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1.0 INTRODUCTION

In response to requiremerts of Part III-H, NPDES Permit No. FL0000159 dated
July 9, 1979 for Crystal River Units 1, 2, and 3, Florida Power Corporation
(FPC) has conducted an ecological monitoring program for the area adjacent to
the Crystal River Power Station site. The sampling program was designed to
address the effects of plant operation including: 1) thermal impacts on
water quality, benthos, macrophytes, salt marsh and fisheries and 2) intake
effects in the form of plankton entrainment and adult impingement. Thermal
considerations are based primarily on comparison of control and thermally
affected areas. Hydrodynamic and hydrothermal modeling were conducted to
simulate offshore temperature increases under k%nown plant operating
conditions. Impingement and entraimment effects are quantified and compared
to relevant population statistics. The elements of the program were grouped
into four categories: Benthos, Impingement and Entrainment, Fisheries, and
Physical Studies. These headings will be used in subsequent sections to
provide specific information on field and laboratory procedures, results and
impact assessments.




2.0 CRYSTAL RIVER UNITS 1, 2, AND 3

The Crystal River Power Station is located in Citrus County, Florida, about
13.7 km north of the town of Crystal River (see Figure 2.0-1). The site
contains five units arranged as shown in Figure 2.0~2. Units 1 and 2 are
coal-fired and Unit 3 is nuclear. These units utilize once through condenser
cooling with water drawn from the Gulf of Mexico. Units 4 and 5 are coal-
fired and have closed cycle cooling using natural draft cooling towers. Unit
4 went into operation shortly before initiation of field collections for the
present program. Unit 5 became operational in October 1984, after data
collection ended. Makeup for Units 4 and 5 is drawn from and blowdown is
discharged to the discharge canal serving Units 1, 2, and 3. Thus, the
physical and chemical environment of the discharge canal is related to
operation of all operating units. However, neither the conditions of the
discharge permit nor the plan of study (POS) included any separate
consideration of Units 4 and 5. Therefore, the envirommental descriptions and
impact assessments are addressed solely in terms of Units 1, 2, and 3.

CLonstruction at the site began in 1964 and has continued to date. Major
offshore construction was completed in 1966, although dredging of the intake
canal to increase the depth took place in 1979-1980. Spoil from initial
offshore construction was used to create dikes adjacent to the intake and
discharge channels.

Startup of Units 1, 2, and 3 spanned 12 years as shown in Table 2.0-1. Rated
generating capacity, cooling water flow and condenser temperature rise are
also given in the table. Actual operating conditions, however, exhibit
considerable variation. Table 2.0-2 includes weekly average values of
megawatts generated and temperature rise for each unit. Cooling water flows
vary similarly. This variation occurs despite the units being operated to
maximize operational efficiency within permitted limits. Planned or
unplanned time offline is kept to a minimum. During the periods of field
collection, Units 1, 2, and 3 were only offliue for 72,66, and 87 days,
respectively. The units were offline for periods of a week and more at the
times shown in Table 2.0-2.

2.1 INTAKES

Water for all three units is drawn through a common canal located south of the
units and extending generally westward into the Gulf of Mexico as shown on
Figure 2.1-1. The canal has been dredged to ~20 feet at MLW and is used to
bring coal barges into the site. The barges dock on the south side of the
canal just west of the intakes for Units | and 2. The dredged channel is
confined between two dikea for about 5.5 km, at which point the southern dike
terminates. The northern dike parallels the channel for another 8.5 km with
the fi-st opening at Fisherman's Paes occurring 2.3 km past the southern dike.
Other openings occur at irregular intervals. Water flows eastward in the
canal. Current velocities at the mouth of the canal were measured in August
1983 and January 1984 and ranged from 0.2 to 0.8 meters/second. Much of this
range is accounted for by tidal rather than seasonal variation, however.
Current velocities measured over a tidal cycle in August 1983 ranged from 0.2
to 0.6 meters/second.

2-1



Units | and 2

The intakes for Units 1 and 2 are very similar in construction and are
immediately adjacent on the northern bank of the canal. They are located at
the head of a slight em“ayment with the Unit 2 screenwell to the west as shown
in Figure 2.1-2. A floating barrier and a coarse mesh wire fence extend
across the embayment to keep floating or partially submerged debris away from
the intakes. The combined intakes are about 43 meters across with external
bar racks. The racks have 10.2 g¢m spacing between bars and are continuous
from the slab of the screenwell to above the surface of the water. Each
intake has four bays with a circulating water pump and traveling water screen
iu each bay.

The traveling water screens are the same in Units 1 and 2. Screen trays are
3 meters wide and are equipped with standard 9.5 mm (3/8 inch), square
opening, wire mesh. The screens generally are operated once every 8 hours to
keep the screens clean. When operating, the screens are cleaned by an
interval spray wash directed at the front surface of the screens. Debris and
any impinged organisms are washed from all screens of each unit into a common
trough and directed to sumps located adjacent to the intakes. The Unit 1
trough is about 30.5 cm deep and slopes to the east; the Unit 2 trough is
about 61 cm deep and slopes to the west. The troughs can be connected but were
divided by a solid barrier throughout the present program. Screen carryover
was ronitored during impingement sampling and was found to be minimal.

Unit | has four circulating water pumps each rated as 4.9 cms (77,500 gpm);
the four pumps in Unit 2 are rated at 5.2 cms (82,000 gpm). In general, the
units operate with all pumps in operation, although operation with three pumps
is not unusual. Rarely a unit will operate with two pumps or one pump in
operation, but this is usually under circumstances when the unit is being shut
down or coming back online. Also, in rare instacces, pumps may be running
without any heat rejection.

Unit 3

The intake structure for Unit 3 is separate from the intakes of Units ! and 2
as indicated in Figure 2.1-2. A chain link fence extends across the entire
width of the intake canal upstream of the intakes for Units | and 2. The fence
both restricts access to the Unit 3 intake and collects floating debris.

This intake is about 36 meters across and hus erxfernal bar racks. The racks
have 10 cm spacing between bars and are continuous from above the surface of
the water to the slab. There are 4 pump bays and seven traveling screen bays
separated from the pump bays by a common pleaum. An eighth traveling screen
bay provides service water.

The traveling water screens are similar to those in Units | and 2. The screen
trays are ] meters wide and have 9.5 mm mesh. They are generally operated
once every 8 hours, and they are cleaned by a front wash system. The
screenwash trough slopes to the west where material is colliected in a sump.
The trough receives combined wash water from all screens.

Unit J operates with four circulating water pumps, each pump is rated at 10.7
cms (170,000 gpm). As with the other units, four pumps are generally in
operation, three pumps are used occassionally, and rarely only two or one will
be in use.
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2.2 DISCHARGES

The common discharge canal for all unite i+ located just north of Units 1 , 2,
and 3. The canal extends WNW for almost 2.6 km to the point-of-discharge
(POD) at the shorsline, where the canal opens into a bay. The dredged
channel, bordered :o the south by a spoil bank, continues for another 1.9 km.
Water depth in the canal is about 3 meters.

The discharges of the three units enter the canal near Lhe eastern end. They
are located as shown in Figure 2.1-2. The designs of the three discharges are
all similar. Four circulating water lines enter an open, concrete discharge
chamber. The pipes turn downward, discharging the flow in a basin. The
discharge exits the chamber over a short weir and mixes immediately with water
in the canal.
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Unit 1
Unit 2

Unit 3

MWe
440
524

855

TABLE 2.0-1

CRYSTAL RIVER UNITS |, 2, AND 3
OPERATING DATA

Cooling water Condenser
Flow (cme) AT

19.6 (310,000 gpm) 8.3°C (14.9°F)
20.7 (328,000 gpm) 9.4°c (16.9°F)

42.7 (680,000 gpm) 9.7°C (17.5°F)

Startup
1966

1969

1877




TABLE 2.0-2

CRYSTAL RIVER PLANT DATA
JUNE 1983 TO AUGUST 1984
MEAN VALUES FOR 7 DAY PERIODS STARTING ON SUNDAY

Date Unit 1 Unit 2 Unit 3 POD
MW e ow T M ow aT MWe ov T T v
(10° gpw) (3) (10° gpm) °m (10° gpm) (3) (?,’)

01JUN83* 346.61 301.12 13.73 458.14 322.02 14.11 170.00 94.04
05JUNS83 352.75 306.31 11.93 433.52 300.10 12.98 170.00 1.07 93.28
12JuNg3 362.32 308.62 11.80 423.52 322.14 12.01 181.13 1.20 91.43
19JUN83 358.91 310.00 13.17 480.03 328.00 13.34 170.00 1.07 94.20
26JUN83 330.07 297.93 12.85 466.81 326.53 13.71 208.68 0.68 95.29
03JuLs3 369.13 3i10.00 13.60 422.74 317.26 12.26 366.31 0.77 95.45
10JuUL83 357.40 310.00 14.18 473.73 325.56 13.48 342.02 0.45 94.88
17JuUL83 359.63 310.00 14.08 453.46 328.00 13.11 443.21 0.48 95.29
24JULS] 334.98 290.16 14.39 459.07 325.07 14.40 274.51 629.40 4.66 95.00
31JUL83 352.08 310.00 14.42 425.44 328.00 13.30 539.75 620.30 12.83 97.35
07AUGS83 309.40 14.53 429.54 14.14 616.50 678.99 13.25 99.18
14A0GS83 357.42 14.50 344.47 16.72 637.76 680.00 13.47 99.89
21A0G8) 356.48 15.03 374.76 13.56 549.74 579.22 12.35 100.09
28AUGS3 326.03 305.69 14.61 455.18 328.00 13.44 616.81 622.32 14.57 99.54
04SEP83 345.41 309.08 14.66 447.45 328.00 13.95 631.21 642.56 13.37 98.46
11SEP83 341.52 292.47 15.16 413.99 321.17 14.43 536.24 614.23 13.54 96.31
18SEPS3 348.06 310.00 15.27 129.83 646.10 680.00 13.26 92.73
258EP83 324.87 293.85 15.67 13°.69 626.59 571.73 13.65 85.78
020CT83 349.06 306.77 14.52 454.66 291.88 12.20 474.83 1.47 85.51
090CT83 280.81 308.15 14.16 466.38 313.85 13.14 811.46 631.91 3.80 87.15
160CT83 298.93 459.47 328.00 13.06 753.02 656.73 7.96 86.81
230CT83 307.31 452.59 328.00 12.93 863.18 680.00 16.62 87.86
300CTS83 310.00 426.33 325.56 11.91 885.32 680.00 17.30 85.08
06NOVE3 356.15 309.54 16.81 452.46 327.02 13.03 826.19 643.57 16.18 83.83
13NOVE] 317.21 289.24 16.41 445.87 328.00 13.10 823.29 657.74 16.80 80.26
20N0VS3 283.89 268.48 15.85 395.05 328.00 12.69 817.95 637.50 16.35 78.13
27N0V83 311.83 305.39 15.26 335.36 327.02 10.09 899.85 680.00 i7.28 78.65
O4DECS83 276.94 306.77 14.38 337.84 328.00 9.35 894.74 680.00 17.39 79.09
11DECS83 282.75 289.24 14.91 347.27 291.27 10.62 808.00 626.37 17.06 75.01
18DEC83 309.97 304 .46 17.02 312.72 328.00 10.14 891.36 673.93 17.46 74.85

25DEC83 325.40 291.55 19.53 426.74 308.96 14.70 786.96 630.12 16.32 65.67

*4 day average



15APRSS
22APRBS
29APRSB4
O6MAY B4
13MAY B4
20MAYS4
27MAY B4
03JUNS4
10JUNS4
17JUNBS
24JUNBA
01JULB4
08JULSS
15JUL84
22JULB4
29JUL84
05AUG84
12AUG84
19AUGS4
26AUGCS84+

TABLE 2.0-2 (Cont)

Unit 1 Unit 2 Unit 3

MWe !,\w o"l‘ MWe ow 31’ MWe P,lou 3 T
(10” gpm) (F) (107 gpm) (°F) (107 gpm) (°F)

293.53 306.77 19.33 435.99 328.00 14.01 813.27 635.48 17.05
259.42 295.79 17.25 403.41 328.00 12.78 898.07 680,00 17.48
278.12 310.00 15.95 399.28 328.00 13.19 885.45 680.00 17.49
285.76 310.00 16.75 397.20 328.00 12.16 776.15 575.77 13.89
305.49 299.39 17.45 270.39 328.00 10.42 843.07 663.81 16.76
284 .43 310.00 16.43 295.12 328.00 10.04 888.03 680.00 17.40
282.30 310.00 14.79 325.46 328.00 12.31 877.29 680.00 17.45
302.42 310.00 14.14 359.61 328.00 16.03 764 .28 585.89 13.99
257.88 310.00 13.26 327.39 328.00 13.40 B14.49 633.45 16.73
337.61 14.75 803.59 626.37 i7.11
316.45 13.95 872.61 680.00 17.18
327.47 14.05 833.82 656.73 15.29
332.34 14.30 856.95 677.64 17.05
292.61 285.78 13.03 393.64 301.16 11.13 845.97 648.63 10.67
196.49 400.19 328.00 12.33 809.33 680.00 11.89

413.46 328.00 12.61 782.78 442.20 4.75

214.05 382.17 328.n0 11.68 854.26 680.00 15.98

327.65 310.00 14.71 439.85 328.00 12.79 850.16 680.00 17.44
334.64 310.00 15.40 400.40 328.00 12.18 761.14 634.46 17.07
304.63 310.00 15.16 368.61 328.00 11.16 852.35% 680.00 17.00
300.19 14.63 363.15 11.99 840.71 680.00 17.37
268.37 295.34 13.98 361.09 328.00 11.60 814.67 664.82 17.45
317.64 307.13 14.75 384.63 328.00 12.36 804.09 654.70 17.42
301.42 288.13 15.34 395.19 326.90 11.80 846.07 663.81 17.22
323.58 310.00 15.31 404 .64 324.99 12.43 865.27 680.00 17.44
332.51 30%.72 15.80 404,32 326.34 12.59 811.97 654.70 17.40
313.49 301.50 15.21 393.30 316.57 11.95 821.48 648.63 17.23
32:.83 265.64 14.37 419.84 328.00 12.80 861.71 680.00 17.15
325.02 310.00 15.05 391.31 326.94 11.67 836.71 680.00 15.43
332.18 300.66 15.90 380.04 325.99 11.71 856.40 680.00 17.12
321.39 310.00 14.24 380.01 327.02 11.58 837.07 678.99 17.09
328.88 310.00 14.10 404.22 304.43 12.42 R22.32 673.93 16.97
325.70 310.00 13.24 412.03 299.80 11.25 791.75 645.60 17.03
339.28 301.17 14.86 280.93 190.78 10.25 808.62 654.70 16.69
338.85 286.10 14.30 410.56 307.84 11.84 840.61 680.00 16.54

+ 6 day average

Tﬁrp.

F)

63.17
66.04
68.20
67.92
69.32
68.73
73.69
76.33
69.72
74.82
77.90
81.26
82.39
72.08
76.75
73.44
83.91
88.96
90.24
88.81
90.21
88.90
91.00
92.84
95.17
95.72
93.73
96.92
95.30
95.19
9..47
99.42
98.90
96.30
95.59
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3.0 DESCRIPTION OF CRYSTAL BAY

Navigation charts covering the area of the Gulf of Mexico adjacent to the
Crystal River Power Station designate the waters off the mouth of the Crystal
River as Crystal Bay (see Figure 3.0-1). This term will be used here to refer
to that same area as well as the inshore waters north of the intake spoil as
far as the mouth of the Withlacoochee River. The study area encompasses all
of Crystal Bay and extends offshore about 16 km from the power plant as shown
in Figure 2.1-1.

Crystal River enters Crystal Bay from the southeast. A navigation channel is
maintained in the river and for several kilometers offshore. The
Withlacoochee River enters the Bay from the northeast. It is somewhat smaller
than the Crystal River, but it is navigable, and an offshore channel is
maintained. About 1.6 km south of the Withlacoochee River lies the western
terminus of the Cross Florida Barge Canal (CFBC). While the canal was never
completed, the canal was dug far enough to the east to alter the local
watershed and to permit drainage through the canal and into the Gulf. Flows
in the canal are regulated by locks.

Offshore of the CFBC, a deep channel was dredged extending WSW from the canal.
Dredge spoil was deposited south of the channel creating a series of islands
paralleling the channel. Several natural islands also occur in Crystal Bay;
these are generally close to shore. Larger islands such as Thumb, Drum, and
Lutrell are located north of the discharge and Negro Island, and a few small
islands, are found near Cutoff and Salt Creeks, south of the iatake. Shell
Island is located at the mouth of the Crystal River.

Crystal Bay tends to be very shallow; depths rarely reach 3 m as far out as
Fisherman's Pass, and depths of 6 m infrequently occurred at the furthest
offshore stations. The shallow inshore enviromment is dominated by oyster
reefs or bars which are generally oriented parallel to shore at '“tervals from
the shoreline. The reefs are composed of oyster shell with the bulk of the
reef being composed of broken shell. Clumps of shells are appsrent on the
surface. The reefs are exposed at low tide, but almost all are covered at
high tide. Sections of reef tend to be short with narrow passages between
sections. When viewed from above, the pattern of reefs appears to define a
series of basins with slightly deeper water in the center and the bottom
gently sloping up to the surrounding reefs. Previous reports on Crystal Bay
have defined and numbered the basins as shown in Figure 2.1-1.

The coastal area of Crystal Bay is characterized by salt marsh dominated by
Juncus roemerianus with bands of Spartina alterniflora. The marshes are
fairly flat and extend inland for about 1.6 km in places. A number of small
creeks drain the marshes. The creek system adjacent to Basin | is
particularly extensive.
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4.0 PREVIOUS STUDIES

The present program is one in a series of studies conducted at the Crystal
River site. Most of the studies were intended to address the effects of power
plant construction and operation on the local ecosystem. Three exceptions
were Dawson's (1955) early study of oyster biology and hydrology, Phillips'
(1960) study of marine plants, and the more recent study conducted by CH2M
Hill (1983) to provide data for the Withlacoochee Regional Planning Council.

Comprehensive studies relating to the power plants essentially began in 1969
at which time Unit | was in operation, Unit 2 was starting up, and a
construction permit had been issued for Unit 3. The studies were performed by
the Florida Department of Natural Resources (DNR) and a series of publications
resulted (Grimes 1971; Lyons et al 1971; Quick 1971; Steidinger and
Van Breedveld 1971; Grimes and Mountain 1971; and Mountain 1972). The last
data collection took place in 1971. In approximately the same time frame, the
University of South Florida initiated studies of thermal effects (Carder
1970; Klausewitz 1972). Plume mapping and modeling were emphasized.

Licensing activities related to Unit 3 resulted in initiation of further
studies in 1972. Personnel from the University of Florida performed a variety
of studies; other participants were the University of South Florida, Gilbert
and Associates, and Dames and Moore. In 1973, the studies came under the
auspices of a specially formed Interagency Research Advisory Committee.
Study results were presented in a multiple volume report (FPC 1974a) and
several supplemental publications (FPC 1974b; FPC 1975; Osterling 1976).
Predictive hydrothermal modeling continued through 1975 and into 1976.
Results of the modeling addressed the effects of future operation of Unit 3
(Carder et al 1976).

Unit 3 began commercial operation in March 1977, and an operational
monitoring program required by the enviromnmental technical specifications
began at that time. Initial participants in the program were the University
of Florida, NUS and Connell, Metcalf and Eddy. Applied Biology held a
contract in the later stages. Although the scope of the program varied over
time, elements of the studies continued through 1981. Results were reported
in a series of annual reports (FPC 1978a; 1978b; 1979a; 1979b; 1980; 1981;
1982a) and summarized in two publications (FPC 1982b; Applied Biology, 1983).

The publications cited above report studies of essentially all components of
the Crystal Bay ecosystem; however, the results from almost all of these
studies cannot be directly compared to results from the present study.
Comparisons are limited because: 1) plant construction and operating
conditions did not approximate present conditions until 1981, 2) collection
techniques for particular biotic groups varied, and 3) laboratory and
analytical techniques varied. The data from these previous studies were used
in designing the present study.
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5.0 DEVELOPMENT OF THE PLAN OF STUDY

Field sampling conducted at Crystal River is described for each program
element in subsequent sections of this report. The program originally was
designed for FPC by a seriee of contractors and was described in the document
entitled "Plan of Study, Crystal River 1, 2, and 3 NPDES 316(a) and 316(b)
Ecological Monitoring Program." The Plan of Study (POS) was prepared in
August 1979 and revised in November 1982. It was submitted to the U.S.
Environmental Protection Agency (EPA) for approval on November 15, 1982.

Subsequent to approval of the POS, Mote Marine Laboratory (MML) reviewed the
program and proposed changes to the Benthos, Impingement and Entrainment, and
Fisheries sections. The changes were presented in "Proposed Revisions to Plan
of Study, Crystal River 1, 2, and 3 NPDES 316." More limited changes were
also proposed for water quality aspects of the Physical Studies section. FPC
accepted the proposed revisions, obtained preliminary approval from
regulatory personnel and submitted a request for proposal for the revised POS.
Stone & Webster Engineering Corporation's (SWEC) proposal was to implement
the program as written with the exception of the hydrodynamic/hydrothermal
modeling which would accomplish the objectives using different models. Field
collections remained unchanged. The proposed revisions and the pertinent
proposal material were submitted to the EPA on February 22, 1983. 1In March
1983, SWEC was awarded the contract to implement the program. The field work
and preparation of the Benthos section of the report were conducted by MML
under contract to SWEC. MML utilized personnel from Mangrove Systems, Inc. to
work on the macrophyte component. Personnel responsible for specific program
elements are listed in Appendix I.

As the field program began in June 1983, some modifications to the sampling
program wvere needed to accommodate local conditions or to enhance analyais of
the resulting data. These changes were summarized in the First Quarterly
Progress Report (SWEC 1983) and presented orally at the First Querterly
Progress Meeting held on October 27, 1983. All changes were discussed before
implementation and written notice was provided to EPA and to the Florida
Department of Environmental Regulation (DER). Formal approval of all changes
in the program was received by FPC on April 17, 1984,

Throughout the program, quarterly reports have been issued containing summary
data tables for the field components and other related inforriation (SWEC 1983,
1984a, b, ¢, d). These reports were submitted to U.S. Fish and Wildlife
Services (FWS) National Marine Fisheries Service (NMFS), EPA, DER, and the
Nuclear Regulatory Commission (NRC). In addition to data tables, a tape of
computerized data will be made available to EPA at the program's completion.
Quarterly progress meetings have been held with state and federal regulatory
agency personnel invited to participate. Regular participants have included
the EPA and the DER. As a result of the weetings, phone conversations,
correspondence or other discussions, any program changes initiated after the
start of field sampling have been subject to prior approval by the agencies.

FPC summarized the above information in "Cryetal Piver 316 Study, Plan of
Study - Summary," to provide & single docuaent outlining the program in its
final form. Table 3.0-1 summarizes the field program and provides for each
component the pertinent number of stations, replicates, samples, sampling
frequency, and period of study. Field collections were completed in August



1984. T.e dates of these coliections were summarized in the Fifth Quarterly
Progress Report (SWEC, 1984d).

After collection and laboratory analysis of samples and summarization in the
quarterly reports, the data were analyzed in a variety of ways for
presentation in this report. Nearly all of the statistical summaries and
analyses of data were done with Version 82.3 of the Statistical Analysis
System (SAS) (SAS 1982). This system offers a high level language of commands
(called PROCs) which follow many of the standardized statistical procedures
found in most statistical methods texts such as Snedecor and Cochran (1967).
The most frequently used SAS PROC for this study is the Generalized Linear
Model (GLM) procedure. A linear model in this case could be represented as:

Y= blll + bzxz - b313
where Y represents the dependent variable (such as surface temperature), X
represents a discrete (such as station) or continyus (water depth)
independent v.riubl‘ or treatment, and b represents the i treatment mean or
deviation of the i treatment mean (for the discrete case) or the slope of
the least squares relation of Y on X (for the continuous case).

This SAS procedure provides an analysis of variance type summary of the
relative importance of the independent variables in the model. The procedure
also provides estimates of the values of the b's in the model. For nearly all
the GLM analyses a Tukey's Honestly Significant Difference (HSD) test was
provided. The anova type format confirms if at least one individual level,
e.g., station, of an independent variable is statistically aJignificantly
different from at least one other level (station) of the same variable. The
HSD rest identifies which of the levels is differ ..t.
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Study Component
X. Benthos
A, Benthic core
B. Macrophyte mapping

Aerial photographe
Oyster reef

Salt marsh program
Phys:cal

a. Chlorophyll 'a'

b. Sediment

€. Fhotometry

d. Turbidity, D.O.,
pH, Salinity,
Temperature

e. Sediment Temp-

erature, Eh

TABLE 5.0-1

SUMMARY OF ECOLOGICAL PROGRAM
CRYSTAL RIVER STUDIES

No. of

Stations

20
20

50

9(intens.)
9(intens.)
9(intens.)
1

9

No. of
Rep.

6(+2)
6(+2)

10

24

2 depths
3

1 profile
multiple
depth

1 depth
1 depth

lrcsgglc!

Quarterly
6 wks

Quarterly +
1 Preliminary

6 wks
6 wks
6 wks

3 times

Monthly &
Bimonthly

6 wks

Weekly
Quarterly
Weekly
Weekly

Quarterly
6 wks

Total No. Study
Samples Period
600 15 mos
1200 .5 mos
3000 15 mos
900 15 mos
450 15 mos
270 15 mos
3 15 mos
14580 12 mos
1920 15 mos
1040 15 mos
1200 15 mos
2600 15 mos
5200 15 mos
200 15 mos
200 15 mos




Study Component

II.

I1I.

Iv.

Impingement and Entrainment

A. Impingement

B. Entraimment
Fisheries

A. Trawl

B. Seines

c. Drop net

D. Creek trawls

E. Crab traps

F. Crab impingement

Physical Studies

Suspended loads
Bathymetry
Short-term
Long-Term
Meteorology

Temperature pro: les

No. of

Stations

15

120

40

16
51
1

Variable

TABLE 5.0-1 (Cont)

No. of

Rep. Frequency

4 Wee'cly +
3 vimes

3 Biweekly
day/right

7 Monthly
(night)

2 Monthly

2 Monthly

7 Monthly
(day)

1 17 times

1 17 times

4 analyses Biweekly

1 or 2 Cont inuous
1 Continuous
2 Variable

Total No. Study
Samples Period
660 12 mos
2880 15 mos
756 12 mos
9 12 mos
48 12 mos
336 12 mos
2040 4 mos
17 4 mos
5120 15 mos

1 survey
Variable 2 mos
Variabie 12 mos
Variable 15 mos
Variable 2 mos



6.0 BENTHOS

The benthos component of the present study includes the following elements:
water quality, sediments, benthic infauna, macrophytes, salt marsh, and
oyster reefs. Each of these elements was sampled by unique methods and these
methods, as well as results from each type of sampling, will be described
separately in subsequent sections. For the biotic elements, impact
assessment associated primarily with the station discharge will be addressed.

6.1 WATER QUALITY
6.1.1 Sampling and Laboratury Analysis

Water quality investigations during this study included both in situ and
laboratory determinations performed weekly at 40 stations over a period of
approximat2ly 15 months, from June 9, 1983 to August 27, 1984. Station
locations are shown in Figure 6.1-1. Sampling dates were selected to provide
information for both high and low tide conditionms.

Actual sampling times on each day were designed around two temporal windows.
During a 90 minute interval centered on the predicted time of high or low
tide, in situ temperature and conductivity dats alone were collected at 27
selected stations (4-30). The second window was a 4 hour interval centered on
local noon, during which measurements of water column depth, temperature,
conductivity, pH, dissolved oxygen, and light penetration were made at all 40
stations. Salinities and corrected dissolved oxygen values were later
calculated from these data.

Water samples for laboratory analysis were also collected from all statioms
during the & hours centered on local noon, the photometry window.
Determinations of turbidity at the surface and bottom of each station were
made weekly. Samples for chlorophyll analysis were collected at a randomly
chosen eight of the 40 stations. On alternate weeks, surface and bottom
samples were collected for suspended load analysis (total and volatile
nonfilterable residue).

Station locations were typically identified by the use of onboard Loran C
(Sitex Koden C787). Water coiumn depths were recorded with either calibrated
fathometers or with marked leadlines.

In situ measurements of cemperature and conductivity were made with
Beckman RS5-3 inductive salinometers. Surface and bottom measurements were
made in depths less than | meter. For water column depths of 1-3 meters or
less, surface, mid-depth, and bottom readings were taken. In depths greater
than 3 meters, data were recorded from surface, one-quarter depth, mid-depth,
three-quarters, and bottom. Calculations of salinity from these data were
performed later using equations developed by Cox et al (1967), UNESCO (1966)
oceanographic tables, and the salinity-conductivity relationships of Jaeger
(1973).

Dissolved oxygen messurements were performed with YSI 57 dissolved oxygen
meters and polarographic membrane electrodes. Measurement depths were
surface and bottom for depths of 1 meter or less, and surface, mid-depth, and
bottom for depths greater than ! meter. These instruments were operated



without the salinity correction function to minimize posesibility of sampler
error. Dissolved oxygen readings so obtained were later corrected for
salinity and percent saturations were calculated using the polynomial
relationship developed by Weiss (1970, cited in Riley and Skirrow 1975).

Measurements of pH were performed with Martek Mark VII multiparameter meters
and/or an Orion 201 pH meter. Measurement frequencies were at the same depths
as previously described for dissclved oxygen.

Quality assurance measures for these in situ parameters included: full bench
calibration of meters before and after sampiing; field calibration of salino-
meters and D.0. meters; a repetition of all water column measurements at one
station out of ten; verification of the temperature function of the Beckman
salinometers against thermometer readings or the temperature function of the
Martek Mark VII meters; and collection of water samples at a rate of 1 for
every 10 measurements for laboratory analysis of pH, dissolved oxygen, and
conductivity. These water samples were preserved appropriately and the
analytical valuee obtained were compared to the recorded field values.

Fhotometry measurements, quantification of solar radiation and extinctionm,
were made in situ using LiCor integrating quantum radiometers. These
instruments are sensitive in the photosynthetic spectrum of 400-70C nm and
measurements were made in air, just below the water's surface, at secchi
depth, and/or at bottom. The secchi depth and percent cloud cover were also
recorded. The deck and submersible sensors for these instruments were
calibrated by the manufacturer on an annual basis and checks of the mechanical
zero were performed at the beginning of each sampling episode.

Surface water samples were collected from just below the surrace as grab
samples. Samples at depth were secured using a Niskin or Kemmerer type
sampler. Samples for pH and conductivity analysis were maintained at ambient
temperature, those for dissolved oxygen determinations were fixed with
manganous sulfate and alkaline azide iodide solutions for later Winkler
titrations. All remaining samples for turbidity, chlorophyll, and suspended
load analyses were iced on collection and maintained either on ice or st 4°C
until analysis.

Laboratory analyses were performed within the EPA recommended, parameter
specific, holding times. Analytical methods employed were as follows:

Conductivity: Method 205, platinum electrode (APHA 1980).

Dissolved Oxygen: Method 360.2, azide modification of Winkler analysis,
full bottle techaique (EPA 1979).

pH: Method 150.1, electrometric (EPA 1979).
Turbidity: Method 180.1, nephelometric (EPA 1979).

Chlorophyll 'a': Method 1002G, spectrophotouetric determination of
chloropnyll 'a’, corrected for pheophytin 'a’' (APHA )980).

Total and Volatile Nonfilterable Residue: Method 209D and 209G, total

noufilterable residye dried at 103-105°C and volatile nonfilterable
regidue ashed at 550°C (APHA 1989).
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Water quality data were analyzed using the S.S GLM procedures. The specific
analysis varied with the parameter, however weekly values, either
individually or averaged over depth, were most often evaluated by quarter and
station. Other variables used included tide, depth, occurrence of storms, and
barge traffic. Where appropriate, variation based on other water quality
parameters was considered. For example, turbidity values were analyzed for
variation with quarter, station, depth, storms, barge traffic, total
suspended solids, conductivity and chlorophyll a.

6.1.2 Results

Samplings were divided into five groups of thirteen episodes each. Months
were divided as follows: Summer - Quarter I, June, July, August; Fall -
Quarter II, September, October, November, first week of December; Winter -
Quarter III, December remaining, January, February; Summer - Quarter IV,
March, April, May; Quarter V, June, July, August. Tabular means of parameter
values are presented in Appendix II for each quarter and for the project as a
whole. It should be noted that project means (Quarters [-V) cannot be used as
annuel averages, as they are biased by the inclusion of two summer quarters.

Tables of quarterly values were generated from the ent.re data base for all
parameters except pH, dissolved oxygen, turbidity, and total suspended load.
These means were computed during analyses of variance as a function of four or
more independent variabl2s. Occasionally, when an independent variable was
missing, the dependent variable was not included in either the statistical
ana.ysis or the cal-ulated mean.

The historical water quality data bases for the study site consist primarily
of temparature and salinity observations coilected either in conjunction with
biological community analyses (Grimes 1971; Applied Biology 1982) or for
numerical model calibration and verification efforts (Klausewitz 1973).
Efforts have been made to separate the thermal effects attributable to the
power plant from those produced by seasonal and daily insolation (Carder
1974). Modeling efforts have centered on prediction of the areal extent of
the thermal plume under a number of seasonal, tidal, and plant operation
conditions and to accurately simulate interbaszin flows forced by the dredged
spoil islands and naturally occurring oyster reefs (Klausewitz 1979).

Dissolved oxygen and chlorophyll levels were frequently recorded during
previous studies of macrophytes and of phytoplankton communities and
productivity/respiration ratios (FPC 1975; FPC 1980).

Subsequent to the construction of the intake and discharge dikes and the
redirection of Double Barrel Creek, mepping of bottom types indicated a highly
depositional enviromnment in (he discharge vicinity and was attributed to the
rapid erosion of new stream beds (FPC 1975; Cottrell 1974). With the concern
over the effect of light attenuation and non-catastrophic siltation on
attached macrophytes and sessile infauna, turbidity, extinction coefficients
(secchi depths), and sed wentation rates were quantified (Cottrell 1978;
Knight and Coggins 1982; CH2M Hill 1983).

The present study was designed to provide a detailed record of local water
quality conditions in the area. Sour.os of turbidity and suspended load were
to be identified as possible sources of light attenuation. The effect of




storms and plant related activities (barge traffic) on these parameters was
also to be investigated. Chlorophyll concentrations were to be used as a
first approximation of the distribution of phytoplankton (for input to the
turbidity analyses.)

Temperature

Temperature data and other water quality data presented below were subjected
tc analyses of variance (ANOVA) using a Generalized Linear Model (GLM)
procedure. These statistical procedures are designed for unbalanced data
with more than one treatment variable. Comparisons of quarterly and station
means were made with Tukey's Studentized Range Test (honestly significant
difference) and at a confidence level of 952 (alpha = 0.05). Results of the
ANOVA's are provided in Appendix II.

Individual analyses of variance were performed on surface temperatures (ST),
and bot_om temperatures (BT) as a function of quarter, station, tide, station-
tide interaction, and depth. If more than one observation was made at a
station during a sampling episode, only that taken closest to the time of
predicted slack water was selected for analysis. The models generated for
both dependent parameters were highly signi ficant.

For surface and bottom temperatures, both quarter and station terms accounted
for a significant portion of the data variability. Seasonal dependence of all
temperatures at the site were indicated. The contribution of the station term
suggested a constant spatial distribution of temperatures once seasonal
fluctuations had Leen removed. This areal pattern could be the result of the
thermal influence of the discharge, insolation and warming of shallow water
bodies, or any other relatively constant heat source or sink in the study
area.

Seasonal changes in water temperature resulted in quarterly mean surface and
bottom values (all stations combined) that were significantly different from
one another., The two summer quarters were also significantly differeat,
although the absolute value of the difference between the means was only 0.70
and 0.56°C for surface and bottom temperatures. Temperature plots during
those seasons with the lowest and highest mean bottom temperatures are
presented in Figures 6.1-2 and 6.1-3.

Station by station statistical comparisons of tidally averaged surface and
bottom temperatures (Figures 6.1-4 and 6.1-5) were compiled and stations were
grouped based on the pattern of significant differences with other stations.
Stations are in order of decreasing temperature means as determined by the GLM
with Level A stations having the highest overall temperat res, and presumably
the most direct thermal impacts, Level B the next highest, etc.

The highest mean temperatures were recorded at Station 17, the station most
proximate to the POD and most likely to be directly influenced by the thermal
discharge. Statiun comparisons produced a core group of four additional
stations (13, 18, 19, 29) which are not dissimilar from Station 17. These
five stations comprised Level A for both surface and bottom temperatures.

6-4



Level B stations, the group with the next highest project temperature means,
were comprised of slightly different stations for surface and bottom
observations. In addition to Stations 14, 20-22, 28, and 30, Stations 23 and
27 were included for surface but not for bottom temperatures, while Stations &4
and 5, near the CFBC, were included for bottom b:t not for surface.

Level C stations were those significantly different from the three warmest
(17, 18 and 19) and were comprised of Stations 5, 6, 7, 15, and 16 for surface
temperatures, and 15, 23, and 27 for bottom values. Level D surface stations
were 4, 8, 9, and 24; bottom stations were 6, 7, and 16, These divisions are
illustrated in Figures 6.1-6 and 6.1-7).

For the ST model and the BT model, depth did not contribute significantly. As
the depth term was applied last in the analysis, and as the station variable
is not truly independent of the depth observed on station, it is possible that
such phenomena as solar warming of shallow water masses were already evaluated
by the station variation.

The results of the ANOVA imply that as the tide term was not significant,
there was no consistent fluctuation of temperatures with tide over the study
area as a whole. The station-tide interactive term also indicated wo
significant interaction or multiplicative effect between these two parameters
once the variability due to station has been removed. However, despite the
insignificant effect of tide in the GLM procedures, isotherms of high and low
tide means for the duration of the project showed large differences in the
areas enclosed by selected isotherms (Figures 6.1-8 and 6.1-9) and
temperature differentials of up to 2°C were observed at several stations (22,
23, 29, 30). A more continuous deseasonalization based on maximum daily air
temperature or isolation (Figure 6.1-10) or the inclusion of plant operations
(Figure 6.1-11) in the statistical model might have prevented the masking of
temperature fluctuation due to tidal stage. Unfortunately, gaps in the
meteorological record decreased the utility of this data base and the
fluctuations apparently produced by plant discharges appeared to be less than
those due to seasonal climatic temperature changes.

As illustrated in Figures 6.1-8 and 6.1-9, during low tides the thermal plume
turns SW and includes Station 29 in the stations classified as Level A.
During high tides, a steeper thermal gradient was maintained in the immediate
discharge area, and temperatures at stations to the north (4, S, 13) were
elevated. These observations were compatible with the modeling and short term
results (see Section 10).

Concern has been voiced previously (Carder 1974) that a large portion of the
acreage of the observed thermal plumes was an artifact of water flowing from
the CFBC and entering the study area, particularly on an ebbing tide. This
water would have been confined and subject to warming from solar radiation and
the effect should have been most evident at Stations 4 and 5. This solar
warming phenomena was not observed to be the most influential factor on bottom
temperatures at Stations 4 and 5 of the present study, although freshwater
inputs from the CFBC to the study ares were apparent. During low tide
samplings, when CFBC influence was highest (lowest salinities) and surface to
bottom salinity gradients were most pronounced. Warmer, more saline water
was found at the bottom of the water column. More pronounced temperature
differences (bottom higher) were observed at high tides. This pattern was

6-5



observed during all quarters of the study, including Quarters I and V when
maximum insolation and warming of the less saline waters of the Canal was
expected.

Radiation absorption and subsequent heat transfer to the water column by
bottom sediments was apparently not a factor in producing this temperature
gradient at Stations 4 and 5, as only approximately 2% of the subsurface light
reached the bottom on the average. Stations of comparable depths, zouth of
the intake, did not develop thermal inversions to this extent even though 25%
of the subsurfece light reached the bottom.

Surface temperatures did nct show an obvious uffect of heat input from the
CFBC. Tidally averaged surface temperatures of Stations 4, 5, and 6 during
the summer (Quarte: I, maximum insolation) (Figure 6..i-12) were cooler than
adjacent stations (i, 7, or 14) and were comparable to Stations 31 and 38,
nearshore stations south of the intake and less subject to freshwater
influences. Finally, mean surface temperatures observed during low tides at
Stations 4 and 5, when salinity indicated maximum input {rom the CFBC, were
again less than observations at high tide {Figures 6.1-13 and 6.1-14).

Thermal stratification was investigat:d by an ANCVA of DT, surface
temperature minus bottom teaperature, as a functinn of quarter, station,
tide, station-tide, sad depth. Again quarter and station were the most
gsignificant factors in accounting for the variation in observed data. For
this model, howaver, the F value produced for the quarter ierm, while still
significant, was two orders of megnitude less than for the models of ST and
BT, indicating seasonal fluctuations are less statistically significent. The
station-tide interactive term and depth (a function of station) also
contributed significantly to the variations observed.

Mean vertical gradients of temperature were inverted (negative values of DT)
in Basins 2 and 3. This previously observed (Grimes and Mountain 1971),
phenomenou was stiributed to the withdrawal of waters from approximately 5.5
km offshore (salinity 23~24 o/0o) and discharge into a nearshore, less saline
enviromment. The warmed discharge, hcowever, was still denser than the
receiving waters, and higher temperatures were observed by the authors at the
bottom of the water column until mixiag produced a more homogenous water mass.

During the project, repetitive temperature measurements made on a nng.
station visit differed by an average of 0. 06°C and the instcumental precision
criterion that was generated allowed the dctecnan of differing water masses
when temperature differentials exceeded 0. 22%, Station means for the
project showed thermal inversioms of 0.22" or more at Statioms 4, 5, 13, 14,
and 20 over the course of the project. The maximum inverted gradient, -
0.68°C, was observed at Station 4. Tuese stations were all considered Level A
and B thermal stations for bottom waters. Salinities at Station 17 indicated
that both surface ani bottom waters were relatively uniform and highly saline.
The station was also extremely shallow, and almost complete displacement of
nearshore witers by the plume was assumed to have prevented any large thermal
inversion from occurring. Salinities at Station 19 indicated that some mixing
had occurred, again decreasing the thermal inversion.
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Vertical temperature gradients were positive in Basins 4 and 5 with the
maximum (0.68°C) observed at Station 23. Isotherms of DT were compressed in
the vicinity of the oyster bars separating Basin 3 from Basin 5, indicating a
zone of rapid change. The plume, cpproximately 4 km offshove, was in that
area mixing with salinities comparable to its origin, although still several
degrees warmer than the point of intake (Station 34). The resulting density
gradient favored the warmer water on the surface. This result was most
prominent during low water (Figure 6.1-15).

Salinity

Salinity patterns in the study area are complex, but are simplistically
summarized as c¢wo freshwater inputs to an estuary, with a saline input (the
plant discharge) situated between. Average flows of the Crystal River and the
Withlacoochee River have been reported as approximately 785 and 1183 cfs,
respectively (Applied Biclogy 1982). The flow in the CFBC has been reported
tc vary between 100 and 3980 cfs (Carder 1974). The plant discharge is
approximately 2937 cfs.

The salinity data collected nearest the time of predicted tide during each
sampling episode were sub ected to GIM procedures. Surface and bottom
salinity (SC and BC), as well as “he salinity gradient present (DC, surface
minus bottom values) were each analyzed as a function of quarter, station,
tide, station-tide, and depth. All three salinity models generated were
highly significant. Each independent term accounted for a significant
portion of the data variability with the single exception of the depth term in
the model of DC.

Seasoual salinity differences, a typical response to variable freshwater
flows and tidal heights, were strong enough for most quarters to be
significantly different from one another. Surface quarterly means were
highest in fall, Quarter II (SC, 22.45 o/0o) and lowest in the spring,
Quarter IV (17.27 o/oc0o). Mean bottom salinities ranged between 24.21 o/oo
during the second summer (Quarter V, Figure 6.1-16) and 18.31 o/oo in the
spring (Quarter IV, Figure 6.1-17).

The seasonal salinity variations observed had no close relatiomship to
rainfalls recorded either at the Crystal River Power Station (incomplete
data) or in the Crystal River’/Inglis area (National Weather Service
unofficial monthly totals, Pigure 6.1-18). Flows from the Crystal River, a
spring fed river with a low piezometric elevation, have been reported to vary
inversely with seasonal tidal heights (Mann and Cherry, 1970). Maximum
discharge from this system would then be expected tc have occurred during
January and February, during periods of lowest predicted tides. Minimum
salinitier in the study area, however, were observed in March, April, and May.

The variation in salinity duriag the spring, however, was more pronounced for
inshore stations, arguing a variable terragenic source of fresh water. On
April 12, 1984, and April 18, 1984, high turbidities were recorded
simul taneously with low salinities and indicated either storm conditions
(when strong winds may alter times and heights of actual tides from predicted)
or pulses of runoff with high suspended solids. A more extensive compilation
of watershed rainfall records, assessment of antecedent conditions and soil
types, and flow and stage records of the freshwater inputs would be required
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to fully relate the salinities observed in the study area to precipitation and
tides.

The significance of the station term in the salinity ANOVAs iilustrated that,
oace seasonal variations were removed, a relatively constant gradient of
salinities existed across the study area. This distribution across the study
area was strongly affected by tidal stage, and a station-tide interactive term
was significant for mixdels of surface and bottom salinities.

The maximum tidal change was observed at Station ! (near the Withlacoochee
River), approximetely 5-6 o/co. Minimum tidal differences were observed in
the region of the discharge canal at Stations 17, 18, and 19 (Figure 6.1-19).

A compilation of station to station statistical comparisons showed a much more
continuous distribution of salinities than of temperature in the study area.
Groups of similar stations based on the pattern of significant differences
were therefore smaller, and as there are two freshwater inputs to this system,
similar stations were not always contiguous, occasionally being divided by
the intake and discharge spoil dikes.

Maxima of vertical salinity gradients, DC, were observed near the regions of
freshwacer input (Figure 6.1-20). Negative values represent less saline
lenses of water overriding denser, more saline water. Station 17 exhibited
the least amount of stratificution during both high and low tide conditions.
Based on salinity observations, both surface and bottom waters at this station
were primarily comprised of discharge from the plant, the volume of saline
water discharged by the plant (2937 cfs) apparently overshadowing any less
saline flow from the nearby marshes.

Dissolved Oxygen

Two different selections of independent variables were used for ANOVA of the
dissolved oxygen {(DO) data base. Values from the surface (DOl) and bottom
(D03) of the water column and the percent of dissolved oxygen saturation
relative to equilibrium conditions at surface and bottom (DSS and DSB) were
all treated separately. The first model type included quarter, stationm,
temperature and chlorophyll concentrations as independent variables. The
relatively small number of chlorophyll data points limited the amount of DO
data subject to this treatment. Chlorophyll concentrations were found not to
account for any significant variability in DO or percent saturation data. GLM
procedures were repeated after elimination of the chlorophyll variable. The
quarter, station and temperature and salinity terms all accounted for highly
significant portions of the variation in the dissolved oxygen data.

Seasonal variatiome in DO were related to those produced by temperatures. The
temperature dependence was to be expected from the thermodynamic laws
governing the solubility of all gases in water and the inverse relationship of
absolute concentrations to temperature. Solubilities at equilibrium
conaitions are also inversely related to salinity. Station related variables
affecting DO concentrations in addition to those addressed by the GLM could
have been the presence of productive submerged grass beds or algal mats, or
unvegetated bottom types exerting a benthic oxygen demand. Seasons with
minimum and maximum DO means are illustrated in Figures 6.1-2]1 and 6.1-22.
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Spatial patterns of dissolved oxygen were mixed for surface and bottom waters.
Station 17, as may have been expected from the elevated temperature observed,
had the lowest mean surface DO, 6.7 mg/l. That value was not significantly
different from those at stations in Basin 3 and the southern half of Basin 2.
These stations were all within Levels A and B of the thermal impact stations.

Due to the number of stations that typically experienced salinity
stratifications, dissolved oxygen levels were expected to »e less at the
bottom of the water column. In addition, this gradient would be exacerbated
wherever thermal inversions occurred. Those stations with low bottom DO
concentrations, however, were not exclusively the Level A or B thermal
stations. Three stations in Basin 4 (7, 8 and 15) had low bottom DO values.
Total organic carbon, percent silt clay and free sulfide levels in sediments
at these stations imply a depositional environment with low water velocities
and a potentially high benthic oxygen demand.

Macrophyte aerial surveys confirmed that Level A and B Thermal Stations that
did not have low DO3 concentrations all had seagrass and algae ac:umulations.
Station 38, with highest mean DO levels, was also heavily vegetated.

Models of percent saturation of DO, using the same variables of qJuarter,
station, temperature and salinity, were also highly significant. All
independent variables removed a significant portion of the sum of the squares
with the exception of salinity for surface values. The difference between
surface and bottom saturations wase greatest and the overall percent of
saturation at bottom was the least (91 percent) during the two summer
quarters. This is consistent with elevated benthic demands during warmer
weather. Surface waters were closer to equilibrium for all quarters.

The spatial patterns of percent saturation of DO also indicated contributing
factors other than equilibrium solubilities as a function of temperature and
salinity. The highest percent saturation, 100 and 103 percent for surface and
bottom, was recorded at Station 28, where concentrations of seagrasses were
observed. The lowest saturations were cbserved on the bottom at Stations 3-9,
14 and 15, in general those stations immediately south of the CFBC spoil
islands and at the northern edge of the influence of the thermal plume (Figure
6.1-23). Abeolute DO concentrations, however, were little different from the
discharge. Saturation deficits were produced by the decrease in temperature
between the discharge and these stations, or sediments producing an increase
in theoretical solubility of DO with no change in the absolute concentration.
The thermal and salinity stratification also observed would reduce the
reaeration rates of bottom waters.

]

Changes in temperature will affect the distribution of carbon dioxide among
its various species. With a constant total carbon dioxide concentration, pH
will fall with increasing temperature. Biological respiration and
photosynthesis that deplete the total concentration of carbon dioxide present
will also elevate pH values to daily maxima in late afternoon after periods of
high productivity, Seasonal trends in pH are generally apparent in open
oceans. Lecwest carbon dioxide and highest pH values are observed in warmer
months when productivity is high. This pattern is complicated nearshore by
local weather conditions. The wet season in Florida typically occurs during




the warmer months, and acidic runoff (low pH) is greatest when pH values are
expected to be at a maximum.

Initial statistical analyses of pH data from Crystal Bay found chlorophyll to
account for an insignificant portion of the variability in pH values. The
ANOVA's were subsequently repeated after eliminating chlorophyll. Models
generated were highly signiticant for surface (PHl) and bottom (PH3) values.
The quarter, station, and temperature contributions to the model were all
significant, and salinity was significant for PH3 but not for PHI.

Over all stations, the highest pH values were recorded during Quarter I, the
first summer quarter (Figure 6.1-24). Lowest pH values occurred in the fall
rather than during the spring quarter when runoff was most apparent and low pH
values wdould be expected.

Based on the pattern of differences, two groups of stations were identified,
one with low values over the course of the project, the other with high
values. Those stations with low values included nearshore stations north of
the discharge dike, both thermal (Stations 13, 14, and 17) as well as those
most affected by the CFBC and the Withlacoochee River (Statioms 1, 2, 4-7).
Stations with elevated pH values were those nearshore in both thermal and
nonthermal areas (Stations 27-34, 38, and 39). Although both temperature and
salinity contribute to observed pH variations, the controlling influence on
pH values appears to be a biological system other than phytoplankton that
affects the carbonate - bicarbonate - carbon dioxide equilibris

Photometry

Extinction coefficients were computed from submersible photometer readings
using the equation:

K=(ln(Iz/10))/ -2

where K = extinction coefficient in ft-l
Io = light below the water surface
Iz = light at depth
Z = depth in feet

Measurements made at secchi depth (12 inch diameter) and surface were used to
calculate a KS, and at bottom and surface to calculate a KB. When secchi
depths were greater than the water column depth, no KS was calculated.
Analyses of variance with independent variables of quarter, storm (quarter),
station, depth, and turbidity were performed. All input variables were found
to be highly significant.

Seasonal growth patterns of phytoplanktoa are possibly responsible for the
significance of the quarter term in the models generated. The mean KS and KB
of all stations during Quarter IIl was the lowest of any of the five quarters
sampled (highest clarity waters). This coincides with temperature and
chlorophyll coucentration minima.
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The storms were identified from the intermittent meteorological data and
defined as four consecutive days with wind velocities averaging over 7 mph.
The shallow waters of Crystal Bay made resuspension of unconsolidated
sediments and erosion of the numerous spoil islands extremely likely during
periods of prolonged high winds and resultant wave action. Depth of the water
column also controlled the amount of resuspension generated by any given wave
height. Since only 5 storms were identified, no attempt was made to weight
storms for wind direction, velocity and variability.

The amount of light scattered or absorbed by suspended and dissolved materials
in the water column (turbidity) will directly decrease the amount of light
reaching a given depth. Turbidity accounted for a highly significant amount
of the wvariability of KB and KS, and the distribution of extinction
coefficients matched closely with turbidity isopleths.

The significance of the station term indicated that a consistent spatial
pattern of light extinction existed., The highest mean values of KB, and
therefore, the waters of lowest clarity, were observed at Stations 15 2, & 5,
6, 7, and 8, those stations nearest the CFBC and the Withlacoochee River
(Figure 6.1-25). Lowest coefficients were measured at the offshore stations
and south of the intake dike.

The Crystal River, with groundwater as its primary source, had much lower
color values than a "blackwater" river such as the Withlacoochee (MML,
unpublished data) in aadition to much lower flows. Suspended load data from
the two rivers were quite comparable. The absorption of light by dissolved
organics (humic acids), marsh export detritus, or erosional matarial from the

CFBC spoil islands was believed primarily responsible for the differences in
KB.

Differences between KS and KB values were examined to determine if salinity or
thermal stratification decreased penetrant light. No consistent pattern was

observed in quarterly station means for those stations closest to thermal or
freshwater sources.

Quarter I, the quarter with the highest mean value of KB, was further anal yzed
by back calculating from KB the depths to which 10, 5, and 1 percent of the
incident light would penetrate (Table 6.1-1). These depths were then compared
to the mean depths recorded on station during thet quarter. (Summer tides
were among the highest predicted and water column depths and extinction
coefficients during this quarter represent a worst case situation.) During
Quarter I, quite a number of stations had average water column depths in
excess of Z(10 percent ), the depth at which all but 10 percent of the
incident light has been absorbed. None, however, had depths which exceeded
2(1 percent). The average percent of surface radiation that reached the
bottom is illustrated in Figure 6.1-26,

Turbidity

Initial GLM procedures on both surface and bottom turbidity data bases
produced highly significant models using quarter, storm (quarter), stationm,
depth, salinity, total suspended load, and chlorophyll as independent
variables. The rationale for including many of these parameters was entirely
analogous to their selection for the analysis of extinction coefficients and



storm dates utilized were the same. Suspended loads should influence
turbidity values directly and high chlorophyll concent:-ations would indicate
a phytoplankton population that would also produce consideiable light
scattering and absorption.

Chlorophyll accounted for a significant portion of the variability in
turbidity data but its inclusion in the model limited the number of turbidity
values analyzed. For this reason, GLM procedures were repeated after
replacing chlorophyl]l with temperature as an independent variable. Waters of
extreme temperatures, either high or low, might be expected to have decreased
biomass concentrations, and therefore lower turbidities.

The second set of models for turbidity were also highly significant.
Temperature (other than that contained in the quarter variable) did not
account for a significant portion of the variation in either model. Suspended
load accounted for the greatest portion of the variation in the model. As
expected, bottom turbidity values were higher overall than surface values,
and more variability was observed at the bottom for a given station.

Highest surface and bottom turbidities were observed during the spring,
Quarter IV, the period of lowest salinity and highest surface suspended loads.
Over half of the stations both north and south of the intake spoil had maxima
during this quarter. This quarter marked the resumption of rains after the
dry season, and pulses of turbidity were observed coincident with salinity
minima.

The storm (quarter) variable was highly significant. Station means for the
quarter (with storm events removed) were calculated and subtracted from
surface turbidities collected during storms. The increase in turbidity
attributable to storm conditions is illustrated for the two most severe storms
(Figures 6.1-27 and 6,1-28). Individual statioms and the degree to which they
were affected were obviously products of wind direction and strength. The
small date base for etorm conditions and the partial nature of the
meteorological data, however, prevented a quantitative assessment of these
contributions.

In general, surface turbidity distributions were inversely related to
salinity isopleths for the discharges from the CFBC and the Withlacoochee
River, decreasing with increasing salinity (Figure 6.1-29). Stations with
the highest observed surface turbidities were 1, 4, 5, 6, and 8. A secondary
group included 7, 9, and 17. Turbidity at these stations is most likely the
result of precipitation of humic substances, export of salt marsh detritus,
and erosion of CFBC spoil islands.

Stations lowest in surface turbidity included most of those south of the
intake spoil. These were sheltered from the severest northerly winds and
salinities were presumably controlled by the low humic waters of Crystal
River. The marshes adjacent to Station 31 also appeared to have lower tidal
exchange volumes and lower flows with less scouring. Finer grained material
within the marsh itself and accumulated algal detritus also indicated more of
a depositional environment than the area near Station 17. Less material
appears to be exported from this southern marsh and sediment loads in the
ad jacent basins are correspondingly less (Cottrell 1974).




Suspended Solids

Suspended load analyses also included GLHM procedures. Models were produced
for surface and bottom total suspended lcad data as a function of quarter,
storm (quarter), staition, turbidity, temperature, and salinity. Storm dates
were the same as those described in the analyses of extinction coefficients
and turbidity.

Models generated were highly significant. ANOVA summaries indicated that
turbidity values could account for a majority of the variation in the data.
Quarter, storm (quarter), station and turbidity terms were all highly
significant for both data sets. Salinity was only significant for surface
turbidities. Temperature (beyond the effects accounted for by the quarter and
station terms) was insignificant in accounting for suspended load data
variation.

The spring quarter had the highest overall surface suspended load recorded.
The lowest concentrations were recorded during the winter, Quarter II1. This
pattern, while compatible with the rainfall and salinity trends discussed
earlier is much less clear cut than for turbidity. Bottom loadings were again
more variable than surface and seasonal trends were slightly different from
surface values. The lowest values recorded for turbidity and extinction
coefficients were also during Quarter III. The effect of storms on suspended
load was comparable to the effects on turbidity and the individual stations
most affected were again dependent on wind streangth and directionm.

Similar to turbidity A stributions, stations with highest overall values of
total suspended load vere concentrated along the southern side of the CFBC
(Figure 6.1-30). Surface loals at Stations 1| and 6-9 were not significantly
different from Station 5, which had the highest load over the course of the
project. Those stations with the lowest observed surface values are those
south of cthe intake dike and nearshore (Stations 21-33, 48-40) as well as
Station 28.

Due to the variability of bottom TSS data, station to station comparisons
produced fewer significant differences despite the wide spread in mean
suspended load. Highest va’ .es were again observed at stations near the CFBC
(1, 3-6, 8-10, and 15) anu ranged from 29 to 17 mg/l. Those stations with the
lowest suspended loads included stations south of the intake (35, 39, 40),
offshore (24, 26), and some Level A and B thermal stations (27, 28, 29).

Volatile suspended solids were also analyzed by the GLM procedure.
Independent variables of quarter, station, and chlorophyll were applied to
surface and bottom data sets. The models produced were highly significant.
Quarter and chlorophyll variables accounted for significant portions of data
variability. The station term was significant for bottom values but not for
surface.

Seasonal distributions of wvolatile suspended load were comparable to the
trends shown by overall chlorophyll data. The lowest levels of suspended
volatiles were recorded during the winter, Quarter III. This period coincided
with the lowest quarterly means for turbidity, total suspended solids, and
extinction coefficients.



Data variability permitted “ew significant differences to be observed between
stations. Station 8 contained the highest average volatile solids (7 mg/l)
for the project. Thia station also appeared to be a depositional area, as not
only volatile but also total suspended solids were high here. Percent
silt/clay, total organic carbon, and sulfide concentrations in the sediments
at this station were among the highest of those observed in the study area,
and the mean grain size was one of the smallest. Stations with volatile
suspended loads not significantly different from 8 included those immediately
south of the CFBC spoil islands and Level A and B thermal statioms (13, 17,
20, 21, and 29). Values at Stations 3 and 33 were also high.

Barge Traffic

The effects of barge traffic on suspended load and turbidity were also
investigated through GLM analyses. Surface and bottom data sets from Stations
17, 34, 35, 36, and 37 were selecte’ as being those most likely to show any
increases as a result of sediment resuspension. Station 17 was included as it
receives the most direct exposure to waters that have passed through the plant
condensor. Independent variables included quarter, storm (quarter), station,
and barge (quarter-station). The degree of barge influence at these stations
was selected based on the length of time since traffic had passed or, in the
case of 17, the length of time in which a disturbed water mass could be
expected to reach that station.

The models produced for surface and bottom turbidities were both highly
significant. The quarter term accounted for most of the data variability in
both models, and storm (quarter) was significant for the surface turbidities.
No other variables were significant. Barge effects were either not apparent
at the selected stations during the times sampled or were overridden by those
due to wind or wave action. Other obecuring factors may be the transient
nature of any disturbance. Velocities in the intake canal would act to
rapidly disperse any elevated turbidities.

The model for bottom suspended load data was not significant. In that
produced for the surface values, however, again only quarter and stomm
(quarter) accounted for any significant amount of variability. Barge
influences were not apparent.

Chloro 11

Surface and mid-depth chlorophyll concentrations were analyzed as a single
data base by the GLM procedure, using quarter, station, extinction
coefficient (KS), secchi depth, salinity. temperature, and volatile suspended
solids as independent variables. Of these only temperature and salinity were
insignificant and quarter, station, and KS were highly significant.

Highest overall chlorophyll levels were recocded during the second summer.
Winter, Quarter III, levels were lowest. This is compatible with the expected
seasonal growth patterns of phytoplankton and cold weather reductions in
photosynthetic activity.

Station by station comparisons show few differences and data variability for
some stations is quite large compared to stations with comparable means.
Those statione with the highest levels are generally centered around the CFBC
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and the Withlacoochee River entrances to the study area (Statioms 1, 3, 4, 5,

8, 9, and 15) (Figure 6.3-31). Lowest levels were observed at offshore and
southerly stations.

As chlorophyll samples were collected from eight randomly selected staticas
per week and volatile suspended solids were only collected every other week,
the data base for this statistical analysis was limited. The conjunction of
these parameters was met for some stations only once during the entire
project. When all weekly chlorophyll data was combined without regard to

sampling depth, the seasonal and spatial patterns discussed above were
confirmed.

6.1.3 Discussion

Water quality stations in the study area were statistically divided into five
groups: four of decreasing thermal influence and those unaffected. The
groupings were slightly different for surface and bottom waters, more
stations being included for the affected surface waters. Stations 13, 17, 18,
19 and 29 in Basins 1, 2 and 3 were those most directly affected by thermal
discharge. Little input of heat was observed from either the Cross Florida
Barge Canal or the Withlacoochee River. The distribution of the thermal
plume, as determined by station mean water temperatures, agreed well with that
predicted by the numerical models.

Spatial salinity patterns were complex as the Crystal River, the
Withlacoochee River and CFBC, and the plant (discharging offshore water
nearshore) all act as inputs to the study area. Seasonal salinity trends were
present but were not directly related to rainfall recorded either at the power
plant or in the Crystal River/Inglis area. Minimum salinities were recorded
during the spring quarter.

Dissolved oxygen levels were strongly and inversely related to temperature;
summer minima and winter maxima were recorded. Percent saturation of
dissolved oxygen was alio lowest during the summer. The station with the
lowest mean oxygen level was that with the highest mean temperature.
Distribution of macrophytes affected both dissolved oxygen and percent
saturation levels, and appeared to be one of the controlling variables in
accounting for pH distributions. Chlorophyll levels displayed seasonal
trends (winter minima) but did not control either "0 or pH values.

Water clarity was most reduced at stations near the CFBC. High extinction
coefficients were apparently the product of dissolved humice and particulate
matter exported from the Withlacoochee River, the CFBC, and adjacent salt
marshes. Erosion of the spoil islands is also indicated. These same factors
also influenced the distributions of turbidity and total and volatile
suspended loads. Waters of highest clarity were south of the intake spoil and
offshore. Light was apparently not a limiting factor at those stations most
affected by the thermal discharge.

Storms produced elevated values of extinction coefficients, turbidity, and
suspended load. The stations and the degree to which each was affected were
the product of wind directions and strengths. Wave and current resuspension
of sediments also apparently contribute., The effect of barge traffic on these
paramters was not apparent.
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FIGURE 6.1-6.

THERMAL LEVEL CLASSIFICATIONS,
SURFACE WATERS (A=HIGHEST).
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FIGURE 6.1-7.
THERMAL LEVEL CLASSIFICATIONS,
BOTTOM WATERS (A=HIGHEST).
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6.2 BENTHIC INFAUNA

6.2.1 Sampling and Laboratory Analysis
6.2.1.1 Field Sampling Procedures

Benthic faunal samples were collected at 40 stations (Figure 6.1-1) once a
quarter for five quarters, and at 20 of these stations once every € weeks for
five samplings, to provide quantitative information on the soft bottom macro-
infauna of the study area. Samples were collected using benthic faunal box
cores constructed after a design originally used by Saloman (1976). Inside
core dimensions were 12.5 x 12.5 x 15 cm deep.

Stations locations were established using Loran C. Cores were obtained at
each station by divers. The cores were inserted vertically into the
substrate. The diver would then remove the sediments on one side of the core
and slide a hand across the open end. The core was then inverted and a close
weave cotton bag placed over the entire core. A total of eight faunal cores
were collected for each station, Six of the cores were processed and two were
archived for use if needed. After emptying the core contents into the cotton
bag, each bag was submerged in a solution of |5 percent magnesium sulfate
solution in seawater for narcotization (Russell 1963).

After narcotization of core samples for a minimum of 30 minutes, samples were
washed through a 0.5 mm mesh sieve to rencve the finer sediments, preserved in
10 percent formalin seawater and scained with rose bengal stain to facilitate
rapid and accurate sorting (Mason and Yevich 1967; Korinkova and Sigmund 1968;
Hamilton 1969; Williams and Williams 1974).

Sediment samples were collected each quarter at the 40 benthic faunal stations
and analyzed to determine granulometric distribution, total organic carbon
(T0C), and free sulfide content. Sediment smmples for sulfides were collected
from ten stations each day for four consecutive days (40 stations). Samples
were collected as early as possible each day and immediately retuined to the
laboratory for processing. Because sulfides are easily oxidized, the trans-
porting container excluded atwmospheric oxygen, was purged with nitrogen after
cach opening and the entire device was stored and transported on ice.

For collection of the sulfide samples at each station three 3.81 cm (ID) by
15 em PVC cores were utilized. Cores were collected by ¢ diver. An uncapped
core was pushed into the substrate with one hand until the sediment within the
core reached the top rim. Cores were then capped on the upper end, sediment
was removed from around the outside of the core, the contents of the core were
retained by hand, the core was removed from the substrate and the open end
capped., Cores were then returned to the support vessel and stored.

Concurrently with the faunal core collection three sediment core samples were
collected at esach station for granulometry and total organic carbon (TOC).
Cores were collected using the method described above. On the surface vessel,
the sediment was extruded into a 500 ml plastic smmple jar. Each jer was
stored on ice until returned to the field facility, where samples were
iaventoried and frozen. Samples remained frogen until processed.

6-18



Also in conjuction with the benthic faunal sampling, sediment temperature and
Eh were measured with a Martek Mark VII multiparameter instrument equipped
with a specialized sediment probe. Eh readings were taken once every
3 minutes for 25 minutes, while temperature was read with the last Eh reading.
Eh and temperature measurements were made once every 6 weeks at the stations
sampled for fauna.

6.2.1.2 Laboratory Procedures

After a minimum of 48 hours in 10 percent formalin preservative, benthic
faunal samples were transferred to 70 percent isopropyl alcohol. In
preparation for rough sorting, faunal samples were decanted into lighlL and
heavy fractions. The light fraction contained the majority of fauna and was
sorted under a Unitron 2SB stereozoom binocular microscope. The heavy
fraction, containing primarily molluscs and larger animals, was sorted with
the unaided eye in the whi e background pan. Each sample was rough sorted
into four major groups: polychaetes; crustaceans; molluscs; and
miscellaneous .

Taxonomic identifications were performed under various powers of the
binocular stereozoom (.7-40X) or a Nikon or Unitron compound wmicroscope
(40-1000X)., TIdentifications of taxa to the lowest practical level were
accomplished with the use of descriptive literature, comparison to reference
¢nllections, and the use oi external cousultants for verification of problem
identification.

Sulfide cores were analyzed according to procedures described in Method 3-243
(EPA 1981), Method No. 112-71W (Technicon 1973), and Method 427 (APHA 1980).
The methods are capable of detecting sulfide levels of 0-0.32 mg/l. Three
sulfide cores were analyzed from each benthic station. Sample cores were
subsampled, placed onto a prepurged, distillation apparatus, and purged with
nitrogen into a cadmium oeulfate trapping solution wusing constant,
predetermined purge times and rates and reagent volumes. Samples were
analyzed using Technicon's Industrial Method 112.71W and a Technicon
AutoAnalyzer II. Sample concentrations were computed based on original
sediment weight.

Laboratory methods used for grain size analysis follow the procedures of Folk
(1974). In the laboratory, sediment samples were stirred thoroughly and
subsamples removed for TOC analysis. The remaining sample was "hen split into
replicate samples. Each aliquot was then washed with distilled vater through
a 0.06) mm screen to remove as much of the silt/clay fraction as possible.
This fraction was collected and dried. The material greater than 0.063 mm was
dried and then placed into a Wentworth sieve series of | phi intervals
(2.0 e, 1.0 om , 0.5 L 0.25 mn 0.125 o, 0,063 mm and less than 0.063 am
catch pan). The material retained on each sieve was weighed (to 0.001 gm).
Sediment fraction raw weights were then analyzed to yield the following: wsize
class percentage; cumulative percentage; median phi value, mean grain size
(phi); worting coefficient; graphic skewness and graphic kurtosis. The
caleulations use equations as cited in Folk (1974).

Total organic carbon analyses were conducted using Method | (EPA 1981) and
Oceanography International (01) Corporation's Dry Oxidation Procedure
(01 undated). The effective range of this procedure is 0.2 to 40 mgC/g.
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Subsamples were weighed and then dried to a constant weight at 70°C and
weighed again to calculate percentage solids.

Inorganic carbon was removed from the samples by addition of HCl. Samples
wvere then dried, treated with Cu0, purged with J, and combusted. Samples were
analyzed with an OI TOC analyzer (nondispersive infrared tyve) and quantified
against standards and blanks prepared from known carbon concentrations.

6.2.1.3 Statistical Analyses

All of the benthic core summary statistice were culculated after the data set
had been purged of species which were not representatively sampled by the core
samplers. SAS procedures were used to calculate all summary statistics. The
data were analyzed primarily with summary statistics which characterize the
benthic community. Species richness, diversity (as measured by Shannon-
Weaver, Pielou 1975), and evenness were calculated for each station and date
of sampling. Morisita's index of faunal similarly was also calculated for
edach plirviuz combination of station and sampling date. Faunal density
(number per m“) was the only non-community type metric calculated.

The hundreds of pairwise measures of Morisita's index were sumsarized using
the EAP package (Eco Analysis 1984). The EAP package is a group of SAS style
procedures which are serially compiled with the SAS package. This package
provided a dendogram display of a group-averaged sorting, cluster analysis.
The inverse of the Morisita's value was used as the distance metric. The
dendograms were produced for each sampling period and with the species-
station date collapsed over all sampling periods to assess spatial
similarities among the stations. They were also produced for each station to
assess temporal clustering of the community. Finally, cluster dendrograms
were produced over all stations and periods to simultaneously assess spatial
and temporal similarity clustering.

Abiotic parameters relevant to benthic ~ore sampling were also analyzed using
the SAS GLM procedures. Sulfide and Eh valves were analyzed relative to time,
station, sediment temperature, and mean and median grain size of the
sediments. The analysis of sulfide concentrations also included total
organic carborn as a covariate.

6.2.2 Results

Introductory chapters to this vreport have described the general
characteristics of the study site. In terms of the subtidal benthic habitats,
the study area may be classified as shallow and heturogeneous. Sediment types
range from mud to coarse sand and shell. The area contains limestone
outcroppings and associated hard substrate, except in the discharge basin
vhere *he bottom consists primarily of fine sand and mud. Extensive oyster
reefs and patchy seagrasses south of the intake canal add to the heterogeneity
of the substrate in the study area. Depths ranged from less than one meter to
sligatly over four meters at the forty stations where benthic infauna were
sampled (Table 6.2-1). Average depth at the stations was two meters. In
general , depth increased gradually offshore.

In order to evaluate the effects of the thermal plume on the benthic com
munities of the study area, the influence of temperature and other abiotic
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parameters must be considered in evaluating the distribution of benthic
infauna. Section 6.1 provides a deteiled description of all water quality
parameters (on a quarterly basis); the same data were utilized in this section
but as six-week means of only bottom measurementsr to provide direct
comparisons with the infsuna.

Abiotic Parameters

Temperature

To compare with benthic infaunal data, distribution or bottom temperature at
the site was analyzed from four types of information:

l. Weekly synoptic measurements at the 40 stations (collected in conjunc-
tion with photometry measurements);

2. Contiuuous thermograph measurements at or aear the 40 stations;
3. Sediment temperature measurements at the time of benthic sampling;

4, Hydrodynamic model projections of the thermal plume under various tidal
and seasonal conditions.

Since infaunal sampling wae conducted once every six weeks, temperature data
from synoptic sampling and thermographs were summarized as six-week averages
at each statiom. In order to account for short-term fluctuations in
temperature, the data were also examined as three-week means. The six-week
and three-week averages included the week of benthic sampling. Synoptic data
was generally collected on high and low tides during alternate weeks.
Thereforc, the averages mask tidal influence. Measurements of sediment
temperature during the infaunal sampling were not synoptic; in light of the
shallow nature of Crystal Bay and solar-induced temperature variations within
a particular day, sediment temperature data can be used only to describe
general trends.

Synoptic bottom temperature at the forty stations is summarized as six-week
averages in Tahble 6.2-2., The three-week averagns exhibited essentially the
same tiend as six-week averages. Lowest temperatures were during January-
Pebruary and highest temperatures during July-September. Spatial and
temporal trends were essentially similar Letween the three-.eek and six-week
averages. Certain stations hed consistently higher temperatures; those
gtations were 4 and 5 (norrhern Control Transect); 13-15 (Thermal Transect A);
17-23 (Thermal Transect B); and 23-38 (Thermal Transect C). Based on six-week
averages, nine stations exceeded 32°C during September: 13, 14, 17, 18, 19,
20, 21, 28, and 29. The a.2a enveloped by these stations is shown in

Figure 6.2~1.

Utilizing plant intake temperatures as ambient temperature, bottom tempera-
ture variation from ambient for the six-week averages is presented in Table
6.2-3, The following groups of thermal stations (Figure 6.2-2) can be

recognized from the data:




1% - 2%: 4, S, 14, 22, 27, 28, and 30 (Group 1)
2% - 3%: 13, 20, 21, and 29 (Group I1)
Greater than 3°C: 17, 18, and 19 (Grouwp 111)

Group I stations may be considered marginally thermal stations (Stations 4 and
5 appear to be influenced by both the barge canal and the thermal effluent, as
discussed in Section 6.1, and are not effective controls). Group Il and Group
III stations can be considered thermal stations which are directly influenced
by the effluent. Group III stations can be considered maximally influenced by
the effluent, since average temperatures at these stations are substantially
higher than intake temperatures. It is interesting to note that Group Il and
Group III stations exceed 32% (average temperature) during the hottest
period of the year (August-September). These groups were somewhat different
from those identified with quarterly data in Section 6.1.
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