of the biomass of the total consumer biomass (Q + 02 3

and their metabolism (JR2) was about 1% of total system respiration.
"

Although biomass was not measured directly in the outer discharge bay,

biomass was estimated to be about 30% lower than in the control bay consi-

dering entrainment mortality (Drew, 1974), biomass levels in the discharge

channel (Maturo, et al 1973-74), and estimated rates of water exchange

(see Appendix D E, and F). Water exchange was a major factor in determining
j

zooplankton biomass due to water exchanges was less than i day. Respiratory

turnover time for zooplankton biomass (Q /J was about 1.5 days. This
2 R2

rapid metabolic turnover time is consistent with literature values for small

zooplankton species (such as Acartia consa) in warm water. A. tonsa was
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.

t

of ten the dominant zooplankton species in these bays (Maturo, et al, 1973-74).

f Benthic invertebrates and fish biomass in the discharge bay was about
i

50% 1erer than the biomass in the control hay. Although oyster biomass in the

discharge bay was actually higher than in the control bay (Lehman,1974;

Appendix D) the biomass of other benthic invertebrates (shrimp, crabs,

polychaetes, etc) and fish was much lower in the thermally affected bays.

This possibly indicates higher rates of emigration of mobile organisms

from the discharge bays during the hottest part of the year. This pathway |

!

is indicated by the emigration estimate on J30 (Fig. 22).
|

Total System

Excluding the detritus and microbial components (Q ), for which mass
4

estimates were not available, the total biomacs of organisms in the discharge

bay was about 48.5 g/m2 (9 +9 +9). s value was almost 30% lower
3

2than the total organism biomass in the control bay (66.8 g/m ). However,

respiration per unit biomass for these compartments was about 30% higher in

the discharge bay. Accordingly, the metabolic turnover time for total system

biomass (excluding detritus) in the control bay was about 30% longer than in

the discharge bay.. Turnover times were 15 and 11 days, respectively, for

the control and discharge bays.
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Sim.:lnted Centrol Conditions. Reoresenting the medel rescense to control

conditions, a threc-yenr simuintion of the model with given initial cenditions

is shown in Fig. 24. The simuinted curves were traced directly from the outnut

of an X-Y recorder.

The generated sunlight curve is shown to fluctuate betwebn 2l00 and h200
7Kcal/m / day reaching a maximum in mid-summer (end of July) and reaching its

i

minimum at the end of December. The generated temperature curve is shown to ing
,

1

approximately three months behind sunlight in its annual fluctuation betreen a
r . , .< v. e., . .5 .... . . . , . , . .. ..,..,,...,....,,:.. - . , , , , , , . . . ,.;a. . , , , . , . _ , , , , . .3,,,, .,.,,..,,,.j. , .

0 0 ,
.

30 0 maximum in early fall and a 13 0 mininum in early spring.

The simuisted gross primary productivity (J ) fluctuated betwcen a late summerp
2peak of abo'it 8 to 8.5 g/m /dsy and a minimum during inte winter and early spring

of about h g/m / day. These simulated values closely resembled actuni me,surements

of community metabolism for the outer bay (Fig. 13) .
.

Simulated total respiration also showed fluctuations similar to those indiented

by the d'tn with m rima nnd minima around 9 and h g/m /dny occurring slightly

inter than those' for crim-ry nroduction. P/R ratios of the simuisted curves
-

appeared to fluctuate aroun 1.0, being sli6htly ;;rcaterthon 1.0 when creductivity

was maximum and slightly less than 1.0 when respirntion uns maximum.

Simulated producer biomass fluctuated between a minimum in inte winter-early

2 2spring (20-25 g/m ) to a peak in mid-sumer (50 g/m ) showing n slightly

-I-223 J
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Simulations

An outer bay model was programmed and simulated to test its validity

and predictive responses to future power plant conditions. The simulation

model (Fig. 23) was simplified by assuming that water exchange (bay flushing)

and fishing pressure were constant for a given simulation and that organism

migrations (J03 "" 30) were independent of temperature changes Therefore,

for each simulation, che model emphasized the net effects on metabolism and

trophic exchanges of seasonal oscillations of sunlight and temperature.

Three simulations were performed representing different degrees of power

plant influence on water temperature and bay flushing.

The mathematical representation of this model is given in Table 6.

The driving force of sunlight was generated as a cosine function of time.

The temperature function was generated with a 3 month lag behind sunlight.

Using on initial set of crnditions for forcing functiena, st ndin6 stocks,
i

and exchange rates, the coefficients in the equations were c,1culated, the

equatiens were scaled for proCraming on an apolied-Dyn,mics analec computer, and

croliminary sinulaticus of the model riore ocrformed. Appendix 4B-C and its accomp-

anying footnotes list these values along with the necessary documentations,

calculations, and assumptions.
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External driving force fun [ttions and differential equations forTable 6.
Outer Bay Model

Forcing Functions
'i

Sunlight, Io = cos wt; period = 1 year

Temperature. T = cos (wt + f ), AT ; / = 90* = 3 months
AT = power plant influence

f.
State Variables s

Rate of Change = Cross Production + Import - Export. - Losses to next trophic levels - Death - Respira-
- tion
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4 Producers, Q KI*9 * - 10 1 ,' ~ 12 1 R2 2 14 1 R1 1
=

7 r 51 1

U ',

Zooplankton,k
H 1(KR2 2 2 20 2 23 2 k 3 3

-

24 2 ~ b2 2Q 9 ~ ~ NK~

2 ,

Q ( R2 29+K
4 .

Benthic Invert's

3 23 2 R3 3 3 30 3 ~ b93
~

34 3 - R3 3K ~ 9 Nand Nekton. Q =

R3 3 )3 1(K QT+K 9

43 4 b3 39
,

9 9 9 9 9
n rbs 14 1 4

-

40 4
~

42 4 R2 2 ~ b4 4

43 4(KR3 3 )9T9+K Q K
g2

+K Q '

34 3
*

Phosphorus,6
15( R1 1 5

- 9 9950 5 ), ~ 51 51
"

5

25 k2 2 }I 9+K *
j

4K,g(K,3Q T) fl,=Io-K,(K,1,Q,Q,T) ]3
i



_ _

Tides I2
Bay

-

FlushQg
t

-e '

lZooP ankton >

5!
J50

Phosphorus JI* Export
<

Detritus gg, J
? Fishing

PressurePhytoP anktonl ^ :

-,
.

power Plant

@5 -g
I ab pump O3~,

lZooP ankton
$ Ambient T Phosphorus

Tempera were gs / 2 g
TEMP- p

9 Benthic"' $Q i il Invertebrates
Sun To TP >x)9X an
To

J,3 _f j
,9 k- #

4 03ProducersqI R 04 - ' I . ggaly
organSc d \ y,3e

,

45 " ,g Stock-
Detritus H] / J30

o

/V V
4 5 )I f/3f

Jn I I =m RL IR33 y , 3 y,.-

: - :-
T 1 r

Jg In 25i

Figure 23. Circuit Diagram of Energy Flow Through the Outer Bay Ecosystem Showing Forcing Functions,
Internal Storages, and Pathways of Energy Exchange. Pathways are numbered such that flow
from storage X to storage Y is identified by J y.

.



_ _ _ - . . _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

* b i. M *:*

7
,

N 4000-g
2 @ .

'

5 'o 2000 ..

*
Sunlight

30 -

o" 20 <

10 - Temperature

^ 15. Gross Primary Productionn
A 10-

5, 5-

@ 15 Total Respiration

2 10.

$ 5-
2

80. Produe.er Biomass
_

n .g

00 . , ,4 0 ,, . . . , , , . ., ,.

4 Zooplankton Biomass
m -

' ,~ec

80.
m -

40g
Organic Detritus-

40. Benthic Invertebrates and Nekton
N -

g
g 20

-
n

Phosphorus
,

"

i ':- v l
1

.
'

|

g Fishing Yield
,

E .01-

__ [-

iigiigiig ,g g.. g.i g.. g..g..g. g i|
,

S F W S S F W S S F W 3
SEASON

.

Figure 24.
SimulatedOuterBayModelResponsetg/dayflushingControl Conditions
(ambient temperature and a 2 x 106 m volume)

I-227
.,



Sfluenced regeneration more th,n a fonct. ion of utilizntion and depict, ion during

times of hirh prim,ry product, ion.

Since fishing oressure (I ) in this model w,s const,nt, the fishing yield5

was linearly pronort,ional to the standing stock of higher consumers. Therefore,

the daily entch followed the rise nnd fall of nekton ::nd bent 51c invertebrate

bio:. ass with a penk yield of about .000 g/m#/d y in inte summer. Future work in

modeling the fishery :nd yield must account for se,sonal pulses in f'.shing pressure

and migrat. ions of importnnt fishcry species in ordor to obtain more accurato

simulntions. 's presented here the model lacks such nrogrammed pulses and does-

not include, for example, mechanisms simul.ating the mullet fishcry with high

winter yields. The simulated nulse in yield shown in Fig could nossibly

corresnond to the blun crnh inndings during the summer which doninnte both the

volume and vnlue of t,he Citrus county fishery.

Simulated Effects of Units 1 and 2. Figure 25 shows the model resconse to a

3 C riso in temperature and an approximate doubling of .the water volume flushing

through the outer bay. These conditions at, tempt to simuiste the offects of the

operation of oower oinnt Units 1 and 2 on the original " control" ecosystem.

For contrist the control condition is plot,ted with a solid lino and the now

conditions nro plotted wi i the dotted line.

Gross nrimary productivity under the new conditions w s slightly higher th,n

the control productivity from mid-winter to late summor with n maximum difference
2

of only -bout 1 g 'm / day during the serine. During the rest of the year productivity

was not ="fected. '"ith n'tural variation of day-to-day community production, this

change would probabJy not be detectable in field studies.

Total respiration was 1.0 to 1.5 g/m / day higher throurthout the year with the

new conditions. Again, this slight incrense would possibly be undetectable due

to natural variations of this parameter.

1-228

._ . - _ _ - -



i

|
|

N 4000
dJ

G ,

- x j.
~ n
a 72000-
U . Sunlight

20. .' *** * * * . . . ~ ~ ' ** ' ' . . . . - '30 ' ' ' " ' .
. . . . . . . ". .

. .

'
. .. .. .

u ...... ...... - . . . . . -*

10- Temperature

-

$ 15- Cross Primary Production
m

n' - 10.
..a.... . . . . - .-e

S. --

no

@ 15 Total Respiration
m

n' 10- . - . . . .. ... --
.,

,

G
S. . . . . . * * = . . . . . . '. .**..n. . .

*
..

co
-

80- Producer Biomass
n -

,

, ... ....,....:., ,..w...,...,. . , . ,. . ,x. . . . + . . . .
.., . . . . . ,; . ,.,. . . . , . ..

4- Zooplankton
c. .

{ .2
,,

.

80
m - . . . . , _ ..- -..... , .......... ,g

- 40-
ec

. Organic petritus

40 Benthic Invertebrates and Nekton
... ,.... ..., , ,. ., ., , ,

* -E *

. . - .

. .. . ' *
-

' . * * * . . . . . . . . * * * * -20- ..
'* *

. . .

00 * e. .* *
. * * * . . *...., ,,...

.
Phosphorus

n

f W W'

_

x
,e . Fishing Yield
N .01-

n$
, . . . .... ... .

..
'

'

S ..... .'.. .......... ',
-

~.

S F w s s v s s v ,..,..' . . i . . i . . . . , . . , v. i . . i . i w g

SEASON

Figure 25. Simulated Outer Bay Model Response to Control Conditions
(solid lines) and Response to Conditions Imposed by the Operation
of Power Plant Units 1 and 2 (dotted lines) . Units 1 and 2 cause
a3 C temperature rise and an additional 3.5 x 10 m / day flushing
volume.

I-229
_



.

Plant biomass was reintively un-affected by the non conditionn with only

slightly higher lovels during the soring (10%) and slightly lower levcis during

late summer and fall. Snedaker et al. (1973) found that the average benthic macrophyte

biomass was about 25% lower in the discharge estuary thin in the intake (control)

est.uary during the summer. Ilowever, the natural vari 1nce of macronhyte biomass

samoles would possibly not render this difference significant. lievertheless, it

will be of considerable interest in future simulations to ox,mine the combinations

of coefficients or model alter 1tions which might icad toward a significant change

in producer biomass.

Zooninnkton bionass was much lower during the late arring and early winter

and fluctu,tions wero much damocned in cenonrison with the original control

simulation, floth the dnmpening of fluctuatiens and the lowering of the biomass

n.:re much under the influence of bay flushing. Future stuulations will -ttemot

to isointe the partial offects of tempernture and flushing r,tes.

Org.inic detritus was about 10-15% lower during the spring maximum with the

new conditions, reflecting higher rates of decompositien (respiratory regeneration)

,nd faster rates of transfer to higher consumers.

Benthic invertebrates and nekton reached higher levels throughout the year

under the new conditions. The greatest difference from control conditions was

during the late sunmr maximum r: hen this compartment was a'aout 155 higher than

the centrol condition. Fvidently the effects of higher temperatures and flushing

rates stimulated the transfer of food to the higher consumers more than they enhanced

| reseiratory losses. Again, some logic centro 1 Led migrations such as those involved
:

| with temnerature nreferences must be considered for future simulations.

With the new conditions total ohoschorus n,s higher by .,beut 90-25% dur'ng the

spring and early summor but wns un4affected during the fall maximum. The stimulus

to chosnhorus regeneration imnosed by the new cenditions n,s thus creater during
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times of ici emblent tenneriture than during times when tonner-turo were

highest.

FishinC yioids, again reflecting nekten and benthic invertebrate biomass,

was about 10. higher for the nca conditiens then for the centrol. ignin, the use

of logic centro 11ed temperature preferences and migrations will n d to the v111dityd

of the model in future creductions of fishcry yields.

',

Simulated Effects of Unit 3. The simulations shown in Figures 24 and 25 show

cortnin natterns that nre very similar to those documented by existing data while

other trends are not as well documented and possibly need edditional work and study.

!!Swever, 'the' inod'el' docs 'htive pfobirtids ' ef the rent' ocosyst13m'tmder ' study at " * c' ' ~ ~ ~ ' '
~

Crystal River and some insight may be gained now in nn attemnt to simulate

ontterns thnt might emerge when Unit 3 begins oporntien.

The actu,1 discharge water from the nower ninnt will not be

much warmer than the water discharged now by Units 1 end 2. However, the volume

and velocity of' discharge will rpproximntely double thus jetting a grenter amount

of plume water to the outer areas of the discharge bays. It is estimated, therefom ,

that with the approxim,te doubling of water volume flushi" through the outer Lay

an 4dditional 3"C rise in termporature nill occur with the coeration of Unit 3.

Figure 26 shows with solid lines the simuinted pattorns under present conditions

(with Units 1 and 2) in contrast to resultant patterns under conditions imposed

by Unit 3 (dotted lines). The main features indicated by the simulation of

Unit 3 cenditions wore:

(a) Gross primary predhetivity was not affected
2(b) Total resniration showed nn additional 1-2 g/m / day increase

2(c) Plant biomass was slightly lower (by about 5 g/m ) through the summer
and early fall when temocratures were highest.

(d) Zoopinnkton biomass wes slightly lower .and annual variations wore
almost entirely eliminated. j

(e) Benthic invertebrates and nekton were again higher threughout the year.
I-231
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(f)"hos,horus concentrntiana w re not signific ntly af& eted

'.'.hile thecc resuits do not yet c nstituto a definite crediction, they do

dononotr,to the utility of the model -nd the notential for nuch nredictive use.
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APPENDIX 4B-A

SUMPARY OF DATA FRCH OTHER RESEARCH PROJECTS AT CRYSTAL RIVER USED TO QUANTIFY MG)ELS

Standing Stock
2

(g organic matter /m )
Control Discharge

Item Season Bay Bay Reference Assumptions

Benthic Summer, 1973 44.8 36.3 Snedaker, et al 1 g organic matter /g dry wt
Macrophytes 1973-74

"
Zooplankton Summer, 1972 0.16 Maturo, et al.

"
Fall, 1972 0.15 1973-74

"
Winter, 1973 0.06

, g "

4 Spring, 1973 0.19 2
g Oysters and Annual Arg. 6.1 6.5 Lehman, 1974 'g/m in overall bay = .03x

Reef Organisms g/m2 on reefs (Reefs =
3% of bay area).

* Benthic Macro- Winter, 1973 2.0 Snedaker, et al 0.55g org matt /g dry wt
,

Invertebrates Summer, 3.6 0.8 1973-74"

Fall, 2.1 0.7"

Spring 5.2 1.2"

* Vertebrates Summer, 1973 1.9 1.5 0.90 g org matt /g dry wt"

" " "
(Fish) Fall, 0.3 0.8

" " ""

Winter, 0.3 0.5

Organics in Summer, 1973 26.0 30.9 Stanford, 19 74 2 g org matt /g org carbon
the Water

:
* Benthic macro-invertebrates and fish were sampled o sly in the shallow inner bays at Crystal River.

. .

O

h
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APPENDIX 44-3

EXTERNAL DRIVING FORCES, STORACES, AND FLOWS IN
EVALUATED OUTER BAY FOpELS (Figs. - 21. and 22) .

I. Outer Control . Bay 11odel (Fig. 21)
.

.

EXTERNAL DRIVING FORCES:

Notation Description Calculations and Assumptions References
,

Il
Sunlight 11 = average incolation in southeast U.S. , cc-July Reifsnyder and Lull,

1965-

2= 5500 kcal/m / day
7

.5 Grimes (1971) andn
O1 Ambient water 12 = average summer temperature

2 ' Fig. 11*

temperature '

= 30* C -

(average tidal range) x (area of bay) x (tides per1 Tidal water exchange 1
3 = day) x (tidal exchange coef f cient)a (a) McKellar,19743

= (1.0m)(1 x 10 ,2)(2/ day)(0.76)6

6 3= 1.4 x 10 m / day

4 = (mean longshore current velodity)a x (average depth (a) Assumption
I Advective water 1

4 of bay) x (length of bay boundary) x (advective (b) Assumed to beexchange
exchange coefficient)b similar to tidal

exchange coefficient'j

1 Fishing Pressure Assumed to be proportional to thef numbers of sport and Fla. Bd. Con. Salt
5 commercial boats registered in ".iprus County Water Fish. Div.

Mar. Res., 1970, -

3
15 = 2.25 x 10 boats ,

i
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EXTERNAL DRIVING FORCES-(cont.):

Notation- Description Calculations and Assumptions References

1 External concentration See. footnote 1 (a) Table 4, summer01
of phytoplankton control

Iol.= .. (Chlorophyll-a conc. in control bay)a x (b) Steele f Baird, 1965
(carbon : chlorophyll-a ratio)b x (organic
matter : carbon)

3= (.00267 g/m )(100)(2) s

3= .53 g/m

7 01 Import of phytoplankton J01 " IIol, above)(13+I4, above)J *

due to water exchangew
$ (Bay area)

= (.53 g/m )(2.6 x 10 m / day)/106 ,23 3

2= 1.39 g/m / day

I O2 External concentration
of zooplankton See footnote 1 (a) Ifaturo, et.al. 1973-74-

Appendix 45-A
102 = (Zooplankton stuck in control bav)a

(Bay depth)

3= (.16 g/m )/(2m) = 0.08 g/m

J Import of zooplankton due J02 * IIO2, above)(13 + I , above)/ bay area402
to water exchange

= (.089/m3)(2.6 x 106 m3/ day)/ 106 m2

2= 0.21 g/m / day

_ _ _ _ _ _
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ETTERNAL DRIVING FORCES (cont.): *

Notetion' Description Calculations and Assumptions Re fe rences'
,

i
1 Externa?. density of Assumed to be the density of mabro-benthic03

migrating invertebrates invertebrates and fish in the control bays.
and fish

'

I03 = (Macroinvertebrates + fish)a (a) Snedaker et.al.1973-74
,' footnote 2

= 3.6 g/m2 + 3.8 g/m2

2= 7.4 g/m

J Invertebrate and fish J03 03 Assumed to be about 10% par day of the
migration external stock of invertebrates and fish

*

[' = (.10)(103, above)
'

2
= (.10)(7.4 g/m )

2= 0.74 g/m / day ' i'

1 External concentration 103 = [(Total density of organies in control bay See footnote 1
'

04
of detritus water)a j bay - depth) - (pliytoplankton (a) Stanford, 1974

concentration)b Appendix 4B-A
2 3 Y= (26 g/m /2m) .53 g/m

= 13 g/m3 .53 g/m3
,

:

= 12.5 g/m },3

e

J Import of detritus due to J04 " (IO3, above)(I3 + I , above)/ bay area404 water exchange
6,3 jay)/106 ,23= (12.5 g/m )(2.6 x 10 f

.,

f' , .
2= 32.5 g/m / day

*

.'

$

$

_

____:
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EXTERNAL DRIVING FORCES (cont.):

Notation Description Calculations and Assurnptions Re ferences
I External concentration 105 = (Total phosphorus conc. in control bay water)a See footnote 1OS of phosphorus

3 (a) Table 4, sunner
= .042 g/m control'

J 189 ft of PhosP orus due J05 " (IOS, above)(1h 3 + I , ab ve)/ bay depth05 4to water exchange .

(.042 g/m )(2.6 x 106 ,3/ day)/106 ,23=

= .11 g/m / day

Y

[ INTERNAL STORAGES:

Qg Total producer biomass Q1 = Phytoplankton + benthic macrophytes (a) Table 4, sumner contro
(b) Steele and Baird,

Phytoplankton = (Chlorophyll-a concentration)a 1965
x (carbon : chlorophyll ratio)b x'(organic
matter : carbon ratio) x (bay depth)

3= (2.67 mg/m )(100)(2)(2n)
= 1.07 g/m2

Benthic macrophytes = 44.8 g/m2 (c) (c) Snedaker, et.al. ,1973
2 74

Q1 - 45.9 g/m Appendix 4B-A

2Q Zoeplankton biomass Q = (0.16 g/m ) Appendix 4B-A2

Q3 Benthic invertebrates Oysters and reef organisms = (6.1 g/m )a (a) Appendix 4B-A2

and fish
2Benthic macroinvertebrates = (10.8 g/m )b (b) See footnote 3

Fish = (3.2 g/m )b2

Q3 = total = 20.7 g/m2
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INTERNAL STORACES. (cont.)

Notation Descrfption Calculations and Assumptions References

Q Detritus stock with Q = water column detritus 'nd bottom detritusa
4 asscciated microbes

water column detritus $ (total organics in the
water)a - (phytoplankton)b (a) Stanford, 1974

Appendix 48-A
2 2= (26.0 g/m ) - (1.0I g/m ) (b) See Q , phytoplankton,

7above.

2= 24.9 g/m (c) Assumption

Bottom detritus = 75 /m2 (c)
2

- Q = 100 g/m

Total phosphorus in the QS = (Total phosphorus conc 5)a x (bay depth) (a) Table 4, summer
QS

. water control*

3 ,

= (0.042 g/m ) x (2m)
.

2= 0.08 g/m

'

FLO'4S :
,

J Light used in Assuming -that peak pro' duction during the
1 photosynthesis summer uses 50% of inc,ident solar radiation

#
J1 = 2250 kcal/m / day

.

J Light remaining for
r

additional photosynthesis J *Il~31 /'r

2= 5500 - 2250 kcal/m/dky
'

2= 2250 kcal/m / day

?
.

-

- _ _ _ _ _ _ _ _ _ _ _ _ _ _
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F1.0WS (cont.):

Notation Description Calculations and Assumptions Re ferences , ,

"

| J Total community gross J = P et + Rnight Table 1, summernCP p
f primary production control bay2

= 8.25 g/m / day (g02 R org. matter)
,,

R,Rnight x 2 Table 1, summerR Total community respiration J

2= 8.40 g/m / day
.

J Pr ducer respiration JR1 R1 Assumed to be 50% of J E.P. Odum,19 71p

2= 4.13 g/m / day
a

hJ Zooplankton respiration Jg = (Q , this table) x (0.028 g 0 /g dry wt./ (b) Table 3, combinedg
2

'hr a x (24 hr/ day) summer average

= .(0.16 g/m )(0.028 g/g/hr)(24 hr/ day)

= 0.11 g/m / day

J BentMc invertebrate and J Assumed to reflect a metabolic turnover timeR3 R3
fish respiration of 15 days

" (9 , this table)/ (15 days)JR3 3

2= 1.38 g/m / day

J R4 Respiration of detritus JR4 R ~ ( R1 + JR2 + JR3)"

with associated microbes
= 8. 40 - (4.13 + 0.11 + 1. 38)

= 2.48 g/m / day
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FLOWS (cont.): b

Wetation Description Calculations and Assumption Re ferences

J Phosphorus recycle from Assuming that respired organ.ic matter was
N-

community respiration 1% phosphorus l>.

2JN = (.01)(8.40) = .08 g/m / day

10 = (Phytoplankton stock)N x (I, + Ia, above) (a) See Q , this tableJ10 Export of phytoplankton J
1

due to water exchange (Bay area)(Bay de th)

2= (1.07 g/m )(2.6 x 106 f,3/ day)
(106 m2092m) -

s
24 = 1.39 g/m / day

C ,

P ankton grazing Calculated to give an organic balance to thelJ Z
12

compartment

2J12 = 0.08 g/m / day Footnote 4.

a Benthic invertebrate.s and Calculated to give an organic balance tog
*>fish grazing the compartment -

d2
Jy3 + 1.0 g/m / day

'

Footnote 4

'

J Producer death and14
transfer to detritus Calculated to give an organic balance to the

compartment .-

Jy4 = 3.0 g/m / day Footnote 4
..

P ankton stock)"(~3 + I4, above) (a) See Q , this tableP ankton export due J20 " (Z lJ Z l20 2
to water exchange .?

(Bay area)(Bay depth)

J Zooplankton loss to benthic Calculated to give an organ c balance to the Footnote 423
invertebrates and fish compartment !

s;-

,.

4

__.__.-_ _ _ -_____-_ __
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- FLOWS (cont. ) :

Notation Description Calculations and Assumptions References
J Zooplankton death and feces Calculated to give an organic balance to the Footnote 424

transfer to detritus compartment

2J24 = .025 g/m / day

J30 Benthic macro-invertebrate Assumed to be 10% per day of the standing stockand fish emigration of benthic macro-invertebrates and fish
2J30 = (.10)(3.6 g/m + 3.8 g/m )a (a) Footnote 2

2= (.10)(7.4 g/m )

7 = 0.74 g/m / day2

Y~

"J Benthic invertebrates and fish Calculated to give an organic balance to the Footnote 434
death, and feces transfer to compartment
detritus

J34 " 1*7 8/" Id*Y
J Commercial and sport Commercial fishing harvest = .004 g/m / day Footnote 5

2p
fishery harvest Commercial fishing harvest = .002 g/m / day2

2J = .006 g/m / dayp

J40 Detritus export due to J40 = (detritus in the water)a x (13+I4, above) (a) See Q , this tablewater exchage 4

(Bay area)(Bay depth)
6= (24.9 g/m )(2.6 x 10 m / day)

(106 m2)(2m)

2= 32.5 g/m / day

_
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FLOWS (cor.t.): 4

Notation' Description CalculationsandAssumptionh References

?

J Benthic Invertebrates and Calculated to give an organ.ic balance to the Footnote 4
43 fish consumption of- compartment

detritus '

J .= 2.0 g/m / day . ' .2

43 ,

50 " (9 , above) x (13+Ii,above)J Phosphorus export due to J 550 water exchange (Bay area)(Bay depth)

36 g / day)= (.08 g/m )(2.6 x 10

(106 ,2) (2m) :

s
h = 0.11 g/m / day '

c~
.@

J Phosphorus uptake by Assuning that the organic Matter fixed by
51 producers community production (JCP)iwas 1% to ,

phosphorus 4]. ,

J = (. 1)( cp, this tab 1d,) 3S1
?

= (.01)(8.25 g/m~/ day)
2 I

= .08 g/m / day >

,

.

.

i

1

'I
4

-
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APPENDIX 4B-B (cont'd)

.

II. Outer Discharge Bay Model (Fig. 22)

EXIEENAL DRIVING FORCES:

Notation Description Calculations and Assumptions References
,

7 I Sunlight - I = 5500 Kcal/m / day (same as for control bay model See Appendix E-1, aboveg 1 1

I, Ambient Water I = 30 C = temperature in discharge bay if power " " " "
2' Temperature plants shut down

I Temperature I =3C Fig. 16T
increase due to
thermal discharge

1 Tidal water
Assumed to be sj/ day

milar to control bay tidal change See Appendix 48-9,1 above3 exchange I =1 x 0m
3

I Water exchange due Assuming a 50% reduction due to spoil banks
4

to longshore currents,
advective exchange I

4 = (.5) (I(.5)(II2 x 10 ,3/ day) above
in control bay)s See I , Appendix 4B-B.I=

6
6= 0.6 x 10 ,3/ day

I Water exchange due Ip = (total volume of water pumped by the power (a) F.P.C. 1972p
to power plant plants)a x (plume exchange coefficient)b (b) McKellar,1974

6pumping = (3.5 x 10 ,3/ day)( 28).

= 1 x 10 ,3/ day6

_ -.
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EXTERNAL DRIVING FORCES (cont'd):
'

Notation ; Description Calculations and Assumptions References

1 Fishing pressure Assumed to be proportional to the number of commercial
5 and sport fishing boats registered in Citrus County -

same as for control bay (
)I = 2.25 x 10 boats

5 .

0

1 External I,7 = 0.53 g/m3 (same as for control bay) See footnote 1 and
01 concentration of 3' Igy, Appendix 4B-B,I

phytoplankton . above
r,
I

- w .

(a) 1 4+' $ J Impact of J = (I ,above)( total water exchange)G
01 3 p,

P ytoplankton duh bay area this table; See*

to water exchange footnote 6= (.53 g/m )(3 x 10 m / day)/1h6,23 63
'

= 1.56 g/m2/ day

3

above;2, Appendix 48-B,I
See I1 External 1 =. gm same as for contrql bay) o02 02 and footnote 1concentration of

zooplankton -

J Impact of Zooplankton Assuming 100% entrainment mortality with power plant Drew, 1974
02

due to water pumping (I ) during the summerp
exchange

"* + (S o2}( P)J ~ (Io2, abova)(13+ 4' ^2
bay area ,

3 6= (.08 g/m )(2x10 ,3/ day) + 0?

10 m62 (
2= 0.16 g/m / day .3

,

.

9

4

L_ _
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ErrERNAL DRIVING FORCES (cont'd):
Notation Description Calculations and Assumptions References

I External density 1 = 7.4 g/m2 (same as for control bay) See Appendix 48-B,Ig 03of migrating above
invertebrates
and fish

2J Invertebrate and J = 0.74 g/m / day (same as for control bay) " " "
03

fish immigration 03

1 * *#"" = 12.5 g/m (same as for control bay)7 04 04
" " "

w concentration of
U detritus in the

water

J Import of detritus J04 " ( 03' * **)( 3 + I4+IP, above)04,

due to water
exchange Bay area

3 6 6= (12.5 g/m )(3 x 10 ,3/ day) /10 ,2
2= 37.5 g/m / day

1 External 1 = .042 g/m (same as for control bay) " " "05 05concentration
-of phosphorus

05 05 " ( 05, above)( I3+I4+Ip,abov$)J Import of phosphorus J
due to water
exchange bay area

3 6 6= (.042 g/m )(3 x 10 ,3/ day)/10 2
2= .13 g/m / day

.
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EXTERNAL DRIVING FORCES (cont'd):

. Notation Description Calculations and Assumptions References
>

Q Total producer Q = phytoplankton + benthic macrophytes (a) Table 4, summer
7 g

biomass phytoplankton = (chlorophyllva)a x discharge
(carbon: chlorophyll ratio)b x (b) Steele & Baird,
(organic matter: carbon ratio) x 1965
(bay depth) , (c) Snedaker et al,

1973-74
= (5.37 g/m )(100)(2)(2m)

=2.15gfm2
, Appendix 4B-A
'macrophytes = 34.3 g/m (C)

2
'T Q = 36.5 g/m

I
U 'o

Q Z plankton Assuming a 30% reduction from control bay values footnote 7"
2,

mass Q = 0.11 g/m *
,

Q Benthio in erte- Oysters and reef organisms = 6.5'g/m (a) (a) Appendix 4B-A
3 ~ "

brate and fish Benthic invertebrates = 2.4 " (b) (b) "&
biomass Fish = 3.0." (b) footnote 3

=H.9h/m
2

Q3
'

Q Detritus stock Q = water c lumn detritus + bottom detritus (a) Stanford, 1974;
4 4 water column detritus = (total organics)a - Appendix 4B-A

(phytop (b) see Q above
=(30g/m}ankton)bg-(2.15g/ni) 2

= 27.8 g/m
bottom detritus = 75 g/m2 (same as was assumed

for control bay)
2Q = 103 g/m

4
.

:.

i.
4

L
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EXTERNAL DRIVING FORCES (cont'd):

Notation Description Calculations and Assumptions References

Q Total phosphorus Q = (total phosphorus conc.)a x (bay depth) (a) Table 4, summerS 5in the water 3 discharge= (.059 g/m )(2m)

= 0.12 g/m

FLOWS:

[ J Light used in J = 1996 Kcal/m / day -(estimate based on assumption See J , Appendix 4B-B,IU photosynthesis stated for J in the control model
J Light remaining J =I -J# # 1 1for additional

photosynthesis = (5500 - 1996)
= 3504 Kcal/m / day

J T tal community J =PCP gp net day night. Table 1, summer
gross primary

2 discharge bayproduction = 7.32 g/m / day

R Total community R=R x2
respiration night Table 1, summer

2 discharge bay
= 7.14 g/m / day

J "* = Assumed to be M of J E.P. Odum, 1971R1 R1 gprespiration
2= 3.66 g/m / day

J Zooplankton JR2 R2 2, this tame)(.028g/g hy wthM24 hrhay) Ma) Tame 3, comMned sum~

respiration
2)(.028 g/g/yr)(24 hr/ day).. g summer average

= 0.07 g/m /hr
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FLOWS -(cont'd):
ReferencesNotation bescription Calculations and Assumptions *

J Benthic inverte- Assuming a metabolic turnover tidie of 15 days
R3 "*'

y, ra o R3 3, e s table) UW days}J ~

J = (11.9 g/m )/(15 days) s
R3

= 0.77 g/m / day
*

*

J Reepiration of Calculated as a difference
R4

detritus andy J R - (JR1 + JR2 + JR3)
= '

associated microbes R4y
2 'u = 7.14 g/m / day - (3.66 + .07 + .77)

3 2= 2.63 g/m / day .

J Phosphorus Assuming that respired organic ma[tter was 1%
re-cycle from phosphorus
C """"'UY J = (.01) ( R)
respiration n 2= ( .01)(7.14 g/m / day)

= (.07 g/m / day) ,

J Zooplankton Calculated to give an organic bafance to compartment footnote 4
grazing J = 0.06 g/m / day

,.

J Benthic inverte- Calculated to give an organic bai'ance to the "

13 brates and fish compartment .

2grazing y = 0.5 g/m / day
3

.

%
<;,

L

e
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FL WS (cont'd):
Notation Description Calculations and Assumptions References

J Producer death Calculated to give an organic balance to the footnote 4g
and transfer compartment
e ri us

J = 1.5 g/m / day

J Zooplankton loss Calculated to give an organic balance to the "
3

to benthic inverte- compartment
brates and fish J = 0.02 g/m / day

3
n
g J Zooplankson Calculated to give an organic balance to the "

3 death and feces compartment
ransfer t 2

J = 0.02 g/m / daydetritus 24

J Macr -inverte- Assuming that are moving away from plume-affected30
brate and fish area during the warmest part of the year at a rate
emigration twice that of immigration

J = (2)(J03, this table)3g

= (2)(.74 g/m / day)
= 1,48 g/m / day

J Macro-invertebrates Calculated to give an organic balance to the "

and fish death and compartment
feces transfer t,

J = 1.0 g/m / daydetritus 34,

J Commercial and Commercial fishery harvest = .004 g/m / day footnote 5p
sport fishery Sport = .002

" " "

harvest
J

7 .006 g/m / day '=

,

)

,
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FLOWS (Cont'd): {
'

Notation Eescription Calculations and Assumptions Reference

J Z Plankton Calculated to give an organic bal nce to the footnote 4
42

consumption of compartment
detritus

J = .06 g/m / day
"

J Invertebrate and Calculated to give an organic balpnce to the
43 fish consumption compartment -y

* 0'''I'"* 3 = 1.2 g/m / day
,43

[ 50 " (9 * *b **) (I3*I4+IP' #J Phosphorus J #"
550

U # " (bay area)(bay depth)
,

6= (.12 g/m ) (3 x 10 ,3/ day)!

(10 ,2) (2m)6 ^

= 0.18'g/m / day

J Phospnorus uptake Assuming that theorganicmatterjixedby
51

by producers community production was 1% phosphorus

51 = (.01) (Jgp, above) ,J

= (.01)(7.32 g/m / day)
= .07 g/m / day ,

J

.

'l
.

i.
.

'e
4
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Footnotes to Appendix 4B-B

1. Water exchange in the outer bays due to tidal action and longshore

advection was considered to be among water masses which were similar to

the outer control bay. Therefore, external concentrations of phytoplankton,

organic detritus and phosphorus were estimated from measurements taken in

the outer control bay.

Power plant pumping provided an additional mechanism of water exchange
,

in the outer discharge bay. In general there was little difference in the

concentration of phytoplankton and total phosphorus between the power plant

canals and the outer control bay (see Fig. 's 19,20,21,22). Therefore, for

these models the external concentrations of materials for the discharge bay

was also assumed to be the same as for the control bay.

2. The stock of migrating organisms in the bays was assumed to be represented

by mobile benthic macro-invertebrates (Appen. 4B-A) and fish. The drop-net

sampling of fish biomass by Snedaker, et al (1973-74) was assumed to be 50%

efficient. Therefore, fish biomass was taken as two times the values listed

in Appendix D.

3. The total benthic invertebrate standing stock in the bays was represented

by beathic macro-invertebrates (as listed in Appendix D) plus large meio-

fauna. A core sample during the winter 1973 (Snedaker, et al,1973);

!

indicated that meiofauna biomass was approximately twice the biomass of
|

other benthic, n:cro-invertebrates. Therefore, the total biomass of benthic

|
l invertebrates in the bays was assumed to be three times the values listed

for benthic macro-invertebrates in Append. 4B-A stated in footnote 3, fish

| biomass for the models was taken as two times the values listed in Appendix 4B-A,

1-258
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4. .The tidal metabolic energy budget of the system was indicated by total

community metabolism. Some indication of component respiration of each com-

partment was specified under the assumptions stated above (J through JR4 *R1

This combined information indicated certain limits on the internal exchanges

for each compartment if an organic balance existed in the system for each
.

compartment. The evaluation of the internal organic exchanges for the model

were subjected to this organic balance and certain judgements were made

concerning the nature of each flow as follows:

(a) Much of the energy flow through estuarine ecosystems occurs via

detrital pathways. For the model the flow rate of producer biomass into

detritus -(J 4) was ' assumed 'to be about 3 times -the ' rate of direct grazing 4 -* - - ' - '- ' .w-.- -

by higher consumers.

(b) Consequently, higher consumers were assumed to graze on detrital

material at rates about twice the rate of direct grazing on plant material.

(c) Zooplankton were assumed to feed on producers (phytoplankton) and.

detritus particles in equal proportions at a rate about equal to their body

weight per day.

5. Fishery statistics were obtained from the Summary of Florida Commercial

- Marine Landing. , Florida State Board of Conservation (1971) and were used

as follows:

6Finfish: =-(1.325 x 10 lbs/yr)(.2 dry wt/ wet vt)(.9 organic matter /
0dry wt) = .235 x 10 lbs organic matter /yr
6Shellfish - (3.096'x 10 lbs/v.)(.5 dry wt/ wet wt)(.56 organic matter /

,

dry wt) = .850 x 10 lbs organic matter /yr .

0 0Total = 1.0 x 10 lbs organic matter /yr = 5.54'x 10 g organic matter /yr
.

.
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2Total commercial fishery landings for Citrus County = 1.5 g/m /yr = .004 c/m /da.

Sport fishing landings may be as high as 50% of commercial landings (from
2literature cited by Taylor et al, 1973) = .002 g/m / day. Therefore, the

overall daily average of fish landings for the outer bay urea may be on the
2order of .006 g/m / day.

6. Detriment to phytoplankton entraind in the power plant cooling waters

occurs primarily during chlorination. Fox and Mayer (1972) found an average

of 40% reduction in primary production in water immediately discharged from

the power plant. However these adverse effects could not be found at the

end of the discharge canal. Therefore, the import of phytoplankton to the

discharge bays from power plant pumping was assumed to reflect only the

additional volume of water exchange with no entrainment mortality.

7. Maturo et al (1973-74) found zooplankton concentrations in the discharge

channel about 50% of concc7trations found in the control bays during the
-

Concentrations in the outer bays should be somewhat higher than insummer.

the canals because of substantial mixing with waters other than the plume.

11adensityof.11g/m is assumed (30% reduction) a reasonable organic

balance can be calculated with the corresponding rates of water exchange.

a
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APPENDIX 4A-C

Summer Outer Control Bay Values for Forcing Functions, Initial Standing Stocks, And Exchange Rates (Fig. '23)~

Used in Simulations. Notation: Cf = bay flushing coefficient = 0.5 for tidal flushing only (footnote 1).
Zb = average depth of the outer bay = 1.8' m.

:

Q
Forcing Functions Value Explanation {

I Initial: 4200 kcal/m /da Approximate [angeofinsolationat 30*N, 65-77*W (Hedgepeth,2
O Sunlight Range: 2100 - 4200 1957)

I Light availa' ole for Initial: 21*C Initial estimate assuming that primary production used approx.R ladditional production 50% of I, during mid-summer (see text)
I Ambient water Initial = 21*C

1
temperature Range = 13-30*C. Approx. yearly range in outer bay (Crimes 1971)

6 6
I Tidal flushing 2 X 10 ,3/ day (constant) Calculation:e Outer bay area (1 X 10 ,2) X tidal range (Im)

2 X 2 tides / day (See footnote 1)
,

y I Power plant pumping 0
3g ,

..

" I
4 Power plant heat AT = 0 -

I Fishing pressure " constant" Arbitrary value providing a proportional fishing yield ofS
p (see below)J

I External nekton stock " constant" Arbitrary value providing an immigration of nekton at a rate6
of J (see'below)

3
2J Flushing import of .54 g/m /da Sourceconcentrationofphytoglankton=0.6g/m2 (annual01 producers average chlorophyll-a = 3mg/m = .6g org/m2 (footnote 2)).-

Flushing impdrt = .6 X C XZb (f tnote 1)f

2 '

J Flushing import of .045 g/m /da Source concentration of zooplankton = .05 g/m3 (average02
zooplankton zooplankton conc. south of intake canal (Maturo, 1973))

Flushing import = .05 X C XZ II '" ** 1)
f b

2J Flushing import of 1.52 g/m /da (footnote 3);03
Detritus

,

.

2J Flushing import of .042 g/m /da Source concen'tration of total phosphorus = 1.5p g-at/l = .4705
phosphorus g/m3 average > annual concentration (Odum et al., 1973)

Flushing import = .47 X C XZb (f tnote 1)g
7



__ _ - - -

Standing Stocks Value Explanation

2
.Q Producers 46.2 g/m Benthic plants = 45.2 g/m (from Snedaker et al., 1973;1

assuming dry wt. of plants = organic matter)
Phytoplankton = 1.0 g/m2 (summer chlorophyll-a = 2.7 ag/m ;3

3Odum, et al., 1973) (2.7mg chl-a/m )(Z )=4.9mg chl-a/m2
b = 1.0g org/m2

Total = 46.2 g/mi

2Q Zooplankton 0.16 g/m Estimate from several spot-check tows in the outer bay with2
a 202 A mesh net, assuming dry we = organic matter as shown
by BC et.al. (1971).

27 -Q Benthic Invertegrates 25g/m Oysters & reef organisms = 21.0 g/m2 (Lehman, pers. comm.)3$ and nekton Macroinvertebrates 3.0 g/m2 (Snedaker, et al., 1973)" =

1.0 g/m2 (Snedaker, et al., 1973)Vertebrates (fish) =

Q Organic Detritus & 50 g/m2 Initial estimate assuming detritus stock in estuarine system4
Microbes

to be approximately equal to the standing stock of producers,Qg
2Q Total phosphorus .07 g/m Summer total phosphorus concentration = 1.38 mg-at/m3 (Odum,S

et al., 1973)

(1.38mg-at/m3)(Z )(31mg/mg at)(.00lg/mg) = .07b

4
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Flows Value Explanation 1

Jp. Cross' primary produc- 7.4 g/m /da Summer average gross community primary production (Odum,' et al,
tion 1973)(see footnyte 4)

2J Zaplankton respiration .03 g/m /da Initial estimati assuming a metabolic turnover time of about
R2 5 days which is* consistent with some values in Raymont (1963)

J Bent m. a n t n 1.2 g/m Ma Initialestimathassuminga2Nayturnwertimeforlarger2
R3 .

respiration consumers.

2J Organic Detritus & 2.0 g/m /da Representative' rate of 0 consumption by marine detritus 1.6
R4 2

microbe respiration mg 0 /g detritdia/hr (Itargrave,1972)
2

..
.

(1.6mg 0 /g/hr)(.001g org/mg 0 )(9 )(24hr/da) T 2.0
2 2 4

J Producer Respiration 4.3 g/m /da Totalcommunityfrespiration=7.5g/m/da(Odumetal,1973;2
R1{ footnote 3) minds (JR2 + R3 R4

"
*

*
2J Export of planktonic .50 g/m /da Standing stock of phytoplankton = 1.0 g/m2 (see Q )'d

10 1(footnote 1)producers by flushing Flushing exporty= 1.0 X Cg
2J Zooplankton grazing .03 g/m /da Initial estimath under organic balanca. constraints for the

12 compartment (footnote 5)

2J liigher consumers .1.1 g/m /da Initial estimat'e under organic balance constraints for
13

grazing on producers the compartment.(footnote 5)
2

-

J Producer death & trans- 2.1 g/m /da Initial estimate under organic balance constraints for the74
fer to detritus pool compartment (footnote 5)

J Producer release of .04 g/m /da Assuming that respired organic matter (JRI) is 1% phosphorus15
phosphorus to water (.01)(4.3) T .04

2J Zwplankton export .08 g/m /da Q2 (.16) X Cf (.5) = .08 (Footnote 1)20
by flushing

J liigher consumer .005 g/m /da Initialestimathunderorganicbalanceconstraints (footnote 5)2
23

grazing on zooplankton
,

2
ZNP ankton death & .005 g/m /da Initial estimate under organic balance constraints (footnote 5)lJ

24
transfer to detritus
pool j
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Flows Value Explanation

2J Zooplankton release of .0003 g/m /da Respired organic matter (JR ) assumed to be 1% phosphorus25 2phosphorus.to water
'

J Nektonic emigration .42 g/m /da Initial estimate set equal to immigration30
~

J Benthic invertibrates 1.7 g/m /da Initial estimate under organic balance constarints (footnote 5)34 and nekton death, pseu-
dofeces, etc. and trans-
fer to detrital pool

2 2J Fishing yield .006 g/m /da Total commercial yield = .004 g/m /dap
y sport fishery = .002
g .006 (footnote 6)

" s.
J Detrital export by 1.16 g/m /da Initial estimate (see footnote 3)40

flushing

J Zooplankton grazing on .01 Initial estimate under organic balance constraints (footnote 5)g
detritus

2J Benthic invertebrates 1.8 g/m /da Initial estimate under organic balance constraints (footnote 5)43 and nekton grazing on
detritus

2J Respiratory regenera- .01 g/m /da Respired organic matter assumed to be 1% phosphorus45 tion of phosphorus e

JR3 (1. .01 7 .01 (footnote O
from benthic inverte- I

brates to nekton

5J Phosphorus export by .035 g/m /da Q (.07) X C (.5) = .035 (footnote 1)50 g
flushing

J Phosphorus uptake by .07 g/m /da Primary organic production assumed to be 1% phosphorus,51 producers Jp (7.4) X .01 0 .07
.

_ . _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . - - - - - - -- -
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Footnotes to Appendix 4B-C

Whereas this eppendix lists only those values used for simulation of control1.

conditions the general relationship for all conditions of bay flushing are as

follows:

Bay flushing is defined with a flushing coefficient, c .f
where V = volume of water flushing throughC (day ~1) = K,X V /Vg f b g

the outer bay (I and/or I )
2 3

mixed 91th' bay waterK ,= fraction of Vg
(assumed here to be 0.5)

6f bay (2 X 10 ,3)V = V lume
b

The following relationships exist for conditions investigated in these
. .i :r . . , . . . , . . . , . . ,3, , , , _,,

,, , , , , ,, _- -- -

simulations.

Flushing volume (m / day)Condition

6
A, tidal flushing only .500 2.0 X 10

6
B, tides + Units 1 & 2 1.375 5.5 X 10

6
C, tides + Units 1, 2, 3 2.300 9.2 X 10

The flushing import of materials suspended or dissolved in the water is
3

determined by the product of C , the source concentration of the material (g/m )
f

and the average depth of the outer bay (Z ). Accordingly, export of materials
b

and the arealfro ~ the system due to flushing is equal to the product of Cf

concentration (g/m ) of the material in the outer bay. The flushing import

and export of detritus represents a special case discussed in footnote 3.

2. Chlorophyli-a concentrations were converted to organic matter equi-

vaants by assuming (a) 100 g carbon /g chirophy11-a (Steele and Baird,1967)

and (b) 2 g/ organic matter /g carbon.
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3. Influx of organic detritus to the outer bay was assumed to be from

three sources (a) that suspended in the water column, (b) that exported from i

|
the salt marsh, and (c) that exported from the inner bay.

Boynton and Kemp (1973, pers. comm.) found an average particulate organic

matter content in the water column to be approximately 0.74 g/m . Chlorophyll-a

during the summer indicated an approximate 0.56 g organic matter /m as phyto-

plankton. Therefore, the organic detritus in the water column was approximately

0.18 g/m . Influx of detritus in the water column due to tidal flushing =

.18 X C XZ = 0.16 g/m / day.
f b

Influx of organic detritus to the outer bay from the marsh was estimated

2using data from Odum et al (1973) to be o.36 g/m / day. Values on marsh export

were reduced by 1/2 assuming that 50% of that export reaches the outer bay.

Influx of organic detritus to the outer bay from the inner bay was esti-

2mated as 1.0 g/m / day (initial guess).

Influx from the water column and from the inner bay was assumed to be

proportional to C as flushing energies increased with the operation of theg

power plants. Influx from the marsh was assumed to be constant.

Export of detritus from the outer bay due to tidal flushing was assumed

to be equal to import from J.e water column and from the inner bay. Export

increased in proportion to C with the operation of the power plants.
f

4. The diurnal cus e method of measuring community metabolism yields

values for Net Daytime Production (Pnet day) and Nighttime Respiration (R ).

If rates of daytime respiration are assumed to be similar to R then the
night

best estimate of total respiration is R ,g en u s of day Hght and
night

12 hours of darkness. Accordingly, the best estimate of gross pro' duction was

Pnet day + night *
!

5. The total metabolic energy budget of the system was indicated by total

|
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community metabolism. Some indication of component respiration of each compart-

ment was specified under the assumptions stated above (J through JR4}"R1

This combined information indicated certain limits on the internal exchanges for

each compartment if an organic balance existed in the system for each com-

partment. The evaluation of the internal organic and nutrient exchanges for

the model were subjected to this organic balance and certain judgements were

made concerning the nature of each flow as follows:

(a) The flow rate of producer biomass into detritus (Jy4) was assumed

to be about twice the rate of direct grazing by higher consumers. This assump-

tion was reasonable since much of the energy flow through escuarine ecosystems

occurs via detrital pathways.
... 4 .. . ., , , , < , , , . . . . ., ., _ ,, , . g. ,, , , , , , , , ., , ,

(b) Consequently, higher consumers we're assumed to graze on detrita'l

material at rates about twice the rate of direct grazing on plant material.

(c) Zooplankton were assumed to graze directly on producer biomass at

a rate about 3 times the rate of grazing on detritus. Most of the detritus

in this system is assumed to be larger pieces of decomposing marsh grass, sea

grasses, and benthic algae rather than fine, suspended particles.

6. Fishery statistics were obtained from the Summary of Florida Comercial

Marine Landings, Florida State Board of Conservation (1971) and were used as

follows:

0Finfish = (1.325 X 10 lbs/yr)(.2 dry wt/ wet vt)(.9 organic matter /
6dry wt) = .235 X 'LO lbs organic matter /yr

6Shellfish = (3.096 X 10 li;/yr)(.5 drywt/ wet ut)(.56 organic matter /
6dry wt) = .850 X 10 lbs. organic matter /yr

0 8Total 7 1.0 X 10 lbs organic matter /yr = 5.54 X 10 g organic matter /yr

Total area of Citrus County estuary = 3 X 108 ,2 (McNulty et al, 1972).
2Total commercial fishery landings for Citrus County = 1.5 g/m /yr = .004 g/m /da.
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Sport fishing landings may be as high as 50% of commercial landings (from litera-
2ture cited by Taylor _et al, 1973) = .002 g/m / day. Therefore, the overall daily

average'of fish landings for the outer bay area may be on the order of .006

g/m / day.

,

a

M
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4C. OYSTER REEFS AT CRYSTAL RIVER, FIDRIDA
AND THEIR ADAPIION TO THERMAL PLUMES

M. E. Lehman

Department of Environmental Engineering Sciences
University of Florida
Gainesville 32611

INTRODUCTION .

Measurements of structure and function of oyster reefs in and out of

the thermal plume were made to characterize their overall properties of

mass, metabolism..and diversity as.an ecological unit. S,imple modql,s,were ,, ,,ere .
. ,,

evaluated and simulated to help understand present ecosystems and to suggest

the response and adaptation of the oyster reef with additional power plant

effluents. For ecological perspective and for use in impact studies the

value of oyster reefs was calculated by estimating their role in the energy

budget of the larger estuary.

Study Area

Measurements were taken in two areas. The thermally impacted area

north of the power plant discharge channel and the control area south of

the intake canal shown in Fig. 1 and Fig. 2 respectively. Six reefs

in the discharge bay and five reefs in the control area were chosen.
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METHODS

Field measurements were made of reef organism numbers and biomass, reef

metabolism and diversity, and ' set' of oyster larvae.

Biomass and Numbers

Heasurements of biomass of oyster reef organisms from samples in the

discharge bay and control area were made during two seasons of the year. A

total of six biomass samples were collected in each area; four summer samples
.

and two winter samples. Duplicate sangles were taken from one reef in each

area to check sampling variability.

Samples were selected from zones of highest organism density by a

random toss of a quarter meter square quadrant. One control cample was taken

from a lower density zone on a reef fringe. All organisms and structure

within the quadrant were removed to a depth of 10 cm, transported to the lab

and frozen consolidated. Samples from which relationships of oyster weight and

height were determined were processes fresh. All conspicuous organisms from

these samples were counted, identified and weighed. Dry weights of organisms

Cwere taken after one week at 105 D. Area-weighted values of oyster reef

standing crop calculated for each bay were used in the simulation models.

Diversity

Number of species per thousand individuals as an indicator of community
|

diversity was determined by counting the first 1000 organisms encountered on

each oyster reef. The species diversity of the macroinvertebrate community

was measured by this method for six reefs in the thermal discharge
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area and five reefs in the control areas over the summer and winter seasons.

Duplicate counts were made during the summer. Data on species per thousand

were translated into several other diversity indices.

Representatives of each species encountered on the reef were collected,

preserved, and identified. A species list contrasted organisms collected i'n the

the rmally-af fected area with those in the control area.

Larval Set

Estimates of larval setting rates were made for oyster larvae by two

, + . . .metho,dp Spat .1n biomass samples were, counted and ,we,1ghed, to determine ,
,

,

_ , , ,

dif ferences in standing stocks with season. In the second method counts

were made of set on shell placed on the reef. Wire ' cages' were attached

to the reef substrate (Fig. 3 ). Each cage contained a quarter square

meter of oyster reef structure loosened from the reef and placed inside

the anchored cage. Sets were removed, counted, and weighed from four spat

cages in each area for three periods of the year; May-June, June-Dec., and

De c. -May .

Metabolism

Reef metabolism was measured by two methods. One when reefs were exposed
.

to air, and another when reefs were underwater.

Exposed Reefs with 00 Cas Exchange
2

Changes in carbon _ dioxide concentration in the air flowing over plant

and animal ecosystems hsve been sensed by using infrared gas analyzers (IRGA)

as measures of metabolism of the communities. During the sunmer of 1973, an
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IRCA unit was operated in the salt marshes bordering on the discharga bay and

control area (Young,1974b). Proximity of the oyster reefs to the marshes

afforded an opportunity to investigate metabolism of oyster reefs during

periods of low tides. 'No quarter meter square samples were removed from

reefs in the discharge bay and transported to the gas metabolism unit. Each

sample was placed inside a gas metabolism chamber at its approximate reef

elevation, and hourly carbon dioxide changes were measured over a 24-hour

period (Fig. 4) . Similar measurements were cade for two reef samples in the

control area.

Calculations of diurnal rates of respiration and photosynthesis and

details of the complete sampling apparatus have been described by Odum (1970),

Lugo (1969)', and' Young"(1974 a). A basie equation .used-for. C0j calculations / : ' .6 . . .
'-

- -

2was: g C/m /hr. = (dif f.)(flow)
(273)(760)(22.4 1/ mole)( 60 min /hr)

P 12 g C/ mole
(area) T 106

where diff. = difference in ambient CO e ncentration and chamber CO
2 2

concentration calibrated to some standard gas such as 300 (ppm)

gas.

flow '= air flow rate through chamber, liters / min.
' ':1, area = area of reef, square neters

t

T = absolute temperature

P = atmospheric pressure, mm Hg
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One of the calculations made from field data is offered as an example (Control

Area, August 7, 1973):

Time Flow Press. Temp *C CO chamber CO ambient2 2

1824 1361 1/ min. 760 na Hg 31.7 280.5 ppm 278.5 ppm
.

Rate - (278.5 - 280.5 ppm)(1361)$ min.) 273*K 760
.2500 mZ L 304. 7 *K) ( 760)

(22.4/ mole 12 a C/ mole)( 60 min /hr)
x

106 ppm

2= 30.85 x 10-2 = .31 g C/m /hr (negative sign implies respiration)

A total of seventeen hourly respiration measurements were obtained for each

sample in the discharge bay; eighteen in the control bay. The difference in

number of measurements and hours sampled reflects periods of high tide when

the reef communities in the chambers were submerged and no significant changes

in CO2 concentration were recorded.

Rate of change curves plotted for each dial measurement were integrated

to obtain respiration values in units of g C/m / day for the bay. After

each metabolism measurement, biomass of chamber samples was determined by

methods previously described, and respiration values of g C/g dry wt/ day

calculated.

Undervater with Artificial Channels<

Upstrean-downstream changes in flowing waters have been used to measure

comununity metabolism for a variety of ecosystems; coral reefs (Odum and Odum,
'

; 1955), turtle grass beds and freshwater springs (Odum, 1956, 1957), streams

| I-278
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(Hall,1971) and mussel beds (Nixon et al,1971). The methods described

by these authors were adopted to measure underwater respiration of the

oyster consumer community on two reefs, one thermally-affected and the

other natural.

Review of the main metabolic processes in the tidal stream flowing over

the reefs indicated that the observed upstream-downstream change in oxygen

would be the algebraic sum of the prinary production, the respiration, the

diffusion into or out of the water, and advection into the sides of the

tidal stream. A channel of polyacetate sheets and steel posts was con-

structed paralled to current flow across the reef to remove lateral advection

' ., .. and ,dif fusion e f fects, ,(Fig. 5),., .Dif fusion freaerat, ion) measurements were. . _,, , ,, ,, ,,, .. ,, .

made using a floating plastic dome at the midpoint of the channel stream

(Fig. 6) followed methods by Hall (1971) based on tl.e earlier work of

2Copeland and Duffer (1974). Diffusion rates were calculated as g/m /hr/100%

saturation deficit for seventeen measurements over a tidal cycle. From

these measurements, a multiple regression equation was calculated relating

diffusion, current speed, and depth. This graph was used to estimate

diffusion rates for sampling periods when no diffusion data were taken.

Oxygen concentration was measureo at the upstream and downstream ends of the

channel by analysis of quadruplicate water samples using azide modification

of the Winkler method (Standard Methods,1971) adapted for 125 ml collection

bottles. Measurements of temperature, salinity, current speed (fluorescein

dye), and depth were also made with each set of samples.

Underwater community metabolism with artificial channels was followed

hourly and sometimes on the half hour over three consecutive. tidal cycles

during July, 1974. This effort included 23 measures of metabolism in the
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discharge bay, and 17 in the control area. Calculation of one of these metabolic

rates is illustrated:

3g 0 /m /hr = ( g 0 /m
[(res.2 time)(depth)] t (diffusion correction)2

where, ( g 0 /m ) = dif ference between upstream and downstream value; plus
2

(+) implies downstream greater than upstream and minus

(-) implies downstream less than upstream.

.

res. time = time difference between upstream and downstream station
.

based on current speed; residence time (in channel) of

water volume sampled.

depth = average depth of water flowing over reef during sample,

diff. correction = diffusion rate x saturation deficit (for conditions

of current, depth, temper:ture and aalinit.y during

sample). The degree of saturation of water column

determines sign: (-) undersaturation , (+) oversaturation.

(Discharge Bay, July 7,1974)-

Time Current g 0 /m5 Res. cime Depth % Sat. Diftusion
2

21830 .214 m/sec .11 .026 hr .71 n 117.68% 3.59 g/m /hr/100%

| aat. def.

3
Rate = [( .11 g 0 /m ) (.71m)) t [(+.18 sat. def.)(3.59 g 0 /m /hr/100% sat. def.)]2

(.026 hr) 2

. = [(-4.23 g 0 /m /hr)(.71 m)] + (.64 g 0 /m /hr)2 2

= -3.00 g 0 /m /hr) + (.64 g 0 /m /hr)
2 2

= -2.36 g 0 /m /hr (neg. sign implies respiration)2

!
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Integration of the rate of change curves of hourly rates over the entire

sampling period gave total respiration values that could be interpreted on a

2gm/m / day basis.

Total reef community

Total reef metabolism was the sum of the exposed value (low tide) and

the underwater value (high tide), based on the assumption that each tidal

stage was twelve hours per day.

Development of Models, Simulations,
and Energy Calculations

Two models of the oyster reef system were developed. A larger model was
., . r

'

. . . - . , - . r- ..s ... . . . . . . . .. .n . , .. ,... ...s
-

. .

used for conceptualizatic,3 (Fig. 7 ), and a smaller model for simulation using

data from field measuremente ' Fig. 8 ).

Three basic groups of symbols used in the oyster reef diagrams were

forcing funtions (circles), storages (tanks), and flows (lines). A description

and equation for each symool usea in the diagrams is given in Fig. 9. Reference to

the model diagram shows the outside energy sources (forcing functions)

considered important to be larvae, salinity variation, food, current, tide,

and heat. Transfers of energy between forcing functions and storages occur along

the connei ting pathways. Stored properties are larvae biomass, oyster

biomass, reef structure, biomass of all organisms other than oysters, and diversity

The ef fect of temperature, both natural and man-induced, was diagramed to

operate on two pathways simultaneously; pulling on the respiration pathways and

pushing on the food uptake pathways.

Energy values of the forcing functions, storages, and flows of a discharge

bay model and a control area model were calculated and put on diagrams. Model

simulation was done on two EAI analog computers slaved to functicm as one unit.
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Fig. 8. Oyster reef model evaluated with field data and us'ed for simulation.
Equations are: $,

B = k'D + k L - k B -hB - k6 - 20 24 - 9B-k23 rBH + k15J
8

6=k BS - kg 5
-

5=kB-k ~ 10g 12

i.= k + #
18 25 - h16 ~ 15

'

Jr = k P / (1+k BH)
,
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_ _ _ _ __ ______ _____.

.

Forcinn Function. Outside source of
energy or materials: such as sun, fossil

S fuel, heat, tide, water, or food..

Pathway of energy or materials. Arrow
designates flow in either direction or flowy %

/ against a backforce. Flow, J, is proportional
to population of active forces, N.

J
3y x Addinn Junction. Intersection of two flows1 / capable of adding. J + J "'T

g 2 32

S Heat Sink by which potential energies entering
, the system leave is degraded form according to

the second law of thermodynamics. Outflow is -kS.
\/
v

Passive Storane of energy or materials in which
no new potential energy is generated. workb must be done in moving the potential energy in

9 and out of the storage. This is called a
JH -t kQ state variable with the sum of the inputs and

outputs being dQ/dT= J-kQ.

Fig. 9. Symbols used in model diagrams.

.
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#''s Flow a Sauared Fu'nction from a passives
storage. Represents loss of potential

.
energy:eg, stress function such as disease,
or high energy cost of information storage.

\/
v

.

M Comparator with a critical threshold,'

T. logic on or off control depends on which+ .

input (+ or -) is larger.

( _/

-
. ;. . . ., , . . . ,"h s- ... ... .

On-Of f Switch to flow.
,

/\
Nr

\/
Yr

ComDaratOT-Switch McChanism combines above
.two components for switching action of flows

(, s/ that control other flows: eg, switching
,

off flows of food, larvae, and salinity
when tide is out, on when it is in.

jg

v
|

1

!

|

"7 ,

|___
'

,3 General Symbol for switching function.-

\/
T

Fig. 9. Continued.
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J
2 Wo rknate. Intersection at which one flow

makes possible another. In this case one
\ flow affects the conductivity of the other

.

y
1 / \, to produce a multiplier output, kJ J *g2

.

Vy

T

Workaate. specia; case of the above where
y_ temperature is used as a linear input.

Output is kJT.

V
--

'

[ Rate Sensor monitors flow rate and controls
. input of another flow in proportion to

monitored flow.

Y

b Self-Maintaining Consumer uses its own

stored potential energy to do work on the_ ,

processing and work of the unit. An auto-

\/ catalytic response through combination of
passive storage, workgate, and rate sensor:
can symbolize an animal, city industry,

M oyster reef system, ect.
=

.-

Joecial case of self-maintenance that ash.stsj inflow to depreciation.

[
~

\/
- ;-
~

Fig. 9. Continued.
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RESULIS

Biomass and Numbers

Biomass data are given in Tables 1 and 2, and numbers data are in

Tables 3 2nd 4, for the Discharge Bay and Control Area respectively.

T-tests for differences in mean values of biomass and numbers between the

discharge and control areas gave the following results at .the 95%

confidence levels (1) no dignificant biomass differences were found for

oysters, reef structure or larval set (spat), (2) significantly larger

biomass was found for all other organisms in the control area, (3) oyster

significant [dif'5erent, $ut '(4) nu5e[s' of spat"wi'r'e
^' ''P

numbers ere not

larger in warmer waters, (5) other organisms were less numerous in the

discharge area.

Seasonal differences in the discharge bay oyster biomass proved

significant. T-tests at the 95% confidence level showed no significant

seasonal fluctuations in other stocks such as reef structure, other

organism biomass and larval set. Significant seasonal differences were~

found for other organisms, but trends indicated essentia11y'no changes in

oyster biou'ss in the control area. A sharp seasonal change in larval

stocks might be inferred from control cata in Table 4.

Height-frequency distribution curves of oysters.are given in Fig.10

for both areas. The peaks of the curves are similar, but large oysters

were missing in the discharge area.

Relationship of whole blotted wet weight to ahell height for oysters

in the discharge and control areas was determined for two biomass samples

(Fig.11 and Fig.12 ). The curves were similar. One curve of (wet) meat
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Table 1.

Dry Weights of Oyster Peef Organisms and Structure per Quarter Meter Square.
'

Crystal River, Florida - Discharge Bay

Reef Date Total Reef Total Reef Whole Weight t! eat Weight
Number Sampled Weight incl. Structureb or of

b aall organisms g Oysters Oysters
E E E

1 July 19, 1973 25053.2 23331.9 2120.7 25.3

6 July 30, 1973 -39137.1 35167.6 4764.8 65.1

2a July 31, 1973 7494.0 6699.1 837.8 6.8

2b July 31, 1973 8542.6 7873.3 950.3 6.9r.

L
8 2a Dec. 07, 1973 9668.0 8719.7 2030.6 26.6

2b Dec. 07, 1973 9339.2 8765.0 2115.6 25.1
_-

E' 32095.2c 29249.8c 2136.6 26.0
8761.0d 8014.3

S. E. 577.7 8.7

Blotted wet weight in this column onlya

b T-tests indicate significant difference at 95% confidence level in data in these columns taken at
different sample depths. Reefs 1 and 6 sampled to 20 cm. Reefs 3 and 4 sampled to 10 cm

c Mean of values from reefs 1 and 6

d Mean of values from reefs 2a and 2b
e i = mean
f 5. E. = one standard error about the mean, x

'
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Table 1 (continued)

Dry Weight of Oyster Reef Organisms Per.. Quarter. Heter Square.

Crystal River, Florida - Dijcharge Bay

Reef Date Whole Weight Whole W ight Whole Weight Whole Weight
Numbe r. Sampled of Crabs ofP of of

g Barnacles Mussels Spat
E ~8 E

.

l' July 19, 1973 13.8 -' - -

6 July 30, 1973 38.7 ,', 7.2 250.8

7 2a July 31, 1973 9.6 6.7? - 25.1
.U$ *

"' 2b July 31,1973 15.7 9. 5'< 0.2 102.2

2a Dec. 07, 1973 7.0 0. 4.'. - 9.6

2b Dec. 07, 1973 3.7 10. 3'.~ - 31.6
- - , .

x 14.8 6.7 3.7. 83.9
. , .

S. E. ' 5.1 2. 2|: - 44.7

9-

I

9

5

e
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Table 2.

Dry Weights of Oyster Reef Organisms and Structure per Quarter Meter Square.
Crystal River, Florida - Control Area

Reef Date Total Reef Weight TotalReeg Whole Weight Meat WeightbNumber Sampled incl. all organisms Structure of of
g' g Oysters Oysters

R R

1 July 20, 1973 23826.0 17826.9 3196.7 32.5

5 Aug. 06, 1973 38010.9 33486.2 2891.0 39.2

3 Aug. 06, 19 73 12480.4 10605.5 1647.3 21.6

4 Aug. 06, 1973 8552.2 6448.9 2139.5 20.6

4 Jan. 10, 1974 11259.6 9014.4 1346.5 20.1

4 fringe" Jan.' 10, 1974 4830.0 2869.4 284.8 4.0
__ __ .__ _____

x (does not include 30918.4 25656.6 2244.2 26.8
fringe sample)

d d10516.3 8527.2

S. E. - - 353.4 3.9

a Blotted wet weight in this column only.

b T-tests indicate significant differences at 95% confidence level in data in these columns taken
at different sample depths. Reefs 1 and 5 sampled to 20 cm. Reefs 3 and 4 sampled to 10 cm.

c Mean of values from reefs 1 and 5
d Mean of values from reefs 3 and 4

Fringe regers to sample collected in low organism density area on oyster reefe

,
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- Table 2 (continued)

Dry Weight of Oyster Reef Organisms per quarter NMter Square.
'

Crystal River, Florida - Control Area

Reef Date Whole. Weight Whole. Weight. Whole Weight- Whole Weight Whole Weight
Number Sampled of of. of of Spat of Drills.

,

Crabs Barnacles ; Mussels g g
R R R

.1 July.20, 1973 33.2 - *- 38.7 - -

5 Aug. 06, 1973 27.7 239.4 141.4 '82.2 232.8
f.

s '3 Aug. 06, 1973 11.4 - 23.7 39.4 -

4
0 4 .Aug. 06, 1973 20.7 30.9 7 38.4 75.2 30.3

#4 Jan. 10, 1974 35.0 45.6 59.4 128.1 -

.

4 fringe Jan. 10,'1974 3.2 16.6 .; 28.1 70.6 -

x (does not include 25.6 105.3 55.0 81.2 -

fringe sample) ?

S. E. ~4.3 67.2 19.7 18.2
;.

.

/
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Table 3.

2Numbers of Organisms per 0.25 m - Discharge Area

-

Organisa July 19, 1973 July 30, 1973 July 31, 1973 Dec. 7, 1973 R, S. E.
Peef Reef Reef Reef Numbers /

1. - 6 2a 2b 2a 2h 0.25 m2

Oysters 110 132 150 237 207 .207 174 20

Spat 198 425 22 106 39 94 147 61

I Crabs 63 179 182 208 111 89 139 24

Mussels - 77 2 3 - - 27 25

Ba rnacles - - 51 154 6 33 61 32
'

Worms - 98 - 1 - - - -

Amphipods - 20 - - - - - -

Anemones - 59 - - - - - -

.
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Table 4. ',
.

2'
Numbers of Organisms per 0.25 m - Control Area

Organism July 20, 1973 Aug. 6, 1973 Jani'."10, 1973 x, S. E.

Numberg/Reef Reef Reef
1 5 3 4 4 .4 Fringe 0.25 m

,!
.

Oyster 411 61 342 228 199 49 248 60
,

Spat 450 646 360 978 1037 626 696 135

[ Crabs 136 439 210 281 939 204 401 144

-| Mussels 391 1025 480 555 1010 410 692 135

I

| Barnacles - - 6 477 695 159 393 203
'

Worms 17 42 103 - - - 54 26

Starfish - - - - - 1 - -

,

Amphipods 36 93 - - -[ - - -

| Anemones 1 367 - - - - - -

,$ - - -Conches - 2 - 1

Clams - 22 - - . - - -
,
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Fig. 10. Height frequency distribution curves of oysters. a. Discharge bay.

'

b. Control bay.
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virginica in discharge bay, July 30, 3973, reef 6.
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weight and shell length was made for a control area sample. (Fig.13).

Ratios of dry weight to wet weight are given in Table 5 .Those for the

discharge bay were slightly higher for oysters, set, -and crabs.
Area-weighted estimates of biomass based on distribution of mass

relative to each reef and each reef as a percentage of the total reef

system are given in Table 6 . The area-weighted values indicated a
higher oyster biomass in the discharge bay. The biomass of all other
organisms was higher in the control area.
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- Table 5 .

,

R..tios of dry ucight to wet weight as percentages for selected organisms in
Discharge and Control arbas.

,

- .
?

1
-

I- \

Area -

equaltodryuethhtPercent of total weight

7 oyster set crabs bar'nacles mussels drills starfish
- 8- meat incl. shell incl. shell incl. shell- incl. shell inc.1. shell-,

.

.

Discharge 13.4 7. 75.7 7. 35.6 7, (62.9 7. ----- ----- -----

. , .

1

----------------------------------------------------------- :----------------------------------------------

I
'.

-

i-

Control 11.4 7. 70.9 7. 27.2 7 '64.3 7. 63.6 7. 77.8 7. 37.0 '
.

.

* *

4

LY

'.

.

O

N
,

,

.i.
.

.s

- .'
I
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Table 6

Area-weighted Estimates of Biomass"

Organism' Discharge Bay Control Area

j Structure Dry meat weight Structure Dry meat weight
(all shell) g/m2 (all shell) g/m2

2 2'

g/m g/m

Oysters 49,979.2 196.4 35,449.1 119.5

Set 694.2 36.8 274.9 14.5
7
g Other 106.2 56.8 748.7 135.1
" organisms

Total 50,779.8 290.0 36,472.7 269.1

'

Area-weighted estimates based on distribution of mass relative to each reef and each reef as a percentagea

of the total reef system.

b Spat rud juveniles
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Larval Settingt

Spat cage setting rates were similar in both areas (Table 7 and 8)

T-tests showed the June setting rate peak in the control area to be

significantly higher (95% confidence level) than the March and September
"

rates. No significant differences were found among rates in the discharge

bay. Annual mean setting rates of 4.6 spat /.25 m / day for the discharge

area and 5.3 spat /.25m / day were not significantly different.
2The mean level of 317 spat /.25m in the discharge area did not test

significantly different from the 380 spat /.25 m in the control. Larval

' ' ' ' n'Qmber's ap'pe'aEed' h'ikke'r' a't 'ceYt' aid periods of time fea'r' (Table '9)', 'ho' ev'er,' - ''
~ ' " 'w

no significant difference could be found between high and low variations.

Differences at the 95% confidence level did exist between individual discharge

and control areas. Numbers of larvae on reefs 5 and 6 differed from

those on reef 2 in the discharge, while reef 1 differed from reef 5 in the

control (Fig. 14).

Diversity

Results of species per thousand counts are givus in Tables 10 and 11.

Species per thousand data was translated into various other diversities

indices of interest. Mean values of species /thousand were significantly

different between discharge and control areas. Seasonal values were

significantly different in the thermally-affected area but not in the

control area.

Marine or;inisms collected and identified from oyster reefs are listed

in Table.12.
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Table 7 ,

Oyster reef set count data - set cage count
2Number spat per .25 m ,

Discharge Bay.

Reef Number Date Sampled Number Counted Time period Rate, #/.25 m/ day2

2 May 12, 1973 49 Int, count

5 " " " 564 " "

6 " " "
312 " "

.............______....____ .......__._____..........._______ ........ _______..__
2 June 20, 1973 , 119 41 days 2.9

5 " " ' 709 " " 17.3

6 " " " 493 " " 12.0
!-

._........................_______.__..._________........_____________.......__.. _
2 Dec. 18, 1973 110 181 days 0.6

5 " " " 749 " " 4.1

6 " " " 339 " " 1.9
-

.Y 117 4.6

| S.E. 64 2.0

1 -

I
t
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Table 8

Oyster reef set count data - set cage count
2Number spat per .25m ,

control Area

,

Reef Number Date Sampled Number Counced Time Period Rate, #/.25m'/ day

1 May 13, 1973 560 Initial count

..

3 159" " " " "

4 " " " 243 th " "

" " " " "5 298.

- - - - - - - _ - - - - - - - - - - - - - - - - -- -- --------- - -

___

* "1 June 22, 597 42 days 14.2

.r..... 35. . . n. .n .u . . . .. u n i, n. s,c-. . .- .. 379, . g4;t . z .,. . . . ..,,. ,.
,

4 " " " 516 12.3" "

" " "5 " "347 8.3
- - - - - - - - - _ _ _ = - - - - - - - - - _ - - _ - - - - - --- -- -- ------ __-_ ------- ---_.- _ _ _ _

_

1 Dec. 17, 812 180 days 4.5"

3 " " " 472 " " 2.6

4 " " " 388 " " 2.2
.

5 " " " " "170 0.9

y 380 5.3

S.E. 47 1.5 -.

.
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' * Table 9"

.

Spat Count' Data from Biomass Samples- Discharge Bay
.

.

--

__ __ ___

Reef Number Date Sampled Number Dry Weight - Weight / Individual, gms.
gms. (whole)

__ _ __-

1 July 19, 1973 198 ---- ----

6 30, 425 250.8 0.59" "

2a 31, 22 11.0 0.50" "

2b " " " 106 102.2 1.0,

2a Dec. 7, 39 9.6 0.2' "
.

" " "2b 94 31.6 0.3
147 83.9 0.64_,

x

S.E.- 66 44.7 0.18

Spat Count Data f rom Biomass Samples- Control Area
-

-
_ _

Reef Number Date Sampled Number Dry Weight Weight / Individual, gms,
gms. (whole)

_ ._
_ _ -

1 July 20 1973 460 ---- -

5 Aug. 6, 646 82.2 0.13"

" " ".3 359 39.4 0.08' .

,

" " "4 987 75.2 0.08

4 Jan. 10, 1974- 1037 128.1 0.12

4 fringe 619 70.6 0.11" " "

x 698 79.1 0.10

S.E. 136 R21.3 0.02
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' Table 10

Diversity Indices.- Discharge' Bay

b d Shannon ' SimpsonfDate Reef Number Number Species / Margalef Menhinicke Pf elou
Number Indi- Species 1,000a Weaver Dominance

viduals

March: 1 404 8 11 0.81 0.40 0.12 1.03 0.68

2 1057 13 13 1.19 0.40 0.15 1.53 0.43

3 1000 14 14 1. 30 0.44 0.21 2.06 0.36r,

b
@ 4 1005 13 13 1.20 0.41 0.19 1.93 0.51

5 1004 16 16 1.50 0.50 0.18 1.83 0.48

6 1013 13 13 1.20 0.41 0.17 1.73 0.49

S. E. Mean 13.3 t 0.7 1.20 t .09 .43 1 .02 .17 1 .01 1.68 t .15 .49 i .04

June- 1 1166 11 .11 0.99 0.33 0.20 1.99 0. 36
'

2 1102 11 11 0.99 0.33 0.17 1.72 0.43

3 1163 12 12 0.98 0.34 0.15 1.46 0.56

4 1175 13 13 1.17 0.38 0.19 1.94 0.36

5 1166 12 12 1.03 0.34 0.16 1.71 0.44
'

6 1134 13 13 1.19 0.37 0.20 2.02 0.35
S. E. Nhan 11.8 0.3 1.06 i .03 .34 i .01 .18i .01 1.81 .09. 42 i .03

.

_--_
- =
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Footnotes to Table 10

a) Odum, Cantion and Kornicker: number species /1000 individuals
~

b) Margalef: number species -l / log 2 number of individuals

c) Menhinick:: number species / N; N = number of individuals

d) ,Pielou: Shannon-Weaver / log 2 number of species

e) Shannon-Weaver: -ni/N) log 2ni/N ; N = number.of individuals, ni =
t

number of individuals / species

_ ni/N)(- f)- Simpson:
!

,
/,. ,, ,, ,g , ,

T fa* " + = .* * se . m * ,
' ' '

1

I

e
1

4

.

<

> . I-309
- . .

T

- 4

?=, -



. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ,

Table 11

Diversity Indices - Control Area

d f'Date Reef Number Number Species / Margalef Menhinicke pg,3ny Shannon * SimPson
Number Individuals Species 1,000a Ucaver

Feb.: 1 1060 12 12 1.09 0.37 0.22 7.20 0.32
' 2 513 10 12 1.00 0.44 0.18 1.63 0.47

3 1061 15 15 1.39 0.46 0.24 2.36 0.30
,

4 1043 19 19 1.80 0.59 0.23 2.29 0.31r,
<

s

i ' $ 5 1106 13 13 1.19 0.39 0.24 2.33 0.29

S. E. Mean 14.2 t 1.3 1.29 .14 .45 i .04 .22 1 .01 2.18't .14 .34 t .03-

June: 1 1160 16 15 1.42 0.46 0.19 1.94 0.41

2 1132 14 14 1.28 0.42 0.18 1.78 0.47

3 1158 14 14 1.23 0.40 0.18 1.90 0.44

4 1228 17 17 1.56 0.48 0.20 2.06 0.38

5 1194 14 14 1.22 0.39 0.20 2.04 0.37

S. E. Mean 14.7 0.5 1.34 .05 .43 i .01 .11 i .02 1.94 .06 .41 t .02

a' Odum, Cantion, and Kronicker: number species / 1000 individuals
b Margalef: number species - 1 / log 2 number of individuals
c Menhinkck: number species / N ; N = number of individuals
d Pielou: Shannon-Weaver / log 2 number of species

Shannon-Weaver:e
(ni/N) log 2 ni/N ;

f Simpson: (ni/N)2
.

.
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TAbtE- 12
'

.

List of marine' animals collected and identified from oyster' reefs at Crystal River, Florida . 1973-1974.
*

,

Phylum- ' Common Name. Scientifid Name Dischar:;e Bay . Cont ol' Area

4
! Anthropoda

i

Class Crustacea. i

4 Fiddler crab lica pu2ilator +
'

Fiddler crab, juvenile . _t]c a sp. .+
'! Flat mud crab Eurvpanopeuse depressus .+ +

Porcelain crab Petrolistheg armatus + +
. Mud fiddler crab Uca minax +
; Little Xanthid crab Eurypanopeus abbreviatus + +
j . Common mud crab Panopeus herbstii + . +
1 -Blue crab Callinectesasapidus + +

Spider crab Libinia dubifa +
Hermit crab Panuras annalipes +. y

* Stone crab Menippe mercenaria + +g.
H -Burrowing shrimp tipogebia a f f;ini s +

,

Snapping shrimp Alpheus armalatus +
;

Class Insecta
Springtail Anurida martlima + +

^

Mollusca
? -

Class Gastropoda ,

Small snail Bittium so. +
Oyster drill Polinices duplicata + +-

Snail Nassarius vibex + +
f Banded Tulip shall Fasciolaria{distans +
j. Crown conch Meloneena corona + +

Ark shell Arca reticufata + +
f

Class Pelecpoda k
Cross-barred venus Chione cancellata ? ?

Calico scallop Pect en gibbus +
-Small clam Tellina lineata +
Mussel Brachiodontus sp. + +
American oyster Crassostrearvireinica + .+

.
'

f

:I
_ _ _ _ _ _ _
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'

TABLE 12 CONTINUED
e

.

Phylum Common Name Scientific Name Discharge Bay Control: Area *

Echinodermata

Class Asteroidea
Common starfish Echinaster sp. +

Chelicerata

Family Micryphantidae
Dwarf spider Erigone teniupalpus + +

______________________________________________________
Marine Fishes

Scrawled cowfish 1accophyrys quadricornis +
y Skillet fish Gobiesox strumosus +
$ Toad fish Opsanus beta +w

.

.

a Observed once or twice only.

.

%
'ti

s.

4
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Metabolism

Underwater with artificial channels

Fig. 15 shows one hourly rate of change of oxygen in a tidal cycle.

Rate of change of oxygen over three tidal cycles is shown in Fig. 16 for

'the thermally-affected bay. Total observed change was 39.1 g C /m /23 hrs.
2

At ah average rate of 1.70 g 0 /m /hr, and assumed tidal inundation of
2

12 hours,.the underwater community metabolism rate was calculated to be

20.4 g O /m / day. Correlated with biomass data, this gave a rate ofy

0.123 g 0
2 / day.

g dry wt.
. < , , . . .2 . . . . .. . - ,. , . . .,

. , , , .., .- . . . .

For the unaffected bay, total observed change shown in Fig. 17 was 17.4

g 0 /m /24 hrs. This gave an average rate of 0.73 g 0 /m /hr., calculated
2 2

to be 8.8 g 0 /m / day under.ater. On a gram per grim basis this was
2

0.083 g 0
2

"I*g dry wt

Apparent differences in slopes of plots of respirstion and current

(Fig.18) indicated higher respiration in the Discharsa Bay for any

given current speed.

Exposed reefs with C09 gas exchange

CO2 Eas metabolism results are given in Fig. ;-) , 2, 21 and 22 with

2corresponding light and' tide data. Exposed reef metabolism was 3.1 g C/m / day
1

(6.2 g 0 /m day) in the control area. The gram per gram body weight rates
2

were 0.035 g 0 0.039 g 0
2 2

ay n t e e ner area and "I '" *
g dry wt g dry wt

Discharge bay.

I-313
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Total reef metabolism

Total metabolism of the oyster reef community determined on the basis

of a half day at each rate (exposed and submerged) was 20.94 g 0 /m / day2

in the thermally-affected bay and 15.67 g 0 /m / day in the unaffected bay.
2

This represents a difference of about 27%. Based on area-weighted values

of biomass f'or each area, gram per gram weights used for modeling purposes

were .072 g 0 f r the Discharge reefs and .058 g 0
2 2

/ day / day
g dry wt g dry wt.

for the control reefs.

s -. -( ,,,.g*,* e s* * p. .e * ** * * e. Q e' , , , ,,,

.

9
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Simulation of Seasonal and Temperature Ef fects

Evaluated oyster reef diagrams for the thermally-affected and

unaffected areas are given in Fig. 23 and 31. Each number on the diagrams

represents an estimate of mass or materials for that component. Calculations

of model component values are described in Tables 13 and 15. A simulation

of each model was made using the values in the diagrams. Model respon e

to changes in temperature, food conditions, respiration rates, and reef

standing stocks was investigated. Comparison of responses was made between

the control area and the discharge bay simulations.

Simulation of Thermally-affected Bay Model
d

Results of the simulation of the plume-influenced model (Fig. 23) are

summarized in Table 14. Figure 24 compares simulated data and field data.

Simulation graphs referenced in the Table are given in Fig. 25 through 30.

Each graph represents approximately four years of simulated data after the

model reached steady-state conditions. In cases where no steady-state was

reached, the initial four years of simulated data was offered.

Some general responses of the thermally-affected reef model were:

(1) increasing temperature decreased reef stocks; increased temperature did

not wipe out reef stocks even at high temperatures. (2) Changes in respiration

had a significant effect on the reef system model. Large reductions in

respiration rates shifted the model-from steady-state to growth conditions.

(3) Over-harvest effects, whethe, by man or nature, changed reef storages;

in the extreme case (80% reduction), biomass and diversity decayed completely.
*(4) Flow of food appeared to be a limiting factor in the model. The push

ef fect of temperature on respiration possibly exceeded the pull capability

I-324
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" Table 13
i

Thermally Affected Oyster Reef System Value Calculations - Storages

11odel Value Description Calculation, Reference

Component

2 2
B 253.2 g/m A. All reef organisms A. 253.2 g/m area weighted dry meat A. Lehman, Crystal

(excep t ' spat) weight River Field Data,
1973

" '

D 12.3 species / B. Diversity 3.12.3 species /thousand 3.

thousand
2 "

S 50,779.8 g/m C. Reef structure -c. 49,979.2 g/m area-weighted C.
(oyster shell,

& e tc. )
2 '"

L 36.8 g/m D. Oyster set (attached D. 36.8 g/m area-weight dry meat weight D.
larvae)

~ 0
F 6.8 x 10 g E. Special food E. Based on rate of special food uptake to E.

7 )(.34) ='

fooduptgke=34%. (2 x 10 8
.68 x 10

I 2.0 x 10 F. Food F. a) Detritus (.0072 mg/m ) = .01 mg/ F. a)Krey, 1967
2 2m ); b) Phytoplankton (1.59g/m ) b)ticKellar,

c) Bacteria (0.lg/m2) Cry. Riv. Field
Data,.1973

- c) Rayment , 1967

37 (62.1/m )(1.55 x 10-28/ind.091.28 x G. Itaturo, Cry . Riv.T 1.23 x 10 g G. Larvae G.
73 710 m ) = 12 3. 2 x 105 = 1. 23 x 10 g Field Data, 1973

H 28*C H. Ileat H. a) Power plant heat = 4*C; b) Sun and H. a) Crimes , 1971
sky heat: (1) incoming radiation: b)(1) Odum,1971

2 7
3g00kcal.m/ day = (3900)(1.28 x 10 (2) OJum,1971
m)= 4.99 x 1010 kcal. (2) Mean
temp. Crystal River 24*C

.f

.
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Table 13. Continued
?-

~

The rmally . Af fected Oyster Reef System Value Ca1culations - Flows
i

Model Value Description . Calculations ; Re ferenceComponent
-
'

2k BE L $6.5 g/m / 1. Reef organisns 1. a) filtering ra(e = 144 1/12 day for 1. a) Collier, 195923 day food uptake adult oyster at 50% efficiency; b)See calculation
b)Sestion in wa'ter = 1.13 x 10-3g/l of model

2(1. 70g/m ) t (F,5m) = 1.13 x 10-3 /lg . component 1
(144 1/oister/da)(695 oysters /m ) . 22

1 x 105 1/m2/da.
*

2
k'D 19 3 g/m /da 2. Reef organisms 2. Food uptake by .Encreased predation = - 2. Lehman, Cry. Riv.

special food up- increased efficiency nutrient recycling - Field data.1973-

take' etc.: Using sdeady state assumption
by method'of diff. See cale of JB

2 9
r.,. J32 = 19.3 g/m day
w

-

2.t| k BH 20.9 F/m /da 3. P.eef organisms 3. Sum of underwat~er and expased rates = 3. Lehman, Cry. Riv.24
respiration 20.9g/0/"2/d.jy field data, 1973-2

1974
2k 3, 11.8 g/m /da 4. Organisns loss to 4. a) assume oyster' growth period approx.,S 4. a)

reef structure 180 days per yeur; b)(2116.g shell/m-
of living oyster bionags) c) assume hp.-nman, Cry. Riv.

2
.

year loncevity 2116n/m = 11.8g/n / day field data
;-180 day c) Field observa-,

tions & height-
frecuency curves

. indicate oysters
in discharge area
approx. 2 yr.
life span

E

I

*.
.

3

.

- d
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Table 13. Continued

Model Value Description Calculations . Reference
-Component

2k5 24.9 g/m / day 5. Inorganic loss from 5. 5.6
, reef organisms

. a) Oyster pseudo- a)8% of dry body wt. per day (196.4 a) Day et al., 1973
feces deposition - 2

"b) Oyster. feces
. g/m /da)(.08) = 15.71; b)5.6% dry b) Day et al., 1973

2body wt. per day (196.4 g/m /da)(.056) c) Day et al., 1973
2deposition = 11.00 g/m /da; c)84% total depo- . Haven & Morales-

sition of o sters is inorganic, (15.71 alamo, 1966
+ 11.00 g/m /da)(.84) = 23.28 g/m2/da d) Day etal., 1973
inorganic from oysters; d) inorganic
deposition f rom other organisms , 5.6% -
dry body wt. per day (56.8 g/m2 x .056)

2=.3.18 g/m /da.
2

Assume 50% feces igorganic (3.18 g/m fm
- & da x .5) = 1.6 g/m / day.
g Total loss = 23.3 + 1.6 g/m /da = 24.92

g/m-Ida'
2k5 5.9 g/m /da 6. Organic loss from 6. a) organic deposition from oysters - 6.a)see calc. for7

reef organisms 4.3 g/m / day; b) organic deposition from inorganic deposition*

other organisms = 1.6 g/m2fda b)see calc. for
Total loss = 4.3 + 1.6 g/m /da = 5.9 g/ inorganic deposition

2m /da.
2 0k B 12.8 g/m /da 7. Reef organisms loss 7.a)one female can have 50 x 10 eggs /yr. ' 7.a) Day wtal. ,197320

2' due to spawning b)104 oysters /m adult, assume 30%
oysters adult, (assume 50% fertility) =
5.2 x 109 2eggs /m /yr. c)Carriker, 1951
Assume egg = .1 mass larvae
c) larvae biomass'= .9 x 10-5 g/ larvae
(.9 x 10-5 9
= .468 x 10g/ larvae)(.1)(5.2 x 10 ) =2g/m /yr. .00128 x 104

2g/m / year.,

t

4

e
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Table 13. Continued

Model Value Description Calculations Reference
Component

2
k L 2.4 g/m /da 8. Rate of set growth 8. a)5mm per weeki- b) 0.5 gm per 8. a) Ingle & Dawson, 1952

15 week; .004 g/ a)vae/ day b)Copeland & Hoese,
(558 larvae /m ),(.004 g/ larvae / 1966
da) = 2.4 g/m /da.

'

2
k BS 1.9 g/m /da ~ 9. Reef loss to 9. Steady state assumption by method of9'

diversity. diff.: input =.ioutput

x + (58.9) = .1 x + (76. 3)
x .1x = 76.3 - 58.9
. 9 x = 17. 4 .

x = 19. 3
'! .1x = 1.93 g/m / day

k L .9 g/m /da 10. Larvae setting 10.18 larvae per /da (18 larvae /m /da 10.Lehman, Cry. Riv.18 2. d, rate x .05 g/ larvae) = .9 g/m /da field data
.

s

k JrBH 4.1 g/m /da 11. Food uptake of set 11. Steady state assumption by method25 2of diff.: Input.= .9 g/m /da
2output = 5 g/m /da

2 2 '

5 .9 g/m /da = 4.1 g/m /da

k L 2.6 g/m /da 12. Set respiration 12.14.4% of dry we. p r da for adult 12.Lehman, Cry. Riv.16
oysters 2 (36.8' g/m /da)(.072) = field data, 1974
2.6 g/m /da ,

2k S 7.3 g/m /da 13. Reef structure lost 13. a) chemical & physical weathering,at12
due to chemical 1% of stock per yr. (50780 g/m')

2: physical weathering & (.01) = 507.8/365 = 1.39 g/m /da
biological weathering b) biological 9eather est. at 50%

2
of input =5.9g/m/da
Total = 7.3 g/in /da

2k BS 4.5 g/m /da 14. Reef structure 14. Steady state assumpt ionl0 2
export to input -outpyt'= 11.8 - 7.3 g/m j
diversity- da = 4.5 g/m /.da

'

k BS .034 species / 15. Input to diversity 15. Steady state information assump.:g
1000/da input = output;: 12.3 species /yr.

.034 species.1000/da=
,

i
*
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Tabb 13. Continued

Model Value Description Calculations References
Component

BS - .034 species / 16. Cost of maintain- 16. Steady state assump.: input =,kyg
1000/da ing diversity output

2kD2 60.6 g/m /da 17. Food available to 17. Sum of food uptake by reef
S reef system w/out = 56.5 + 4.1 =

organisag/da60.6 g/mdiversity

22 rBH 60.6 g/m /da 18. Food available for 18. Assume 50:50 reef system tok J
2other bay systems other systems = 60.6 g/m /da

(J remainder)
2 2kP 121.2 g/m /da 19. Total food input to 19. 60.6 + 60.6 g/m /de. = 121.2 g/

g 2 2m /dae bay (not incl.

y special food)
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TABl.E 14 .

Simulation Data-Thermally-affected Model

Simulation Conditions Figure Number Biomass Set Diversity Structure

g/m / year g/m / year species /1000/ year g/m / year

0
Normal: 16-30 C 25b 76.0 45.3 13.3 5 X 10

0
2 C below: 14-28 C 25c- 96.5 45.3 14.8 5 X 10

4
2 C above: 18-32 C 25d 62.5 46.0 11.8 5 x 10

4
4 C above: 20-34 C 26a 53.5 46.3 11.5 5 X 10

4
6 C above: 22-36 C 26b 42.0 44.4 9.9 5 X 10

4
10 C above: 26-40 C 26c 36.5 45.0 9.3 5 X 10

s
i __-------.--.. --------------___-__---------.._-----------------_---------.. --------....--...-------_.

w 4
I N Respiration reduced 507. 27a 115.5 43.9 16.7 5 X 10

Respiration increased 507. 27b 42.5 40.2 10.2 5 X 10'
4

Respiration reduced 857. 27c 178.0 54.5 24.6 5 x 10
__-...-------------_--------------------_------------------------_-------------------------..........

4
-Food increased 507. 28a 93.5 58.2 14.5 5 X 10

4
Food reduced 1007. 28b 53.0 53.4 12.4 5 X 10

4
Special food reduced 507. 28c 19.0 48.8 6.4 5 X 10

D 4
Specihl food reduced 1007 28d 0.0" 48.5 0.0 5 X 10

--- ----- ...---------------------_.--------------_-------..--..----------_--------------------.-----

4All stocks reduced 507. 29a 47.0 53.2 7.2 2.5 x 10

4All stocks reduced 807. 29b 3.0 47.1 0.0" 1.25 X 10
{ _-___-_--_--_-_----_--_-_----------------_-_ ------._---_---------.. ....--____--_----------...----...
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TABLE 14. Continued

Simulation Conditions Figure Number Biomass Set Diversity Structure
. .

g/c / year g/m / year species /1000/ year g/m / year
,

5 X 10'
'

Spawning temperature'18 C 30a 68.0 55.3 12.3
4

Spawning. temperature 23 C 30b. 78.5 58.6 13.8 5 X 10

_-

* Within less than one year

b In approximately 5 years

m
6 * In approximately 10 years
M

!

.___
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of the model to bring in more food. (5) Changes in spawning temperature

influenced levels of storages somewhat, but total effect on levels other

than set was not too pronounced.

Simulation of Control Area Model

Normal range of temperature in the control area was simulated as 12-26*C

(Fig. 32); a mean temperature 4*C less than the thermally-affected bay.

Field data and simulateddata under normal conditions (12-26*C) were plotted

together (Fig. 32). Simulation results are summarized in Table 16. Figure 33

through 38 are simulation graphs referred to in Table 16.

A summary of the responses of the control area model showed: (1) increased
.. . . . .: r- . . - <

.
% ' * * - - ;v. ,, .. , .. - - . . . . . . . r '

. - -

temperature reduced model stocks, but nover completely destroyed them, (2)

changes in respiration varied model response. Initial reductions increased

stodks; further reductions decreased them. Increasing respiration up to 50%

simulated stocks but introduced extreme seasonal fluctuations, (3) response

, of the push-pull temerature mechanism indicated flow of food was not totally

limiting, (4) over-harvesting as simulated in the model reduced reef storages,

but severe over-harvesting (80% reduction) did not completely wipe out

standing stocks, (5) colder and warmer spawning temperatures stimulated increased

biomass in both cases.

Comparison of Simulation Results between Discharg2 and Control Areas

- Simulations of conditions defined as normal for each area (Fig. 23,

discharge ar.d Fig. 31, control) gave similar biomass levels. Set was higher

in the control area, but structure was less. Diversity was lower in the

discharge bay. Seasonal variation in stored properties was less in the thermally-

influenced model; oscillations tended to be smoother.
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Table 15.

Control Area Oyster Reef System Value Calculations - Forcing Functions

Model Value Description Calculations Reference
Component

F 4.9 x 10 A. Special food A. (2.0 x lb2 )(.245) = 4.9 x 106g A. Special food
See Table

I 2.0 x 10 g B. Food B. See Table

-T 1.23 x 10 g G. Larvae C. See Table
.

'

H 24*C D. Heat D. Ifean annual temp, from sun & sky heat D. Grimas , 1971
Y ,

W 2 5
N B 254.6 g/m E. All reef organisms E. Area-weiggted dry meat wt = E. Lehman, Cry. Riv. field

(except spat) 254.6 g/m data, 1973s

D 14.5 species / F. Diversity F. Annual average = 14.5 species / F. Lehr.an, Cry. Kiv. field
thousand thousand data, 1973

2 '

S 36,472.7 g/m G. Reef structure G.Areg-weightedmass= 36,472.7 C. Lehman, Cry. Riv. field
(oyster shell, g/m data , 19 73
etc.)

2L 14.5 g/m H. Oyster set (attach- H. Area-wei heed dry meat weight = H. Lehman , Cry. Riv. field
ed larvae) 14.5 g/m ; data, 1973

.
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i Table 15. Continued

Control Area Oyster Reef System Value Calculations - Flows
~

Model Value Des cription - Calculations References
Component

2
23 rBH 55.9 g/m /da 1. Reef organisms food 1. a) filtering rate = 144 1.12 hr. 1. a) Collier.1959k J

uptake- day for adult oyster at 50% b) See calc. of
100 1/12 hr. day model componentefficiency =-

based on respiration-ratios- 1 , Table
2between the two bays;- b)

Sestion in wategs = 1.13 x 10-3
g/l (1.70 g/m )/(1.5m) = 1.13
x 10-3 g/l

11 1/m /d 2,2y 9.90x10gyx990 oysters /m2y 1/m / day

4 2 -39.90 x 10 1/m / ay x 1.13 x 10
2g/l = 11.19 x 10 g/m / day

at 50% efficiency = 55.9 g/m

2
k'D 13.7 g/m /da 2. Reef organisms 2. Steady state assumption by 2. See calc. of model

special food method of diff.; see calc. of JB9, component JB2, Tableuptake this table

3. Sum' of underwateg/daBH 15.7 g/m /da 3. Reef organismk and exposed 3. Lehman, Cry. Riv.24
rates = 15.7 g/m field data, 1973-74respiration

kB 12.3 g/m /da 4. Organism loss to 4. a) assume oyster growth approx. 4. a)8
reef structure 18gdays/yr.; b) (2217 g shell

/m .of living oyster biomass) b)Lehman, Cry. Riv.
c) assume one year longevity field data,1973

2 22217/m /180 days = 12.3 g/m /da c)See calc. of model
component JB.4
Table

:

:



_ _ _ _ .

'.
.

.

Table 15. Continued

Model Value Description Calculations Reference
Component

2
k8 17.6 g/m /da 5. Inorganic loss from 5. 5.6 ,

reef organisms
2a) oyster pseudofeces a)8%drybodywt./ gay (119.5g/m) a) Day et al, 1973

deposition (.08) = 9.56 g/m / day
b) oyster feces

b) 5.6% dry body wt./ day / day
(119.5 g/

2m )(.056) = 6.69 g/m b) Day et al, 1973deposition
c) total oyster c) 84% total deposition of oysters c) Day et al,1973
deposition is: inorganic. (9.56 + 6.69.g/ Haven & Morales-

2m2/ day) 2 (16.3 g/m / day)(.84) Alamo, 1966
= 13.7 g/m / day

.

d)other organism d) 5.6% dry body wt./ day (135.1 g/
O deposition 2 2m )(,oS6 = 7.56 g/m / day
$ Assume 50% feces inorganic:(7.56

2 2g/sn / day)(.5) = 3.78 g/m / day
2Total lost. 13.7 + 3.9 g/m / day ==

217 6 g/m / day.

2kB 6.4 g/m /da 6. Organic loss from reef 6.a) organic deposition from oysters = 6.See calc. of J7 2 B5'organisms 2.6 g/m / day; this table

b)organicdeposition{romother
organisms = 3.8 g/m ./ day

Total: loss = 2.6 + 3.8 g/m / day =
26.4 g/m / day

2DOB 18.4 g/m / day 7. Reef organism loss due 7. 297 oysters /m w/ 50% fertility = 7.See calc. Jg7,2to spawning 149 oysters /m Table
2(1/9 oysters /m )(50 x 10feggs/yr)

9 2= 7.45 x 10 eggs /m /yr.
9(.9 x 10-5 g/ larvae)(.1)(7.45 x 10 )

= .671 x 104 g/m2/yr = .001838 x
104 g/m2/ day

,
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Table 15 Continued
'

Model- Value Description Calculations Reference
Component

2 2
kg '2.2 g/m /da 8. Ra'te of set 8. (2792 larvae /m )(.0008 g/ larvae / day) -8.See calc. JB'82growth = 2.2 g/m / day (Based on x wt/ larvae Table

80% less~in control

kgBS 1.4 g/m / day 9. Reef loss to
diversity 9. Steady state assumption by method of

difference:
x + (58.1) = .1 x +(70.4)
x .1x 6 70.4 -58.1

'
.9x = 12.3
x = 13.67'

~ 2
&.

.1x = 197 g/m / day
s

2 2k L 1.1 g/m / day 10. Larvae setting 10. 21 larvae /m / day (21 larvac/m / day x 10.Lehman, Cry. Riv.
18 2rate .05 g/ larvae) = 1.05 g/m / day field data, 1973

2
25 rB3 2.74 g/m / day 11. Food uptake of

11.Steadystateassumptionbg/ day
method ofk J

. output = 3.84 g/mdiff.:set
,

2input = 1.1 g/m / day'

23.84 - l'.1 = 2.74 g/m / day
i

k L 1.7 g/m /da 12. Set respiration
12.11.6% dry body wt. per day (ag) measured

12.Lehman, Cry. Riv.g
for adult oysters) (14.5 g/m. (.116) = field data, 1974

2* 1.68 g/m / day

2k S 7.2 g/m / day 13. Reef structure 13. a)
364.7/365=1.00g/m{/ddy

(36473 g/m )(.01 = 364.7 13.a)See calc. J37,12
lost to chemical, Table

2 2(12.3 g/m / day)(.5) = 6.2 g/m / day b)See calc. Jphysical & bio- b) 3 ,
2logical weather- Total =.b.2 + 1.0 - 7.2 g/m / day Table

ing

2k BS 5.1 g/m /da 14. Reef structure 14. Steady s. tate assumption; In ut = 12.3l0 2g/m / day Output = 7.2 g/m / dayexport to
2dive rsity 12.3 - 7.2 - 5.1 g/m / day.

.

9
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Table 15, continued

Model Value Description Calculations - Reference
Component *

k BS .040 species / 15. Input to 15. 14.5 species /thousand
yg

1000/ day diversity 14.5/365 days = .040 species /1000/da

kD2 .040 species / 16. Cost of 16. Steady state assumption
S 1000/ day maintaining Input = .060 species /1000/ day

diversity Output = 0'
.040 - 0 = .040 species /1000/ day

22 rBH 58.7 g/m /da 17. Food available 17. Sumoffooduptakebyreeforganismsk J
2to reef system 2.8g/mfday+55.9g/m/ day =

without diver- 58.7 g/m / day
sity

i
2 2If kP 117.4 g/m /da 18. Total food input 18, 58.7 + 58 7 g/m / day = 117.4

2'

to bay (not g/m2/da.
incl. special
food)* .

.
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TABLE 16

Simulation Data-Control Area Model'
t

Simulation Conditions Figure Number Bigmass Sgt Diversity Sepcture
g/m / year g/m / year species /1000/ year g/m / year

4
Normal: 12-26 C 33 b 75.0 81.9 15.6 3 X 10

0
2 C below: 10-24 C 33 e 110.5 78.3 17.4 3 X 10

2 C above: 14-28 C 33 d 65.0 76.7 12.8 3 X 10

4 C above: 16-30 C 34 a 45.0 83.0 11.7 3X10h

6 C above: 18-32 C 34 b 34.5 75.3 9.5 3 X 10'
4

10 C above: 20-34 C 34 c 18.5 84.6 i 6.7 3 X 10

0
12 C above: 24-38 C 34 d 16.0 80.7 6.4 3 X 10s

e 6 _____....._________...______________________..______.. ..___.___..____......._..____________..__.....

# 4
Respiration reduced 507. 35 a 101.5 77.2 17.0 3 X 10"

4
Respiration increased 507. 35 b 84.0 74.7 16.1 3 X 10

i ' Respiration reduced 75%- 35 c 154.0 71.2 21.1 3 X 10'
4

Respiration reduced 857. 35 d 135.5 71.9 21.4 3 X 10
. . . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . . _ _ _ _ _ _ _ _ . . . _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ . _ _ _ _ . . _ _ _ . . _ _ _ _ _ _ _ _ _ _ _

4
Food increased 507. 36 a 92.5 77.9 18.1 3 X 10

4
! Food reduced 100% 36 b 103.5 72.4 17.9 3 X 10

4
Special food reduced 507. 36 e 20.5 75.8 6.9 3 X 10

Special food reduced 1007. 36 d 0 0" 78.0 0.0 3 X 10
...... ..._____________...___.. ______....._____________ ....________.. _____________________.._____.

4
i All stocks reduced 507. 37 a 59.5 77.8 10.3 1.5 X 10
.

4
All stocks reduced 807, 37 b 13.5 77.7 0|0 0.6 X 10
.... ___ __..._______ .____ ..__________.________________ .. __ .____......________________________..

_ _ _ _ _ _
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TABLE 16. Continued
.

.
*

Simulation Conditions Figure' Number Biomass Set . Diversity Structure
'

.g/m / year g/m / year species /1000/ year g/m / year

0Spawning temperature 18 C 38 b 84.5 75.1'; 15.8 3 X 10

Spawning temperature 23 C 38 a 100.0 85.0, 17.3 3 X 10

"Within less than one year
~

~

*-

Within less than eight years
'

:

7 * In approximately 20 years
Y
= :

.

.
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e
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e
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I

Increased temperature effects on biomass were similar between the two

models with biomass depressed slightly more in the control area. Reduction

in diversity with respect to temperature was greater in the discharge bay.

Changes in respiration were different. The discarge bay model increased

stocks with decreased respiration and decreased stocks with increased

respiration. This indicated that the push-pull mechanism could no longer

compensate for additional losses due to increased respiration. In the control

area model, decreasing respiration first increased stocks, and then further

decreases resulted in stocks being reduced. Increased respiration' stimulated

levels of state variables but induced stronger seasonal variation. This

indicated the stimulus-effect of push-pull to increase food to the reef.

Overall' response 6f models toc changing- food flows- were similar; on'e exception -- - ~- ..

in the control simulation, stocks increased when food to oysters was off.

Althougn trends were similar, the reactions of the thermal model to changing

food conditions were greater on a percentage basis.

Dif ferent responses to spawning was noted for each area. In the control

area, any change (increase or decrease) in spawning temperature stimulated

reef stocks. In the discharge bay, raising spawning temperature increased

biomass and set; decreasing temperature of spawning reduced biomass, but

increased set.
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4D. ECOSYSTEMS OF THE INIAKE AND DISCHARGE CANALS

W. M. Kemp

Department of Environmental Engineering Sciences
University of Florida

Gainesville, Florida 32611

INTRODUCTION

Connecting the Crystal River steam electric generating system with
i

the adjacent estuarine waters are the in ake and discharge canals. The

intake canal which was built for the dual purpose of channeling both

. cooler- offshore water- and fuel barges to the power -plant,. extends ,.some. L3 s. .

kilometers west of the plant. The canal is laterally confined with

double-heading for the first five km. The mean depth of the intake canal

waters is about 6.5 meters compared to the 1-2 meter depths in surrounding
1

4 bays, and the width at mean low water (MLW) varies from 90-110 meters.

The double-bulkheaded portion of the discharge canal extends less than |
I2 km, and the total length of dredged channel is about 4 km. The dis- |
|

charge canal was designed with a smaller cross-sectional area (4.5 m

deep, 60 m wide) so as to maintain a higher velocity and assure ade-

quate lateral flow entrainment upon discharge to the shallow bay receiving

waters.

Fig. I shows the location of sampling areas for this study. Notice

that all stations are within the double bulkheaded portion of the canals.

The community metabolism stations were selected so as to allow 1-4 hour

flow times between stations. Stations 1, 4 and 7 were used only in the

|
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early stages of this study. The plankton metabolism sampling and incubation

stations were selected for convenience and central location in canals.

The intertidal benthic sampling quadrats were established in relatively

uniform areas which appear to be representative and typical for the entire

canal intertidal areas.

In an analegous sense the canals are like the incurrent and excurrent'

"

siphons of a giant filter-feeding oyster or clam (the power plant). They
.

are dominated by the large flows of water pumped by the power plant, by

the steady stream of barges that move in and out, by the large ratio of

intertidal area to cross-section, and by the discharge of heat and chlorine.
' *r. .

.. .. . , . ~,
.

n ... . - - ?.-
.

Large consumer animals add additional connections to offshore and adjacent

coastal systems by apparently continual migration flows. Fig. 2 provides

a diagrammatic representation of the major energy flows in the intake and

discharge canal systems. Because of their proximity to the power plant

and since they are strongly influenced by plant activities, the intake--

and discharge canals offer a reasonable point at which to monitor the

effects of power plant op ration on the estuary.

METHODS

The magnitude of metabolic work in the canals was studied by measuring

the primary' production and respiration of the total community and of the

plankton component. Community metabolism was measured using a modified

version of r.he two-station diurnal oxygen method developed by Sargent and

Austin (1949), Odum and Odum (1955), Odum (1956) and Owens and Edwards (1965).

This technique considers the changes in oxygen content of water as it flows
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Fig. 2. Energy Diagram for Intake and Discharge Canal Ecosystems

Dominated by Power Plant Circulating Water Flows
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from an upstream station to a downstream station during a consecutive

24 hour Period. The method used in this study provides corrections for

tide-induced changes in depth, diffusion, flow time between stations, and

vertical stratification, and has general applicability for river portions

of any estuary. Discolved oxygen concentrations were measured using the

aride modification of the Winkler method. Duplicate'or triplicate samples

were taken at each time and station. Diffusion was measured by the dome

method of Copeland and Duffer (1964). Plankton metabolism was measured

using the light and dark oxygen bottle method. Two to four replicate light

and dark bottles were incubated at 0.3 m 3.0 m and occasionally 1.5 m,

i at each station for 24 hours. In order to estimate the depth extent of

- - light transmission, water transparency..was| measured routinely..with secchi. c ..!-

disk, and on one occassion with submarine ;hotometer.

The littoral benthic animal community structure was studied by

measuring the numbers and biomass of component organisms and the species

diversity of the overall community. Relatively homogeneous sampling
.

areas were established for both canal ecosystems, and were marked off with

stakes at 5 m intervals for 40-50 m along the MLW mark. To insure randomness

2of sampling each of the 5 quadrats (m ) between stakes was assigned a number,

and the quadrat to be sampled on a given date was determined by a random

number generator. Within the square meter quadrat a 0.25 m frame was

placed so as to obtain a representative sample of that quadrat. All organisms,

rocks and soil were collected in buckets to a depth of about 15 cm below

the soil surface (or to' the zone of black anaerobic sediment), and returned

to the laboratory for sorting. Numbers of all dominant animals were recorded,

and organisms were blotted, weighed and then dried at 90 F to constant weight.

Blotted wet and dry weights were recorded along with the total number of
7

| macroscopic animal species encountered.

i
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RESULTS AND DISCUSSION

Statistical tests have yet to be performed on summer field data;

however general discussion is provided. Table .1 provLdes the results

of community metabolism measurements for the summer of 1972. The mean

value for total gross primary production is 35% greater for the intake canal

than for the discharge canal ecosystem. This may be attributable to the

greater depth of euphotic zone (mean secchi dise: intake - 2m, discharge -

1.6m) or to inhibitism of primary production with thermal and chlorine

discharge. P/R ratios are slightly higher (17%) for intake canal during .

tee' su5mner';''fiowever 'they' a'r'eYtime's g'reath thhn 'fo'r th'e UEic$arge' canal
'

'' '" "

during the period from August 18 to September 2. Fig. 3 shows the trends

over the three month period. Discharge canal production is rather constant

throughout the summer, whereas intake canal production peaks in early July

and again in early September.

Table 2 lists the levels of plankton metabolism measured between

August 1973 and September 1974. Gross plankton productivity is about

2.5 times greater in the intake canal than the discharge. Plankton production

accounts for about 36% of the total production for the intake canal ecosystem

but only 21% for the discharge canal. The time graph of plankton uetabolism

given in Fig. 4 tends to indicate a later summer bloom phenomenon. On

one occasion in early September, plankton production accounted for 95%

of the total production in the intake canal.

The detailed results of the littoral benthic sampling are provided

in Table 3. The swifter flowing discharga canal waters have developed a

littoral community dominated by oysters, barnacles and crabs. Its total
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Table 1. Community Metabolism for Crystal River Power Plant

Intake and Discharge Canals, Measured by Two Station Diurnals

Date Location Station Day Net Night P/R Gross
1974 Pairs Production Respiration Ratio Production

P R P+R

June 26-27 -Intake Canal 3-2* 0.2 6.8 .03 7.0
3-4* 1.4 4.6 .30 6.0

Discharge Canal 5-6* 0.1 10.7 .01 10.8
6-7* 0 15.3 0 15.3

July' 1- 2 ~ Intake Canal 2-3* 7.7 14.5 0.53 22.'2,

Discharge Canal 5-6* 2.9 5.3 0.55 9.2

July 10-11 Intake Canal 2-3 4.7 5.6 0.84 10.3
~

2-3* 4.0 5.9 0.68 9.9
.i

Discharge Canal 5-6 4.2 5.1 0.82 9.3
5-6* 2.6 8.5 0.31 11.1

July 17-18 Intake Canal 2-3 3.3 5.5 0.60 8.8 ;

'6.2' O.581 '9';& .' , !' " ' - 2-3*- 3.6" , -

Discharge Canal 5-6 3.4 7.8 0.44 11.2
5-6* 4.7 6.8 0.69 11.5

Aug 12-13 Intake Canal 2-2A 3.0 7.4 0.41 10.4
2A-3 1.6 10.3 0.16 11.9

Discharge Canal 5-6 1.7 4.8 0.34 6.5

Aug 18-19 Intake Canal 2-2A 6.7 9.2 0.73 15.9
2A-3 4.7 8.0 0.59 12.7

Discharge Canal 5.6 3.0 8.4 0.12 11.4

Aug 25-26 Intake Canal 2-2A 6.6 4.7 1.40 11.3
2A-3 7.3 6.2 1.18 13.5

Discharge Canal 5-6 3.8 7.2 0.53 11.0

Sept 1-2 Intake Canal 2-2A 7.7 8.7 0.89 16.4
2A-3 6.5 11.3 0.58 17.8

Discharge Canal 5-6 2.5 8.5 0.29 11.0

Sept 10-11 Intake Canal 2-2A-3 6.8 8.4 0.81 15.2

Discharge Canal 5-6 517 2.9 1.97 8.6

Intake --- 5.1 8.0 0.65 13.2
Mean

3.0 6.7 0.45 9.8Discharge ---

* sampled by wading in shallow (in) water. Others sampled in middle of canal by

boat.

I
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Table 2. Plankton Metabolism as Measured by Light and Dark Oxygen

Bottles in Intake and Discharge Canals.

Date of Intake (I) Change in Change in GPP TR
Sample or surface surface Crocs prim 9ry Total plankton Ratio

Discharge (D)1ight gottles dark bq/ day)ttles produgtion
respiration GPP/TR

(g0 /m / day) (g0 /m- (go m / day) (g0 m / day)
3 2 2 2

June 26-27 I +0.12 -0.62 1.76 3.52 0.50
1974 D -0.04 -0.82 1.35 3.04 0.45

July 1-2 I +0.57 -0.88 4.48 5.09 0.88
1974 D +0.16 -0.72 1.98 2.94 0.67

July 10-11- I +0.47 -0.45 2.79 2.99 0.93
1974 D +0.69 -0.37 2.76 1.44 1.92

July 17-18 I _,0.25 -0.41 2.12 3.07 0.69
1974 D -0.31 -0.56 0.50 2.52 0.20

Aug 12-13 I +0.44 -0.58 2.68 4.09 0.65
1974 D -1.17 -1.22 0.17 5.67 0.03

Aug 18-19 I +0.13 -0.69 2.80 4.76 0.59
.1974 D -0.40

,
-0.77 1.11 J . 59. ,p.11,, , , .

Aug 24-25 I +0.36 -0.89 3.96 5.85 0.68
1974 D -0.31 -0.80 1.32 3.60 0.36

Sept 1-2 I +4.75 -1.41 16.89 9.17 1.84
1974 D =1.46 -1.55 0.44 6.20 0.07

Sept 10-11 I +2.32 -0.90 7.28 5.85 1.25
1974 D +3.98 -1.11 9.54 5.00 1.91

Aug 23-24 D -0.50 =1.05 1.08 4.63 0.23
1973

Aug 28-29 I +0.79 -0.65 3.98 3.62 1.10
1973 D -0.20 -0.62 0.87 2.79 0.31

Nov 16-17 I +0.92 -0.11 3.10 1.36 2.28
1973 D +1.09 -0.41 3.28 0.84 3.91

Jan 11-12 I* -0.28 -0.41 0.52 3.66 0.14
1974

I 4.71 4.49 1.05g,
D 2.09 3.52 0.59 |

,
* Sampled and incubated in intake canal turn-around basin. <

! 1
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Table 3. Numbers, Biomass and Species Diversity for Benthic Aninfals Inhabiting the Intertidal Zone of Intake
and Discharge Canal Ecosystems. (gm organic matter /0.25 m )

Intake (I) Oysters Mud & Stone Porcelain Barnacles Mussels Surpu- Total Diversit)
Date of or Adults Spat Crabs Crabs ^ lidae Biomass SPPj
Sample Discharge (D) No. Wt. No. No. Wt.a No. Wt.a. No. Wt.D No. Wt." No. 0.25m2

I O O 11 10 0.1 23 0.2< 44 1.3 35 .6- 16 2.1 21
J 30

D 12 2.4 0 106c 1,3c _ __ - 13 0.3 0 0 40 4.0 12

D 40 6.3 0 149 3.7 28 0.3, 48 0.7 4 0.04 100 11.0 13
July 17

D 29 4.9 0 126 3.2 30 0.2 71 0.6 3 0.08 130 9.0 13

I 34 1.6 114 7 0.5 113 0.8 21 0.2 51 0.24 60 3.3 19
July 30

I 21 0.7 138 18 2.0 324 2.0- 15 0.1 - 27 0.12 80 4.9 15

I 17 2.2 381 17 1.4 211 2.3 20 0.9 '45 0.7 105 7.5 15

7 Aug. 13
I 9 1.1 622 24 5.7 191 2.6- 23 0.7 17 0.08 225 10.2 17

d D 8 0.3 0 195 5.7 3 0' 133 3. f. 6 0 135 9.6 13'C
i.

*
D 43 2.9 4 189 3.4c 1 0 25 0.6 2 0 120 6.9 12g

S pt. 13 D 50 3.0 0 79c 1.5c __ __- 167 9.5 0 0 --- 14.0 12

CSept. 14 I 55 6.5 174 -- --- 402c 7.1 0 0 128 0.5 200 14.1 18

C
Sapt. 15 D 53 (6.5) 0 134c 7.5 - --. 220 15.1 0 0 --- 29.1 11

Srpt. 17 D 71 2.1 -- 168 1.8 0 0 272 12.8 0 0 190 16.7 12

Mean value I 22.5 2.1 311 14 2.0 253 2.9 - 16 0.6 51 0.35 128 7.5 17.8
f r summer

D 33.0 3.2 1 147 3.9 9 0.1 *[ 122 5.6 2 0.05 117 12.8 12.2
..

Assumes that mass of organic matter = (.3) mass whole animal.a

b Assumes that mass of organic matter = (.2) mass whole animal. ,

m .udes both porcelain and mud crabs and listed under species which is dominated by > 95%.e

:
.
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animal biomass is about 70% greater than for the intake canal system.

The intake canal intertidal animal community is dominated by the small

porcelain crab, Petrolisthes sg. with mud and stone crabs contributing

substantially to the overall biomass. Oysters are also important in the

intake; however, whereas virtually no spat were found in the discharge,

great numbers were recorded in the intake (mean, 311) . It appears that

in the discharge canal, due either to entrainment mortality or shock,

very few spat will set. However, for those that do set, the survival rate to

adulthood is relatively large. The intake canal tenthL c intertidal animal

community i.,s 46% more diverse than ,the di.sebstge, canal. This may la ,
, ,,. , , , , ,

,

attributable to thermal stress or other f actors.

Simulation of Intake Canal Model

Evidence provided by various project investigators indicates that

within the confines of the Crystal River Power plant intake canal

there has developed a highly metabolic ecosystem. This system is

continuously seeded - alternately by offshore water during flood tides

and nearshore water on the tidal ebb. Large consumer animals (fish, crabs,

etc.) act to connect this system with external marine ecosystems by migrating

in and out of the canal. Becuase of the constant water movement through

the canal, the relatively deep water (5-6M) and the steep rocky shores,

this canal ecocystem exhibits many characteristics similar to an offshore

reef system.

Fig. 5. which was given in a previous report, illustrates some major

characteristics of this ecosystem, with emphasis on the consumer components.'

The fish populations are divided into two categories, migratory and resident,

according to their life-histories. Under steady-state conditions there is
;
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a balance.between fish migration, in situ growth, fishing harvest, and

mortality due to impingement onto the intake screens. An important question

has been raised as to the nature of this balance. Specifically, are the energy

losses due to screen mortality offset by growth and development of a resident

canal population which is subsidized by power plant water pumping? A

cursory comparison of flows J16, J14, J8, J15, J13, J17, and J11 in the

diagram indicates that screen mortality is probably offset by growth in

the canal. However, any conclusions should be made with caution because of

the tentative nature of these numbers.

Based on the relationships expressed in this diagram and the numerical

values as explained in Table 4 , an analog model simulation has been run

. to . elucidate. cert,ain..systes dynamic. . characteristics .and, to predict the -a. . ., * <, cc * -

general trends expected with any changes in forcing functions. It is also

hoped that the model will provide a better understanding of the power plant's

effect in dubsidizing, stabilizing, and stressing the intake canal ecosystem.

Corresponding to the diagram configuration a set of differential equations,

is used to mathematically describe the ecosystem. They are as follows:t

(1) Plankton and Suspended Detritus. Q1 -

Q1 = k312 + kl S - k5 Q1 - k18 Q1 12 -k14p Q1 Q312

- k16p Q1 12 - k6 Q1 12

(2) Benthic Animals. Q2

Q2 = k6 ke Q112 - k7 Q2 - k14b Q2 Q3 - k16b Q2

(3) Migratory Fish. Q3

Q3 = k14b ke Q2 Q3 + k14p ke Q1 Q312 + k412 + kl7 Q4

- k13(Q1 Q3 + Q2 Q3) - k8 Q3 -k9 Q3 - kl0 Q312 - k12 Q3(1/12)

(4) Resident Fish. Q4

Q4 = k16p ke Q112 + k16b ke Q2 + k13 ks (Q1 Q3 + Q2 Q3)

- kl7 ks Q4 - kil Q4 12 - k15 Q4

.
-
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Eight different computer simulation runs are presented in Fig. 6 .

The first run employs pathway coefficients as calculated based on data

in Table 4 , and it' represents the general system character under average

present conditions. It is seen that system requires about four months to

reach a steady-state after being initially set at some other levels. The

resident fish population which is initially at zero goes through an early

peak af ter one month, while the benthic consumers first dip to a minimum

at.two months. The migratory fish follow a trend parallel to the resident

population with out the initial peak. The concentration of plankton and
,

suspended detritus exhibits a strikingly stable character, as it dives

immediately to its steady-state value.

.. , , . >. .. . . . . . ..
. , ..

In the second computer run the input plankton concentration is

increased two-fold from the initial (run #1) settings, and while the

steady-state concentration increases proportionately, its steadfast stability

is maintained. This simulation represents the response of the system to

changes in source water-as with tidal fluctuations. Under these conditions

both fish populations increase markedly, with the predominantly

planktivorous resident fish being most affected (x7). In a somewhat

counterintuitive manner the benthic consumer populations which feed on the
1

benthics are affected to an even greater extent. The system takes a week i

or two to achieve steady-state, and it is unlikely that either the high or

low steady-level would ever be reached within the six hour interval between

tidal extremes.

The stability of this plankton component is apparently attributable

to the strong influence that water advective transport imparts to the

system._ In the third model run, the consumption rate of benthic animals I

(which feed exclusively on plankton and suspended detritus) is doubled,

and while the benthic biomass also doubles, the level of plankton mass is

.
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virtually unaffected. Thus, the plankton and suspended detrital biomass

is controlled principally by outside concentrations and not internal flows.

The rate of water flow into the canal does not, however, affect the plankton

level, as is seen in fifth and sixth simulation results.

The sensitivity of the model to increased fish immigration rates is

investigated in the fourth computer run. A five-fold increase in immigration

leads to an even greater rise in fish stocks, with the resident and migratory

populations expanding af factors of 7 and 18, respectively. This, however,

occurs partly at the expense of benthic animals, which decline to one-fourth

of their original value in run #1. This sensitivity is particularly significant

in that migration rates used to evaluate the model are only rough estimates.

'an'd Vf.' Snedaker9 o6g' ding tiorFwill hope'fu'119' ''ihiiten 'th'ese' numbdis'.'' 'Tri"a' ''* ''' * ' ' ' ' '

t

similar sensitivity analysis, shown as run #8, it is seen that fish populations

are much less responsive to a major change (5x) in fishing pressure.

The effect of changes in water flow rate is presented in runs #5, 6, and

7. Both fish populations are extremely sensitive to either an increase or

decrease in water flow. An 80 percent rise in water flow rate causes a full

order-of-magnitude increase in fish stocks, and nearly a year is required

to achieve steady-state. This run is an attempt to simulate effects of

the addition'of the third generating unit. It is quite probably that an

80 percent increase in water flows and velocities may cause a far greater

increase in screen wash fish mortalities. This would be because a " threshold"

velocity from which fish are able to escape might be exceeded for numerous

species (especially juveniles). Therefore, run #7 was done assuming a five-

|
fold increase in impingement rate as a result of the same water flow increase

| (80%) as in run #5. The result is that some of the growth subsidy afforded
|
'

by the water flow is negated by increased fish mortality. In the sixth

j simulation run the water rate is decreased by 90 percent. This represents

I-376



- a situation where the power plant might go to a closed circulating-water-

system (e.g., cooling tower), which would use only one-tenth of its total

flow for make-up water. Under such conditions the fish populations are

essentilally removed from the system, a residual plankton and benthic

community would remain at reduced levels.

1. >_s ... .,.x
. ..,- .. . .

t

j
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Table 4. Sources of Data for Simulation of Intake Canal Nbdel

Source Descr.ption Calculation Reference

21 -Insolation Avg. Insolation 2 3900 Kcal/m / day Odum, 19711

2
= 1/2(,10 kE)'(10 cm/sec)~

?'I Kinetic Energy of K.E. r 1/2 mv2 ,
Water

3 3I Particulate Organics (5gC/m)(2gorg/gC)=10forg/m Kemp, 19733

I Fish Assumemeanoffshoredensidy=30g/m Weatherly, 19724

21 -Larval stocks Avg. spat set = 50/m / day Lehman, 19735

I Fishing Estimater 10 fishermen per day Fla. Power Corp, 1972, Vol. 5
'

6H

(1420 ,f"3)(}5.6ft3)(3600 *, 24
3

1 Plant Pumps 8[y)= Fla. Power Corp, 1972, EIS7

03.4 X 10 m / day
,

.

4

+

;

I
.

4

.

*
-
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Table 4. Continued

Flow Description Calculation
'

Reference

J Plankton Productivity (1 gmC/m / day)(3 m euphotic zone) Kemp,1973, Mckellar,19737
(2 g org/ .a C)

~

J = 6 gm org/m / day
7

J Water P 0W J - 1420 ft /sec = 3.5 X 106 .,3/ day Fla. Power Corp., 197212 2
6 5J ' = (3.5 X 10 ,3/ day)/(1.1 X 10 ,2),

2

32 m/ day

3 2J art. rganics flow J3 = (32 m/ day)X(3 g/m ) = 96 p,/m / day Kemp & Boynton3

J Fish immigration Assume population replaced every 4 weeks4
2 2y J =18.8 g/m /28 day = .67 g/m / day Estimate by4w a

U J Plankton resp. Prod. and resp. balanced on' avg: J= Kemp, 1973, McKellar, 19735 5
J = 6 g/m / day ;

J Ben'thic animal assim. Assume avg. consump. turn-over, time = Day et al., 19726
20 days

..2J =(21.3 g/m )/15 days = 1.4 g/m / day6

J Benthic Animal resp. By difference, see J '7 6 14B' 16B
J = (1. 4 - 48 . 28) = . 64 ;

7 ,

T= = 33 days ;

J Migratory fish resp. Avg. resp. rate = 0.25 mg0 /8 {ish/hr Nicol, 1967g
2

2J =(.25)(2 )(2f)(10 g/mg)(18.8g/m )8
2

2(5 ) = 1.1 g/m / day
isJ Fishing flarvest (10 ")(0.5kgfish/ man)/ Florida Power Corp. 19729 d

(1.1 X 1 5,2)= 0.05 g/m / day2 V 1. V.-

J Resident fish impinge J = (956 kg)(.25d#Y)(1.13 , en)/se
10 10 g f 9 Snedaker, 1973

52(365 days X 1.1 X 10 m )=.0075'. g/m2/da

- _ _ - _ _
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Table 4. Continued

Storage Description Calculation Reference
'

3 ~ 2Q Particulate organics (e gm org/m ) X 5m =215 gm org/m Boynton, 19731
in water of which (6 gm org/m / day) X 1 day = Kemp, 1973

6 gm/m2 is phytoplankton

Q Benthic animals Avg. biomass on canal bottom assumed Snedaker, et al, 19732
same as. avg. in bays = 8.3 g'm/m2 Kemp, 1973
Avg. biomass on canal banks = 60 gm/

.m2 Prorated avg. for canal,
3000 1250

2 ' 2Q =(50f t. X 60gm/m )+(iS0ft. X 8.3m/m )
2

"
200 ft. ;

21.35m/m
Y
g Q MIgrat ry fish Based on screen wash ratio3O

3500 migratory = 3.9
%' Snedaker, et al,1973 summer900 resident

2 2Q = 3.9 X (4.8 gm/m )= 18.8[' gm/m
3

Q Resident fish Avg. biomass estimated at sa e as Snedaker, et al, 1973, summer4
maximum biomass found in bays (based
on deeper water, trapping effect)

Q - (387 gms wet)(0.20 wet) 1 4.8
dry E" dry

4 16 m at
.

.

.

%

9

.

.

5

s

~
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Table 4. Continued

Flow ' Description Calculation Reference

J Migratory Fish Impinge J = (3300 kg)(.25)(1.13)/(365*1.1 X Snedaker, 1973yg 11 ,

5 210 ) = 0.026 g/m / day
.

J art- C LSu P. by J6P + 66P '* '*
benthics

4 14 17 8
J Emmigraeion. By difference, J12 (.67+.94+.05-1.1=

12

-0f-0!5.bk)=1.66-1.26=Oc40
J Resident recruitment Assume J =2.8 g/m / day complete13 g3

t exchange
2J Migrant Recruitment Assume J =0.75g/m/dayj between pops.y7 g

i every 6 days
M
" J Resid. Fish resp. Avg. resp. rate = 0.2 mg0 /ga fresh / Nicol, 1967t

15 7
hr

15 (.2 mg0 /gm/hr)(24hr/ day)(2 )J =

2 0
2( g)(4.8 g/m )(5 }*

2= 0.23 g/m / day
'

J Resident fish assim. By difference (.29 .10) = 0.19 Day et al, 197216 2g/m / day *

2T = (4.8 g/m )/(,19 g/m2/ day')
= 25 days

J Migrant fish assim. Assume 20 day gurn-over time - Day et al, 1972g 2J = (18.8gm/m )/(25 day)=0.94 g/m / dayg

16 *.
Benthic consumption by f ds consumed

,J = (.75)(0.19)(2
foods assimilated) , Adams,,1971res. fish 16B

.28 g/m / day

.
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* Table 4. Continued
.

Flow Description Calculations Reference

2J Part. consumption' J16P + (.25)(0.19)(2) = .10 g/m / day Weatherly, 197216P
by res. fish

J

J Benthic consumptica by J (* * ** '# I' '148 14B food ass a 1 ted "mig fish 20.48 g/m / day

2J Part..consu ption by J = (.75)(.94)(2) = 1.40 /m / day Weatherly, 1972eg4p 34p
mig, fish

J articu ate outflow By difference. J = (96 + 6 - 1.4 - Weatherly, 197218 18
2.10 - 28) = 91.7 g/m / day

-

3
bJ #

.'
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N
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Fig. 6. Simulation Results for Intake Canal Consumer Model..
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Fig. 6. continued j
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Fig. 6. continued '
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4E. CHARACTERISTICS OF TIDAL CREEKS
RECEIVING THERMAL DISCHARGE

Mark Homer

Department of Zoology and
Department of Environmental Engineering Sciences

University of Florida
Gainesville, Fla. 32611

INTRODU"IION

The intertidal zone of a salt marsh serves as an important transition

zone between aquatic and terrestrial ecosystem , Dominated by tidal creeks

which alternately flood and drain with the tidal cycle, the creeks serve

as conduits from the. marsh.t.o.the, estuary and vice vers.a. Organ,1c mate. rials,.-, , ,

important to the marsh and estuarine systems, are transported through

these tidal creeks. Most of this organic material is tu celed into nutrients

used by the various plant communities. However, some of this w_.: rial is

quickly upgraded by fish into protein which may then be transferred up a

food chain. Tidal creeks adjacent to the discharge canal of a power plant

at Crystal River, Florida, have been found to be inundated by the plant's

thermal discharge (Fig.1) . The purpose of this study is to examine the

characteristics and functions of tidal creeks and to quantify any differences

found to be associated with the thermal plume. |

The present study began in May of 1974, and this preliminary report

includes data on creek fauna, temperature and metabolisa measurements. The

fish collection work extends earlier studies by Adams, et al (1973) and

their results are included in this report with permission of the senior

author. j

i
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METHODS

Temperature

In order to determine the area of salt marsh affected by the thermal

plume, temperature and salinity measurements were taken in three tidal

creeks adjacent to the discharge canal. (Fig. 1) . In addition to this

mapping, thermographic buoys have been placed in creeks near the discharge

area (Fig.1) and in a control area (Fig. 2) by workers from the University

of South Florida. Temperature measurements have also been taken with
,

each fish collection. (Fig. 3)

Macroinvertebrate Collections

" ' ^ 'Cor'e 'sainples ,' 'fdr " inali 'EiabY aha' 6t'her' Yn' vert'eOat'es ',$Fe' tiken # ' "'''

s

along with each fish collection beginning in August, 1974. The core was

taken using a 30 cm inside diameter (0.071m2) metal drum, which was pressed into

the sediment at high tide to a depth of about 1/2 meter. These samples were

taken halfway up the berm of the creek. At low tide, the sediment was

removed from the core and frozen.

Fish and Swimming Invertebrates

The methods of fish collecting are basically the same as Adams,et jgk

(1973). Nets were hung on stakes across the mouth of a creek at peak flood

tide, and as the tide ebbed and the creek dewatered, fish, crabs and ~ shrimp

were left stranded in shallow pools or lying on the sediment. The animals'

were then collected by hand or dipnet and preserved in 10% formalin.

Collections were made monthly in.two creeks, quarterly in two others. The

net used is a 20 meter long drop net with a 1.6 mm bar mesh and extra

heavy lead line. 1 1/2" bar mesh gill nets were used in the deeper channels

of the creeks. !

i

I-388



.

,

1s * 19 ' , " 'o
.

o :.:.'::. AM.s..N.i.EniW:. .,;. J.'x :s ....-::v'.

. , . . v.
.. ? , :. ::

. .

.:n..;-.. '

.6 .;> .
-

.ir.,, 3 -

. {{- {: 4. % :. . y 9 2 ,, s , , ; ; , ,, E.,* '

- .- ,, . '* ,

i. . 3.Q ' ;g: y oe: :q.:. .; .. |QW.r.:~.g:|.:.. uap-v. :
. .' *A.

-*

6 4
'4' :*. , . , > 2-

,
.

3
* ' -

P:. }1

y q..
f:1g %yjfg

d. .:- w
- 9 k - s ,4 , .'>r.<

-Q . . . . y::.:L g *.
~ 4,e-

., _ 3.9
.. : .::py.

.

?:{G GM
,

.
.

\ ''& ..,_
.,

E ,au.(.*.::.p;. - !.(..3...'W ng.&. \)f 4 %.
.

m '. &.,.. J ~.t. . r f_r
. . . , ,;.:.aSe . .

-
-; :k.

-
-- ,

,;:. .((.
.'

W d .6 5 M-
e *..

. h.a@y:N.@p:; y.Q -@$,; ';N. wd.. ' \.
),c;se

.

,. ;

' 1 :. :;.

.a < , . >

e. .%,a ,: .>.: g n;'33
.

,.:. ?s,.y . .s q.m.
e

. -: 5* . . . ...

5- . .
+ . .~-L;g -

t g ' g. ~. y. s
- . -

. h:. . 'g ~-t

.. c. s. .. ..t?. p.
93 V, TL s q~,'9/ ,, : . .. .

. . . . ., . s:g:.s ..: .

8.t 3;'5 . .-:.....s. .:, W
''s e % >4..

.\.n.
.c y'

.

.. :
,

i,
.... . .

. < . . . .
...

%a.
-... . . -. . . .

.: 4= , . .
-

..... . y:-: , y<
.

-

,4:'gM F'
'e +- - y

.q: <- . . . . .. m

.. j k,.. .. .
,. . .

.* f. 5 * g :. . . .

; .,2 . - .,, .m- ' n.%. .x. . ;.1. ,- ,.e.
.,.in;'*.~.''Q..:.M;-y.:'.

. - -... .s . / ..
s*

: .~%f :6 }.,
s c<

. , :% 6:aq. o~:.:
.> s, ' .

6:l . > .
Y<.. s.

,

6h;.:,S*r;;'1,I',..Qv.,~
, z. . n t,. -

<

2
- <. .

1< , p. ), : - .F'
:

. wo .

4 ! .: . .

Q * ,
,- . .g. . . . ,a.. u, J '. ::

as.j"W. . c. .M.,
A

am. 4 .,
... . . .' ; '. -

.
., .. :

e .*Q '.
...<,.r. '4 --. ....-

..s.~.e. '.,. y. %...j.
6'

&.-.!r W. s .
''$c .. .. :*i:' ' *. z' , ,. . , q ...

.
.. -

. . . 'p:: :
..:g s ,,-: . .,::.a. . . -o

-

. . t p v,.
.

-

. .. .

e.;::.m,:..[.; , |||*n: 2 :y.) _Q''.:]$.);.: .h. ~

.- . .
.-

.

.

.
. , -o

.t
' .., p ...

-

..8 _=
..&df.|

. n, . . ..n'

gs . v . m2,x.e: < : w . v -
m\a Jcy_ s .;(.h*':

M fr'j'..
cw .35. -~

. , .
. .

;,9.. T .|.
.

. t . .s ' ~%c, ;*>;.9;.7)%. ,. *t :;, , :. *R, . .M * '.3. .
y '3 ., : - iv ,^. s

n;; :. / :~ 2
. r ..

..:
. : 7. %:* 3 5 .2 .. . .e , ,. f ."dAc._) j

+ w .. n . . :,. g < .; ..,5. .
. '. ~

.

. 7 '. N.,. .. ! ' . % :.
,-" ; . :.:.. .

..
* .; =-

1 ,s,t . .- q ? .q:..:.-u .-* ~ v . .- .**.:.
'.

. 36.o ; r . . . .. .:(; 1 cd *. : .* .

., \. : -..c..t
O ' . * . |- e.c'.t,. ;y,:.5 .,,p

.*. ,g x," . *r .*A'- : y . ~a .
. u' .-%.. *

7M in DLschar8, . *:. *~*;5}*N, ';-
.s' -

. . - ..Ther*0S**P :'|:**

, . .;
. *

' ':..' &. . .,SQ. f.i .5. .\,. ' '. :;*.
.s *

.' ..p''-9 : . : q K.' . '2' &m . ~L ,.~.\
:M,i * v4.

. W. . . . . . x.k.,
, . .:' ..

* '. . . < > : * '. . . . . .~ * g' ' ,"', .' . % '. *..Q.: *W|'::;.L(' ", ', . - n :.*3 , , yf,%;, *.Q y , /
?. ! ~,.'''''*''''',,':W -

L, f "c . s.-
Creek . .. .~. : .,. .. ': 2; .

.a. , , .
. /. . . . . .- .*' . <* ' ' , .-.: "'

b- a,E y Discharge Car *,-
-

a -

yigure 1 Temperature measurements in creeks of thermally effected

marsh. Isotherm intervals = 0.2*C 1

;

I



_

s
e-

.

..
-.

..

.- .... . . .. . ...... ... .
.

. . . .... .
..

. . .
t . .. . s... . ....

.
. . . . .

. . .
. ..

. . . . . .. ..
. . . . . . . ...

. .. .-
. .

...

.. . .. . . . .. . . .
. . . r., .. . .. ..

. .. .

...
, . .. . . i

.. . .
. . , . . . .;. ., *

, . ... . .
.

. .
. . .. .. ..

. .. . .. . .
. . .a . . .

. . .
.

- .. . -- . . .. .-t. .. . .:. . . . ,- . . .. . . .
*. .. - . .

. *..* ..

. .
.. .. . NEGRO . . -' . . . " . * *

. .. . .
*

.
* ..
. ISLAND .*- '

* * . ** ' ... .. .,
.

. .
.. . . - . ... . .

,
..

. . . .. . . , . . . . ..

' . . . . . ..
6

. ! ~
. .s ,' Control i.

. f'
.-

. .. ' creek,e
. 9. . : :..*

. . . " . ' ,
-o . . .. , . .

. . .. . X -Thermograph. ..
. .

. . ..

.. ,/ . . . .
-

.... .. ~.. :r. . . .

. . . . . -. . .

.
.. .... . . . . .

. .. .. .. p. ....
..

. . . . . . .
< . . ' .

. .,
.

.

.

.. .
r-_ ,..
.

. .. .
.

, . '
, , . . .. . ,*

'

' '* *
' * * *

. . . .
.

. . . .
.

... . .
.

. ..

.. .
. . . . . ..

. . . .. ..

r.. r .
-,..

. ~ ........:,

.. .

. . . .

. . . . -..@.
.. . . . * . 2. . . -

. . . ... .

. .. .*- *
-

~.
.

. . . - .
.-. . . ,

..
--

-
.. : . ...y'. .~ . ' . . -:. . - . . .'* ' :...: . *.

' ~
..* . . . .

-. . .. s --

p. . .U. ..|..,.~..*
.

.. . .. ., .
.

.* , _ , . . . .. _ . , _ _ _ _ _ _ , ,,. .- . -

. . F .
. . ,.. - - ~ ~ . . .. . .. ~. . . ' . ... ,. . .. -

..
.

. . . . . . .. . .. .. -

..-s, . . . . . . . . . . ... .. . ..... .-

- -

-\...
---

.,
.

~ -.t-< INEAKE CANAL
.

. . . . . - . .
.. -_.

. . . . . . . . . . . . . . . . .. . . . . . . . - . . .
-

.. . . . . .. . .. . .- .. _

.-.- .. .. . . . .
, y_ : : ~. -.-

Figure 2. Control Area Stations
. -

.
|f w h.Za k=

|

'
I

\
.

*.
s'
-3



, i

.

,

g} ,

S

,

X
e A
g
rl ,

a o
h r J
ct

f|/
s n ,

i o sDC J e
j. - , 4 a

t

- 7 d- M9
- 1 g
- , n- .

i- A 4lx . 7p
9,

m 1aM s ,

s, n m
F o a

de
.

., \;
.

' . . , rA %
:;.

uJ mt oa r.
| r fe

pD a
\ m t

, e\ a\ t dz\ N k 3\ e,

\ 7e 9rO 12
,

.

S 3

y , e -
r

_A u _
3 g _

' , -7 i
9 F

, J1
,

/ J

'h
,

-

M
-
_

_
_A
_

,

M

- - - - - -
_-

5 0 5 0 5 0 03 3 2 2 1 1

t, !"gisa

_
_
_
_

_
_
_
_

U$-
_
_

_
_
_
_



Crab burrows were counted in each core quadrate, and these numbers

will later be correlated with counts made by Young (this report) in the salt marsh.

Diversit/

Diversity of fish fer each sample was reported as species found in *

counting 1000 individuals. This was determined by plotting data points on

the graph representing total species as a function of the log of total

indivf. duals. A straight line was drawn from the point representing one

indiv; dual and one specie to each data point. The point at which the
,. , - .

-
. . .- ,- : .. -

. . . . ., .
,. .

; resultant curve or its extension crossed the 1000 individual line was

used to determine species per 1000.

.

Growth and Production

For the purposes of calculating growth rates and tertiary creek

production, length and weight measurements to the nearest mm and .1 gm

respectively were made for a large percentage of the total sample. This data

was then used to construct length-weight curves and length frequency

histograms (Figs. 4a-e) which were used to calculate growth rates.

In this preliminary report, two methods for calculating growth and

production were used. Ricker's (1973) method assumes cxponential growth

, lh f71 --In 7dg, _

fg (1)

'
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where U andU{arethemeanweightsofanageclassattimes1and2.2

This growth rate is then multiplied times the mean biomass of the two

samples B,t 6 c , to give production.
2.

P=cX (2)

Allen's Q950 method assumes linear growth ( Eq. 3).

2-W1G= (3)
2

where W - w are the total weights for fish of an age class. This total2 l

growth is then multiplied times the mean numbers of the two samples ( Eq.4 )
to give production.

;.P = G T. c
< (.4). .t, u . .v ; .# u .. . , , . , . .. . . . . ; . - v . , . . , . , , , . , . .,

,

Metabolism

Fish metabolism was measured using a flow through respirometer after

Hoss ( l'967 ) . Two species of killifish, Fundulus grandis and F. si6111s,

were used in this study. Fish were collected fraa two tidal creeks, discharge

and control. After a 6-8 hour acclimation period, respiration was measured

by monitoring oxygen levels of inflowing water, outflowing water, and the

volume of water that passed through the chamber. These measurements were

run at ambient temperature (30 C) and at a lower (24 C) temperature after

; allowing a 24 hour acclimation period.

Planktonic and sediment metabolism measurements were started in August,

1974 using the light and dark bottle method. Four racks containing six

bottles (3 light and 3 dark) were placed in a discharge creek and in a

control creek two in each creek. The bottles were hung about 1 foot below

\

J
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the surface and left in the creek for two hours. Methods used were the same

as in McKellar (this report).

Sediment metabolism was measured by using a modified light and dark

bottle technique. Short (1.2 m) pieces of poly vinyl chloride tubing

(3-5 cm inside diameter) were pressed into the sediment to a depth of

approximately 5 cm. Water was then introduced in to the bottles, sealed

and incubated in situ for 24 hours. These were then handled in the sane

manner as the plankton bottles.

.

RESULIS
~ ' * - , . . . . ,

-.- , , ., .
,

Temperature mapping results (Fig. 1) showed the plume effects reaching

far back into the adjacent marsh at flood tide. Itere was a gradual

temperature drop moving northeast into the marsh, with the largest temperature

difference between canal temperature and creek temperature at about 4.5 C.

Salinity measurements were useful in tracing the plume. Canal salinity

at that time of the year is about 27%-28% while ambient creek salinity is

about 18% - 20%.

Temperatures taken on the fish collection dates are shown in Fig. 3.

The temperature difference between the two creeks averages about 5 C except

for the May, 1974, samples when unit #1 was down, and the September, 1974,

sample which was taken at night when the power plant's load was down. The

thermograph measurements have not as yet been worked up.

Fi6h and Swimming Invertebrates
,

Nine collections (22 samples) have been made to date (foi by Adams,
|

i- et al 1973) and 18 of the samples are presented in this report in Tables

|
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1 and 2 and,FigJ and 6 54 species of fish have been caught in the four

creeks with five additional species - Lucianus ariseus (Gray snapper),

Orthropristes chrysoptera (Pigfish), Bairdiella chrysura (Silver perch),

Lepisosteus oculatus (Spotted gar) and Sphyrna tiburo (Bonnethead shark) -

caught in various other creeks using other methods. The tidal creeks

have been surveyed and biomass is presented on a g/m of watershed basis.
2Rough approximations of watershed area (3500 m for both creeks) are used

for this report, with a more detailed calculation to be made at a later date.
1

Fig. 4, which represents seasonal abundance (g/m ) of fish, shows

. marked differences.in temporal abundance.between the two e reeks. Thecc..J-.. ' '
-

control crsek's biomass peaks out in August or September with high values

during the warmer months. The discharge creek's biomass starts

to increase to the control creek's summer level in August or September

and eventually surpasses the control area's biomass during the fall months.

This implies a temporal shift in the discharge system of about 2-3 months.

Fig. 5, which represents seasonal abundance in numbers of individuals /m .

shows a different effect. In this case, the numbers of fish in the control

area always excedes (except for Nov.1974 when a cold front moved in

during the control sampling timeltna cisenarge areas numbers.

Fig. 7, which shows biomass levels of blue crabs (Callinectes sapidus),

, indicates a trend similar to that shown in Fig. 4. Blue crab biomass in
.

the discharge creed started to increase in August and surpassed the control

area.'s level in September.

,
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Table 1
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Seasonal biomass of creek fishes Ierams/m'
, ,
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Carcherhinus Mebatug Blacktip shark 5198.0
~

Dasystle sabina Atlantic stingray 468.5 929.5 3883.y 152.4
,

Etcys euarue Ladyfish 169.5

p.4 , Myrophie punctatus speckled worn eet I.5 6.7 1s.4
I
y Brewoort t e og.c.f. pat remue Culf menhaden 7*E
W

Eltingole pensacolae Scaled eardine 8.8 0.8 0.5 0.6 5.7

OpletSonema caltnum Atlantic thread herring 2.4 79 E

Anchoa hepeetus Stripes anchovy 6.7 60.2 394+7

106.5Anchoe attcht!1t sav sachovy 0.7 98.160.0 1275.5' 146.6 106.5 28.4
Syno3us feetens laahore lisardfish 3.1 26.4

Artus fetts Sea cetfish
1036.2

np9 anus h31a Cult toadfish 27.8 13.4

Hycerhemphus unifaattatus llatfbeak 7.0
3.9

Strontvlure marine Atlantic needtefish 25.8 771 7 129.8 461 1

Stronavnera cotata Redfin ne'adlefish 25.0 17.9 2.3 24.7 16.5 1086.4 64.3 27.0 86.0 32.9 180.0 63.0
*

stronavtura og. Unidectified juveniles 19.5 0.4 13.6 0.6

4dinia zenica Diamond ht!!! fish 4.5 3.9 0.7 2.2 1).2 0.1 1.0 2.8

cyprinodon vartematus Sheepehead k1111fteh 7.8 147.1 5.6 64.9 1.5 118.3 605.9 25.1 7.1 240.3 31.2 161.0 6.8 232.0 0.8 15.4 1.9 16.6

Flortdicthys carple Caldepotted killtfteh 8.6 1176.5 25.9 0.2 66.4 8.4 3.0 673.5 33.9 378.8 21.8 249.6 35.4 416.8 139.0 235.4

Fundulus trandte Culf killiftsh 1058.6 3805.9 1433.0 1086.6 359.7 786.7 1590.0 143.4 94.1 858.4 194.0 1022.5 148.3 1646.5 371.8 890.7 '220.5

rundulus stellte Longnose killifteh 114.9 1991.1 348.5 1221 1 193.3 853.3 418.5 7'1.8 94.5 2207.3 793.3 365.8 306.9 846.2 446.8 847.5 796 9
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Imcenta parva Saimuster killiftsh 'd. 3 0.3 2.4 0.2 8.1
Cambusta affiate lemequatefish 4.3
Foectita latipinne Saillin molly 15.0 8.8 179.0 0.5 13.9 4.9 623.3 2.2 34.7 1.9 14.1 2.5 53.7 1.0 9.6 9.7

*

._Mentdta beryttama Tidewater stiverside 121.4 62.0 115.0 3011.9 37.5 1294.7 833.2 65.3 513.0 4412.2 2.9 4525.6 19.6 7832.3 1.6 3774.6 197.8 857.3
Synanathus floridae Dusky pipefish 0.2,

H carens hippos Crevelle jack
I 'S

$ ottsoplites eaurus 1.eatherjacket 4.4 49.8 16.9 26.7 2.1 32.8 32.7 13.6 3.1
'

N
Selene woner Lookdown 1.9 Y

.

Trachinotus falcatus Permit *

0.8
racinostomus araenteue Spotfin nojarra 295.9 224.2 2989.7 69.62366.7 302.9 h.8 398.3 6.2 1716.2 87.4 3468.7 769.3 428.3
Eucin.-comus & Silver jenny 46.4 82.6 939.5 75.1 i' 7 86.8 104.4

facteostomus letrovt- alottled mojarra 5.6 20.5 11.4 69.4*

Eucinostomus gy. Juveniles ( 35mm 41.3 277.8 59.1 459.5 97.4 8.5 12.3 * W .3 0.8 m.3 4.4 N U.9 m.5
Archoseraue proberocephalve Sheepehead 1238.7 I

!
; lasodan rhomboldes riafteh 106.9 2958.8 1557.9 3400.6 401.2 8111.2 704.1 78.8 277.0 9.6 1300.0 77.2 847.2 110.6 958.0 586.6 377.8

*

Cynoscion nebuloeue Spotted sea trout 9.4 6.0
sLetostomus manthurue spot 2346.6 63.2 1313.6 11.0 27.4,

Poswtas cromte Blackdrum 0.6 ' 87.0 3880.8 1917.6 199.1
Sciaenops ocellata Red drum 53.4 114.0 413.2
Chaerodspeerus f & r Spadetteh 0.5 4.6 10.6

'

3.1 11.0 30.0 15.5
!!u111cephalue Striped mullet 30.6 4G47.9 208.7 819.2 7877.6 2132.8 8529.9 - 334.4 1343.0 6450.2 1314.5 434.6 448.5 5367.4 5265.0/
M.!ag.l.! curena white mullet 44.0 1836J 1121.2 445.1 150.9 220.1 56.4 161.6 715.0 969.1

1ft.!1.] trichodon Fantatt mullet 809.9 752.2 249.4 258.1 3512.6 0.7 68.0 26.2 204.6 0.6 494.0 1770.4 475.3 809.3
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P_*tydactrius octonemus . Atlantic threadfim 653.7

B nhygobive soporator Frillfia goby 28.1 6.1_ _

*
.

Cobiosana robustum Code goby 0.2 0.3

7 Micronobtus zulosus Clown soby 1.3 .1 1.5 16.2 6.3 1.2 5.6 7.9 0.2 0.3 16.0
c

$ Scamberomorus maculatus Spanish macheral 0.8 0.3

Prionotur tribulus tighead searobia 0.2 5.2 0.1

Pirtliethys albigotta Culf flounder 6.0 76.8 9.1 81.8 40.7 101.7

Archtrue lineatus Lined solo 0.2 2.3 0.8 9.7 10.6 5.7,

jymphurus plastusa Blackcheek tonguefish 1.1
.

5phoetides mapt.e've Southera putter 0.2 6.8 3.5

Chtlamycterus schoepf t Stripped burrfish 0.8 0.2

Uncellected juveniles est. Probably Cyprinodontidans stL n st_n

16.967.0 15.872.6 21.236.0 358.9 16.227.9 16.715.6 16.056.6 15.365.9 10.766.6
Totel Wefaht 4177.6 sAns A 16.609.9 17.a40.2 99.973;0 1359.7 696.7 5665.9 12.908.6
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Table 2

Seasonal abundance of creek fishes- numbers /in*
T
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Carcharhinue ]!abatus Blacktip shark *
g

Desrette esbina Attentic stingrap
2 4 n

Lt. gag aumrus Ladyfash '

-
>.e ?tyrophts punitatus . Speckled Worm eel

y at

h Brevoortta g .c.f.pattones Culf maahadesi

EAftetute pensacolae Scaled sardine

I(binthonema ottinum Atlantic thread herring
,

I 9Mchoe hepsetua Strl ed anchovy 3P

Mchoa altcht111 Bay anchovy 1 250,000 4 02 m 659 151
3rnofus foeten, Inshore lisardfish

1 2
artue felts Sea catftsh . 4

G:.p g3 beta Colf toadfish 4 2

M arhumphus untfeectatus Malfbeak 3,

g
Stronewtura marina Atlantle needlefish a 15 5 4- 1 4 124 42 40 F3 ".13

*

Stronavtura'notata sedlin needlefish 2 2 2 10 3 . 50 9 1 26 17 25 6
'

stronrytura g . Unidentified juveniles
. 11 1 3 2

Adinia menica Diamond ht111fleh 64 56 6 1 4 1 11 .1
Cyprinodon vartematue Sheepshead killiftsh 1 22 2 30 18 257 113 49 17 432 100 329 22 125 11 21 34 221
ELgrfdlethys carple' Coldspotted killifish 2 236 5 131 12 '9 165 80 500 108 402 aj 245 80 .300
Fundulus arandse Culf killiftsh 39 13e 396 130 96 211 253 58 13 161 99 346 74 436 23 310 40 16

rundutus efetits Lonsnose killtftah 20 285 49 168 134 181 104 45 29 237 420 606 60 4es 202 106 244 209
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Imcenta parva Satmuster kilititsh
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Y Synenathus floridae Dusky pipefish . 1
&

$. Carans hippos Crevelle Jack 1p

01troplites saurus Leatherjacket 5 24 12 15 1 22 20 8 2

Selena woner Lookdaun 1

Trachtnotus f alcatus Permit 1

Euctnostomus araenteve Spottin nojarra 78 84 1081 36 552 136 5 56 1 512 38 788 178 173

Fucinostomus gula Silver Jenny 12 , 49, 204 30 1 42 42

Eucinostomus letrovt Mottled sofsera 4 14 8 II
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P'1ydactylus actonemus Atlantic threadfin 146

Sathvaohtue soporater Frt!!fla goby '3 2 *

Goblofo,,==3 robeetwo code geby * 1 1
.

Y Micronobtus autosus Clown goby 2' 1 9
~

h. 6 .2 21 15 1 1 51<
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S.
1 1g $cemberomorus maculatus Spanish macherst
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Peraltethys alhisutta Culf flounder 2 1 3 3 6 2

Archtrue tsneatus Lined sole 1 16 6 37 26 17
,

2
SympSerus plastusa Blackcheek toosmetteh

Schoerfdes nephelue Southern putter 1 I 3
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1 1
Chilomveterus schoepti Stripped burrfish

Uncellected juveniles, est. Probably Cyprinodontidaea
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Macroinvertebrates

Two collections (4 samples) of macroinvertebrates are shown in

Table 3. As of now, not enough samples have been taken to make any

judgements concerning these measurements. In August, the discharge

collection was about 33% (60.5 g/m - 40.9 g/m ) higher than the control

sample. In September, the control collection was about 27%. (69.0 g/m -

50.6 g/m higher than the discharge sample.

. - .. . ., . , Diversity,., j,
,

, , , , , . ,

During 1974, diversity, as represented by species /1000, was higher

in the control area (Fig. 8 and Table 4) then in the discharge area,

although still relatively high for estuarine areas. This is quite different

from the diversity levels in 1973, where diversity was either ' higher in the

discharge area or at about the same level as the control creek.

Growth and Production

Growth .and production rates were calculated for 1 age class of two

species of redident killifish, Fundulus grandis and F. similis. The results

of the two methods are shown in Table 5. The calculations are at too

early a stage for comparison purposes, but the two methods were found

to be in close agreement with one another. The negative values shown for

F. arandis in the control area during May were due to heavy recruitment

of age class 0 juveniles.
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Table 3. Macroinvertebrate Collections

2Date and Species Wet Weight Dry Weight Individuals / m2 2Location (g/m ) (g/m )

August, 1974 Uca pugnax 43.2 10.5 211
Discharge Sesarna sp. 16.9 4'. 3 28

Total weight 60,1 14.8 239

August, 1974 Uca pugnax 35.6 8.0 2967' Control Panopeus sp. 5.6 l'. 5 14$ '

-

"
Total keight 41.2 9.5 310

September, 1974 Uca cuanax 17.7 12 84
Discharge Panopeus Jp. 37.2 11.4 14

Total weight 54.9 14.6 98

September, 1974 Jrca pugnax 66.4 13.0 422
Control Panopeus sp. 2.4 0.5 28

, Total weight 68.8 13,45 450
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Table 4. Species Diversity of Tidal Creek Fish

Date Location Species /1000

_-

April, 1974 Discharge 11
March, 1973 Control 12

'luly,1973' ' Discharge ' ' ' ' 18''' ' ' ' ~

August, 1973 Control 16

Sept., 1973 Discharge 25
Sept., 1973 Control 20.5

Nov., 1973 Discharge 16
Dec., 1973 Control 15

~

May, 1974 Discharge 9.5*
May, 1974 Control 13.5

June, 1974 Discharge 11
June, 1974 Control 16

July, 1974 Discharge 11
July, 1974 Control 19

August, 1974 Discharge 14.5
August, 1974 Control 23.5

Sept., 1974 Discharge 20.5
Sept., 1974 Control 22.5

* without Anchoa mitchilli, species /1000 = 14

I-413
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Table 5. Fish Production at Two Tidal Creek Resident Killifish,

Fundulus grandis and F. similis

-2 2Species Age Class Location Date Production, 10 gas wet weight /m /mo
Ricker's Allen's

'

method method

Fundulus grandis 0 Discharge .May-June, 1974 0.21 0.20

!) grandis O Control May-June, 1974 -0.22 -0.22

F. grandis 0 Discharge J une-July, 1974 1.78 1.25
s

& F. grandis O Control June-July, 1974 20.38 17.40w.
e-

!) similis 0 Discharge May-June , 1974 -0.05 -0.05

F. similis O Control May-June, 1974 1.44 1.25

4 . F. similis 0 Discharge June-July, 1974 13.31 13.82

F. similis O Control June-July , 1974 22.'45 20.73

.- _ -_- _____
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Metabolism

Results of the fish respiration study, showed that the discharge fish

may have utilized an adaptive mechanism to lower their metabolic rate at

elevated temperatures. This may be due to an acclimation adjustment,

which would entail higher turnover rates.

Table 6 shows results of light ar.d dark bottle measurements during

August and September, 1974. Again it is too early to indicate trends, but

the values for plankton metabolism gross production, total respiration

and P/R ratios are slightly hig*ter than values reported for the adjacent
-

.
.

.
. . .

,
. . .- ..

shallow bays (Smith, this report) .

Discussion

1

Trends indicated by this preliminary report show a possible seasonal
.

displacement of fish in the discharge area. The occurrences of large fish

in the discharge creeks indicates possible osmotic stress. This stress may

occur at high temperature and salinity levels. Because of a lower surface

area to volume ratio, large fish may be better equipped to handle this stress.

The difference in discharge creek diversity between the 1973 and 1974

collections may be due to sediment scouring in the discharge creek. This

scouring may be caused by the blockage of marsh drainage patterns due to

interference from the spoil banks of the canal. Becuase of this scouring,

another discharge creek is being looked at.

I

|'
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|Table 6. Light and Dark Bottle Metabolism in Two
j

Tidal Creeks

)
i

!

Location Date GrossProjuction Total Respiration Gross Production
gms 0 /m / day gms 0 /,3/ day Total Respiration (P/R)2 2

Discharge August, 1974 1.83 1.95 0.94

Control August, 1974 1.29 2.21 0.58

Discharge August, 1974 2.29 2.16 1.06

Control August, 1974 2.01 1.27 1.58

Discharge September, 1974 1.95 1.34 1.46

Control September, 1974 2.82 1.24 2.29

Sediment Metabolism Light and Dark Bottles

Discharge Augus t , 1974 none 0.86 gms.0 /m33

Control August, 1974 none 0.73 gms.0 /mA3

,

1

|

:
|
t

i

t

!

>
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