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STATE OF FLORIDA

DEPARTMENT OF ENVIRONMENTAL REGULATION

IN RE: ),

Florida Power & Light Company )
St. Lucie Power Plant Unit No. 2; )

'

Modification of Terms and Condi- )

tions of Certification No. )
PA-74-02, St. Lucie County, ) ''

Florida, )
)

Petitioner. )
)

PETITION FOR MODIF! CATION
'

OF CONDITIONS OF CEPfiFICATION

Petitioner, FLORIDA POWER & LIGHT COMPANY, hereby

petitions for modification of the conditions of certification
for the St, Lucie Power Plant Unit No. 2 pursuant to Section

403.516(1), Florida Statutes, and Section 10 of the General
.

Conditions of Certification and states:
_

t
I. INTRODUCTION

1. Petitioner is an electric utility company
3

which is constructing a two-unit nuclear power plant, on
~

i
Hutchinson Island, approximately midway between the cities

of Fort Pierce and Stuart, Florida, in St. Lucie. County (the
;

"St. Lucie Power Plant"). St. Lucie Unit No. 1 (" Unit No. 1")

is fully constructed and began operation.in 1976. St. Lucie

Unit No. 2 (" Unit No. 2") is near completion and is antici-

pated to begin operation in late 1982 or 1983. Certain

i facilities at the St. Lucie Power Plant will be utilfred by

both Unit to. I and Unit No. 2 (see Exhibit A) . Two such
common fscilities, associated with the circulating cooling'

water system, are pertinent to this petitions
the intake canal into which water froma.

;

the Atlantic Ocean is pumped via'two buried conduits

which extend approximately 1200 feet offshore; and

I
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b. the discharge canal from which the heated

water is discharged back into the ocean via two dis-

charge structures, the existing Unit No. 1 Y-port dis-
charge structure and the new Unit No. 2 multiport'

diffuser.

2. Unit No. I was licensed and its construction
began prior to the effective date of the Florida Power Plant

s.

Siting Act (Sections 403.501 - 403.517, Florida Statutes),
while Unit No. 2 was certified pursuant to the Florida Power

Plant Siting Act. On May 18, 1976, the Governor and Cabinet'
.

(the " Board") issued the site certification for Unit No. 2,

subject to special Conditions of Certification (" Conditions").

By order dated April 7, 1960, the Board approved a modifica-
tion to the Conditions ehich authorized a tedesign of the

cooling water discharge multiport diffuser.

3. Petitioner is now seeking modifications of

the Conditions relating tot

a. the thermal limitations and monitoring

' program;

b. the method of measuring for compliance

purposes the seventeen degree (170) isotherm that extends

from tt. Jischarge ports of the multiport diffuser;
i

c. the biological monitoring program; and

d. the chemical limitations and monitoring

programs.

These modifications are intended to remove inconsistencies-
;

between the permit conditions of Units No. 1 and No. 2 in
those areas where the two units have common facilities, to

accommodate differences between anticipated nerformance

characteristics based on theoretical design models and

actual operating characteristics experienced since Unit
,

! No. 1 began operation, to reflect'the modified design of the
circulating cooling water system's multiport diffuser, and

to delete obsolete conditions.
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II. PROPOSED MODIFICATION TO THERMAL LIMITATIONS (SPECIAL

CONDITION II.A.1)

4. Projected demands on Petitioner's system will

require the utilization of the full generating capacity of

both Units No. 1 and No. 2. It is for this reason that
4

Petitioner requested and was granted permission'by the United

States Environmental Protection Agency (" EPA") to increase

the maximum allowable discharge water temperature for Unit s,
;

Ne- 1. Petitioner is herein seeking an identical increase

St. Lucie Unit No. 2 from the DER.

5. Both Units No. 1 and No. 2 were originally
<

permitted to discharge water at temperatures up to 240F.
above cabient. This limit was imposed upon Unit No. 1 in

its National Pollutant Discharge Elimination System (NPDES)*

permit issued by EPA. It was imposed on Unit No. 2 in the

site certification issued by-the Board on May 18, 1976. The
a

j; 240F. value was derived from the theoretical engineering

design criteria for the plant condensers.

6. Based on more than five years of operational

experience with Unit No. 1, Petitioner has determined that
.I

the influence of naturally occurring phenomena will alter

the theoretical operating conditions of the plant to a

greater extent than anticipated, thereby caesing a reduction
2

| in cooling water flow. These naturally occurring phenomena-

arei

a. Biological fouling that partially
j

occludes the intake pipes and
!

3. Tidally caused increases in the level of
|

water in the discharge canal that cause an increase in

-head prassure between the discharge canal and the ocean.

Tidally influenced increases in head pressure in the dis-
charge canal cannot be avoided. The biological fouling of

(
' the cooling water intake pipes can be mitigated by cleaning,

( but-such would entail frequent and costly plant shut-downs.

,
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Cleaning of the cooling water intake pipes, L5erefore, is
not a cost-ef fective or practical solution ca the biological

fouling problem.

7. The operational impacts of reduced flows will

be intensified by virtue of the Appendix A Technical Speci-

fications imposed by the United States Nuclear Regulatory

Commission. Those Specifications have the effect of restrict-~
s.

ing the intake canal level to a minimum of 10.5 feet. elevation

below mean low water to assure the maintenance of a minimum

submergence level for the cooling water pumps (5.3.7.5.1).

8. Reductions-in flow will cause the cooling

water to remain in contact with the heated surface of the
condensers for a longer period of time than under normal.

,

flow conditions. Assuming a constant mecawatt output under

reduced flow condicions, the same heat lo&3 would be absorbed

by less water, resulting in higher temperature discharges.
At maximum plant load, the presently allowable 24oF. above

1

ambient temperature limit would be exceeded by several degrees.
'

9. Because of the desire to avoid losing some of
*

the useful, low-cost generating capacity of Unit.No. 2,

Petitioner seeks permission to increase the discharge water

temperature in lieu of reducing the cutput of the plant.
- 10. There is also a need to establish identical

thermal limits.for Units No. I and No. 2 because they share

a common cooling water dischar;a canal, making it impractical

to have two different discharge water thermal limitations. .

This can be accompliutied by- raising tae discharge temperature

limitations in the Unit No. 2 certification to the limit now
-

allcwed by TPA for Unit No. 1. Petitioner is. separately

seeking an 492tdment of the _ Unit No.' 1 NPDES permit to include

Unit No. 2 with identical thermal limitations for both unigs.
However,'the certification modification sought herein is a

legal prerequisite to the NPDES permit modification. (See

-33 U.S.C. S 1341.)
c

s
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11. Petitioner proposes that Section II.A.1 of

the Conditions be modified as .follows:

II. Effluent Standards and Limitatiors
' . . . .

A. . Thermal

1. Discharge

1 At the point of discharge heated ''

! water temperature from the multi -
port diffuser will not exceed 240 .

300F. above aebient at anytime
except that the maximum discharge

,

temperature shall be Itmited to
32uF. above ambient durit.g con-
denser and/or circulating water
pump maintenance, throttling cIr-
culating water pumps to minimize
use of chlorine, and fouling of
circulating water system. This
temperature may be measured at a
point within the discharge canal.,

(In determining the temperature
differential the time of travel
thru the plant may be considered.)

12. As shown in a study performed by Applied

Biology, Inc. (see Exhibit B), operation of Unit No. 2 at
the proposed temperature levels will be environmentally

acceptatle.

III. PROPOSED MODIFICATION TO THE MEASURIMENT FOR COM-
PLIANCE WITH THE TWELVE-FOOT MIXING ZONE (SPECIAL
CONDITION II.A.2)

|
t.

i 13. Petitioner proposes that the description of

| the measurement method for determination of compliance with

the 12-foot mixing zone (see Section II.A.2 of the Conditions) ,

be modifisd to reflect the originally contemplated measure-

ment direction while also accommodating the modified design

of the multiport (offshore angled) diffuser approved by the

Board by order dated April 7, 1980. .The proposed modifica-

'
tion is needed because a literal reading of the current

f
|

12-foot mixing zone limitation would artificially restrict
the zone of influence of the heated discharge water to a

smaller volume than that contemplated in the initial site

certification.

-5-
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14. The original alternating diffuser design for

the Unit No. 2 discharge structure consisted of a 12-foot

diameter (inside diameter) partially buried concrete conduit

that was to extend into the Atlantic Ocean approximately

2,800 feet from the shoreline. The last 1,060 feet of the

pipe was to be a multiport diffuser with 48 alternating
18-inch ports spaced 22.5 feet between centers and oriented

s.

to discharge normal (perpendicular) to the centerline of the

diffuser. (See Exhibit C. )

15. The modified offshore angled diffuser, approved

|
by the Board by order cated April 7, 1980, consists of a

4 16-foot diameter (inside diameter) buried concrete conduit
that extends into the Atlantic Ocean approximately 3,050 to

!

3,070 feet from the shoreline. The .'ast 1,380 to 1,#00 feet

*ef.the pipe is mounted with 58 four-foot diameter riser

pipes spaced 24 feet between centers that extend above the,

ocean bottom and have 16-inch ports oriented to discharge at

a 250 angle from the centerline of the diffuser, directed
'

offshore. (See Exhibits D and E.)

16. The original (and current) 12-foot mixing zone
$

limitation requires that the neated discharge water not

i exceed 170F. above amtien* at 12 feet from the point of
!

discharge "as measured along the axis of the discharge

i plumes from each port." Because tne original discharge

plures were oriented normal to the centerline of the diffuser,
the measurement along the axis of the discharge plumes for

compliance with the 12-foot mixing zone required a measure-

| ment normal to the centerline of the diffuser. If the 12-foot
mixing zone dimension is measured in the same direction as

originally contemplated (normal to the centerline of the
diffuser), detailed calculations have shown that the original

12-foot mixing zone limitation can be met by the modified

|
offshore angled diffuser, even with_the increased thermal

| limitation of 30or. proposed in Section II of this petition.

(see Table 1.) However, if the literal language of the.

-6-
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4

current limitation were enforced and the 12-foot mixing zone

were measured along the axis of the 250 offshore angled

discharge plumes, the allowable mixing zone volume would be

-ignificantly relaced. Therefore, compliance with the literal
language of the carrent 170F. limit would require an environ-

mentally unnecessary substantial reduction in the generating

capacity of Unit No. 2.
<

17. Tne original 12-foot mixing zone limitation,

I if measured normal to the centerline of the diffuser, can be
i met under a wide range of discharge cooling water flows and

ocean currents. (See Table 1. ) The fear representative

discharge flows used in Table 1 were derived by taking the

high and low Unit No. 2 discharge flows during combined Unit
No. 1 and Unit No. 2 operation under normal 8-pump operation

(pumping the cooling water through the diffuser) and under

7-pump operation. (See Table 2.) The various " friction

factors" used in Table 2 take into account various levels of
biological fouling of the Unit No. I and Unit No. 2 discharge

pipes. As biological fouling increases in one discharge
i pipe, the more discharge flow (cfs) will be realized in the

other discharge pipe. Therefore, it is expected that the
discharge flow from Unit No. 2 will be at its greatest when
both units are in operation and the Unii No. I discharge

;

pipe is heavily fouled.(friction factor of 0.045). Even

under " worst case" conditions, the original 12-foot mixing

zone limitation will be met if measured normal to the center-

line of the diffuser. (See Table 1.) In addition to the

a bove , the total cross-sectional vclume of water contained

within the 170F. isotherm envelope will be less with the new

design. (See Exhibit- F.)

18. For the' reasons stated above, Petitioner pro-

f
poses that Section'II.A.2 of the St. Lucie Unit No. 2 Special

Conditions of Certification be modified as follows:

f -7-

!

i
i

.

. - - . - - - - . - - . . - . - - .-- .- - - . . . . - .



._ ._

. <

II. Effluent Standards and Limitations

. . . .

A. Thermal

. . . .

2. 12-Ft. Zone

At 12 feet from the point of dis-
charge, as measured along normal to
the axis of the discharge ptemes
frem-eech-pere diffuser manifold,
the heated water will not exceed ,.

170F above ambient.

19. The proposed modification will allow Unit

No. 2 to operate at full generating capacity and will not
result in any impacts to the environment or the public addi-
tional to those previously considered in the certification

proceedings.
i

IV. PROPOSED MODIFICATION TO THE THERMAL MONITORING
PROGRAM (SPECIAL CONDITION III. A.2.a)

20. Petitioner proposes that the requirement of

Section III.A.2.a of the Conditions that a recording thermo-

graph to be placed at the ocean surface "at a point of
maximum surface temperature of a discharge from Unit No. 2,"

i be deleted.

21. Petitioner has monitored the thermal discharge

for Unit No. 1 for over three years and, based on that e. peri-

ence, determined that

a. Florida's maximum allowable temperature
-

!

,

(970F. at the surface) was never exceeded by the dis-
I

l charge from the Unit No. 1 Y-port discharge structure.
'

The multiport diffuser of Unit No. 2 will disperse
heated discharge water even more efficiently than the

Unit No. 1 Y-port discharge structure. Thus the dis-

charge water temperature from the multiport diffuser,

I

! will also comply with Florida's maximum allowable temperature.

b. Monitoring tempe. e levels in the

ocean by means of a recording thermograph is costly,
I ineffective and difficult to accomplish because of'

-8-
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,

vandalism (theft of thermographs) and accidental damage

to thermographs by boaters;

22. For the reasons stated above, EPA and the
,

United States Nuclear Regulatory Commission have concurred

that it is unnecessary to maintain a monitoring station inb

a

the ocean and have deleted this requirement from the Unit-t

'

No. I NPDES Permit and Environmental Technical Specifications.

It is anticipated that this requirement will'also be omitted
^

from the combined NPLES permit for Units No. I and No. 2.

23. Deletion of Section III.A.2.a from the Condi-
tions will result in an -2.imated savings to Petitioner of

approximatcly S20,000.00 annually, but will not result in
increased adverse impacts to the public or the envirorment.

V. PROPOSED MODIFICATION TO THE BIOLOGICAL MONITORING
PROGRAM (SPECIAL CONDITION III.B)-

24. Petitioner is separately required by EPA and'

the Florida Department of Environmental Regulation to establish

i,

a biological monitoring program for both Units No. 1 and

I No. 2.

25. A combined plant-wide biological monitoring

program would eliminate needless duplication in the monitor-
'

ing of biological effects of the thermal discharges of Units

No. I and No. 2.

I 26. Pecitioner proposes that the current text of

Section III.B of the Conditions be deleted and that the
!

Proposed St. Lucie Plant Preoperational and Operational

Biological Monitoring Program of August 1981 (the " Proposed

Biological Monitoring Program," see Exhibit G), be substituted
i as the St. Lucie Unit No. 2 Biological Monitoring Program.
<

27. The Proposed Biological Monitoring Program

reflects the knowledge oained by Petitioner during the last

six years in the preope:ational and operational monitoring

programs for Unit No. 1 and will more accurately monitor.the.

|
effects of the thermal discharge of Unit No.-2 than the

_y.

i n
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ating biological monitoring program without adverse.

impact.on the public or the environment.

VI. PROPOSED MODIFICATION OF THE ChLMICAL LIMITATIONS'

AND MONITORING PROGRAMS (SPECIAL CONDITIONS
II.B.2, 4 and 6, and III.A.1)

?

28. Petitioner proposes that the monitoring require-
ment for TDS and the limitations and monitoring requirements

I for the discharge of oil and grease, copper and cyclohexylamine-
i be eliminated from the Conditions Sections II.B.2,-4 and 6,.

and 3ection III.A.1, for the following factual reasons,

respectively :

a. TDS -- The TDS concentration at the end

of the canal will rem'ain essentially constant and will'

I reflect the intake seawater value. Any discharges from

sources within the plant sb uld have a negligible effect
on the natural TDS levels contained-in the once-through

cooling water stream. Exhibits H-J contain the salinity
levels measured in the discharge canal during two prior

i years of operation of Unit No. 1. Because there is a

Jirect correlation between TDS concentration and salinity

levels, from these data it is apparent that'furthar ,

monitoring of TDS concentrations is unnecessary.
.

b. Oil and grease -- All discharges to the
i

nnee-through cooling water discharge system whier. are

regulated under 40 CFR 423 for oil and grease are already
i required to be monitored for oil and grease by the Unit'

No. 1 federal NPDES permit. Petitioner anticipates
,

'

that the same regulations will be imposed on Un't No. 2'

I when the Unit No. 1 NPDES permit is modified to include

Unit No. 2. The process of heat rejection to the circu-'

lating cooling water does not present a possibility of

I contaminating the water.with oil and grease.

Copeer -- Petitioner wil' be installingLc.

condenser tubes fabricated from titanium rather than
10'

t
9

-

I
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from copper / nickel alloys. Therefore, the condenser
tubes will not add copper to the cooling water discharge.

d. Cyclohexylamine -- Petitioner will not
discharge any cyclohexylamine to the once-through cooling

,

water system.

29. Petitiorier further proposes deletion of the

monitoring requirements for pH and dissolved oxygen contained

in Section III.A.1 of the Conditions. Petitioner monitored --

the chemical levels in the intake and discharge canals of

the St. Lucie Plant cooling water system for several years

pursuant to the federal permit requirements for Unit No. 1

(see Exhibits H-K). The collected data show that the heat

rejection process to the circulating cooling water does not
have a measurable impact on pH or dissolved oxygen levels

and, therefore, that it is unnecessary to monitor the cooling

water pH and dissolved oxygen levels. The United States

Nuclear Regulatory Commission agrees with this conclusion<

and has deleted this monitoring requirement from the Environ-

i mental Technical Specifications for St. Lucie Unit No. 1
,

(see Exhibit L at 6-8).
30. Petitioner proposes that the following modi-

fications be made to Secticns II.B and III.T.1 of the Conditions:

II. Effluent Standards and Limitations

l . . . .

B. Chemical.-

! Liquid wastes discharges shall not contain concen-
trations of pollutants at the point of discharge which
mey be measured in the discharge canal in excess of the
following limitations:

1. Chlorine (Free Available chlorine): 0.2 mg/l average
0.5 mg/l maximum

i

av Oil-and-Geenset--15-mg/l

32. Polychlorinated biphenyls: None
or other polycyclic Halogenated compounds

i
" er Esppeet--29-ppb
I

', 53. Boren: 4 mg/l (net;

6, Eyelehenylaminese--0,5-mg/l
-11-
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III. Water Monitoring Program

A monitoring prcgram shall be undertaken by Florida
Power & Light Company on the receiving waters and ater
waters as generally described as follows: ,

A. Chemical and Physical Monitoring Program
4

1. Chemical - The following parameters shall be moni-
tored in the intane and/or discharge and reported
to the Department quarterly.

Sampling Type of Frequency
Parameter Location Sample of Sampling

Flow ** Intake Pump logs hourly

hourlyTerperature ** Intake / POD --

=-*POB -- ==-Greb-----------WeeklypH-----===- - =-

T35----------------------- *POB---- ---Grab--=- =-- =Menthly

Gil-and-Geesse - =----- *POB= -G-heue-eenpeatea----Menthly

Besselved-Onygen---------- *PGB---- - ---Geab- --------Weekly

Free and Total * POD Grab Weekly during
Chlorine Residual chlorination

Boron * POD Grab When batch discharges
are required ***

- ==- *POB--,-------Grab-- == -MenehtyEepper----= - ==--

*May be monitored in discharge canal at the location speci-
fied in III.A.2.b.

**May be monitored in intake canal (Plant intake Structure).
***From the refueling water storage tank and nonaerated waste

hold up tanks (4).

31. The above proposed modifications to the chemical

limitations and monitoring programs will relieve Petitioner

of the requiremi.at of instituting needless monitoring programs
and will not result in any increased impact c.: the public or

the environment.

VII. REQUEST FOR RELIEF

32. None of the proposed modifications will result

in significant environmental impacts or effects to the public
that were not previously considered in the certification

proceedings.

33. WHEREFORE, Petitioner respectfully requests:

(a) the DER to give otice and opportunity

for hearing in accordance with Chapter 403 and Chapter

-12-
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L

120, Flcrida Statutes:
4

(b) the Secretary of DER to approve the,

modifications herein described; and
,

(c) the Secretary of DER to grant such other

relief as may be appropriate.

; s,

Respectfully subaitted,

STEEL HECTOR & DAVIS
Southeast First National

Bank Building
-Miami, Florida 33131

i
and,

t

} HOPPING-BOYD GREEN & SAMS
!

By
Wade L. Hopping,

William H. Green
. Attorneys-for Petitioner
Post Office Box 6526
Tallahassr i, Florida 32301
(904) 222-7500'

i
'

,

$

t

1

CERTIFICATE OF SERVICE

:
l

IT IS HEREBY CERTIFIED that copies of the foregoing

have been furnished by U. S. Mail to all parties' listed on
the attached Service Schedule this ist day of September,

1981.

"

.

. Attorney

i

1

3

-13-

i

!-

i
;

I

_ _ . . _ _ _ . ~ . _ . _ . . _ . . _ . _ , _ . _ . _ . . . , . . _ . . - . . . .._ ._._. _ ___._._...._._. _ _, _ . .



, - - - --

c

i

I

SERVICE SCHEDULE

Ms. Victoria J. Tschinkel, Secretary
Department of Environmental Regulation
2600 Blair Stone Road
Twin Towers Office Building
Tallahassee, Florida 32301

Mr. Hamilton S. Oven
Administrator of Power Plant Siting
Department of Environmental Regulaticn
2600 Blair Stone Road
Twin Towers Office Building ''

. Tallahassee, Florida 32301

Lou Hubener, Esq.
Department of Environmental Regulation

*2600 Blair Stone Road
Twin Towers Office Building
Tallahassee, Florids 32301

!

Arthur Canaday, Esq.
General Counsel
Florida Public Service Commission
Room 207, Fletcher Building
Tallahassee, Florida 32301

*

Joan M. Heggen, Secretary
Department of Community Affairs
2571 Executive Center Circle East
Tallahassee, Florida 32301

Mr. James Dean
Associate Planner, Power Plant Siting Program
Bureau of Land and Water Management
Department of Community Affairs
204 Carlton Building
Tallahassee, Florida 32301

Conservation Alliance of St. Lucie County
c/o Mrs. Marjorie Silver Alder
304 St. Andrews Lane
Fort Pierce, Florida 33450

~
Martin County Conservation Alliance
Martin Harold Hodder, Esq.
1131 N. E. 86th Street
Miami, Florida 33138

League of Women Voters of
St. Lucie County

c/o Mrs. Judith James
Route 3, Box 423
Fort Pierce, Florida 33450

Mr. Estes Whitfield
Senior Governmental Analyst
Office of Planning and Budgeting
Office of the Governori

The Capitol
Tallahassee, Florida 32304

Citizens United Against
Radioactive Environment

c/o Harry H. Alder
304 St. Andrews Lane
Fort Pierce, Florida 33450

-14-
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The Honorable Bob Graham
Governor
The Capitol
Tallahassee, Florida 32304

The Honorable George Firestone
Secretary of State
The Capitol
Tallahassee, Florida 32304

The Honorable Jim Smith
Attorney General
The Capitol
Tallahassee, Florida 3 304 '-

The Honorable Gerald Lewis
Comptroller.
The Capitol

'

Tallahassee, Florida 32304

The Honorable William Gunter-
Treasurer
The Capitol
Tallahassee, Florida 32304

The Honorable Ralph D. Turlington
Commissioner er Education
The Capitol
Tallahassee, Florida 32304

The Honorable Doyle E. Conner
Ccmmissioner of Agriculture
The Capitol
Tallahassee, Florida 32304

4

.
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EXECUTIVE SUMMARY

.

''The St. Lucie Nuclear Plant Units 1 and 2 have potential operating
1

' moces that alter the taperature and/or volume of the discharge water

during certain periods of the year. These operating conditions consist
i

of reduced water flow through the plant resulting from:

'
!. High tides that limit the flow of discharge water through the

discharge pipe;

2. Marine fouling that partially occludes the discharge pipe;

3. Condenser tubes that may be plugged or fouled by marine
organisms.

The reduced eter flow leads to ircreased discharge temperatures

when the plant is operating at full power. Florida Power & Light Company

(FPL ) .. considered reducing the megawatt output of the plant to remain

within resent environmental regulations; however, the need to maintain

the generating capacity of the St. Lucie Plant makes the alternative of
f

increasing the discharge water temperatures more desirable than reducing

the output of the plant.,

To assess the potential envi rcrvnental impact of increased te-'

peratures associated with reduced flows, FPL has asked Applied Biology,
'

Inc. (ABI), to evaluate the ecological implications of several possible

,
temperatures and flow regimes. These potential operating moces are:

1. Full-pumping flow (1150 cfs per unit) with a condenser aT of
23*F;,

2. Reduced flow (1075 cfs per unit) with a condenser AT of 30*F;

iv

.

I
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.

.

3. Reduced flow (1000 cfs per unit) with a condenser at of 32*F..

4

In evaluating the impact associated wi th each of these operating -

modes A8I considered a " worst-case" situation of dischar;'ng the warmer
,

water during Septemoer, the hottest month of the year, Witch coincides

with the highest animal abundance in the aquatic habitat near St. Lucie.
3

Both flow through the plant and tenperatree rise are variables to

consider. Flew was evaluated in relation to plant-entrained organisms

while temperatura was considered in relation to the snount of offshore

water entrained into the discharse plume and heated above the tolerance

tevel of the canisms under consideration. The projected impact of the

higher thermal discharge was considered in relation to a reasonaDie por-

tion of the receiving body of water under oceanic conditions, with and

without a current flow lateral to the shoreline. Concurrently, ABI eva-

luated the potentially higher temperatures in relation to the operation
3 ,

of either Unit 1 or Unit 2 and the two units conbined.

i

WATER MASSES

'

The offshore eters adjacent to the St. Lucie Plant are primarily

derived from the continental shelf, the Indian River, and the Florida
.

Current. The waters influenced by the plant are primaril; continental

shel f water with some small contributions by Indian River waters,

d*scharging from the St. Lucie Inlet or the Ft. Pierce Inlet. The

i Florida Current rarely sweeps closer than 12 miles off the Hutchinson

Island shoreline. It is unlikely that Florida Currtnt eters have a
,

'

direct influence in translocating near-shore waters.

*
i

v,
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Extensive studies for Unit 1 on entrapment of fishes into the intake

canal and impingement of fishes on the traveling screens have indicated
,

that loss of fishes te to the operation of the intake structure is "

negligible..

FISH

Assuming the intake of fishes is proportional to the mount of

intake water, the additional intake of cooling wter by Unit 2 will

increase the numcer of fishes drawn into the intake Canal. However, the

reduction of flow per unit associated with a thermal increase would

reduce this effect slightly.

Fishes are highly motile and will avoid unfavorable thermal regimes

near the discharge. Increased water temperatures fran Unit I due to

increased ATs would enlarge the area wnich fish would avoid.- The maximum

zone of exclusion for fishes would be about 23.1 acre-feet in Septaber.

Because of the effectiveness of its diffuser pipe, the thermal additions

of Unit 2 would increase this zone of exclusion by less than 2 acre-feet.

ICHTHYOPLANKTON

Ichthyoplankton mortality will increase unan Unit 2 is operational

due to increased intake of eter. At reduced pumping rates for either'

unit, the impact associated with plant entraiment would der.rease Wiile

higher discharge temperatures would incrfease the impact of plume

entrainmen.. Using both units operating under normal conditions as a
,

basis of comparison, the increase in impact due to alteration of the

.

vi



operating mode does not exceed 2 percent of the organisms in the region

of potential impact. It is anticipated that impacts of higher tem-
,

peratures for either unit would be offset by reduced impacts associated

with lower flows..

'
4ARINE TURTLES

Adult marine turtles are mobile and will avoid unfavorable themal
-i

regimes. Leggernead turtle hatchlings have demonstrated reduced swiming

speeds at water temperatures over 86*F and a cessation of response to
,

light stimuli at 92*F. Based on studies of swiming speed of hatchlings

; in response to themal increases, it is anticipated that the few turtles
- that might encounter these higher water temperatures would resume nomal

swiming after leaving the exposure area. No effects on distribution,i

nesting, egg development, or survival are expected.

i

BENTHIC "ACROINVERTEBR ATES
.

The only area dere the discharge water influences the benthic can-

munity is in the inrnediate scour area at the point of discharge of Unit,
,

! 1. Changes in pumping mode or discharge tenperature would not appre-

cia 0ly influence the size of the area. Accordingly, no impact on the.

benthic macroinvertebrate community from discharge temperature changes is

' anticipated.
,

i
The planktonic larvae of many benthic invertebrates, however, could

be impacted. Because of the limited periods of production of these
,

larvae, a loss of this segment of the ecosystem could have broad ramifi-
i

cations on the benthic community.e

vii
'
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WORM REEF 5

The adult m1ychaete woms that construct the reefs from their sand,

tubes could be influenced by the units' combined themal plume during

e periods with an onshore current. No significant impact on the adulti

.

worms is anticipated. The larval stage of development of these woms are
i sensitive to tenperatures above 85'F. The Ajree of impact would be

related to popuistion distribution, water currents, plume configuration,
,

intake volumes, and duration of exposure. Effects on the em reef,

either directly from higher temperature or indirectly through effects on

the larvae, would be potentially offset by high recnsitment ering the
' cooler months.

.

'
ZOOPLANKTON,

Zooplankton mortality will increase wtth the increased intake of
1

water by Unit 2. As with the ichthyoplankton, mortality would increase*

at higher temperatures but would be largely offset by a decreased mor-
.

tality related to lower volumes of eter pumped through the plant. The

maximum effect would increase the impact by less than 2 percent of the
,

nutter of zooplankters in the region of potential impact.

.

PHYT 0 PLANKTON

' Phytoplankton losses due to Unit 2 becoming operational and to

changes in plant operating modes are estimated to increase by less than 2
'

percent of the total phytoplankton in the region of potential '1:r.pa ct .

Rapid tuitiover rates in the conmunity would canpensate for this

reduction.

viii
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MACROPHYTES

Onshore currents coul shift the themal plume inshore and increase

the temperature on the macrophyte assemDlage on the wom reefs. While "

thne plants are present in low mcoers, they might experience a tem-

porary die-back. Revegetation would bc zP.ed to occur rapidly after

temperatures decreased.-

CONCLUSIONS

1. The impact of the St. Lucie plant is associated with entrairrnent of

organisms both through the plant and into the discharge plume.

2. An incremental increase in impact is expect ed den Unit 2 is-
operational. This increase will primarily be associated with the
larger volume of water passing througn the plant.

3. The diffuser type discharge pipe for Unit 2 will enable rapid mixing
of the discharge with ambient waters. This rapid mixing will result
in a very small themal plume being produced. Accordingly, the Unit
2 discharge plume will have a negligible zone of themal exclusion
for motile forms.

.

4. A potential operating node raising the AT 2*F would only slightly
increase the impact in the area of potential impact.

5. Larger increases in AT would occur concanitant with decreases in*

water flow through tne plant. This eduction in flow would offset
I the increased impact associated with the higner temperatures.

|
6. An increased nortality of less than 2 percent of organisms in the

l area of potential impact would be associated with the worst-case
situation of mean maximum ambient water occurring in September.

7. Lesser impacts would be expected oaring the remainder of the year.

,

I
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A. INTRODUCTION

Florida Power & Lignt (FPL) Company's St. Lucie Plant Unit No.1 is ''
* an 850-MW electric generating facility dich uses xean waters for once-

through cooling. Unit 2, now under construction, is similar and is

expe. *.ed to be operational in 1983. After exiting from the plant's

condensers, heated eter is discharged offshore dere it is diluted by

arcient waters. This heated water forms a themal plume having tem-

peratures higher than those of the ambient waters in the vicinity cf the

discharge structure. The size and temo**ature of the plume are both of

concern to FPL in determining dat effects, if any, the plume might have

on the aquatic ecosystem off Hutchinson Island.

The purpose of this document is to outline the predicted impact on
' biological systems that wt41d result from both units under alternative

operating modes. The following paragraphs discuss the factors dich may
( '

necessitate the use of alternative operating conditions. Suosequent sec->

tions discuss the potential impact of these changes on biological systems,

| of concern in the St. Lucie area.
.

TE9ERATt;RE DISCHARGE LIMITATIONS FOR ST. t.UC!E UNIT NO.1

'
Operating limitations established by Operating License No. DPR-67

Environmental Technical Specifications currently limit temperature rise
! e

(AT) across the condensers to 25'F ,under normal ful!. power operation,

These specifications limit the maximum ocean surface temperature or " hot,

spot * for the discharged water to 5.5'F above ambient with a 93*F instan-

4 1-

|
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taneous maximum at any point. Under the Faderal Water Pollution Control

Act, the establishment of limitations am monitoring requirements for-
~.

non-radiological liquid effluents is within the jurisdiction of the U.S.
*

Environmental Protection Agency (EPA). A memorandum of understanding

betwen EP A and the U.S. Nuciear Regulatory Canmission (NRC) gives
.

recognition to this responsit ility. A revised National Pollutant

Ditcharge Elimination System (NPDES) pemit, issued by EPA on 18 January
,

1980 provides for a AT of 30*F with an allNance for an increase to 32*F

urder certain operating conditions. No lisaitation on the offshore tem-

perature increase above ameient was estabitshed for the discharged water,

and the instaneous maximum for the ambient ocean surface taperature was

increased to 97'F. A request to celete the current enviromental tech-
.

nical specification themal limitations in favor of those contained in-

the PCES pemit is pending before the !stC and is expected to be issued
' shortly. Themal limitations for Unit 2 r, ave been established only in

the state of Florida. Conditions of certification are 24*F above ambient
t

at the point of discharge fran the cultiport diffuser with a maximum

ocean surface temperature of 97'F but not more than 2*F above abient,

during June, July, August, and September, or 4*F aoove abient during the

remainder of the yesr.*

*

CIRCULATING WATER SYSTEM

Water for the once-through cooling system of both units enters a

submerged intake structure located about 1200 ft of f sho re. Fran the

intake structure, the water passes through submerged pipes under the |

beach and dunes and enters a 5000-ft long intake canal. This open canal
.

A-2
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transports the cooling water for both units to the plant and througn the

condensers. After receiving heat from the condensers, the water for both.

s.

units is discharged into a common open canal, flows underneath the dunes
3 and beach, through buried pipelines, and exits through the respective

discharge structures.
.

Unit 1 Discha m e
.

' The Unit I discharge strbeture is located approximately 2400 f t

north of the intake and a minimum of 1200 ft offshore. Heated discharse

water leaves the discha:Se structure through a Y-shaced no::le or Y-por+.

at a design velocity of 13 ft/sec. This high-momentum-type jet serves to

entrain cooler abient water which dilutes the heat. The ocear death in

the area of the discharge is about 18 ft. The discharge pipe and no::le

have been buried in a short trench excavated in the substrate to 36 ft

below mean sea level (FPL, 1973). Fra the point of discharge , the

warmer water rises to the surface and foms a surface plume of heated

water. Under nomal full-load conditions, the maximum increase in sur-

face water temperature seldom exceeds 5'F 'above ambient. Tne plume then

spreads out on the surface of the ocean under the influence of wind and

currents and returns to ambient temperature by heat dissipation '.o the=

atmosphere.

i

Unit 2 Discharge
.

The Unit 2 discharge pipeline extends about 1959 ft fra the

discharge canal headwall to the ocean and terminates in the discharge
,

section. The Unit 2 discharge is a multiport diffuser designed with 58
.
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jet ports, each sized to issue a jet about 16 inches in diameter. The

1ength of the diffuser is 1416 ft and the port spacing is 24 ft. The.,*

diffuser manifold is optimized with ports alternately oriented north and
a

south at an angle of 25 degrees from the manifold. The distribution of

smaller amounts of heated water over a wide area will enable a more rapid
,

and efficient mixing with abient wat ers. Maximum surface water tem-

peratures are expected to be 2.0'F less than those neai the Unit I

discharge.

Both the Y-port and nultiport discharge will be used den both units

are in operation. When only one unit is on-line, the Y-part discharge
.

will be closed.

FACTCRS NECESSITATING AN INCREASED PLU"E TE9ER ATURE

FPL has taken into consideration naturally occurring events dich

may alter normal operating conditions and thereby alter the temperature,

or volume of the discharge water. These natural events, which will ulti-

mately cause higher water discharge temperature, are:*

1. High tides that limit the flow of discharge water through the.

discharge pipe;

2. Marine fouling that partially occludes the discharge pipe;
,

,

3. Condenser tubes that may be plugged or fouled.
|
1

:
In order to preclude an overflow of the discharce canal under the

|
first and second conditions, the plant may have to reduce the circulating

l

water flow through the system, while the third condition naturally limits

circulating water flow. The following two alternatives are available to

| FPL under reduced flow conditions:
A-4
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1. Reduce the megawatt outpat to .741ntain the temperatures within
their nomal limits, or,.

2. Allow the water discharge temperature to increase to some point"
above nomal.

Because of the need for maintaining the generating capacity at St.

Lucie, FDL considers the alternative of increasing the discharge water

temperature to be more desirable than reducing the output of the plant.

At some point as temperature increases, Waver, the circulating wter

flow through the plant must be reduced to avoid inefficient plant opera-

tien resulting from excessive condenser back pressure.

To examine the ramifications of an increased themal discharge on
-

the aquatic ecosystem, FPL hypothesized several coerating modes of flow

and temperatures dich could have potential impacts on the aquatic eco-

tystem offshore of the St.. Lucie Plant. These operating modes assume

that generating output is maintained at 100 percent. The present nomal

operating mode is full-pumping flow (1150 cfs) with a condenser ai of

25'F. Under high tide or marine foulirg conditions, the flow rates and

temperature increases under consideration are:

I

1. Full-pumping flow (1150 cfs per unit) with a condenser AT of*

2S*F,

I 2. Reduced flow (1075 cfs per unit) wit *i a condenser 47 of 30'F,

. 3. Reduced flow (1000 cfs per unit) with a condenser aT of 32*F.
'

!

!
FPL retained Applied Biology, Inc. (ABI), to evaluate potential

biological effects on the marine aquatic biota under these different flow

rates and temperature conditions.

I A-5
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To evaluate the impact associatec wi th an increase in themal

discharge and the aedition of Unit 2, ABI has considered each of the.
-

potential opersting modes in relation to the various components of the

ecosystem that might be affected. This report presents the results of'

that evaluation and summarizes the plant operating conditions that could

be maintained without causing significant environmental 1:npacts.

.

SOURCES OF THEMMAL AND BIOLOGICAL DATA FOR THIS STUDY

To evaluate various operating modes to utamine dich are environ-

mentally acceptable. ABI used data on discharse rates, dilution rates.

| ther nal inc: eases , and plume sizes from Envirosphere (1978) and FPL

(1980). These data are su::vnarized in Table A-1.

Most temperature data have been given in degrees Fahrenheit and have

' been rounded to the nearest dole degree for ease of presentation. While

rounding of numoers results in slight arittynetic discrepancies, the dif-
I

ferences have only minor ecological significance. Data presented in the

literature in degrees Celsius were cited as such.

An accurate assessment of potential environmental impacts from ther-*

i

mal discharge necessitated that an evaluation be made during the time of
' year den ameient water temperatures wre nomally highest. Discharging

war n water at this time would produce the trost severe or " worst-case"
.

impact. If a worst-case evaluation predicts an impact that is judged to

be environmentally acceptable, all lesser impacts would also presumably

be acceptable. Therefore, biological data taken in September were chosen

A-6
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for analysis because of the concurrent high animal aoundance and high

ambient temperatures recorded for the St. Lucie Plant area (ABI,1977,

; 1978,1979,1980). ''

1

For this report, the mean high temperature for Septemoer (85'F) was

used as ambient rather thar. 'he maximum high temperature (87'F). The

selection of 85'F enacles an evalvasion of real and repetitive ecological
.

conditions and consequences rather than an evaluation of isolated uncon-

mon instances. This temperature was calculated fran U.S. Geological

Survey records of the mean maximum temperatures at Canova Beach, Flcrida,

1950-1962.

To reTate the impact of the thennal discharge to a reasonable por-

tion of the receiving body of water, it was necessary to estaolish a

region of potential impact. Because the amount of oceanic current

flowing past the plant strongly influenced the size of the region of
,

potential impact, two conditions representing different offshore current

regimes were defined and used in the impact analysis. Conditions without

and with a current flow were respectively terned " static" and " dynamic".

Static conditions would cause the heated discharge to accumulate

near the point of discharge and would create the worst-case maximum

surface temperature. The regitr. of potential impact under static con-

ditions was defined by ABI as tnat volume of water located between shore

and the ABI biological sampling stations (Figure A-1). This area is 15.6

x 106m3 (17.0 x 106 yo3) with an average depth of 9.2 m (30.2 ft) for a

calculated volume of 14.4 x 106m3 (15.7 x 106 3yd ).
A-8
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Figure A-1. Schematic illustration of approximate location of hypothetical
Static and dynamic regions of potential impact in relation to
Current Sampling Station locations. St. Lucie Plant.
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Analysis under dynamic conditions requireu ABI to select a conser-

vative current speed of 17.0 cm/sec (.56 f t/sec) for a predominantly
"

northerly lateral current, based on available current velocity measure-

ments (Envirosphere, 1976; Worth and Hollinger, 1977; ABI, 1978).

Assuming this velocity, the region of potential impact defined by ASI is

that volume of water eich is cal culated by mui:1 plying the cross-

sectional area between shore and Station 3 by 14,688 m (16,068 yd)

(Figure A-1). This figure (14,688 m; 16,068 yd) is the distance a par-

cel of water might flow in 24 hours at a rate of 17.0 cm/sec. The calcu-

lated volume is 47.1 x 106m3 (61.6 x 106 3yd ) or approximately 3.3 times

the static condition volume.'

Biological assessments presented in the following sections are based

on ABI calculations using September abient conditions oeserved at St.

Lucie over a four-year period (ABI, 1977,1978,1979,1960). predictions

based on these data are limited to the month of Septemcer and do not

necessarily represent annual variations in the populations found during

other months of the year.

For aquatic organisms, mortality caused by exposure to high tem-

peratures is a function of both the mount of thermal increase and the

duration of exposure to the higher temperature. The exposure time func-

tion was disregarded for this report and death es considered to occur

with instantaneous exposure to lethal temperatures (i.e., it was assumed

that 100 percent of all organisms passing through the plant would die).

This assumption provided a worst-case evaluation. Because the time of

A-10
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passage through lethal temperature zones would be extremely rapid for

some organisms, the actual mortality would be considerably lower than
,

"
stated.

,

oREDICTED DISCHARGE DATA

'
The proposed operating conditions described by FPL represent two

changes in mode of operation. One mode requires an increase in tem-
I

perature of the discharge water with no change in discharge flow rate.

The other combines a water temperature increase with a reduction in flow
,

through the condensers.

.

.

.The implications of varying discharge rates, dilution rates, and
'

water temperature increases for both units have been presented in Table,

A-1. The discharge water temperatures range from 111*F Iassociated with

' a condenser AT of 25'F and an ambient water temperature of 85'F) to 117'F

(associated with a condenser aT of 32*F). An inc.Tase in condenser tem-
.

perature from 26* to 28'F would increase the dilution volume rates. For

each unit to achieve a discharge temperature decrease from 100*F to 95'F
,

in the ocean, a volume of 2249 cfs of ambient water would be required for

dilution if the original discharge temperature was 25'F over ambient,

I
| (111*F). A volume of 2423 cfs would be required for dilution if the

; discharge was 29'F over r!cient (113*F). Because the potential ATs of

30* and 32*F over anbient (115 and 117'F, respectively) are associated

| with a reduced flow through tne plant, the dilution volume rates wculd
!

not change appreciably from 2423 cfs, and a lower, although hotter,

volume of water would be di scharged. The volumes of dilution eter

!
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involved are the same for bcth units because the amount of heat rejected

by each unit is the same.
-

POTENTIAL D9 ACT ON ACUATIC BIOTA

' Under nomal operating conditions with a condenser at of 25'F, mor-

tality of aquatic biota due to plant operation is primarily caused by

mechanical, themal, and chemical damage to organisms ent-ained through

the plant condensers. Weakly swimming plankton are the principal orga-

nis:ns carried into the themal plume with the dilution water. The extent

of impacts to these aquatic biota is generally proportional to the volu-

mm. of water, the censities of organises, and the ther nal tolerance of

the particu.ar group of orvaisms under consideration.

The conditions hypothesized by FPL, that is, a constant flow of 1150

cfs per unit and a condenser AT of 29'F would produce increased impacts

only because a greater numcer of organisms would be carried into cilution

water dich might be heated above a species' themal tolerance level.

Because the flow through the plant would be constant, no change in impact

t
would occur due to direct entrainment througn the plant.

I
|
l The operating conditions of - reduced flow and themal increases of

30* and 32*F would have an associated increased mortality proportional to

the increased volume of dilution wtter needed to reduce temperatures

bel ow letnal levels. The total impact , however, would be mitigated by

the reduction in the intake volume of water and the reduction in assc-

ciated organisms that would be directly entrained through the plant.

l
,
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Because highly met 11e foms such as fishes and adult sea turtles

avoid regions with themal regimes outside their tolerance or preferred

limits, the impact of the thermal plume would be to excluce then frm a "

limited area. An increase in plume size would increase the area they

avoid.

The extent of impact to sedentary organisms would be in proportion
,

to the anount of temperature increase to dich they would be exposed.

Most of these are benthic foms that are exposed to the themal plume

only in shtllow waters and near the immediate point of discharge of Unit

1. The larvae of these organisms may be impacteu as plankton.i

.

SUMMARY1

This report describes hypothetical plant operating modes that would

increase the temperature of the discharge water from the St. Lucie Plant.

Consideration is given to the . ecological implications of this themal
*

increase occurring during the month in dich there are high biological

populations cencanitant with high ambient, tenperatures. An evaluation
t

has been made of the changes in envircrvnental impact between nomal

operating conditions and potential conditions as wil as for the addition
,

of St. Lucie Plant Unit 2.

| '
i

t

A-13
i

0

1

[



T

a

a

a

LITERATURE CITED

. ASI. 1977. Ecological monitoring at the Florida Power & Light Co. St.
Lucie Plant, annual report 1976. Vol. 1. Prepared for Florida .s
Power & Light Co. by Applied Biology, Inc., Atlanta, Ga.

ABI. 1978. Ecological monitoring at tM Florida Power & Light Co., St.'

Lucie Plant, annual recort 1977. Vol . 1. Prepared for Florida

Power & Light Co. by Applied Biology, Inc., Atlanta, Ga.
i

ABI. 1979 Florida Power & Light Company, St. Lucie Plant annual non-
radiological . environmental monitoring report, 1978, biotic-

monitoring. Prepared for Florida Power & Light Co. by Applied
Biology, Inc., Atlanta, Ga.'

ABI. 1980. Florida Power & Light Company, St. Lucie Plant annual non-
radiological environmental monitoring recort. 1979, biotic rioni-.

toring. Prepared for Florida Power & Light Co. by Aoplied Biology,
Inc., Atlanta, Ga.

Envirosphere Company. 1976. St. Lucie Plant site ocean current analysis
for Florida Power & Light Company. Ebasco Services, Inc. , New Yort.,

Envirosphere Cor:pany. 1978. Predicted themal plumes for elevated
discharge ter::Deratures. St. Lucie Unit 1. Envirosphere Co., New
York, N.Y.

FDL. 1973. Hutchinson Island Plant environmental report. Vol. 1.

Florida Power & Light Corepany, Miami, Fla.'

FPL. 1980. Environmental report - operating license. St. Lucie Plant
Unit 2. 2 Vol. Florida Pcwer & Light Co., Miami, Fla.i

Worth, D.F., and M.L. Hollinger. 1977.. Nearshore marine ecology at
Putchinson Island. Florida 1971-1974: III. Physical and Chemical

,
Environrent. Fla. Mar. Res. Publ . No. 23:25-85.

t

t

4

A-14



. _ _

.

4

.

B. . WATER MASSES IN THE HUTCHINSON ISL AND ARE A

.

INTRODUCTION e

The marine envirornent in the vicinity of the St. Lucie Plant is,

comprised of three distinctly different eter masses. These are the

Indian River, the continental shelf, and. the Florida Current.

Indian River (Estuarine) Water Mass

The Indian River eter mass is a unifor nly shallow ( <13 f t deep)

lagoonal estuary stretching approximately 100 mi fr:ra the St. Lucie inlet

to just north of Titusville. It is bounded on the est by the Florida -
t

mainland and on the east by Atlantic barrier islands.
.

The Ft. Pierce and St. Lucie Inlets provide fres interchange between

the Indian River and the Atlantic Ocean shelf waters. Ft. Pierce is the

larger of tne two inlets a :: has been variously reported to discharge i

maximum flow of 1400 m3 (1831 yds 3)/sec (von Z,eck et al.,1974) and 1925'

m3 (2519 yds 3)/sec (Walton,1974a,1974b). Maximum ebb tide flow rates

in the St. Lucie Inlet have been stimated at 1133 m3 (1482 yds 3)/sec

(Wal ton , 1974 a , 1974b).

I Continental Shelf Water Mass
|

The continental shelf water mass can be divided into inner and outer

shelf components. The inner shelf extends from the beach to the 120-ft

isobath approximately 12 mi east of the St. Lucie Plant. The outer shelf

extends from tne 120-ft contour approximately 8 mi to the 600-ft isobath.
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The outer boundary of the snelf water mass lies aoproximately 20 mi

seaward of the St. Lucie Plant site and fluctuates in response to a,

variety of geostrophic (deflective forces related to rotation of the .

earth) and meteorological forces.,

8 Florida Cureent Water Mass

The F4rida Current, a major eczeponent of the Gulf Stream systart,
a

flows rapidly northward (4 to 6 ft/sec) in a narrow channel between the

Bahamian-Caribbean archipelago on the east and the continental United

States on the west. Waters originating in the Caribbean flow throu[h the

! Yucatan Strait into the eastern Gulf of Mexico and then into the Straits
I

of Florida. Maul (1977) has shown that penetration by the Gulf Loop

| Current into the eastern Gulf of Mexico coincides with the historical

annual cycle of current speeds and transports of the Gulf Strean.

Penetration by the Gulf Loop occurs coincidentally with increased velo-:

city of the Gulf Stream in spring and suniner.
<

e

Wennekens (1959) reported that a water mass, terned " continental
,

edge," bec:ynes differentiated from the Gulf Loop Current in the eastern

Gulf of Mexico. The contine..m edge is identified by sal tuity and tem-

| perature characteristics and can be found along the entire estern edge

of the Florida Current throughout the length of the Florida Straits. The-

eastern boundary of :entinental edge water is 10 to 15 mi seaward of

Miami, Florida.

| B-2
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HYOROGRAPHY OF TFE ST. LUCIE AREA

To study marine systems, it is convenient to com- etmentalize water
,

masses (e.g., estuarine, continental shelf, and oceanic). However, this '-

implies a simplicity that is nonexistent because the marine enviromenta

is neither static nor independent. All of its components--biological,
' physical, chemical , and geological--are interrelated. The physical

.

component, in turn, is a dynamic meshing of tidal, geostrophic, and wind-
.

driven currents.

*

Differences in eter temperature and salinity are used in conjunc-
i tion with ocean current data to determi.ie the origin, position, and
e

interaction of each body of unter. Historically, physical oceanographers

have relied on averages from a collection of individual obsenations

wioely separated in space and time. The patterns that merge can be

misleading because they depict situations rarely found in natural systes

(Iselin,1955). More recently, understanding of these patterns has been
'

aided by the use of runote sensitig satrilites. These satellites provide
,

time-series photographs that can be analyzed to plot the source,
,

location, movement, and thermal structure of large water mass systens.

4

Indian River (Estusrine) Hydrocraony

The Indian River system is daracterized by wide temporal and

regional variations in temperature and sal i nity. General ly, during

surnmer months (May through September), ermer eters are found at the

surface and temperatures increase in proportion to distance from the

moderating effects of inlets. Conversely, cooler waters are found on the

B-3 -
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bot *om and temperatures cecrease in proportion to distance from the

inlets (von Zweck et al . , 1974 ). The reverse situation ex!sts during*

s.

cooler winter months. In addition to seasonal changes in estuarine ther-

mal structure, short-term variations occur that . a-e related to local*

weather conditions. Because the water is shallow, dramatic changes in
,

water temperatures have been observed within 24 hours of cold front
i

passages (Gallagher,1971). Briel (1974) reported that tertperatures in

the south portion of the Indian River (Ft. Pierce to Stuart) rangej from

57.2* to 87.8'F. Because this range is so wide, water teperatures

within the Indian Gver are somewhat less indicative of water movements

than is the more stable parameter of salinity.

Salinity values vary seasonally with precipitation rates and daily,

especially near inlets, with the tidal cycle. Von Zweck et al. (1974)

found that in the Indian River salinity ranges at the surf ace and at a

depth of 3 to 4 m (10 to 13 ft) correlated well with the precipitation
,

minus evaporation rates: " Larger vertical salinity gradients were

generally encountered at periods of high precipitation, with the gra-

dients generally larger in the vicinity of Vero Beach than at Fort

Pierce."

Waters from various sources, including Taylor Creek, converge during

ebb tide and remain poorly mixed at Ft. Pierce Inlet, resulting in large

horizontal salinity ranges. During early flood tide, water reatning in

the inlet plus some water that has reached the ocean is returned to the

river systems, thus producing low salinity values. During late flood

B.4
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tide, high salinity shelf waters pass into ti.e system. Thus, the over-

,

all effect of a tidal cycle is to increase the salinity range near these
,

inlets. Because rainfall ta seasonal, the influence of Taylor Creek and s.

St. Lucie River waters near the inlets will be greater during et surmer.

^

months and wider salinity ranges will resul t. Salinity at Ft. Pierce

' Inlet was reported to range from 15 to 35 ppt dile at St. Lucie Inlet

the range was from (1 to 35 ppt (B riel , 1974 ). Lowest values were

recorded during wet sunper months and they reflect the influence of

Taylor Creek and the St. Lucie River systems on the localized salinity
,

structure of the Indian River.

.

I
Although the Indian River system exhibits wide tenporal and regional

* r:nges in water temperature and sali nity, it probably influences the
,

physical characteristics of only a small area of Atlantic continental

shelf waters.,

' Continental Snelf HydrocraDhy

Very little is known about the hydrography of continental shel f'

water: adjacent to Florida 's central east coast. Anderson et al .

(1956-1960) presented temperature data collected during the Theodore N.

Gill cruises, and Worth and Hollinger (1977) reported on three years of

data collected on the inner shelf adjacent to the St. Lucie Plant.

.

Stalf water adjacent to Hutchinson Island originates north of Cape4

Canaveral, especially during the winter. An additional contribution is

derived locally from the Indian River and Florida Current systens. For

B-5;
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convenience, the northern eter mass contribution is here designated

" Carolinian.' It is caposed of the Florida Current and river effluents
,

with a small input of Virginia coastal eter (slope .eter and riv e r ' '

effluents; Stefansson et al.,1971). This Carolinian wter mass flows4

southward as a wind-driven coastal counter-current, diminishing in volume
8

as it is absorbed into the northwarc flowing Florida Current (Day,1961).

Shelf waters to the south of Cape Canaveral are probably c a posed
.

iacreasingly of Florida Current and, to a lesser extent, Indian River

waters as the Carolinian shelf water contribution diminishes.
,

Evidence suggests that Cape Canaveral acts as a barrier to southward )
flowing Carolinian wter and that very little reaches as far south as

'
Jupiter Inlet some 30 mi to the south of the St. Lucie Plant site (Day, |3

'

1

1961). High rainfall, with its associated river-runof f rates, and
i

'

northerly winds during winter tend to increase the size of the shelf.

water mass to the south of Cape Canaveral by extending its eastern and

southern boundaries.

f-

Worth and Hollinger (1977) reported salinities of 33 to 38 ppt for

inner shel f Hutchinson Island waters less than 10 m (33 ft) oeep.

Salinity ranges were consistent with seasonal water mass circulation.

Highest salinities generally occurred during sumer den southeasterlye

winds teeded to minimize the Carolinian shelf water contribution. The
'

*everse of this situation es found during winter, wnen northerly winds

drove large volumes of lower salinity 14ter to the south and east of Cape

Canve-al.
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Because the continental shel f is relatively shal l ow. its eters

respond rapidly to seasonal and daily temperature changes in the air tem-,

perature cycle. The water temperature range is greatest near shore and s.

diminishes with increasing water depth to the shelf break. Stefansson et.

al. (1971) reported an annual temperature range of 15' to 18'C (27' to
'

32.4'F) *t nearshore North Carolina maters and an 8' to 9'C (14.4' to
'

16.2*F) range at the shelf break. The annual tencerature range of

nearshore Hutchinson Island waters was reported to be 11*C (19.8'F) with

a January low of 19'C (66.2*F) and a September maximum of 30*C (86.0*F;,

Worth end Hollinger,1977). Anderson et al. (1956-1960) reported that
* the shelf waters off Hutchinson Island ranged fran a winter low of 20* to

23*C (68.0* to 73.4*F) '; a sunsner high of 26' to 29'C (78.8* to 84.2*F).

Tenperature data taken fran various approximate east and west tran-

sects at the latitude of the St. Lucie Plant (Table B-1) indicated that

lowest surface water temperatures wre always recorded landward of the
'

60-ft isocath. Highest surface water temperatures wre usually found at

the 600-ft contour near the estern all of the Florida Current (Gul f

Stream). With the exception of isolated instances of isothennal

conditions, the surface tenperatures increased in a seaward direction.

The nearshore temperatures ranged fran a winter low of less than 17'C

(62.6'F; three weeks after the January 1977 iecord freeze) to a high of

approximately 28*C (82.4'F) during late sunener. The gradients nonnal to

the coast wre steepest during winter and seaward of the 60-ft isobath

(Figure B-1). These data were consistent with the findings of Stefansson

et al . (1971) for North Carolina shel f waters. Instances of large
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Figure B-1. Surface isotherms (*C) on 9 February 1977. (Data
obtained from Department of Transportation U.S.
Coast Guard Oceanographic Unit, Airborne Radiation
thernometer programs.)
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seaward temperature gradients during sumer (e.g., A gust 1975; Table

B-1) are attributed to cold-water intrusion and will be discussed in tne,

following section.

.

Vertical Temperature Structure

' Shallow inner shel f waters like those at Hutchinson Island are

expected to be wil-mixed. This mixing is attributable largely to tur-
.

bulence fields (Bowden,1970) and to the proximity of different eter

masses, local wind patterns, local currents, and tidal interactions. In
,

addition to these factors, the Florida Current has a major, but poss41y

seasonal, effect on shelf waters off Hutchinson Island.

The vertical temperature structure of inner shelf waters adjacent to

Hutchinson Island is generally isothemal (less than 1*F) tring late

surtner to early winter and again during spring following the cessation of

cold front activity (Worth and Hollinger,1977). Larger differences in

vertical temperature structure (aT of surface minus bottom temperatures:

AT.g)g were noted during wi nter and especially su.ver. Lar;e,

AI .g during winter are attributed to localized cooling of surface$

waters or to southward intrusions of cool Carolinian shel f water.

| Relatively large ATS-8 reported during late spring and sumer reflect
i bottom intrusion of cold shelf or slope water. Worth and Hollinger

j (1977) reported aT .g that ranged from 5.0* to 7.3*C (9.0* to 13.1*F)S
,

I during late spring and sumer of 1972 and 1973. Evidence es seen of
l

cold water intrusion during May 1976 (Table 8-1).

!
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TABLE B-1
'

SURFACE WATER TD4PERATURES,
FROM BEACH TO FLORIDA CURRENT

a
IN THE VICINITY OF HUTCHINSON !$ LAND ,,

a

Surf ace water temperature (*C)

Florida Current,

Distance of
60 ft 600 ft West west wall from

; Date Beach death docth wall Maximum beach (mi)
i

Fee 1974 <19 19 22 23 24 23*

3 Mar 21 21 22 23 24 24

Apr 23 23 24 23 25 19

| May (24 24 25 25 25 26
'

Jun -27 27 27 27 27 -
,

8 Aug (28 (28 28 N/A 29 -

i Sep (28 28 28 28 28 25
,

! I
Jun 1975 <27 <27 28 28 28 21

Jul (26 26 28 28 29 22
,

Aug <27 27 29 29 29 24

1
i Sep (23 <28 29 29 29 20

Oct (26 26 26 26 26 9

'
Nov <23 23 24 24 25 17

Dec <20 <21 23 23 24 20'

Jan 1976 (17 18 22 21 24 17

Feb (18 18 21 22 23 26

Mar (23 22 24 24 25 26

Apr <24 23 24 24 24 14

May 23 24 26 25 26 14
,
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TABLE B-1
(conti nued)

SURFACE WATER TEMPERATURES.

FROM BEACH TO FLORIDA CURRENT s

IN THE VICINITY OF HUTCHINSON ISLAND'

s

Surface water tercerature (*C)
Florida Cureent.

Distance of
60 ft 600 ft West west well from

* Date Beach depth deeth wall Ma ximum beach (mi)

Jun 25 25 25 27 27 28

'

Jul 23 23 29 28 29 19

Aug 28 23 23 28 29 18
.

Sep 1976 (23 28 28 28 28 21*

Oct (23 <23 25 25 26 30

Nov <23 23 25 25 26 24

Dec <20 21 25 25 25 27

Jan 1977 21 21 24 24 25 21

. Fee <17 18 22 23 24 24.

Mar <24 <24 25 26 25 21

.

acata collected by Geostationary Ornital Earth Satellite (GOES) and obtained,

from the Satellite Environmental Field Services Station, Miami.
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The intrusion of cold saline bottom water along Florida's central

east coast was termed upwelling by Taylor and Stewart (1959). Little is
,

known of the mechanism by *ich cold water penetrates the usually ''
8 unstratified waters of the inner shelf off Hutchinson Island. Lateral

current shear,. meandering, or spin-off eddies of the Florida Current may
'

be responsible for the presence of cold water (Lee,1971). Given the

homogeneity of inner shelf waters and the southeasterly direction of the
.

prevailing sucmer wi nd s, Ekman transport (a type of lateral eter

movenent) seems unlikely as the causative mechanism for these intrusions.,

However, Worth and Hollinger (1977) reported a total of six periocs

during late spring and sunner 1972-1973 wnen bottom and, in some

instances, surfa e water tenperatures wre depressed below seasonal

norms. Each period was preceded by susti'W t'inds from the southeast to

sot,tn (130' to 180*) sector *1ch tends to support the theory of the

rpwelling resulting from Ekman transport as defined by Smith (1968).'

.

From preliminary data collected during stratified surper condit'-is

on the middle shelf (1130 ft) off North Carolina, Blanton (1971) r ported
!

i that onshore flow of Gulf Stream waters at the bottom was c:npensated t''

|

| offshore flew of shelf water at the surface. A schematic mocel in ,

i
that vertical mixing between shelf water and Gulf St *am - s

weakened portions of the pycnocline could account for ts.1 1 % .. cool

dense bottom water often observed in the midshelf region (approximately

30 mi seaward of the beach) off North Carolina.

r-

B-12

|

|
!

- _ _ _ _ _ . - , . , . . . - __ _ . . _ __



.

t

.

Fierica Current Hydeograohy

Wennekens (1959) reported that mater teperatures in the esters
,

portion of the Florida Current ranged from a winter low of 25*C to 30*C '

(78.8* to 86.0*F) during surper. Niiler and Richardton (1973) reported a.

seasonal range of 24' to 27'C (75.2* to 80.6*F). Salinity in the

* Florica Current has been reported to range between 36.1 and 36.0 pot

(Wennekens,1959).
.

During spring and surwer, several important climatic and
,

hydrographic changes occur that can cause significant compositional

changes in shelf waters off Hutchinson Islana:-

1. Area wather caes increasingly under the influence of the
Azores-Bermuda high pressure system with its associated
southeasterly wines (Stommel,1965);

2. Greater in:olation of the Gulf Stream produces stratifications
and formation of thernoclines mich periodically break downi

(Leming,1971);

3. There is an observed increased flow of the Gulf Stream systen
,

[M111er and Richardson,1973), especially the estern ell of
the Florida Current (Lee,1971).

.

The predominance of southeasterly winds during sununer tends to pre-

vent the intrusion of low salinity Carolinian shel f water into the

southern shelf area. Thus, the shelf water mass south of Cape Canaveral

diminisnes in size and is replaced by water of high salinity (Worth and

Hollinger, 1977). Lee and Mayer (1976) showed that lateral current

shcar, Florida Current meandering, and spin-off eddies frequently occur

along the southeast coast of Florida. An average of four eddies per week

was recorded during a 10-month period at Pompano Beach, Florida. Passage

B-13
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* of these ecd'es brought warn waters of the Florida Current onto the very

narrow (C mi) shelf for periods that averagec one week. It is unknown
a "

at the present time dether spin-off eddies intruce onto the shallow ,,

inner shelf aff Hutchinson Island. Lee and Mayer (1976) found that fric-,

tional effects of shallow water (<10 m or 33 ft) tended to mina12e these

F!crida Current spawned events off Miami.:

' Rarely has oceanic water been observed on the inner shel f off

Hutchinson Island during winter (personal observation, R. Gallagher).

The winter predoninance of low-salinity shelf water and a relatively

steep temperature gradient in a seaward direction indicate that a density
3

'
differential may be of sufficient magnitude to prevent shoreward intru-

sions of the Florida Current beyond the outer shelf.'

Table B-2 shows the thernal structure of the shelf waters from the,

beach to the wstern wall of the Florida Current between Febrw.ry 1976

and Ma*ch 1977. Average distance of the western wall seaward of the St.'

Lue'e Plant was approximately 24 mi (Figure 3 2). The estern_ wall of
,

the Florida Current was usually near the 600-ft isobath some 20 mi

seaward of the St. Lucie Plant. Variaticas in the locations of the

Florida Current are not sufficient to bring the western ell of the

Current onto the inner continental shelf at Hutchinson Island.

B-14

.. . .

. .



|
l

|
1

.

i

.

TABLE B-2

SURFACE ISOTHERMS ''HICH OELINEATE APPROXIMATE DISTANCE=.
OF THE FLORDIA CURRENT R34 THE --

ST. LUCIE PLANTA

.

Approximate
Surface isotherm distance from Plant area watea ,

delineation in plant in tenperature in )
Date 'C t r) km (mi) *C (*r) '

10 Feo 1976 23.0 (73.4) 43 (27) 18 (64.4),

25 Mar 25.0 (77.0) 45 (28) 23 (73.4)

20 Apr 24.0 (75.2) 19 (12) 23 (73.4)*

18 May 25.0 (78.8) 19 (12) 25 (77.0)

8 Jun 27.0 (80.6) 50 (31) 25 (73.8)
.

20 Jul 29. 0 (84. 2) 34 (21) 27 (80.6)

17 Aug 29. 0 (84. 2) 34 (21) 28 (82. 4)

14 Sep 28. 0 (82. 4) 34 (20) 27 (80.6)

30 Oct 25.5 (77.9) 50 (31) 23 (73. 4 )

16 Nov 25.0 (77.0) 39 (24) 22 (71.6)

10 Dec 25.0 (77.0) 39 (24) 20 (68.0)

11 Jan 1977 24.5 (76.1) 39 (24) 2 2 ( 71 .'6 )

8 Feb 23.0 (73.4 ) 40 (25) 17 (62.6)

18 Mar 25.0 (78.8) 34 (21) 23 (73.4)

aData obtained from Department of Transportation, U.S. Coast Guard
Oceanographic Unit. Aireorne Radiation thermometer programs.
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The offshore waters adjacent to the St. Lucie Plant are derived fran ,,

;' - three sources: the Indian River, the continental shelf, and the Florida
,

Current. These are distinct bodies of water, each with characteristic

temperatues and salinities. The continental shelf waters provide most.

of the eter used by the plant. The Indian River system has little
;

t effect in moderating physical characteristics of the shelf water near the'

pl ant.

i

I
! The Florida Current rarely sweep: within 12 mi of the shoreline at

St. Lucie, and the yearly average distance of the current's nestern edge

is about 24 mi offshore.
,

,

'
,

I

a

I

,

'

'
6
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C. FISH

s.

INTRCDUCTICN

* The adult fish community found offshore of the St. Lucie Plant may

be affec'M by plant intake or discharge operations. The plant intake
,

operation affects fishes by entrapment into the intake canal . Sone

fishes may be impinged on the traveling screens from the intake canal;

others take up residence in the canal itself or fall prey to those

already there. In either event, they are lost to the offshore ecosystem.

Effects of the plant discharge are primarily associated with the themal

alteration of a portion of the offshore habitat.

EFFEC 1 0F INTAKE ON FISHES4

The density and distribution of fishes are related to such factors

as season, time of day, habitat preference, migration, spawning, tidal

cycle, and wather conditions. Accordingly, the degree of impact

resu 'ng from intake of fishes is related to the density and distribu-

tion of fishes in the insnediate vicinity of the intake structure (Sharma,
,

1978). While some individual species have a high sensitivity to and

avoid the horizontal currents associated wi th a velocity cap intake

structure, other species are likely to be drawn into the intake

structure. Presumably, the number of fishes entrapped wuld be propor-

tional to the volume and/or velocity cf plant flow.

Monitoring of the fish canmunity from 1976 through mid-1990 indi-

cated no large accumulation of fishes entrapped in the intake canal.
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Although impingement rates probably do not represent the number of fishes

in the canal at any point in time, they do reflect the general abundance,

of fi sh.es taken into the syste during a long period of evaluatian.

1mpingement studies conducted from early 1976 through 1978, while Unit I*

was in nomal operation, showed a calculated mean annual impingement of

81,931 fishes weighing 628 kg (1384 lbs). This was not considered to be

a large number of fishes or biomass reeved from the ecosysta (AB1
,

1979).
'

.

The normal plant flow for Unit 1 (as listed under plant 01scharce

Volume Rate in Table A-1) is 1150 cfs (2.81 x 106m3 per day) at con-

denser aTs of 26' and 28*F. At condenser ATs of 30* and 32*F Unit 1

6 m3 grflow is 1075 cfs (2.63 x 106 m3 per day) and 1000 cfs (2.45 x 10

day), respectively. The degree of impact resulting fran intake effects

is thus expected to be lower at condenser ATs of 30* and 32*F than at 26'

or 28'F because total Unit 1 flow will be reduced den the plant is

operating at the h*gher condenser temperatures. The addition of Unit 2

will double the ater intake for each of these operating modes and

accordingly, Could potentially increase the impact.

EFFECT OF DISCHARGE ON FISHES

The effect of the dischaqe on adult fishes is associated with the

volume of water disc *arged offshore that has temperatures high enough to

exclude or limit fishes from the area. The adult fishes offshore of the

St. Lucie Plant are highly actile and will actively avoid areas that are

too hot.
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wurtz and Renn (1965) stated that weten mose tenperatures regu-

larly exceed 95'F would not be expected to support a large or diverse4

fish population. Bush et al. (1974) gave a general upper taperature
* limit for all bony fishes of about 100*F, and 86'F for the sharts and

rays. Tropical organisms live within 18' to 27'F of their lethal ther nal
.

limits (Mayer,1914); they soldas live in waters above 88* or 90*F (de

Sylva,1969). In summarizing data assembled frar. the literature on upper
,

lethal limits obtained for laboratory specimens of larval, juvenile, and

adult marine fishes, de Sylva (1969) showed that most marine fishes do

not survive water temperatures higher than 95'F.
s

In studies on Galveston Bay, Texas, Gallaway and Strawn (1974, 1975)

found that all indices of species diversity declined den mean surface

ternperatures exceeded 95'F, although most species were abundant in waters
' with tenperatures as high as 01' to 95'F. Species found at tenperatures

i

higher than 95'F were the sea catfish and Atlantic croaker, found at ten.
,

peratures of up to 99'F, and the striped nullet, found in water of up to

104'F. The Galveston Bay studies showed that gulf nennaden and bay,

anchovy (species conmon in the St. Lucie area) avoided temperatures of

86* and 91'F, respectively. Occasionally, sea catfish and gulf menhacen

did not avoid the heated area and wre killed. These exceptions to the
j

avoidance behavior pattern were unusual and involved relatively few

! Individuals.
|

|

Although temperatures near 95'F will no doubt exclude or ifmit most

fishes found in the St. Lucie area, exclusion fran a thermally influenced
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area does not imply morta11 ties. The most probable effect of thermal

increase in an open systs would be directive, that is, resulting in
,

avoidance. The size of the zone from *1ch fish are excluded will vary

with the discharge tenperature and volume **d the size of the+

corresponding plume. Total exclusion will probably occur from the point
' of discharge at the diffuser to the 95'F isotherm. The volumes of water

enveloped by the exclusion zone for Unit 1 (95*F or higner) range from
,

about 0.3 acre-feet at a condenser ai of 26V to 0.5 acre-feet at a con-

denser AT of 32*F. For Unit 2, the volumes of ' nater enveloped by the

exclusion zone is aoout 0.2 acre-feet for ATs ranging from 2S*F to 32*F

(FPL,1980).
,

.

'

Within the plume, a zone varying from exclusion to nonexclusion of
,

fishes would be taperature , time , and species-specific. This transi-

tion zone is considered to occur at tenperatures from 90* to 95T. The'

volumes of water enveloped by the 90*F isotherm for Unit I range fran
'

about 10.9 acre-feet at a condenser AT of 28'F to 23.1 acre-feet at a

condenser ai of 32*F. The discharge from Unit 2 would create an exclu-

sion zone inside the 90*F isothem of less than 20 acre-feet regardless

of temperature (FPL,1980). During two-unit operation, the diffuser 11pe,

will be used preferentially den only one unit is on-line. In this

situation, increased efficiency of heat dispersion by the diffuser will
I reduce the plume associated with Unit 1.

A zone of nonexclusion, or nonavoidance by fishes, will probably

1 occur within the plume dere temperatures are less than 90*F.
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Coutant (1974) ncted that it is the proportion of the potentially

suitable habitat modified by the thermally influenced water volume, rath-.

er than the specific volume, that is especially important. For Unit 1, ''
' the total volume of water '1.e., the exclusion and transition zones

combined) that may be limiting to adult fishes offshore of the St. Lucie

Plant ranges from 10.9 to 23.1 acre-feet. Although the volume that may,

be Ilmiting to fisnes at a condenser af of 32T represents more than a
,

two-fold increase over the volume at a condenser aT of 26T, the volume

of plume-affected water is still small in relation to available habitat.

Ten and nine tenths (10.9) acre-feet and 23.1 ac re-feet represent

| approximately 0.01 and 0.02 percent, respectively, of the volume of the

static a'rea of potential impact delineated in Section A, " Introduction",

of this report. Additionally, these volumes are projected for a high

ambient water temperature of 85T in Septemcer; less of the study area
,

would be affected during most of the year.

Motile adult fish muld rarely be killed by heated water unless

i trapped. They will migrate from lethal conditions or congregate in areas

wi th sublethal or near-optimal water temperatures (Sylvester, 1972).

Bull (1936) demonstrated a precise temperature discrimination in a wide

variey of species, obtaining responses with thermal increases as small as

0.05T.
|
|

!

| Numerous field studies at power plants have shown sunener avoidance

of thermal effluent by fisnes. In Florida, avoidance of themal effluent

by fishes has been reported by Carr and Giesel (197i;) at Jacksonville; by
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Grimes (1971), Grimes and Mountain (1971), and Homer (1976) at Crystal
,

River; and by Nugent (1970) at Turkey Point. A trend in the degree of
,

thermal avoidance by fishes is indicated in previos studies. Fishes in

the shallow waters of tidal creeks and salt marshes 4abjected to heated'

effluents (Nugent. 1970; Carr and Giesel , 1975; Homer, 1976) were
'

affected to a greater extent than those inhabiting stallow bays (Adams,

1974). Fishes in deeper bay waters (Gallaway and Strawn,1974) were even
,

less affect 1 An extensicn of this trend, that is, less thernal effect

with increasing size of the receiving body of water, could logically be

; applied at the St. Lucie Plant, unere thermal eff1',ent is discharged into

an open oceanic area strongly influenced by weather, water currents, and
,

tidal action. In addition, resistance to lethal temperatures is greater

with slowly increasing temperatures than with an aerupt change in the

higher temperature ranges (Sylvester, 1973). Fishes would slowly

encounter increasing teoperatures as they moved tr'.a the thernal plume

disOarged offshore of the St. Lucie Plant and effectively avoid eter

temperatures that were too hot.

SUN Y

The plant intake can affect adult fishes by entraoment in the intake

canal and potential impingement on the intake traveling screens. The

degree of impact re:ulting from intake effects is expected to be lesser

at condenser ATs of 30' ad 32'F than at 26' or 23*F because plant flow

wili be reduced ..?en the plant is operating at the higher condenser

I

tempeestures. The addition of Unit 2 will double the water intake,

however, and could potentially increase the impact.

I
i
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The plant discharge affects adult fishes by excluding or limiting

them from an offshon aria of increased temperatures. Within the themal.

s-

plume, total exclusion of adult fishes will probably occur 'nside the

95'F isotherm, partial exclusion from about 95* to 90V, and nonexclusion*

at temperatures less than 90V. The volumes of water frmi both units,

.

which may limit adult fishes offshore of the St. Lucie Plant, is not

expected to exceed a volume of 25 acre-feet over the taperature range of
,

25' to 32*F. Although the affected water volume increases more than two-

fold over this range of condenser ATs, the highest volume (at a condenser

AT of 327) is only 0.02 percent of the available habitat. Additionally,
'

these volumes are projected for a high ambient water tarnperature of 85V'

in September; less of the study area would be affected during most of the

ytar.

I

i
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8 0. ICMTHYOPL AWTON

' '-

IN'200UCT10N

Ichthyoplankton consist of fish eggs and larvae that passively crift
,

or lack sufficient mobility to maintain themselves in a current. Because

most marine fish species are pelagic spawners, ichthyoplankton have a -
a

wide distribution and thus can be carried consideraole ' distances by

8 currents. The ichthyoplankton comunity off Hutchinson Island includes

the developmental stages of important forage fishes such as anchovies,

herrings, and mojarras and important economic fishes such as drums and

pompanos. As these planktonic forms am carried to the vicinity of the
,

St. L'ucie Plant, they become suscectible to entraiment through the plant'

i and into offshore them41 plume dircharges.
i

Morta11 ties resulting from plant entraiment are caused by'
,

mechanical , chemical , and temperature-related , stresses associated with

passage through the cooling systen (Marcy,1975; Schubel et al.,1977).

Because ichthyoplankton are primarily pelagic, the runter of organisms

entrained through the plant is directly related to the volume of water'

that passes through the plant. Regardless of the cause of mortality, it
i

is assumed that no plant-entrained ichthyoplankton survive. However,
i

ichthyoplankton can survive offshore plume entrairinent den plume tem-
,

peratares are not above a species' colerance level.

The effects of entrairvaent on ichthyoplanktoa into thermally ele-

vated waters depend on variables such as specific species tolerance and

time-temperature relet! *nships. For this report, however, it is assumed

D-1
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that a temperature of 95'F exceeds the lethal limits for most species,'

regardless of exposure duration (Table. 0-1; de Sylva,1969). % -

3

ICMTHYOPLANxTCN AT ST. t.UCIE
3

Fish eggs and larvae were collected near Hutchinson Island from 1976
.

througn 1979 (ABI,1977,1978,1979,1980). The numbers of eggs and lar-'

vae per cubic meter were calculated for September, the month having the

highest average ambient water temperatures. Mean numbers of eggs anda

3larvae were 1.453 and 0.694 -individuals /m3 (1.111 and .530/yd ),
,

respectively. These values we e calculated from replicate data obtained

at offshore Stations 1 through 5. It should be noted that the average
e

egg and larval densities obtained wre based on surface samples only and -

thus may not accurately represent egg and f arvae densities in the entire

water column.

EFFEC's ON PLANT-ENTRAINED ICHTHYOPLANKTCN

With the concurrent operation of Units 1 and 2 at a 25' or 2S*F AT,' '
+

the volume of watee entrained through the plant woild be accroximately

2300 cfs or 5.62 x 106 m3 per day. Potentially, under these operating

eggs and 3.9 x 106 larvae per day would beconditions , 8.2 . x 106
,

,

impacted. The potential operating nodes that would increase the con-

denser AT to 30* or 32*F would have an associated decrease in flow ratei

through the plant resulti*g in a proportion 41 reduction in ichthyoplank-

ten mortalities (Table 0-2). If the operating mode resulting in a con-'
,

,

censer AT of 32*F is consfiered, a 12.8 percent reduction in flow volume
.

would occur along with reduced ichthyoplankton mortalities of 1.1 x

106 eggs and 0.5 x 106 1arvae per day. ,,'
,
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TABLE 0-2

a
NUMBER OF ICHTHYOPLANKTON KRTALITIES (x 106 PER DAY) RESULTING FROt

ENTRAINMENT AT VARICUS DISCHARGE TEMPERATURES (.1T) IN SEPTEMBER
**

|

Ecos) a

Plant entrained Plume entrainedb Total entrained

si (*F) Unit 1 Units I and 2 Unit 1 Units 1 and 2 Unit 1 Units 1 and 2+

26 4.1 8. 2 19.9 39.8 24.0 48.0
,

1 28 4.1 S.2 21.8 43.5 25.9 51.7*

i

30 3.8 7. 6 22.1 44.1 25.9 51.7
4

32 3.6 7.1 22.1 44.2 25.7 51.3

4

|
1

L a rvae

Plant entrained Plume entrainedb Tetal entrained

si ('F) Unit 1 Units 1 and 2 Unit 1 Units 1 and 2 Unit 1 Units 1 and 2

25 2.0 3.9 9.5 19.0 1.1. 5 22.9
_

|

28 2.0 3. 9 10.4 20.8 12.4 24.7
'

30 1.8 3. 7 - 10.5 21.1 12.3 24.8
|

32 1.7 3.4 10.6 21.1 12.3 24.5
,

aSased on average density of 1.453 eggs /m3 and 0.694 larvae /m3.

DFrom the point of discharge at the diffuser to the 95*F 1sotherm.
'

,

!'

.

I

e
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8 EFFECTS ON DLUME-EN7AINE3 ICH'HYCPL ANKTCN

As plant discharge mater is diluted into offshore receivine, waters,

ichthyoplanKters will bec:yne entrai.ned into isotheres in excess of their"

themal tolerances. The dilution rate required to reduce the discharge
,

water fran a temperature of 111'F (25'F accve scient) to the 95'r
'

a isothern is 11 .98 .fs or 27.38 x 106 33 per day (Table A-1).

3 Egg morCies per day due to plume entrairnent, as calculated fram

mean Septemoer values, would increase from 39.8 x 106 incividuals at the

present maximum discharge ai of 25'F to 44.2 x 106 individuals at a pro-

posed concenser ai of 32*F (discharge tenperature of 117'F; Taefe 0-2).
,

6 individuals atLarval mortalities per day would ' increase fram 12.0 x 10'

i a condenser ai of 25'F to 21.1 x 106 individuals at the proposed con-
i

denser ai of 32*F. Dilution volume recaired to reduce the discharse tem-

|
perature to tolerable levels increases wi th increasing condenser

|
temperatures up- to 32*F. Ichthyoplankton mortalities would also increase

I proportionally.
"

'
TOTAL ENTR AI'O'ENT EFFECTS

Total entrainment refers to the numcer of ichthyoplankton lost in
i

passage through the plant plus the mortality associated with the offshore

dilution volume. Expressed as the number of ichthyoplankton mortalities,

per day, egg mortalities from both units would increase from 48.0 x

i ' 106 individuals at a condenser ai of 25'F to *ust over 51.3 x

| 106 individuals at condenser ais of 28', 30*F and 32*F. Larval mor-
a talities would range from 22.9 x 106 individuals at a condenser at of

i

i
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a

',
* 25'F :o just ova, 24.5 x 106 incividuals at condenser ATs of 28*, 30*,

' and 32*F (Table 3-2).
' s.

Assuming an even distribution of eggs and larvae in the water, thej - ,

percentage of organisms in the region of potential impact that would be

i affected is the same as the percentage of water affected by the plant

3peration. Under static (worst-case) conditions, 23.0 per:ent of the
' volume of water in the region of potential impact at a condenser ai of

26*F. would be utilized for either plant cooling of Poth units or plume
i .

dilution to 95'F (Table D-3). Under dynamic conditions, o,1y 7.0 percent

of the volume of this same region is utilized at this AT. An increase in

the condenser temoerature to 28'F AT causes the percentage of the volume

of the region pot:ntially impacted to increase 1.7 percent and 0.6 per-

cent under static and dynan'ic water conditions, respectively (Table 0-3).

- Condenser ATs above 2S*F have little effect on the percentage of the

volume of the defined region utilized under either static or dynamic

water :enditions. Thus, the alternate modes of operation would affect ~'

j less than 2 percent of the region of potential impact.
'

;

4

$U*AR Y
,

Ichthyoplankton mortality may occur as a result of entraiment in 1)

power plant condenser cooling stars and 2) thermally elevated plant
,

discharge waters. A 100-percent mortality of ichthyoplankton passing

through the plants is assumed. Thus, the number of individuals impacted'

would be directly proportional to the volume of water required to cool
,

the condenser units at the various operating modes. Condenser aTs of 30'

i
! ,
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TABLE 0-3

TOTAL VOLUMEa IMPACTE3 EM)RESSE3 AS PERCENTAGEa s-
OF THE VOLUME OF THE REGION POTEXT ALLY IMPACTE]

.

A Assuming static Assuming Qynamic
conditiCns Conditions

Condenser
3 SI l'F) Unit 1 Unit I and 2 Unit 1 Unit I and 2

26 11.5 23.0 3.5 7. 0

1

28 12.4 24.7 3.8 7.6

30 12.4 24.7 3.8 7.6
1

32 12.3 24.5 0.8 7.5

t

,

aplant discharge volume plus ocean dilution volume (anount of
water per unit / time required to cool discharge water at the especified condenser AT to 95'F).,

,

!

t

I

1

'

,

i

!

I
'

*

:

I

e
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2

or 32*F would have an associated decrease in flow rate through the plants

and would result in a proportional reduction in egg and larvae mortality.
,

However, as condenser temperatures increase, the dilution volumes

required to reduce the discharge tenperature to tolerable levels would*

also increase. Plume entrainment wrtalities would therefore increase
,

with condenser temperature.

.

I
.

;

When overall entrainment mortality is considered (total runter of

ichtnyoplankton lost in passage through tha plant as well as mortality

associated with the offshore dilutten ' volume) condenser ATs acove 25'F

results in an egg or larvae mortality inc* ease of less than 2 percent.'

e

i
;

4

0

,

e

*
d

|

0

4

0
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E. MAP!NE TURTLES'

4
s.

IN3 00UCTION

Marine turtles, from egg to adult, are closely tied to their themal
a

enviroment. Each reptilian species has a characteristic preferred tem-

i perature range wnich is thought to be the range in dich various phy-

siological processes function optimally, Turtle respense to temperature

detemines in part their distribution, behavior, and biology.'

MARINE TURTLES AT THE ST. LUCIE PLANT

Three species of marine turtles are known to nest along Hutchinson
,

Island, Florida , in the vicinity of the St. Lucie Power Plant: the'

Atlantic loggerhead, Caretta caretta; the Atlantic green, Chelenia wdas;>

t

and the leathertack, Demochelys coriacea (Gallagher et al.,1972; Worth

and Smith, 1976). The loggernead turtle is the most abundant species
,

with an estimated 2000 females producing about 4000 nests each year (ABI,

i 1980). Green turtles are uncomon (less than 25 nest per year) and nest

primarily on the southern half of the island (Gallagher et al.,1972;
' Worth and Smith, 1976). Leatherback nesting is only occasicnal.

.

predators, primarily raccoons, destroy up to 50 percent of yearly

nest production e# forts (ABI, 1978). Although the hignest nest densities,

generally occur in the southern part of the island, predation is highest

i in the northern half of this island. Raccoon populations are apparently

highest in the nor*.hern half of the island where undisturned upland habi-
'

tats are abundant.

,
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i The nesting season begins with the arrival of loggerhead turtl es,

generally during the first wek of May, and contirmes througn August.
s.

,

Nesting activity is typically highest during the tenth week of the season

and declines steadily thereafter. While cs: turtles produce cnly one
,

nest per season, other turtles may return to the beach to lay as many as

five consecutive clutches of eggs with a lapse of about 14 days between
,

nestings. On the average, acout 120 eggs per nest incubate in the sand

for 55 days. The hatchlings then dig out and crawl tcward the sea.8

.
TEWERATL'RE CONTR01. MECHANISMS OF MARINE TURTLES

Reptiles can exert some limited physiological con *,rol over their
,

body temperatures by effecting changes in: 1) tt.e radiative pec;orties'

of the skin, 2) ventilation and evaporation, 3) blood flow, and 4).

.

metabolic rate (Bartholomew and Tucker,1963). Turtles are capable of

altering blood flow to the periphery of the body in response to extree
,

temperature changes (Spray and May,1972). For example, vasoco%triction

~t occurs upon heating, resulting in a reduction of blood flow in the skin

and carapace (Weathers and White,1971).
9

Hany reptiles control body temperature throu gh behavioral ther-
9

moregulation (Cowles and Bogert, 1944; Colbert et al . , 1946; Boge r. ,

1959; Dawson, 1960). ,savioral thermoregulation meenanisms in sea
,,

turtles include habitat selection, basking, and dornancy.

8

4

9
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J EFFECTS OF TEMPER ATURE ON MARINE TURTLES

The optimum body temperature range for marine turtles and the mecha-

nism by wnich they maintain 'hese temperatures is not conpletely s -*

understood. However, environmental temperature is known to affect many
I

aspects of marine turtle physiology and behavior.

I

Physioloav

i In a variety of reptiles, temperatures between 30* and 40*C (86* and
!

104'F) produce high metabolic rates and allow greater activity than lower
' temperatures (Cloudsley-Thompson,1971). Heartbeat rates and oxygen con-

sumption increase with increasing temperature (Hutton et al 1960). An

1 increase of 10*C (18'F) in acclimated animals usually results in a

doubling of metabolic rate and oxygen consumption. As body temperatures
a

approach a critical maximum, the ability of blood henoglooin to bind with

oxygen decreases. The oxygen-carrying capacity of reptile blood may be'

reduced as much as 40 percent at the extremely hign temperatures reptiles

encounter (Pough,1976).

I Eco-Layino Benavior

Seawater temperatures may influence the timing of nesting in marine
| 1

l turtles (Worth and Smith, 1976). Unseasonably war n ocean temperatures at

I- Hutchinson Island may have induced the 1975 nesting season to occur four
,

I weeks earlie- than in previous years. The influence of early nesting on

the population is unknown (A8!.1078).s

!

i
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8 Unseasonably cool or wam ocean temperatures may also cause large

variations in nest production and in the periodicity cf the renesting
4 s.

behavior of adult female loggerneacs (Caretta_ caretta). In South Africa,

Hugnes (1972) found that wnen ocean temperatures were unusually low,

(21.7'0, 71.1*F) fewer nests were 1:rocuced per season than een ocean

a teperatures wr e higher (24.3*C, 75.7'F).

I Eco Develooment

Temperature has a cramatic effect on reptilian embryogenesis and
,

hatchlings. Emoryonic metabolism increases with 'emperature, up to a

point; emoryos thus develop much faster in warm environments than in cool,

*
ones (Legler,1960; Goode and Russell,1968; Bustard and Greennam,1968;

Bustar'd, 1969,1971). The temperature range for optimal deve1coment is

relatively narrow. For Atlantic green turtles, Chelonia mvdas, the

hignest percentage of eggs hatched between 27' and .32*O (Bustard and
,

Greenham (1968). Embryos of tropical reptilian species, however, are

less tolerant of variations from their themal optimum than are temperatei

foms (Licht and Mocerly,1965; Bustarc and Greennam,1968).
i

There is no reason to suspect that the therna' plume would alter
i

subsurface sand t eperatures in the areas dere turtle eggs are

deposited.
,

*

!

.
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Hatenlino Benavior,

Increased temperatures inhibit the nest emergence behavior of green

turtle hatchlings (Sustard, 1967; Mrosovsky and Shettlewortn, 1968; s.'

Mrosovsky, 1968). Phototaxis, essential to the sea-finding atility of
a

all marine turtles, is also inhibited in green turtle hatchlings at tem-

peratures between 29.5'C (33.3*F; Mrosovsky, 1968) and 33.0*C (91*F;
,

Hendrickson, 1958 ). These are beneficial effects in that they promote

i nocturnal energence which reduces hatthli ng predation. The thernal

influences on hatchling behavior are therefore selective adaptations to
* the brief terrestrial phase of the life history of marine turtles.

Physiological studies with green turtle hatchlings show an increase*

in oxygen consumption rate as a function cf temperature (McGinnis,1968).
,

Youe.g turtles would thus need to sudace for air more frequently as tem-'

peratures increase.
i

THERMAL MAXIMA CF MARINE TURTLES,

Critical thermal maximum (CTM) is cefined as the' temperature at

I which locomotory activity becomes disorganized and the animal loses its
:
!

ability to escape from conditions that will promptly lead to its death"
i (Cowles and Bogert, 1944). Lowest CTM's ( 39. 0*C , 102.2'F) occur in

l aquatic species of turtles such as the soft-shelled turtles, Trionyx
j.

i

ferox, dile highest CDi's - (43.9'C, 111'F) occur in terrestrial fanns

I such as the sopher turtle, Gopherus polyeness (Hutchinson et al.,1966).
,

These upper limits appear to conform to the geographical ranges of the

species and the habitats in dich tney resice. Additionally, those'

.
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3 turtles with large body mass have somewhat lower tolerances to tem-

perature extremes.
A

s.

Themal maxima in marine turtles (Cheloniidae and Demochelyidae)
,

4

may be saewnat lower than in other ici er foms. Captive green and

leathertack turtles raised at the Miami Seaquarium during the sunner of.

1975 exhibited abncmal behavior den tank taperatures approached 27'C

(80.6*F). The turtles stopped eating and were found floating listlessly'

on the surface. All individuals died den tank temperatures exceeded

29'c (84.2*F; personal conmunication, Ross Witham). No infomation on:

the synergistic effects of ternperature with other enviramental variaoles
,

' is available.

4

1

Teperature tolerance indicated that 50 percent of loggerhead turtle

hatchlings cannet survive contiruous exposure to taperatures in excess

of 37.4*C (99.3*F; ABI, 1978). Swiming speed is reduced at temperatures

higner than 30*C (86'F) and phototaxis is completely inhibited at tem-

peratures higher than 33*C (92*F; 0'Hara,1980).
O

PLANT EFFECTS ON MARINE TURTLES
i

During plant operations that produce a 23'F ai, the combined area

enclosed by the 2.0*F above ambient isothem from discharges of both
,

Units 1 and 2 is approximately 405 acres (FPL,1980). This area would
'|

5 constitute a habitat where the themal addition might influence the

swiming speed of hatchli ngs. At aTs of 30' and 32*F, the area of

' influence would increase to no more than 644 acres. The reduction in

i
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3

swiming speed through the plume area would be ternparary because tested
3

hatchlings resumed nomal swiming after leaving the region of themal

* elevation. s.

' Hatchling phototaxis would be innibited in the areas enclosed by a

92*F isothem. This temperature would be produced only during the 30'
s

and 32*F AT regimes associated with Unit 1. The rapid dissipation of

heat from tne Unit 2 discharge prevents surface temperature from reacning
a

92*F. For the St. Lucie plant, the 92*F isothen encloses less than 2

acres. Depending on the plume configuration, this area wy be 200 to 400'

ft wide. The ructer of turtle hatchlings that would encounter this band
I

of water would be extremely small. Hatchling turtles entering thisi

heated area would probably be carried cut o# the area by the discharge
,

currents. In addition, hatchling turtles are positively buoyant and thus'

swim in surface waters where temperatures apparently do not reach 92*F.,

1

SLt9'AR Y
1

Naturally occurring, unseasonably wa m ocean waters nave been

i related to the initiation of tarine turtle nesting four weeks earlier

than normal. Although wcn an event is unlikely, wem water discharge

from the St. Lucie plant could possibly attract a few egg-laying females'

toward the beaches adjacent to the plant. The ramifications of this
I

possibility for the well-being of these individuals and their nests are

unknown.
,

e
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,

Reduced swinsning speed by hat:hlings is expected den they encounter.

thernal regions over 30*0 (86*F). Disorientation may occur in hat:hlings

that encounter waters heated to 33*O (92*F). At St. Lucie, the areas''*

i exposed to these tem eratures is estimated at less than 2 acres during a
.

worst-case (e.g., Septemoer operation of both units) situation.

.

The high mobility of adult turtles will enable them to avoid unf a-
1

# verable ternceratures. Hatchling turtles exposed to temperatures over

33*0 (92*F) would be stressed but these hatchlings may be a le to
' reorient after leaving the exposure area.

.

I

1
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a F. BENTHIC MACROINVERTESR ATE 3

'
INTRCCUC*ICN '-

The benthic macroinver*Arate community in the vicinity of tne St.
s

Lucie Plant has three caponents: the offshore benthic conmunity dere

adult foms may be found, the offshore mercolanktsnic' invertebrate com-
,

munity dere larval foms may be found (see Section H. " Zooplankton") and

the unique wom reef czmunity (see Section G. "Wom Reef") found inshore8

of the plant discharge. These components may be impacted by operation of
' the power plant units either by direct centact with the themal plume or

by entrainment of the pelagic larvae through the plant. It is antici-
4

I pated that pl ume water temperatures are highest in September, thus

impacts on organisms are expected to be greatest in that month.,

e

Entrainment via intake waters generally does not affect adults of*

I
the offshore benthic comunity because the mouth of the intake structure

takes in water from midwater areas #11e adult benthic organisms are clo-,

sely associated with bottom sediments. Heated effluent is presently

' discharged from Unit 1 via an offshore Y-port discharge structure.

Although the thernal plume rises quickly from this discharge, there is
I

some direct contact with benthic macroinver*.ebrates in the scoured area

near the structure.
e

Another discharge structure r,f the diffuser-type will be constructed
i

to service the additional discharge water of Unit 2 No scouring is

expected from this type of discharge and the heated w :er should rise'

quickly to the surface.
'
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e TFERMAL EFFECTS ON BENTHIC MACR 0iNVERTEBR ATES

Yarious effects on benthic macroinvertebrate communities have been
a attributed to power plant themal ef fl uents. These effects include *

alterations in species diversity, biomass, species czposition, density
,

of individuals, and species richness. Kolehmainen et al . (1974) found

that species empcsition and biomass in a Puerto Rican bay wre unaf-
,

fected by teciperatures below 34*C (93.2*F), but at temperatures between

34' and 35'C (93.2* and 95.0*F) the numoer of species dropped abruptly.8

Virnstein . 972) suggested that taperatures of 32' to 33*0 (89.5* to
' 91.4*F) .ere restrictive to the benthic fauna in an area of Tampa Bay,

Florida. Bader a.a Roessler (1972) indicated an optimum temperature
,

range of 25' to 28*C (78.8* to 82.4*F) for diversity of species and maxi-'

mzm number of benthic organisms in Biscayne Bay, Florida. They reporteda

' Wperew exclusion of species at 30* to 34*0 (86.0* to 93.2*) and

stated that " temperatures above 32* (89.6*F) are harmful to marine life,'

I

with few exceptions, if sustained over the natural tidal cycles."

Although these studies wre condue*td in relatively confined eters of

bays and estuaries, absolute temperatures of 32' to 34* (89.5* to
' 93.2*F) should be consideres limiting to marine benthic foms.

i
DLANT EFFECTS ON Tut BENTHIC COMcJNITY AT ST. LUCIE

Applied Biology, Inc., has conducted a survey of the benthic
,

macroinvertebrate cemenity at the six offshore stations near the St.

Lucie Plant since Marc.:* 1976. Results indicate that the marine environ-

ment in the vicinity of tht plant supyrts a rich and 6: verse assemolage

of benthic invertebrates. Densittas at the six stations ranged fran 300'

*
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3individuals /m2 (392/yd3) in June 1976 to 24,15C/m2 (31,588/yd ) ini

Septem er 1976. Snipek gesb sampl2s taken in Septemcer of other years

occasionally demonstrated hiiher densities than those taken at etner ~*

months of the ye. .
s

Monitoring conducted by ABI since March 1976 has indicated that
,

operation of St. Lucie Unit 1. has had minimal impact upon the offshore

benthic fauna (ABI, li'7,1978,1979,1980). Although seasonal variatione

in community structure parameters was sommmes considerable, significant

differences attributable to plant operation wre not observed between'

test and control stations in any one year. Significant differences were

not observed between years of baseline monitoring (1971-1973) or years of

intermittent (1976) or full-time operation (1977-1979). The discharge
,

,

temperature showed few correlations w".h any seasonal c3nmunity parameter'

(variation ir density, di versity, equitacility , biomass, or c:mmunity

structure) at any one station (ASI, 1978, 1979, 19'1).
.

.

Minimal impact is made possible by the limited exposure of the

benthic cmsnunity to the ther nal plume of Unit 1. In general, the plume'

rises rapidly to tre surface and affects only the immediate scour area
* near the discharge jets of tne Y-port di scha rge. Only organisms in the

innediate scour area are affected by the higher temperatures. Although
i

the size of the plume will be increased with two units in operation, the

diffuser-type disc *iarge to be c:nstructed for Unit 2 will not increase,

the scour area. The plume will rise rapidly to the surface dere it will

' have little effect on the benthos. In the event that a reduction in cir-

'
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' culating water flow rate occurs and h?gner ATs increase the discharge'

$ temperature, the lack of direct contact of the plume and the benthic c:rn- !

"
munity will negate any potential effeu.s of the war per discharge."

i

a

Another factor that contributes to minimal impact is the pnysical
;

.ocation of the St. Lucie Plant. Hutchinson Island lies near the boun-,

daries of the Carolinian and Caribbean zoogeographical provinces (Briggs,

1970). Although the invertebrate fauna can be considered primarily'
i Carolinian, organisms with boti temperate and tropical affinities inhaott*

the area during certain portions of the year. Warming taperatures

t during the late spring and suoner months appear to enable organisms of
,

trcpical origin to settle and survive in the area, with maximum immigra-8

tion occurring around September den water temperatures are highest. Thee

immigration of tropical forms evidently surpasses the extinction of cold

water species because the numcur of individuals, ra:mber of itxa , and
,

diversity increase during this period. Biomass is low, however, because

1 of the small size of the newly metamorphosed individuals. When te-

peratures begin to cecline, many of the tropical species disappear, and a

f
decrease in the raanter of taxa and density of organisms is coserved.

(
!

Indivicuals of the remaining temperate species increase in size after
! e

Septemcer anc thus biomass increases.

i

SUM *AR Y

Under normal operating conditions, the Unit 1 impact on the benthice-

connunity is limited to the scour area dere the heated 'et of eter'

' comes in contact with the substrate. The addition of a second unit with

|
! i
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a

a diffuser discharge pipe will increase the volume of heated eter but'

will not increase the size of the scour area of Unit 1. The benthic can.
%*

.
munity near the Unit 2 discharge is not expected to be impacted. Shculd

the temperat re of the discharge be increased, the themal plume willa
,

continue to rise quickly to the sur#4ce and will have minimal impact on

the benthic comranity..

.
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G. WORM eEEr5'

* ,.

INTROCUCTICN

The sabellariid polychaete Phracmatecoma lapidesa is a colonial wom*

that lives primarily in the intertidat zone. Its colonies are composed
, of thousands of sand tubes, each constructed by an individual wm. The

colonies expand to form extensive rock-like structures, Aich appear as
.

small reefs lying roughly parallel to the shore.

P. Jeoidosa is a tropical marine species dose known geographic

range is from Brazil to southern Florida {Hartman,1944). Along the*

eastern shore of Florica, wors reefs usually occur in isolated patches

from Biscayne Bay to Cape Ca9averal (Kirtl ey, 1966). One worm reef,

known as Walton Rocks, is located approximately 1 mi south of the St.

I Lucie Plant discharge. The nearest catiparable reefs are located at

Seminole Shores, about 12 mi south of the plant, and at Ft. Pierce

!
Inlet, about 9 mi to the north.

Wors reefs support a unique community, providing food, substrate.i

|

! i
and shelter for organisms that otherwise could not exist in the high-

energy surf zone (Gore et al . , 1978). A great variety of fisn and

macroinvertebrates have been found on the reefs (Gilmore,1977; ABI,'

1977a,1979a). Among the macroinvertebrates wre some decapod Cr*Jstacean
;

l
,

species that are apparently found almost exclusively in association with

P_.
taoidosa reefs (Gore et al.,1978). Environmental factors may affect

,

not only the worvs of the reef but also the associated fauna of the reef

convitunity.a
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* Worm reefs have been reported to help staoilize beaches by-

deflecting waves (Kirtley and Tanner, 1968; Courtenay et al . , 1974).
s..

However, both the wom colony and accumulated sand are susceptible to

damage by extreme wave action during storms. Althcugh sucject to su'ch
,

naturally occurring destructive forces, the communities generally appear

to have long-tem stability (Gore et al .,1978; A8I,1979). Possiblea

year-round recruitment of P,. _lacidesa laecae and of associated worn reef

species (e.g., decapods) in addition to rapid reef repair by existing'

acult P. lapidesa allow the c:mmunities to persist (Kirtley and Tanner,
t

1968; Eckelbarger,1976; Gore et al.,1978).

LIFE HISTORY OF PHR AGMATOPCMA LA?!005A
*

1

Larvae of P. lapidosa exist as raecters of the plankton conmunity and .a

.

are subject to movement by the ocean currents. A labora' tory study cf D.

lacidesa indicated that, at 21* to 23*C (69.8' to 73.4*F), farval
,

devel opment from fertilization to :netamorphosis takes 14 to 30 days

i (Eckel barger, 1976). The wom larvae subsequently settle out of tne

water column and attach themselves to stable substrates such as peat,

wharf pilings, rocks, or existing wm reefs. The colonies at Walton'

Rocks are attached to a shelf of coquinoid rocks that protruces from the
.

surf zone during extreme low tides. After settlement on a hard

substrate, the woms develop to their adult fom.
,

P. lapicosa apparently spawns several times during the year along

Florida's east coast. Larvae of two satellariid species, P_. lapicesa anc

S abe11ari a vulcaris, were abundant in the nearshore plankton off Ft.'

,

G-2
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Pierce in Fcrua ry, August, and October 1974 ' 'Eckelbarger, 1976).*

Eckelbarger (1976) found sabellariid larvae at si'..lar times of the year.
4 "

Sar:: ales were not collected in other xnths in that area. Polychaete lar-

vae (including pre-settling intermediate sta'ges) have been found
,

throughout the year in the planktsn near the St. Lucie Plant (ABI,1977b,

1978,1979b,1980). P. lacidosa larvae were not distinguished from etner*

polychaete species in these studies; however, polychaete larvae wre mest
' tbundant in March (1977), April (1978), August (1975 and 1976), and

Octot,er/Novemcer (1976 and 1977).

ONervations made at Walton Rocks indicated larval settlement of P.
' lapidesa occurred between October and January for three consecutive years

( ABI, 1977, 1979). In another study, settlements wre ested at Walton'

Rocks in March (Eckelbarger,1976). Observations made during 28 mcnths

of study at Seminole Shores indicated larval settlement only in
,

| Septemeer, ".ecemoer, and May. It thus appears that P. lacidosa has at

least three major spawning and settling periods on the east coast of'

Florida: a spring (Feorvary-April) spawn with settling in March /May, s
;

late suniner (August) spawn with settling in September, and an autumn

spawn (October / November) with settling in the auturm or winter (i.e.,
,

December).

i

Because P. lacidosa and many of the invertebrates 1Nnd in the wof":t

reef conmunity spend their larval lives in the plankton canmunity, they'

| are subject to movement by water currents. With predominant water move-
e

ment to the north in the St. Lucie Plant area the larvae dich settle at
|
\

! *
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Walton Rocks may be products of adults spawning south of Walton Rocksi '

(Worth and lollinger,1977). Likewise, larvae produced by adults at*

s.
,

Walton Rocks may be part of the recruitment for wormi reef cout.ntties

north of the St. Lucie Plant.
,

8 THERMAL TOLE 4ANCES OF PWAGMaTCCCuA L APIOCSA

In lacoratory tests, Eckelbarger (1976) found that the optimum ten-

perats e range for development of P. lapidosa larvae from fertili:ation'

*

to 48 hours old is 14' to 26'O (75.2* to 78.8'F). At 29.5'O (35.1'F),
.

only 50 percent of the larvae developed during the A8-hour test period.

At 35' (95'F), no encryonic development occurred. No infomrGn is
,

; - available concerning themal tolerances of the later larval steges, so

for purposes of this report, 35'C (M*F) is considered to cause 100-per.
[

I cent mortality.
.

t

Although no infomation is available concerning themal tolerances

8 of adult P ,. lapidosa found in the wem rocks, Eckeicarger (1976)

suggested that naturally elevated tenperatures may have played a role in
e the temporary destruction of the em reef at Walton Rocks in 1973. In

July and August of 1974, prior to operation of the St. Lucie Plant, water
t

temperatures of 30* (86'F) or higner were recorded at Walton Rocks (Gore

et al . , 1978 ). If Eckelbarger's theory is substantiated, any themal
,

addition from the St. Lucie Plant would accentuate the impact of

naturally destructive temperatures.s

e

s
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Potential thermal effects on mercolanktonic larvae of the associated*

won reef fauna would be similar to those cescribed in Section H,

s

" Zooplankton," cf this report. No information has been found concerning
ithemal effects on adults of species associated with worm reefs.

,

PUNT EFFECTS ON WORM REEFS,

The won, reer ;2nmunity as a whole may be affected by plant related

factors that affect P. lacidosa larvae, juveniles, and adults as well as'

the planktonic larvae, juveniles, and adults of associated reef Tauna.

The planktonic larval stages would be subject to entraiment through the

power plant and entraiment into the offshore plume. Juvenilss and

adults of the reef conmunity would be affected by onshore movement of the*

themal plume.e During entralment through the plant, larvae muld be8

s

subjected to thermal changes, mechanical damage, and enemical influences.

However, because it is the most significant factor, this discussion focu-
,

ses only on themal effects of plant operation on P,,. Tacidesa.

.

Thermal Effects en D. lacidosa tarvae
* In detemining plant effects, the worst-case result of 100-percent

mortality would occur for P. lacidosa larvae exposed to eter t en-
,

peratures of 95 'F or higher during plant passage or offshore plume

entrainment. While there are no data on the distribution of P. ,1; !j,d,g51
,

larvae in the water column, larvae are considered herein to be equally

distributed in the water column. The percentage of the standing crop of'

P. lapidosa experiencing 100-percent mortality can be estimated by can-
r paring the volume of water heated to 95'F or higher to the volume of the

t
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I

' cooler receiving water body in the area of potential impact. The volumes

of water contai .4 wichin the area of potential impact during static con-
.

ditions and di ring 17 cm/sec (.56 ft/sec) flow (dynamic) over a 24-hr"

period have been calculated for Unit 1 or Unit 2, and Units 1 and 2 con-:

bined (Table G-1). For each of the potential operating modes, the ther-

mal effects of entrairvnent are expressed as percentages based on relative*

water volumes for both static and dynamic conditions (Table 3-2).

Assuming a mean maxirum ancient water temprature of 85'F, all
.

potential operating modes would result in 100-percent mortality of P.

lacidosa larvae passing through the pl ant. These larvae reeresent;

'
approximately 2.0 percent of the standing crop of D,. lacidosa larvae at a

aT of 26*F under static wter conditions for one unit alone (Table G-2).'
,,

Only a small decrease in percentages for ATs of 30* and 32*F are noted

because of the reduced flow across the condensers. Less than 1 percent

would be affected under dynamic water conditions for all proposed ATs.

1 For Units 1 and 2 combined, these percentages should be doubled at each
t

particular temperature increase. Therefore, a maximum of 4 percent of
i e

the standing crop would be expected to be entrained through both units

during static current conditions (AT of 25'F). A minimum of 1 percent
,

should be observed during dynamic current conditions and reduced fl ow
r

i
rates. It should be noted that increases in temperature across the con-

densers change the percentages only slightly while the current decreases

8 the impact significantly.

I e

i

! '
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TABLE G-1
|
,

VOLUMES OF WAIER HEATED TO 195'F

4

Volume of of fshore
Volume of water water required to Total volume of water

AT across the entrained through dilute plant discharae heated to' _,

condenser pogr plant tg 95'F temperatures >95*F
(m /dayT3

(m / day) (v/ day)3(*F)

Unit I or Unit 2'

6 16.5x106
| 26 - 2.8x106 g 3,7,3 g

66 17.8x1028 2.8x106 15.0x10
j}

30 2.6x106 15.2x106 IT.8x106

32 2.5x106 15.2x106 3 7,7,g 06

Unit I aml Unit 2 combined

26 5.6x106 21.4x106 33.0x106

28 5.6x106 29.9x106 35.5x106

30 5.3x106 30.4x106 35.Tx106

32 5.0x106 30.4x106 35,4,gg6

i

a e
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TABLE G-2

PERCENIAM Of THE AREA Of lHPACT POTENilALLY UNDER STAllC AND DYNAMIC
.

'

' CONDjil0NS EXPOSED 10 ILMPLRAIURES OF >95'F'

;

1

Porcenta9e by volume Percenta9e by volume Total percenta9e by
entralned throu9i entralnel into volume elevated tof

AT across the plant of fshore plume temperatures >95'F;

! condenser
(*F) Static Dynamic Static Dynamic Static dynamic

4

Unit 1 or Unit 2

26 2.0 0.6 9.5 2.9 11.5 3.5

!) 28 2.0 0.6 10.4 3.2 12.4 3.8'

30 1.8 0.6 10.5 3.2 12.3 3.8

32 1.7 0.5 10.6 3.2 12.3 3.7

Unit I and Unit 2 Combinal

26 3.9 1.2 19.0 5.8 22.9 7.0

28 3.9 1.2 20.8 6.4 24.7 7.6

30 3.7 1.1 21.1 6.4 24.8 1.5

32 3.4 1.0 21.1 6.5 24.5 1.5

,

P
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* The volumes of offst. ore ambient water needed to dilute the plant

discharge to various isothemis, from the oischarge temperature down to
s.

.

95'F, have been calculated for four condenser tenperature increases

(Table A-1). For each operating mode, the total daily offshore volume,

heated to temperatures of 95'F or higher is presented in Table G-1 for

one unit and both units combined..

' Considering one unit alone, during entraireent into the offshore

thermal plee, the percentage of the larval P_. lapidosa standing crcp
.

experiencing 100-percent mortality would increase only slightly from 9.5

percent at a condenser af of 25'F to 10.6 percent at a condenser AT of,

' 32'F under static conditions. Under dynamic cenditions, the percentage

I affected woeld be lower, approximately 2.9 percent at a condenser AT of

25'F and 3.2 percent for all other ais. For Units 1 and 2 cambined, per-

', centage of mortality should range from 5.8 percent at 25'F to approxima-

tely 21 percent at ATs of 30' and 32*F during static conditions.

.

The sum of percentages of larvae entrained througn the Cts and
,

entrained into the offshore plume gives the total percentage of the

standing crop of P . lapidosa larvae witch experience 100-percent mor-

tality resulting from exposure to the heated water. The total percentage
j

of mortality of 7,. lapidesa larvae calculated for one unit is a maximum
,

of approximately 12.4 percent at ATs of 28* and 30*F under static con-

ditions and 3.5 to 3.8 percent for all proposed condenser tenperature'

increases under dynamic water conditions. For Units 1 and 2 conbined,
,

percentage of mortality ranges from 7.0 to 7.6 percent at all proposed

,
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temoerature increases durins dynamic current conditions to nearly 25 per-
.

cent during static conditions. For either static or dynamic conditions.

these total percentages are approximately equal for condenser ais of 25*, "*

2S*, 30*, and 32*F.
,

A considerably smaller percentage of the standing crop of P,. laci-
,

dosa larvae is affected under dynamic conditions than under static

conditions. For either cynamic or static conditions, condenser ten-.

perature increase for both units fran 23' to 30*F does not notably change

the percentage of the larval standing crop affected by entrairinent

through the plants. Increasing the si to 30* and 32*F only sligntly

decreases the percentage in each case. During entrairt".ent into the

offshore plume, a greater percentage of the star. ding crop of 9 lacidesa

larvae is affected as the temperature across the cortenser is increased'

from 28' to 30*F. The sununed percentages for plant entrairrnent and
I

offshore p'sne entrajiwent are nearly equal for concenser ATs of 23*,

30*, and 32*F when one or both units are in operation.
,

Onshore Ther nal Effects on the Worm Reef Corvnunity at Walten Rocks'

Onshore surface currents of oceanic water have been shown to occur

in the St. Lucie Plant-Walton Rocks area approximately 10 percent of the*

time (Envir: sphere, 1976, 1978; Worth and Hollinger,1977). Water from
I

the discharge of Unit 1 is projected to be driven onshore and would reach

the worm reefs during these periods. Under the given conditions (Table
,

A-1), the maximum inshore temperature of water reaching Walton Rocks in

September would range from 89* to 91*F under the proposed operati,g'

G-10
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moces. Unit 2 is projected to add no additional volume of water at or
,

above 5'F over ambient to the surface plume; but it is projected to add a

considerable volume of 2*F AT. This would increase the size of the plume"a

but would not be expected to increase the impact on Walton Rocks.
a

If the Sectemoer snoient tenperature of 85'F is stressful (50-per-
E

cent survival) to the wom reef community, any thermal addition un be

detrimental. Increasing the temperature across the condenser could can-
,

pound the celeterious temperature effects. Also, although onshore

currents do not occur very frequently, they could have a celeterious'

effect should they occur den P. lapidosa larvae or other larval forms

are settling onto the reef.

SUWARY

Any environmental factors that affect the worm reef subsequently

affect the reef community as a dole. Considering the predominantly

northern currents in the St. Lucie Plant area (Worth and Hollinger,1977;

Envirosphere,1978) adverse thernal effects on the Walton Rocks reef or

on its meroplanktonic larvae might have some effect on reefs north of
i

|
i that area.

' Themal aspects of power plant operation can directly affect the

worm reef community in three ways: 1) entrainment of planktonic larvae
i

i through the plant, 2) entrainment of planktonic larvae into the offshore

plume, and 3) exposure of the reef to the themal plume. In calculating

plant and offshore plume entrairvnent effects for September, only 95'F or

G-11
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i higher temperatures (i.e., those causing 100-percent mortality of,

Phracmatecoma laoicesa larvas) were considered. Eckelberger's (1975)

tests showing that 50 percent of the P. lacidesa larvae did not develop "'

at 85.1*F indicates that the actual, percentages of the 1. lapidesa larval
a

standing crop affected could be greater.

4

| Wom reef c:nmunities can usually survive naturally occurring
i
~

8 destructive fortes by means of rapid repair of the reef by surviving

worns and by apparent year-round recruitment of reef fauna. Although one
* of the settlement periods for P. lapidesa occurs in Septenter, adverse

thermal effects on the wom reef occurring in that month might be offset

by -ecruitment in subsequent mtnths. Indeed, most of the larval settle-e

ments that hate contributed significantly to the reef structure during
i

the last four years (1976-1980) have occurred during winter months een

ambient water temperatures are less than maximum (ABI,1979a).'

.

$

I

,

I

i
|

!

!

G-12

|

|

I

_ _ . - _ _ _ .. _ _ _ . , _ . . _ _ _ _ _ . . - - . . . _ _ _ . _ _ - - _ _ _ _ _ _ . _ _ _ ._. . . .



. .. _ _

a

a

a

LITERA7'3E CUEDi

ASI. 1977a. Wor n reef monitoring at the Florida Power & Light Co., St.
Lucie Plant, April 1976 - April 1977. AB-60. Precared for Florida
Power & Light Co. by Applied Biology. Inc., Atlanta, Ga. 25 pc. s.'

ABI. 1977b. Ecological monitoring at the Florida Power & Light Co., St.
Lucie Plant, annual report , 1976. 2 Vol. AB 44 Prepa red for

4 Florida Power & Light Co. by Applied Biology, Inc., Atlanta, Ga.

ABI. 1978. Ecological monitoring at the Florida Power & Light Co., St.
Lucie Plant, annual report, 1977. 2 Vol. A8-101. Prepa red for,

Florida Power & Light Co. by Applied Biology, Inc., Atlanta, Ga.

a ABI. 1979a. Wor n reef monitoring at the Florida Power & Light Co., St.
Lucie Plant, July 1977-April 1979. AB-207. Prepared for Florida
Power & Light Co. by Applied Biology, Inc., Atlanta, Ga.

ABI. 1979b. Florida Power & Light Co. , St. Lucie Plant. Annual'

non-radiological environmental monitoring report. 1978. 2 Vol .
Biotic :nonitoring. AB-177. Prwared for Florida Power & Light Co.
by Applied Biology, Inc., A&'.a Ga.

ABI. 1980. Florida Power & Light Co., St. Lucie Plant. annual non-
radiological environmental monitoring report. 1978. 2 Vol. Biotic
monitoring. AB-244. Prepared for Florida Power & Light C3. by .

i

Applied Biology, Inc., Atlanta, Ga.

Courtenay, V.R., Jr., D.J. Herrema, M.P. Thompson, W.P. A22inaro and J.
van Montfrans. 1974. Ecological monitoring of beach erosion con-

projects, Broward County, Florida and adjacert areas. Pre-
trol
pared for U.S. Amy Corps of Engineers, Coastal Engineering Research
Center, Ft. Belvoir, Va. Technical Memorandum 41. 88 pp.

1976. Larval development and populations aspects ofEckelbarger, K.J.
the reef-building polychaete phraematocoma lacidesa from the east
coast of Florida. Bull. Mar. Sci. 25(2) 117-132.

Envirosphere Company. 1976. St. Lucie Plant site ocean current analysis
for Florida Power Light Co. Envircspnere Company. Division of
Ebasco Services Incorporated. New York, New Yo:t. 6 pp.

Envirosphere Company. 1978. Predicted themal plumes for elevatec
discharge temperatures. St. Lucie Unit 1. Envirosphere Co., New

York, N.Y.

FPL. 1980. Environmental report - operating license. St. Lucie Plant
Unit No. 2. 2 Vol. Florida Power Light Co., Miami, F'iorida

Gilmore, R.G. 1977. Fishes of the Indian River lagoon and adjacent
Bulletin of the Florida State Museum Biologicalwaters, Florida.

Sciences 22(3):101-148.

G-13



_ __ - _-_- __- - - - __ -_ _ _________-____________. -_ -- - -__ ___________ _ - _ _ __ -- ___ __ _ _ - _ _ _ _ _ _ _

:

i

,

!

s

'

e

o

LITERATGE C!TED (continued)

! Gore, R.H. , L.E. Scotto, trd L.J. Becker. 1979. Community c:mipesition,
stanility and trophic partitioning in decapod crastaceans inhabiting -,

some subtrootcal sacellariid worm reefs. Bull. Mar. Sci.
28(2):221-248.

s

Hartman, O. 1944. Larval development and population aspects of the
!

reef-building polychaete P hragmat ecera lacidosa from the east |<

|
i coast of Florida. Bull. Mar. Sci. 25(2):117-132. (Citec in

-,
Eckelbarger, K.J. 1976).'

Kirtley, D.W. 1966. Intertidal reefs of Saeellariidae (Annelida,
Polychaeta) along the coasts of Florida. M.S. Thesis. Florida

8

.I
State Univ., Tallahassee, Fla. |,

Kirtley, D.W. , and W.F. Tanner. 1968. Sabellariid woms: builders of
,

a major reef type. J. Sed. Petrol. 38:73-78.
j

Worth, D.F., and M.L. Hollinger. 1977. Nearshore marine ecology at
Hutchinson Island, Florida: 1971-1974. III. Physical and chemical
environment. Fla. Capt. Nat. Res. Mar. Res. Lab. No. 23. pp. 25-85.

i l
i i

|

l
; 1

1

1

|
'

i

h

:

1

!

,

G-14'

1

-- . ,- . _ _ . . __. . . . , . _ , _ , _ , , . . , , . . _ . - . . . . , _ . _,_ _ _ _ _ , , _ _ . . _ . _ , . . . _ , . , , - - . _ - - -



..

s

a

H. ZOCPt. ANKTCN

*
INTRCOUCTION

*

Zooplankters are aquatic inverteorates that have limited moulity or
,

passively drift wit.: water currents. They serve as a major link in the
;

aquatic foco chain and are the principal eqanisms involved in biomasse

and energy transfer frars the phytoplankton to higner eqanisms.

Zooplankters mich are only teocrarily found in the = ster column are'

called meroplankters; these include larval stages in the life cycle of
a

benthic macroinvertebrates. Because of their small size and limited

swinsning aoility, zooplankters are easily entrained through intake struc-
,

tures of power plants and subjected to the effects of plant operation.

These effects include exposure to rapid taperature elevations as well as

mechanical and chemical stresses. This section examines the effect of

elevated water taperature on the zooplankton conmunities at the St.

Lucie Plant. Zooplankton entraiment both through the plant and as part

of the dilution water entrained into the offshore themal plume are con-

sidered in relation to the total region o' potentiti impact.

|
THEWL ECFECTS ON ZOOPLANKTON

Zooplankton mortality, as a result of power plant entraiment,

appears to be site specific and dependent on the species and enviromen-

tal conditions. However, studies indicate that 1) zooplankton mortality

rapidly increases at tanperatures higher than 95'F, 2) there is little
or no acclimation of omanisms at 98.6'F, and 3) 100-percent mortality

of spulations occurs at 104*F or higher (Polgar et al.,1976; Marcy et

,
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al . , 1978 ). For the purpose of evaluating imoact, therefore,104T was'

designated as the lethat temperature for zooplankton, regardless of exoo-
"

sure duration.

PLANT trTECTS ON 200ptANKTON

s To evaluate the potential impact of the proposed increases in con-

denser temperature and the resultinc higher discharge trape ratures ,

values in Table A-1 were used. Data to the 1057 isothem were used for'

zooplankton because of its close approximation to the designated lethal

temperature of 104T. Values considered in addition to those presented

in the over-all introduction to this report include:
.

.

1. Assumotion of 100-percent mortality for zooplankters passing
through the plant;'

,

2. Average September density = 4534 zooplankters/m3 (Table H-1);

3. Average zooplankton biomass = 17 mg/mJ.
,

Septemcer zooplankton densities generally represent a seasonal peak
i

in the zooplankton populations following the gradual spring and surrer

increase from relatively low winter levels. Zooplankton biomass and den-
,

sity were detemined by averaging values from surf ace and bottom collec-

tions made at offshore Stations 1 through 5 in the month of Septemoer *or'

the years 1976 through 1979 (ASI, 1977, 1978, 1979, 1980 ). Although

zooplankton exhibits spatial variations in the enviroment, it was*

assumed for the pt.rposes of this study that the averaged values were

representative of a homogeneous water column.

H-2
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Effects en #1 ant-Ent-ained Zecotankton*

The quantity of zooplankton subjected to lethal taperatures es
a

calculated for each of the condenser imperatures by multiplying the "

average density and biomass of zooplankters ty the volume of plant,

discharge water. This quantity ws then expressed as a percentage of the

i total zooplankton available in the potential impact area under either

static or dynamic conditions (Table H-1). The data discussed represent

' the cumulative impact of the simultaneous operation of Units 1 and 2.

s

At an ambient water tmperature of S$'F, entrained zooplankters

would be sxposed to lethal temperatures of 104'F or higher curing all

plant operating moces. A condenser at of 25' or 28'F would cause a 3.9

percent reduction of the calculated total zooplankton density and biomass

in the region of potential impact under static conditions and a 1.2 per-

cent reduction under dynamic conditions (Table H-1). There would be a

slignt decrease in the percentage of zooplankters killed at ce,ndenser ais

of 30' and 32'F because of their reduced plant entraiment associated

with reduced flow.

Effects on Offshore Zocolankton

Exposure to lethat taperatures continues offshore through the US*F

isotherm. Because increases in condenser temperatures would reqtire more

offshore dilutica to reduce the discharge te perature to toleracle

level s', the extent of impact associated wi th the dilution eter would

increase with increased temperature (Tables A-1 and H-1).

l

H-3

l
!



"- ------. - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ ~ - - ' - - - - - - . _ _ _ ___

J

a

I

e
.

=n

t ..-~ ---. ~~.. ..-- ..--
n s e'si diss --ad

1,_y a ind
d**.

r.
- ....s... ~~=. --m- e...

I g . 4. 4444 fdff 4444 aaaa

.

! i .. .... ---. .. . ....

p 1 -eigig Ades ggig ssas aaaa ,, .
E ,-

3! {Ed jloI g u{t 5 ---. .... .... . ..
-r
!s ----.

anaa t.g. 4444 eaae 2, 3ge
|f|4444

,

8 3 t
:5u ,{
IEE I .. . .... ...- .... ...'
.f 4 4e44 aaaa .s.s adaa aaaa -

*
g 1 = ,s .z ag -

g

gS 11 -E
4

z

d,.... ===- .... .... ....

3.is aaaa aaaa 44.e aaaa a46s 28
t-gg & 3 j

*, 5,let* a sa | -
. 3

.* 2222 2222 2222 ] 2222 -} 2:22 'h
- --

9 |:So.
.

,d- --

-a : E a.:
-

m x .

I 3 3 ,
.a = e a

h. .e
g -

-

. g 1
1

.
-s*

,

t I= -,. 8.

E ,- a1 3 4 I t
4 33

-I: s .
.

- -

e
-

.
.

4 ] :.

J ;2 .I * j:8=a . s r
-, 8s 3 )*=8= _g -3zag

1 e, ,s s : ,r"j ; .n - 2 s
I ' 1*r

- .., c ,

j g I j i}
8 :.1:2 11 :

s!.!jy : s-
|

, is
_ j :-.3. .; s I :-1

} _8
=_

J *I t"I - ! I I (a
,

-

ld 1 -

l
Ji } j II ** i s s5. * * g::1- 11 :-

u 'l .

7 ) I I li
- :

I 5 -
E 3 j

fill
*

!! ti
, -

r i :-J .

.

H-4



. . _ _ _ _ _ -_____ __ . _ _ _

$

e

d

,

4

The percentage of zoeplanktan killed by offshore plume entraiment*

increases with increased condenser tenperature. At a condenser AT of 25*
v

and 23*F, the mortality of zoopl4nktod under static conditions in the

area of potential impact would be 8.5 pertent. At a AT of 32*F, the mor-
,

tality would increase to 8.9 percent. Under dy. amic conditions, the mor-

tality at 25' to 28'F AT would be 2.6 percent increating to 2.7 percent

at a AT of 32*F. A condenser AT fran 23' to 32*F would increase offshore

zooplankton biomass lass from .20.7 x 107 mg/ day to 21.8 x 107 myday,

respectively (Taole H-1).

Total Entrainment Effects

Plant entrainment and offshore plume entraiment values wre can-

bined both to assess total zooplankton mortality caused by the various

proj ected plant operating modes and to evaluate their influence en the

region of potential impact. During nornal operation of both units at a

condenser at of 25' or 28*F there would be a 12.4 percent reduction in

the total zooplankton population in the area of potential impact under

static conditions and a 3.8 percent redue:1on under dynamic conditions in

24 hours. The projected data (Table A-1) indicate that the total volume
i

of water heated to approximately 105'F would increase slightly at con-

denser ATs of 23* and 30*F and r* crease slightly at 32*F AT. Thus, the

total number of zooplankters ; art to lethal tenperatures would be

approximately the same at condenss- aTs of 26*, 28', 30' and 32*F. For

these four operating modes, there woulo be an average 42.4 percent reduc-

tion in tN total zcoplankton population under static conditions, a 18

percent reduction under dynamic conditions.

!

!
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The total entraiment results indicate that the increased stress
I

associeted with the various operating modes proposed in Tacle A-1 would'-

net increase the percentage of impacted zooplankton (Taole H-1 ). |
|

Condenser temperature increases would generally be accmpanied by reduced j

d ow through the plant, maintaining a nearly constant total mount ofi

discharge water plus dilution eter heated above 105'F. Because of

patchy distribution of zooplankton, however, assessments based on average

density figures may misrepresent the potentially serious ecological

implications of plant impact on specific components of the zooplankton.

An assessment of the effects of entraiment on zocolankton into

ther nally elevated plant discharge waters should evaluate the potential

impact on the two major conponents comprising the zooplankton:

1. Hol oplankters , dich comprise the greatest portion of the
zoeplankton, spend their entire life cycles in the water column
and reproduce within an average of 1 to 8 weets;

2. Meroplankters, which conprise a much smaller portion of the
zocolankton, are or.ly temporarily found in tne plankton c on-
munity and predominantly represent the larval stages of benthic
macroinverteorates.

The effect of plant-related mortality on holoplankters such as+

copepods, appendicularians, and chaetagnaths would prooably be limited

because depletion of the offshore population could be minimized by'

recruit:nent and repopulation by unaffected adults from offshore

communities. However, the consequences of increased mortali ty of

meroplankton could be more serious. Meroplankton larval stages incluce
,

the larvae of decapod crustaceans (shrimp and crabs), molluscs, echino-

H-F
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derer and polychaete larvae (possibly Phreratocoma lacidesa, a*

sacellariid polychaete that makes up the worm reefs). Because a major
a s.

portion of nearshore meroplankton results fr:rs the spawning of benthic

organtsns in the area, power plant entrairraent of these larvae could
,

result in a decrease in abundance of rectJitacle larvae in the waters

adjacent to the power plant.e

' '

Sump Y

This study considers three main points for evaluating thernal
.

effects on zocplankton: 1) the passage of zocolankton through the plant,

2) the entrainment in the offshore discharge plume of planktonic forms
' that had not passed through the plant, and 3) the combination of the two

sources of impact.'

A 100-percent mortality was assumed for zooplankton passing through
,

the pl ant. For condenser ATs of 29', 30', and 32*F, the nurncer of
|

zooplankters passing through the plant would be the same as or less than*

tne number at 25*F AT. The difference of 0.5 percent er less mortality
'

between different plant operating modes under static (worst-case) con-

ditions is consicered negligible (Table H-1).
*

.

l

Zooplankters in the vicinity of the offshore discharge could becane
; ,

entrained into the plume and subjected to temperatures elevated above
| ' ambient. Because the volume of water encompassed by the 105'F
|

(lethal =104*F) offshore isotherm increases as the condenser tenperature

increases, the nurnber of zooplankters killed would increase

proportionately.
|

| H-7
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' However, based on the tctal (plant plus offsnore entraiment) voluine

of water elevated to lethal temperatures, zooplankton mortality at the
a s.

potential condenser temperature increase would be essentially the same as

that at the 25'F AT.,
<

The predicted increase of less than 1 percent in zooplankton mor.*

tality should not significantly impact the holoplanktonic conponent

because of .ruit. ment of members from the open ocean. However, should a

substantial nurcer of the meroplar.kton of nearshore benthic invedebrate

become affected a por+. ion of the potential recruit. ment to adult benthic

populations may be lost in the immediate vicinity of the plant. Because

of limited periocs of larval production by many benthic species for

replacement of these planktonic larval stages, the consequent loss to the
1

ecosystem could have ramifications to other conmunities.

'

,

1 <
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I. 8WYTCPLANKTCN

'~

INTRODUCTION

Phytoplankton consists of weakly twimming o* passively drifting

microscopic plants. These unicellular or colonial primary produce s,

which directly or indirectly support all aquatic consumers, fem the base

of many food chain relationships. Phytoplankton populations are sen-

sitive to elevated water tenperatures. pooulations subjected to

increased water temperature during power plant entraiment or entraiment

in themal plumes may exhibit changes in density and species conposition.

phytoplankton mortality occurs d en the magnitude of the temperature

increase results in elevating the water temperature beyond the urver

maximum temperature limits of these organisms.

Because of their microscopic size and lack of mottlity, phytoplank-

ters in the vicinity of the St. Lucie plant are suoject to entraiment

through the power plant condenser cooling systen dere they are subjected

to potentially lethal tenperatures. Offshore, phytoplankters contained

in dilution waters are entrained in the thernal plume and are killed een

their upper temperature limits are exceeded. The numer of phytoplank-

ters entrained through the plant and into the offshore discharge plume is

proportional to the volume of plant discharge flow and the volurre of

offshore dilution eter. To assess the impact of power plant-induced

mortalities on phytoplankton populations, the biomass and numees of phy-

toplankton killed in entrained plant condenser coaling water plus

entrained offshore dilution eter must be considered in relation to the

total pnytoplankton available in the region of potential impact.

I-l
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TWEWL EFFECT:, ON PHYTCPLAt*TCN
.

'. tving organisms have upper maximum temperature limits above witch

they cannot survive and reproduce. Water temperatures of 30* to 33*C'
s.

(86* to 91.4*F) have been suggested as the range in Witch the upper ther-
a

mal limits of mar y organisms s.1oul d occur (Drost-Hansen, 1969).

Representative marine diatoms and other algae subjected to elevated water
,

temperatures have been observed 'to exhibit no growth at tenperatures

higher than 102*F (Ukeles, 1961); tests on 18 species of salt marsha

epipr.ytic algae haa shown that none wre "acle to survive and grow wnen

chronically exposed to temperatures greater than 39*0 (10?.2*F)" (Saks

at Lee, 1972). Survival of phytoplankton after exposure to potentially

lethal high water temperatures (higher than 103*F) has been shown also to'

be rela:ad to the duration of exposure (Ukel es , 1961; Saks and Lee,
,

1972).

t

Phytoplankton species have previously been collected at St. Lucie in

September (AB I , 1977a , 1978, 1979, 1980 ); those species for Witch ten-
,

perature range inforniation is known are listed in Table I-1. The upper

lethal temperatures for these species range from 84.2* to 98.6*F. Sone

species observed in tropical areas exist at water temperatures close to
'

[ their upper lethal tenperature and may not survive at the extreme upper

limit of naturally occurring water tenperature ranges. Results of a pre-
e

liminary study at the St. Lucie Plant indicated a 90 percent pnytoplank-

ton mortality after their passage through the plant at a water
|

.

temperature of 98.6*F. This study, coupled with an extensive literature'

t

! survay, enabled ASI to select 100*F as the most probable upper maximum

temperature limit for St. Lucie phytoplankton.
.
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a DL ANT EFFECT3 CN PHYTCPLANXTON

Eisumetions and Calculatiens

For the following discussion, some assumptions in addition to those*
s,

discussed in the overall introduction to this report wre necessary to
.

evaluate plant effects on phytoplankton populations:

'
1. 100-percent mortality of phytoplankton entrained througn the

plant and into the offshore plume at 100*F or higher 4ter
temperature, regardless of duration of exposure;

6 cells / liter based on Septenter2. Average cell density = 1.3 x 10
1976 through 1979 data;

3. Average active chlorophyll-a = 1.86 mg/m3 based on data derivec
as in item 2, et w e;

4. Chlorophyll-a constituting an average of 1.5 percent of the dry
weight of organic matter (ash-free dry wight) of the algae
(APHA 1976), which calculated to an average ciamass of 0.12462
g/m3 ,or the data in item 3, above.f

Equations 1 and 2 were used to calculate the total phytoplankton

density (d) and biomass (e) available in the region of potential impact

under static and dynamic conditions:

1. axc=d (Equation 1)

2. bxe=e (Equation 2)

The parameters a, b, c, d, and e are defined in Taole I-2:

_

!.4

'

-
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TABLE I-2.

Volume of water
availaole in Total phytoplanxten"

Average region of in region of

phytoolankton potential imoact potential imoact

(a) (b) (c) (di (el

Current Censity Biomass Censity Biomass
conditions (cells / liter) (g/m3) t,3/davi (cells / day) (c/ cay)

7
static 1.3x106 0.12462 1.44x108 1,gx1017 1.8x10

7dynamic 1.3x106 0.12462 4.71x1 8 6.1x1017 5.9x10

The num::er and biomass of phytoplankters that would be subjected to,

lethal temperatures were deteenined from average Septecer density and

biomass values multiplied by the volumes of plant-entrained water and
i

offshore plume-entrained water. The flow data for various condenser tem-

perature increases wre considered for Unit 1 operation and for conoined
:

| Units 1 and 2 operation (Tacle I-3).
|

Assessment of Potential Imoact

The nonnal condenser ai of 25'F is associated with a calculated phy-

toplankton mortality of 7.7 percent of the total phytoplankton in the

offsnore region of potential impact under static conditions and 2.3 per-

cent under dynamic conditions (Table I-2). For the conoined operation of
i

Units 1 and 2 all projected val ues would essentially double.

Phytoplankton mortality during conbined operation at a potential con-

denser at of 2S'T would increase to 17.0 percent under static

i
P
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(worst-case) conditions and 5.1 percent under dynamic conditions. The

total mortality under static and dynamic conditions at condenser ais of'

30* and 32'F is less than or equal to that at 28'F. The biomass,
.

nu-cers, and percentage of phytoplankton killed at the potential "

increased condenser ATs of 23*, 30*, and 32*F would be higher than those
,

at the condenser AT of 25'F. However, the increase in mortality asso-

ciated with the increased ATs would be small (Table 1-3).'

Large quantities of offshort eter are available for exchange and

stabilization of the phytoplankton population at the St. Lucie Plant, aC

the turnover rates of these populations are rapid. Thus, the pro %cted

reductions of 17.0 percent of the total phytoplankton under st'.cie con-

ditions and 5.1 percent under dynamic conditions at a condenser ai cf
-

23*F would most likely result in only local phytoplankton cepletion.

Large-scale changes in phytoplankton comunity structure would be

unlikely. Therefore,' considering only lethal ternperatures, condenser

temperatures higher than 25'F AT for conoined operation of Units 1 and 2

' at the St. Lucie plant should not substantially increase the thermal

impact on offshore phytoplankton populations.

The discussion has addressed only lethal effects. However, con-

ditions resulting in both enhanced phytoplankton growth and adverse

sublethal inipact may exist outside the critical 100*F isotherm. Possible

growth enhancement has bee 9 observed in the area of the offshore

discharge (ABI, 1977b). Although certain phytoplankton species may exhi-

bit enhanced productivity and growth after exposure to elevated, but

I-7*
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subletna', water temperatures, other species may exhibit reduced survival

potential, impaired photosynthetic capability or atypical growth and

reproouction after such exposure.
.

SUPMRY.

Assumptions made in this section allow for worst-case conditions.

Impact assessment calculations involving total heated water volutes and

mean phytoplankton density data do not account for recruitment of phy-

toplankton from waters outside the area of potential impact. As

des'.-ibed in the over-all introduction to this report, increased con-

denser temperatures produce moderate increases in the total volume of

water heated to the assumed 100*F lethal temperature. Thernal impact on

| the phytoplankton community is proportional to the total volume of water

heated above 100*F. The percentage redue:1on of phytoplankton at 7an-

denser aTs of 28*, 30*, and 32*F would reflect proportionately moderate

increases above that calculated for the condenser af of 26*F. Tne reduc-,

I tion in phytoplankton at the increased condenser tenperatures would
|
'

remain small in comparison to the total available offshore pnytoplankton.'

Factors such as rapid turnover rates and the stacili:ing influence of

offshore mixing should prevent the occurrence of any long-tern or wide-

spread phytoplankton depletion.

For canbined operation of Units 1 and 2 at a condenser 4T of 25'F,.

the predicted reductions in total phytoplankton and total biomass

available in the region of potential impact are 15.7 percent under static

conditions and 4.7 percent under dynamic conditions. Under static

I-8
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conditions, the maximum projected number of pnytoplankton killed under
.

any of the potential operating modes is only 1.3 percent greater than

that at a aT of 25''F.
~.

Local pnytoplankton oepletion could occur undei static conditions;

I however, a maximum projected mortality of 5.1 percent of the total phy-

toplankton available in the region of potential impact under dynamic

conditions should not cause large-scale changes in phytoplankton can-

munity structure in the offshore St. Lucie area. Structural continuity

of the phytoplankton canmunity would be maintained by rapid turnover

rates and the availasility of oceanic waters for exchange and subsequent

stabilization of the. community.

In general, the additional impact on the" phytoplankton ccmmunity'

resulting from increased condenser aTs of 2S*, 30*, and 32*F would be .'

small in relation to the projected impact at 25'F aT.

.
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' J. MACRCP4YTES

* s.

INTRODUCTICN

Two m:rine vegetation communities are located in I.he St. Lucie Plant
,

,

irea. One of these, the offshore benthic macrephyte community, will net

be diseassed in this report because the thermal plume is not expected to*

'

reach the offshore benthic area. Th's other community of concern in the

plant area is the diverse and w il-devel oped seaweed assemblage found'

growing on the intertidal worm reefs (see Section G). These reefs,
e

called Walton Rocks, lie parallel to the beach souu of the plant site in

the intertidal and sublittoral surf zone..

.

THERMAL EFFECTS ON AQUATIC PLANTSas *
,

Studies have shown that elevated water temperatures can adversely

affect aquatic plants (ABI,1977). All algal species have a te yrature
,

range in dich they can survive and an even narrower range in dich

optimum growth occurs. High temperature affects plants indirectly by'

altering the environment and dir ectly by interfering wi th cell
metabolism. The temperature at 21ch these effects occur oepends upon'

the species, location, season, environmental factors, and physiological

!
state of the plant.

Extensive mortalities of algae and seagrasses occurred in Biscayne
'

Bay den temperatures near a ther-nal disc.harge reached 91.4'F and higner.

Thermal tolerance limits between an upper limit er:ge of 88* and 91'F

were reported for the important green benthic macroalgae (Sacer et al.,

J-l
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1972); temperatures higher than 91*F were tetl at to most of the alg.e and'

seagrasses in the area (Thorhaug,1974). A temperature range os 79* to

82*F appeared optimum for maximum diversity and abundance (Roessler and-

Tabb , 1974 ). It is likely, therefore, that marine algae at Hutchinson
,

Island would be killed at temperatures higher than 90*F.

PLANT EFFECTS ON WORM REEF VEGETATION

During periods of onshore currents, the plant discharge themat'

plume may be carried over Walton Rocks. It is predteted that these

i

currents will prevail approximately 10 percent of the t*me (Worth and

. ith a condenser ai of 32*F, water temperatures atHollinger, 1977). W
,

Walten Rocks could reach 91*F.
*

.

Elevated temperatures on the wem reef would probably result fn a

reduction in vegetation species divenity and an increase in blue-green
,

algal species should the condition persist. Sustained high temperatures

e would probably eliminate the algal conmunity on the wom reef;

recol onization, however, would probably occur when temperatures
#

decreased.

t

SUMM1RY

Condenser ATs of 30* or 32*F could produce water temperatures of 90*
[

| or 91*F at Walton Rocks during periods of onshore currents. Temperatures
!

higher than 90*F would probably cause a die-back of the vegetation

growing on the wom mfs, but revegetat'an would occur once temperatures

decreased.
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SUMMAPY TABt2 0F DTFFTSER CHAPACTERISTICS

lupe Charseteristies Original Alternettnq Diffuser Modified Offehere Angled Diffuser

emperature Dise 24 F 30*F s-

sischarge Flow mate 1145 cfe 880 to 1317 efs
.................................................................

Dif f user
Diffuser Costerline Center 11ae / 'et Amis

J

4.5 (yearshore)
to
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A I* J'"

hersag discharge 8
et 17 F 1sotheru *

. 1.33'

Dif fuser Port e 908 - Diffuser Ports 250
to Centerline to Centerline

.

12 ft (cone length 12 ft) 4.9 f t (nearshore port cone length 11.5f t)
ormal distance * F.* 7.4 ft(offshore port cone length 17.5ft)rom port to 17

I 3
olume contained 1700 ft for 5700 f t for

ithin 17 F boundary 48 ports la parts
...............................................................

%

Dif fuser W .
Diffwer Axis *f I ""'''I

-F
of symmetry p. _

gy, .
.1'

4g

1: hematic of voltane 25' Jet Axis
egtained within the
7 F isotherm envelope ,
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- 1. 3T gg,$.

f " Jet Amis
w

to 31. 5'
-

3 48,000 ft
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ithin 17 F isotherm

nvel ope o f di f f.us e r. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ .

.

Distance computed normal to centerline of discharge diffuser

Florida Power & Light Company
St. Lucie Plant Unit 2

Summary Table of
Diffuser Plume Characteristics
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PROPOSED ST. LUCIE PLANT PREOPERATIONAL |

AND OPERATIONAL BIOLOGICAL MONITORING PROGRAM

s.

I. GENERAL

The ecological baseline study of Florida Power & Light Company's
! (FPL) St. Lucie Unit No. I was designed and implemented by the staff of!

the Florida Department of Natural Resources Marine Research Laboratory.

Five offshore sampling stations were established (Figure 1)'and sampling

was conducted from July 1971 to August 1974. These results. have been

reported as St. Lucie Plant baseline data prepared by the Florida
,

Department of Natural Resources (References 4-12). The last portions of

|
' the data analyses and report preparation for this baseline study are

prescntly being completed. Following the sampling for the baseline
!

study, the Environmental Technical Specifications (ETS) for the. opera-
;

tional monitoring ogram, contained in the operating license for . St.

Lucie Unit No.1 i sued by the Nuclear Regulatory Commission (NRC), were
I

written.' These sgecifications delineated the biotic communities to be -
i

|
studied and stated that sampling was to be conducted at the same five

! stations established for the baseline study. The objective of the opera-

tional monitoring study was to gather data for comparison with data

obtained during the baseline study.
4

i In March 1976, sampling for the operational monitoring program was
i

begun by Applied Biology, Inc. (ABI). In addition to the five stations

!
established for the baseline study, a nearshore site south of the plant

was selected as a control station. This control station was located!

f distant from the plant and therefore away from possible influence from
i

warrm ter discharges. In accordance with the ETS, collections were made

1
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to assess benthic organisms, plankton, nekton, macrophytes, water quality

and migratory sea turtles. The results and analyses of these collections
"i have been ' reported annually (Ref.1, 2, 3,16).

The five offshore stations were established by the Florida

Department of Natural Resources (fDNR) before a comprehensive evaluation

of the offshore currents ' was available. More recently, water current

data (Ref. 14) have been obtained that indicates that if the stations
,

1 were relocated they could b.etter evaluate the biological communities in*

areas of potential plume impact. As shown in Figure 2, the predominant

surf ace currents, and subsequeat plume orientation from the point of

discharge (Station 1), are to the north. Based on water current eval-

uation and the results of the biological monitoring program to date, FPL

!
believes that certain revisions to the program prescribed in the ETS

! and/or TPDES P em:it are appropriate. The program described herein

reflects these revisions and would be used by both St. Lucie Unit No.1:

(operational monitoring) and St. Lucie Unit No. 2 (preoperational and

|
operational monitoring). It is proposed that the program continue for 2

years after St. Lucie Unit No. 2 is operational.
.

In the regulatory scheme established by the federal Water Pollution

Control Act of 1972 (FWPCA), 33 USCA 5 51251 et se3., the Environmental

Protection Agency (EPA) was g# :n 'trisdiction over all water quality
i

matters relating to non-radi;logica liquid ef fluents. In its Yellow

Creek decisten (ALAB-515), the mC% Atomic Safety and Licensing Appeal

Board held that the MC may not specify water quality restrictions . in

3

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



,

.

$..-'' /b>-
f (1:r -

6 j i
A. . t
.1 F iJ

.:.w :$'. . ,h 4 | u.
; w ,

) i"
.7.Y

>-
e

| 1.g ' -
!' % \ (/) \s .

:d . s ;
|
}p .:be. - % :

/'

_%';;y.* '';s.y,~r.-- ; 1c ,.

s. 5* |O,| -y-
*u / tl*

' , y['
7. ;g

{ 6 ~~ - j<(|I?
$p ' I't. s

.i ' % g

p '?? . i. . L:..

.. e. -'.np ;>. v
.. '?;. *'

.ir d.
.

.

~ 9 -

30.f* 5.0 o6 ..-
}

-b :t ii*

.

f* ,'75
:- ..*'
*' , ,

| -| ?*e
''

%~ || *

4 i tP, .os.-~-

! ,I'Eb-k . (N.
-

*
f;*; ' , ' W.J,

.'j<'k.h
!h '.

|
.

.

.. .
.

: # se %:. | I s
-

|
'

' ' . . 9 > ~: ,dcn :o,

* Q'. M); #*

..
2 \. iwe.

h, ,',.

''- ..

?! .' I. kO
1 ?C

J 't.uc:e ; r/ w\
-

St.'

g :
\

. ,- , an v _.,-
t

*O
. ty , ' . . .DJ s,, .~ r s g-g ,,

'' :h^: h, k
~ -i |;. '

I3%-

..
C s

'iI:. h.,, 5
.

Y..
~

#Q, -

4
1 .T

s . @'

afj, d$ag ggo
;; - s

!

!

I firjure 2. Frecuency distribution of surface curre1t dire. '. ion in
relation to operational monitoring saroling sta, ions.

4

I
|

t

,

I

|

L



. . . . . . ~ . = _ . - . _ - -

<

!

i

:
< .._..

f

d

4

excess af those imposed by the EFA. On the basis of ALAB-515 and the

water quality effluent limitations and monitoring requirements contained ,,
1

in the National Pollutant Discharge Elimination System (NPDES) permit
.

issued by EPA pursuant to FWPCA for St. Lucie Unit No.1. FPL has peti-
4

tiened the NRC for the deletion of thermal and chemical monitoring

requirements contained in the ETS for St. Lucie Unit 1. -However, this
j

request to the NRC did not address the aquatic biological monitoring
i

;|
requirements also contained in the St. Lucie Unit No.1 ETS. To remove

this state of implicit dual regulation, FPL proposes to incorporate

appropriate aquatic biological monitoring requirements into the NPDES

f
permit for St. Lucie Units 1 and 2 and to request their deletion from the

f Unit ! ETS. (The NRC operating license and accompanying ETS for St.-

I Lucie Unit No. 2 have not yet been issued.) The program described below
! is herewith submitted to the EPA for that purpose.
!

!!, PROPCSED BIOLOGICAL MONITORING PROGRAM
t'

Ob.iective - To monitor the populations of sea turtles, nektonic and

benthic organisms of the Atlantic Ocean near the plant to determine the

extent that plant operations may be influencing the nearshore ecosystem.

|

Specification - The biological conditions shall be assessed 1) in

terms of abundance and composition of the marine biotic communfty and 2)

in terms of the relationship between physical properties of the waters

[~
and the abundance and composition of the ~ biological community.

Coojnities described below are to be evaluated to determine potential

alterations due to plant operation.

5

.

. - - - - . . . _ - _ . . . , _ . _ _ , _ , _ _ _ , _ _ _



.

A. Benthic Organisms

Benthic organisms will be collected quarterly and inventorted as to s.

kind and abundance.

B. Nektonic Organisms

Samples will be collected by gill netting once per month during

April through September and twice per month during October through March.

Kind and abundance of organisms present will be determined.

C. Water Quality

Analysis will be made at the surface at the same time as the nekton

sample collections and near the bottom at the sarre time as the benthic

sample collections. Parameters measured will be temperature,' salinity,

dissolved oxygen and turbidity.

D. Migratory Sea Turtles

Sea turtle nesting surveys will be conducted biannually on the FFL
i

shoreline property and along selected control beaches. Sea turtles

entering the 'ntake will be removed, tagged Jnd released back into the

ocean on a coitinual basis.

E. Reporting Reouirements

Results of the aquatic biological monitoring program shall be

reported in an Anrml Non-RMinlogical Environmental Monitoring Report to

be subnitted to the EPA.

6
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!!I. IMPLEMENTATION OF PRnPOSED BIOLOGICAL MONITORING PROGRAM

A. Introduction ,,

The monitoring program study design originated and was impi sented

in 1971 by the Florida Department of Natural Resources Marine Research

Laboratory. The sampling regime was based on the ecological information

available at the time. Sample locations were selected in relation tr.

predicted plume direction, predicted plume areal extent (Ref. 4) and the

major macrohabitats known to exist off Hutchinson Island. Staticns 1, 2

and 3 were located in the predicted thermal plume area, while 4 and 5

were established as north and south controls located in the sa9e

macrohabitat as Station 2 (Ref. 5).

Since 1972, extensive data on the biological communities near the

St. Lucie Plant have been obtained (Refs. 1-3, 6-12, 16). Additional

physical data have been gathered on winds (Ref.13), currents (Ref.12)

and the tnermal plume (Ref.15).

These biological and physical studir.s indicate that effects of the

St. Lucie discharge are limited to surface areas near the point of

discharge. The proposed study is therefore designed to evaluate the

biological conditions in the near-field area of potential plume impact.

B. Benthic Organisms

To assess the potential that there are thermal effects on the

benthic comunity, quarterly sangles will be taken at control Station BC.

Station Bl. and at a station (B2) to be located just north nf *.be therma!

7
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plane's warmest spet (Figure 3). Four or more replicates will be taken.

Station 2 of the current program will be retained as Station C1 to help
s.

integrate the modified program with the existing data. Station 5 of the

current program will be retained as Station B3 for at least one or two

years aftee Unit 2 goes on-line, to document the probatflity that there

is no effect of combined Units 1 and 2 discharge 6t this location.

Benthic sampling at other offshore staticns (3 anJ 4) will be terminated.

C. Nekten

The sampling program will censist of nearshore gill netting. Two

sampling stations will be established near the intake structure and three

in the discharge area (Figure 4). The discharge staticn samples will

provide data On near, intermediate and distant effects of the plume on

fish distribution. Stations will be located in the thermal plume's warm-

est spot and aaproximately 200 meters ata 450 meters from this warmest

spot. These stations will be sampied as follows: once per month during

April through September when the commercially important migratory species

are generally not present offshore the St. Lucie Plant and twice per

month during October through .tarch when these species are cresent.*

Station 2 (Cl) will be retained to help integrate the data from tFe

modified program with the exisiting data,

i
|

l 0. Ficratory Sea Turtles

Sea turtle nesting surveys will be conductad biannually during cod-

numbered years to monitor species, numbers and nesting charJcteristics.
|

The nesting suricys will be conducted daring the saccer nesting season on

S

|

|

|
|
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the FPL shoreline pro;erty and along selected control beaches. Specifics

of the nesting surveys, such as sampling frequency and the amount of
.

beach sampled, vary between study years and tre established following

input frcm the acpropriate state and federal agencies.

Sea turtle removal from the intake canal is cariducted on a continual

basis. The turtles are rernoved with nets from the canal. measured and

weigned, t ar,ged and released back into the ocean. The ut cst care is
4

taken so as not to injure the animals.

E. Water Quality

Samples for water cuality analysis will be collected concurrently

with the biological samples.

IV. SIG*lIFICA*iT CHANGES FROM THE ETS |Ct!TCRI:;G PROGRAM

The ETS contain a provision for modification of the crogram based

upon the data accumulated after two years of operation. The program pro-

posed in Section !! above differs significantly from that crescribed in

the St. Lucie Unit No. 1 ETS in several respects. These changes and

their bases are described below.

A. Plarkton - The monthly collection of phytoplankton and zooplankton

has been deleted.

Il

._. - - -- . _



Justification

Interstaticn comparisons have shown that concentrations of

200larkton, phytoplankten and chlorophyll a generally have been higher ,,

in the area of the Station 1 discharge than at the other stations,

suggesting some enhance ~ent of plankton concentrations due to the thermal

input. It is unlikely that differences in plankton concentrations are

significant in the high energy, nearshore location under consideration.

Continued plankton monitoring does not appear to be justified.

B. Nektonic Organisms - Collecting of samples by trawling and seining

has been deleted and gill net station locations have been revised.

Justification

The ETS allowed collection of samples by " trawling, seining, or

other suitable method". Trawling and beach seining are sampling tech-

niques that are highly selective for bottom dwelling and surf Zone

dwelling forms. During operational monitoring, neither of these com-

munities appeared to be influenced by the thermal discharge (Ref. 3).

Gill netting obtains satales in the water column and is a effective

method for collecting sport and corrercial fish species. The proposed
,

schedule emphasizes collections during the period of the year when migra-
,

tory species such as bluefish, Spanish mackerel Jnd king mackerel are

near the St. Lucie Plant. Stations moved to the irrediate plume dred

will better assess the influence of the thermal discharge on the rMye-

ments of fishes in the area.

,

12
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C. "acrorhytes - The o';arterly collection of teacroscopic aquatic vege-

tation has been deleted,
s.

Justification

The highest diversity of algae, 88 species, was collected during the

third year of the study. The number of species collected was lowest in

early spring and highest in summer and early fall. This seasonal ontter;

was typical for subtropical marine vegetation. Diversity was higher near

shore because drif t (unattached) algae were the predominate foms and

these were carried inshore by the prevailing winds and currents (Def. 3).

Vegetation distribution and growth at all nearshore stations sur-

veyed seems to be limited by a lack of approp :e substrate for vegeta-

tion attachment. Well-develoced macrochyte CJGmunities may occur on

isolated rock cutcroppings, but the chances of the collecting dred <;e

encountering one of these outcroppings is remote. Because the attached

macrophyte com" unity is 50 limited, it is not considered an important

food source or habitat for organisms living in the St. Lucie area.

Became of the above, the san:pling provides littic useful data and there

is no need for further monitoring of macrophytes.

D. Water Oaality - Collection of selected nutrients has been deletest.

!
|

t

|

.
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Justification

Data from the control station, located distant from the St. Lucie,,

Plant, were comoared with results from station-specific water parameter

analyses. Data from the literature for marine waters of nearshore

coastal en aironments adjacent to the plant were also compared with the

present study. Data comparisons (Ref. 3) indicated:

Nearly all parameters measured varied significantly during dif-a.
ferent months of the year; and

b. There were no significant differences in parameters among sta-
tions or at different depths.

These results shmd that the operation of the St. Lucie Plant has no

significant effect on the selected nutrients in this study. Continued

nutrient analyses does not appear warranted.

E. Micratory Sea Turtles - Various requirements relating to the effects

of the discharge thermal plume and temperature stress, hatching and

rearing factors for migratory sea turtles have been deleted.

Justification

The requirements of the ETS have been satisfied. A report was pre-

pared (Ref. 2) and submitted to the NitC by f?L letter No. L-78-109, dated

30 March 1978, that described studies perlomed to determine the effects

of the discharge thermal pluce on turtle nesting patterns and turtle

hatchling swimming. Additionally, control studies on te perJture stress,

hatching and rearing factors cnnducted using turtle eg;5 fr m displaced

nests we. c reported. The results of the studies of turtle hatchlings

14



show no eviderce that potential nearshore surface tecperatures from the

plant will cause permarent impairment or mortality (Ref. 2). s.

F. E nt ra inment of Acuatic Organisms (ETS 4.1) - Various requirecents

relating to assessment of the effects on planktonic organisms of rassage

through the plant :Jndensers have been deleted.

Justification

The results of the ichthyoplankton and zoopl ankton sampling have

been presented in the Annual Non-Radiological Environmental Monitoring

Reports for 1975,1977,1978 and 1979 (Ref.1, 2, 3,15).

These studies show that the inshore ocean waters near the St. Lucie

Plant are not typical of a productive fish nursery area. Physical
,

characteristics needed in a c::rsery area are icw or fluctuating

salinities, silt-sand-mud botton, and extensive beds of rooted acuatic

vegetation. Chemically, the waters in the St. Lucie Plant area are homo-

gent Jus with little seasonal variations. Physically, the nearshore areas

| are characterized by the presence of relatively constant salinities,
t

shell-hash sediments and the absence of significant macrochytic
|

grassbeds.
.

Important uigratory sport and connercial fishes were not found to be

spawning in the area of the St. Lucie Plant. In general, Iow con-

centrations of f i:,n egg. and larvac have been recorJed in the intake
|
! canal, which confirns that entrainment is not significan*.. ZooDIJnktcn
I

| losses through entrain ent are not sigaificant.

'15
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Based on the above, the required Entrainment Studies need not be*

included in the operational monitoring program,
<

s.
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ST. LUCIE UNIT r.0. 2 BIOLOGICAL WNITORING PROGRAN - OPERATIONAL PFASE_
ADD I T I0a.S

The following additions to the Biological Monitoring Prc.grar. sub s .

mitted to EPA on 3 April 1930 are recommendea for the program to serve

St. Lucie Unit No. 2 in the operational mode.

A. Benthic cror isms. Scecification - Two additional sampling sta-

tions will be added near the Unit No. 2 discharge. These

stations will be in close proximity to the discharge pipe with

one ncrth and one south of the pipe. Stations will be sampled

quarterly with four or more replicates collected to assess the

taxonomic composition and abundanace.

Justificatioa
The Unit No. 2 discharge pipe will extend 1875 feet further

of fshore than the Unit No. I pipe. There is a habitat and sedi-

ment change from beach terrace gray sand near shore (e.g. Unit

I discharge area) to a shell hash substrate in the area of Unit

2 discharge. The ongoing monitoring program has shewn t r.C ,e

habitats to support somewhat different comr:un i * i es. These

different communities may react differently to a heated

discharge.

B. Nek ton. SDecification - Two additional of f shore gill net sta-

tions will be established. One station will be in the middle of
the Unit No. 2 thermal pioWs war est arcs aaa tne otrer. the

Decontrol. about 200 meters upcurrent from this warrest 5: vat.

stations will be sampled once per month during April *hrough.

20
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September when the comreccially ieportant migratory species are

generally not present offshore the St. Lucie Plant and twice per
~.

month during October through March when these species are

present.

Justification

The adult fish community in the discharge piuee frcri Unit No. 2

should be examined to determine if attraction or exclusion is

occurring. The St. Lucie No. 2 discharge pipe will extend about

1875 feet past the Unit No. I point of discharge and the

discharged water may influence fish re,ement in the Jrea.

C. Water Ouality. Scecificati n - Physical parameters will be
a

measured at the same stations and frequency as the biological

samples.

Justification

Water quality determinations are made to support the biological

program and should be taken concurrently with biclogical

sampling.

.

This program will enable an evataation of the impact of the ''7tt No.

2 discharge to be made. The addition of these stations and s a.:. ng

regimes takes into consideration the option of directing the plant

discharge 'nrough the St. Luc'e Unit No. 2 diffuser pipe if are unit is

down.

21
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% c_3a p.

6:f.,c,_, n.o
25 ,Mn,,

26 p.1n 3.t . n t *J.

k'*',l'
'

8.11 34.3
27

.' ,-

8.12 35.1
28

79 . . . . . .

1'r
y . .. . . . . g-

r.
.,

31 - - ' - - - -

k
*I

NOTES: ;,
Dissolved Cxygen ir. ppm. fe.3

2 .

salinity in rpt.

fTotsl Ec=idual chlorino in ppm. n
.
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I.",C!lEMICliL l'l. Rid;CT!;RS
C['; TABLU 5 (ccat.)

} Month ''"Zmal:Ol

) 19 /.. tj,s
'

Ct j
n:TI- n wenn.rm: r.:-

RE,,ARI. .. .a cIJI.;

D.o.4 n.t.2:: r! -' . n . c . , 4p.o.g ptr*

1 .11 _u . n n,ny

!>,
'-

2 6.7 0.10 6.45 15.1
-

*
3 9.10 14.5. .

d - 4*
*

4 n i2 1?.5 , .

5 " .1 1 33 5 %'

6 6.1' 1:.0
%

7 ' 6 13 31 C r

.'? 3 "$ . ' 4.:8 i .

4 f."9 e.4
__

ti . J o s. . o ui . H

b-. n .10 1 *. . o _o.Jr' g,10
_7

$
h[ffjJ ~i |8.1C 35.5

r.

32 f t .10 15.n
it s

]3 H.lo F '- ~.. 67
%

34 8.10 15.0
| .

|rfy35 B.10 ';.1

J .', 6. (. n.20 (. . ) ?' .o 0,0? JUe
g. o.y

37 0.11 M.o

)9 a.17 35.0 k.
|I1'*4
vTi,-8.13 34.8

39 %'wI
9 (, n.10 11.6
* tva

f].,_p) 0.15 Fi . 2

22 _

4 'n 71 a 't' ,4 i
%W

'(
'

23 c. r. F.19 r_' 3" 7
'

,-
.

hef'f.21 8.19 35 . ?
1

h.h?25 H.21 36.4
o

26 8.20 35.2 }
82' 3b 1 .i27
U.15 34.0 .a g,j

7p _ _

'Q* /f
t.

8.18 35.0 0.05
79 Ad-

39 6.P 9.15 6.7 34.8 0.04 qN.;
31 0.19 15.0 | ahc+.e

7 '-
NCfff.S

I s.5Dir::alved Oxygen in iTm. w
'=

2 . ..Salsnity in ppt. J
. f'-3ToLil 1:esidLal Cl.lon inc in Irm. g,

E![ih.
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CIIO11 CAL TMW4LTERS k
TAblJ: S (ca.R.I " " ' ' ' - tJ

Month _
~'

'

%

D
1977

! r
P m ans

| n7 sciraimn ,
-

7 7.k.C." __

;l- n: rat:t: D.O. g f AI.IN MT; ,

eny - D.O.1 q pli
_

t3.0
_

9.1%
14.3 _ p

12.?1 _

*4
s.

2 35.o _ hen.in __
,

3 14.9
_ S.37

_

4 v. . o o.w>
n.n

i s
-

H.10 C
7.3 35."

}
i 6 7.3 1%o lu;

n.10 d

_7 %.f ;n
it . ] n

\g
]

fv. 1 u?.m
|

e

9
| lyi' . . o

, '
' , .. ,

10 , 3%D 1

! 11 | )15.n n .tq :.
_ g.I

0.21 !.

,
, f

f >t .19 ''J e
i 12 7 6.7 1 16.0 '"*

n.27.-

.I 13 6. 5 l
_

3%0
}

! 8.16'
14 35.0

-

'

I |
8.13 j

- -

K,
l 34.8

_

__t e,
[

B.11 Dtd in.t etilus s e.a
3c 34.5 i8.15- __

34 917
G 20 | .

4

IS 34.2 !
~ a.71 _

.! i 19 6.95 j 34.5
6.t ) 8.17

I ?O 34.5
8.1D

f
-

f

-?} 14 . * |
} _

h
p 10

22 11.5 h
-9.1n _

23 33.R
A.IR __

25 14.0
H.17

f 25 34.1'
__

| 6.20 _'

26
_

6 on _ _ 31. n ( A m-i ., - + I
9 in l,fa Not

77 c. ,>

>' n

! I
~ p.?n

.
,

0.02' 78 34.0
8.14t

-_29 34.5
0.20

\ ~ r - I
~ ) - I

-
- I

i
-30

! ; 31
.
e

i NOTES: Dissolved 09 gen in rpm. .

;

I 2 Salinity in pet.
. Total Ecsidual Chlorine in ppm.3

; _d
|

|
t

v
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L"Clu Pl.A JT U'31T tio. 1 1_ ST.
C11E:11 CAL PAla:!ETERS y.,,

TAULU 5 (cont.) |1#
Month

1977

I'*&
(:p'I n r s ctrA:n m

-

It:T;,yt: .
IC:'A!CS

| 0.o.# ?At.It.1?! T.R.C."DAY 1 c,HO.o.

w* p.8.15 34.0
g.f1 1

0.21 31.3 4:
,,

2 /% 0'

( )d
*<A.sn .1 's3

4 r. . n s.9n c. 7 r, 14.n n.nss
(i ),

8.14 34.0
5 I :

U.Ik 14.b Y
6 ''

|
c.i' 31.1

. ',E7 :

14.6
8 !., hp.12

| g;3.t.7 o. s s i

'[uQ
._

n.1?I 9
34.2 n '.H.zo

10 P'y

11 0.5 U.?2 I 6.9 33.7
. 7''.

0.21 | 33.9
i. s - f<-

n . >n 3n."
13 !y2,

A.1% li.A , ,

*

]4
11.5 i

iA..n
1; t,!.

33.9 M
A.)H

d[).1G *
8.IL 3J.3

]7 j Q
1R r, . ? 9.1n s, . e ,4.0 e or, N*:

9|.

R.18 34.?
19 i

33.4
! 8.15

>O _ U.-
a.lc 31.0 4-

21 *{34.2s.39
22 s(. -/

34.0A.1?23
8.12 34.3 0.01 ',,2-24
R.11 S.90 34 .0 .35

25 6.05 %'
vs *T.

n_e26
..

8 .1 '- 13.0
M27_ _ /

13.1 *i4.15
28 'tkw33.50.17

%.,29
$

0.15 13.5
M |.*33.s "An.1s, 31 ,

4

(f.NOTES: :, +~Dissolved Cggen in pro. p
.

2salinity in p. t. b' t
n

3. Total Ecsidual Chlorino in ppa.

1
!
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CI!r: TIC,% PAIWi;TE13 ffiTA131 O 5 (cont.? h?
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1977 o
]
7.v..-

-

Y
I * :"' 7.M *' DISC!!;P'II

.f RE :/ES e%*
- e---

0.0. r" D.O. . fa)fDAY -}? AL U31*N?.t.C.#t
P.4 c #g

1 r. . n .t ! n 7." in

[.E[
2 n . 't o 1'.m ~o.nl {.)p'*

*J
3 A.?O 34.1 gg',-

4 C.23 34.0 S,

N
5 9. m ?1.2

> h,, ..

4 .n 3uc N'.
g4

7 C.la 14.4 0.01 W
8 s . <ia H.11 6.* F1. 7

9 H.17 34.5
*

--

G, y10 p -. i r ,1.>

__ El.#,
11 p.15 1i.1 dy

)72)
12 9 . ? t. 31.8 |kb

Q
13 n.ir- u."

. g.3 - .

R.11 34.4 0.03
-

.14
}.?t' .13 6.2 35.0

y, e. , en bI

d'y-
]G R.12 14.5

n .1 ' + 44 .7 y
637

1.20 35.04

10
9.(*'

14 u , ) r, 3t.n F
Y

7n P .1 t 1 A . *1 T
k.w,,8.11 34.6 0.03

7]

77 6.7s 6.10 6.3 34.1 1

f8.12 34 4
23

5

8.11 34.6 j
74

N
! 25 8.12 31.a F5

P{h*!

| 26 0.10 34.2 >J
.

8.12 34.2
27

h..:[
> '

8.20 33.9 0.035 .

2g p
I --

k,.
._ 29 f. 10 n . *1 r. . no 14.1

pw n. n n.9

| _
- _ - - - M,s

31 t

x%-
NCf"ES : ,f

"

yDissolved Cx/ gen in rpm.
I[2 t

Salinity in ppt.'

| i >^
3. Total nesidual Chlorine in pp ,. 'e

l s-
1

I
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ST. I.U;In PLNiT U:41T 140. 1 yC

CitDticAL PARA:1LTI:RS
h,t'

T/dtLl'. 5 (Con t. ) d
.

J U LY
l'.on th

1977-
- - -

I DT MC!I?EE pt:v,1:ns (',%
7 37,.yy

o,o,1 37,t:.::T! T.k.C.~ (
,

D.*.Y 9_o_1 g ,g

k H.21 33 U
)

u . */ o 34.0__ tg.
'*

2
"*;2 33.5 ,

3
''1 1 Lip,| A.?O

4 %
_ __ " 3 NO

8.23 33 9
*

%
'

u.ic c.i 31.2
g,g

H.13 33 8
,,

'' 4 -

g,a,17g
li' I

it .1 <1g
'4

n 3c 31.5 A10
34 48.16g *

-
14.0 0.01

,p,.;,20
12

p'

n .1,1 s." n .o
13 e.1

f11 3n.15p
** 0

n 33 - , >15 "
1?.n *,,,,

i t', :'-

33 2~

n.11

31 5
'$.,t

0.23
13 .

a.is 31.2 o.02 r
>-

19 -_ 7-
8.20 5.9 33 1

-j l~420 60
32.0 0.03 -

0.20
21 j

'

n'

,, ,
~

22
-" l>

"'" ' "
23 *

11 ''p.29 .

3
30.0 in.gn

25
12.0 0.04 -

hg,33
26

-
c.js 6.2 32.0 [.

27 6., ,
*31.5u.14

30.5 g
8.20 .

N29'

8.20' 31 1 '

'40 >

31.0 --. ju.203t i
I7

No 43:
1 Dissolved Oxygen in ppm.
2salinity in ppt.

3 Total residual Chlorine in ppa. j
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ST. I.UCI C l'I.7JIT t"31T NO. 1 gy

CI11::11CA1. PAntJ;!;TERS 94.
* TAttLU S ( cuil t. . ) --.' ) =#

F.Onth ,

1977

FA.-

DiINT;M DI SCli? RGC pggpg
.,

D.O. rt' D.O. cat.INIT T. R. C. "
..

1 A . 5 ~1 ' C' . G 7
~. v

2 P.?O 49.4 0. f% 7,$
,

p,Y**y
3 7. '. I: 12 7 L'' 3'' 3

5
. 3 ,,c

pd4
s

?''[$5 n. m ? " . "-

g f'6 k.In 19.0
,

7 P.20 31 5
A

it. N 11 .0 Pg
g

h,'*',
9 r.?S 11.0 0.02

10 0.10 t' . /o 5.7a u.o
. .p;-f, .

c . .so 31.6'n eg .
.f8

3- e
12 yt,. .,

- --
- V

et13 e -

sv

)4 ft ,1 i 7 ? . f. g
,

P.17 1?./
J$

U-]G 30.4 0 . O '. t

16

17 6.30 c.20 5.90 33.5

8.20 33.5 g)
18 *.i.

R.1A 33.7 g
1g N

c.17 13.5 ds.70
8.In 33.5 y'

| 73

8.15 34.0 'i
22

D, .u .1:a 33.7 0.0?
! 23 '

24 6.10 8.13 0.00 34.0 /.,'N
25 na? 33.6 a

G.

26 f4.20 33 5 ---- [7
5

H lr 33 0
- 27 it

a' || 0.13 35.0
; 79 E

11 . 1 8 33.5 *0.01
f 29 r i..

8.18 34.0 .

,
'

-y se

i 31 6.10 c.10 6.00 34.0 0.02 :2,

(r.-
i .

#1 $ N7XS :

| | DAssolved oxygen in ppm. gI

Salinity in ppt. [,,t y -

| ''

j. fTotal F.or.idual Chlorino in ppm.

I

,

I
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ST. L'JCIE PLi':T t>:31T I:0. 1 p''"

C11EMICAL PtiluJ1CTERS {'
j

d TAULL 5 (cont.) 0.,

{c',4
" '

Month "N"
1977-

gi
I?!T M T D T TI!MiC,C

.
IC.. . P P.,s8s t

DisY D.O.4 0?.L1!:D-[ T.R.C.~ .y;

D.C.y p! u

I
e .. .. .1 *1

'' "

2 88 . h 8' 9 7 . f.
,

>
=

b
3 n . i r. 14 o

o, f

[)
4 H.17 14.2 .

(
a.15 34.o

5
0.15 34.0 0.04

g "

7 6.1 0.17 5.7 1.1. C
;

f
9 p.17 11.M 9

T*

9 u.)S I it." b
ei . 8 ) 34.0 9

10 .r

f.}U.17 34.0
12 t

u.17 34.o g
12

u.la 35.3 0.04 f
23

A.'

14 6.3 n.16 rn n.7 It
d

P.1? 11.4
]5

R.15 1;.9 r,
JG L

<

e.lu 33.u
17

s.in 33.8
18 *

.
.

o_19 $ $ _ r-]9
20 a.12 ''.A

21 (. . o 11.09 r. 7 14.7 0.01

22 ,' O.10 34.1

8.14 31.0
23 I

8.10 i 34.0 t

24
!B 13 34 3

25

26 P.20 34.n

8.js 33.0 No chlorination
27

.'
29 6.8 8.36 6.2 33.9

8.13 34.0
29 s

8.15' 34.0 ;

y_
- -

- -

31 - -

t

4

1 Cr1TS :
ADissolved oxygen in pp-a.
2 .

Salinity in ppt. i

.l3! Total Residual Chlorino in pp. t
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'

TA1)LU 5 (cont.) ~,~

h,'d.." "' " hMonth -
I

19*/ 7 .

6)ig,';#
D t!' Cit AMTTMT.M T' , PE!*AI:l's 3,' e '.

.

[7 -QLD.O.g }?.i.T'3 L7! 7.k.O.'DAY iD.O.g I ril
y

a.la a.2
1 |7*q

8.11 _ V1.2 ,,

2 $

8.15 33.4 L
3

".

U.18 33.0 *;

4

. f{f5 c.c a.20 #< . 2 14.0 0.02

C.16 34.5
6 4

0.20 33.2
7 -

0.18 33.4 w-I

g Ii.
G.1C 33.5 urg.

[[
q

8.c; 13.;_
10

U.14 33.0
1,1 *;,

0.10 5.4 33.1 0.01 -.

12 5.3 *

0.15 33.2 ,

13 ' y\ta
c.14 33.2 (f.

14
u.15 33.2 _

15 s

U.10 33.2 _
76

_

0.00 33.1 .
,

17 f. ,*'f
n.12 5.6 33.2 WJ

19 6.0 __
33.2

r *f*

fg.,
_8.32 ]34

B.15 33.0 0.02 .

r.
70 fM

0.16 33.0
t_

,

22 -

.'n" ' '
6

'iN 5" ' "
23 -

, ;9

24 _

f.7. .
"O'8.14

A l' 5" "'I '

4)125 0.4

8.10 32.0 .

26
32.5 g0.20

77 /
- - -

C.20 32.0
28 i.Y8.18 32.1

t
29

h(c.8.20 32.0
,n

32'
8'I !

31 l
@, .I.
Je

t:0TES: hploir:olved Oxygen in ppm.
2calinity in ppt.

3totat r.ccidual chlorino in ppm.

.
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Cl!1:11tCAL PAIC.:'LTERS %I TAlli.L is (cont.)
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3 3f ,,, ,i . , 3,
1977 g

rl.

$
TNTMT Di r.Cf! A PCE fit'.IJtI* S %,

,,

D.O.y f !! D.O. '.*it.T T.1E' 7.R.O.3 4DAY g 4,
*

A'
ffI c. . e n . i '. (. . e 14.?

..

n.12 34.3 0.03 s.

2

a.14 34.2 p
3

,

H.12 31.4

h.
4

0.12 34.2
5 *

n.15 14.? g
6

/
n.is 34.4

If7

8 e.e e.o c.2 34.2 a.oi

\*8.10 34.5
g x

30 n.In 35.o ,

e
$lti .10 34.0

11 _ _ _ _

,

n.10 34.0
12 >

0.10 34.0 , 913
h

9.In 11.8
14 ).
]$ 7.0 A.10 7.0 33.5 !r

U.15 35.o 0.04 !
]G (

a m v. -
17

2

18 n.14 35.? F-

0.16 15.5 r,

19
H.12 35.1

20 I

0.12 35.4
71

I 22__ 6.6 B.12 6.25 35.5 0.02

23 9.13 15.3
t

24 B.12 15.2

R.12 35.4
25

8.10 34.0
26

U.11 35.0
27 *

H.10 33.8r .

i

7g

6.2 8.20 6.0 34.0 0.03
29

n.15 34.5 ,

30

31 - - - - - -

NOTES:
IDissolved oxygen in ppm.

.

2 .

Salinity in ppt. l

. Total rasidual Chlorine in pp:n.

I
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g
5
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$ TAllLU L p
Dt TI .f *J u . f' 3140!!tli A

1977- %t
t';
e

I!!TAKE DISCf fM:(T RE!' ARKS ip'
D.O.3 3M.t N t'1*/ ';' 1! . C. ;DAY ,

D.O.3 t 11
,

. i
.

I a.io 34.s Q'
.s.

0.05 34.0
2 . %.

,

tk3 n_pr 3.3 .1

4_ A.10 11.1 V-
#1

0.15 14.2 __

C',5
s.IH 34.0 y

G
Y(p,

7 6.4 H.12 6.2 35.0 0.03 -

$, J
f*

P n . ] t. i '. . n -

,<.
4% *s ,

9 f . . '* O .

C.
10 n.19 is.o

$
c.20 n.o atn G
U.25 35.5 r.12 s

13 0 l' u.2s 6.0 31.5 0.01 re

4 14 "* . _ _

H._0}4
R.?o 3 % . fi

g
1% ,M^

R.20 3%.O s
I f, 'T

8.21 3%.0 kA

17 .

8.20 35.2 >-

18 ,*
s

U.10 A1.5 g

3q b
'

20 c. . e n.in 7.0 1%0
t

n.10 3 4 . r. 0.04
?) f

8.25 34.0'

22 o'

23 o.en 3<.o
,

>

|
24 c.M 11. 't

(
25 n.21 34.7

(

a.20 34.5 626 '
t

H.20 | 34 0 0 04
27 8 [
2p 6.7 0.20 7.0 35.0

l

8.20 35.0
29 ,

8.20 35.0
i30
t

31 ! n.oS 34.5 i

e

NOTCSs J
1Dicsolved C. f gen in ITm.r

2 .

Salinity in prt.
>

3. Total Fcsideal Chlorino in rpm. I
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ST. LUCII PLA!!T C1IT tlO. 1
CHD1ICAL PAPX.ITERS

TAS C C-1
#'

Month-

N DAY RE!'APJ.S'

I e.o. ' Int.:::rell :.n.e. -fg e.e.' ' en

l A.1 |3*.0J ''

2 8 .'l 15.1

3 3.2 34.0 |'

,

4 7.0 8.2 6.6 34.5 | 0.04 |
l |#' 5 8.2 14.8

4
8.2 34.5 |* 6 '

,p

35.0 |
- 7 o a

* 8 8.2 35.2 |'

| 34.8 |9 e ,

10 7.0 | 8.2 | 6.8 34.5 0.04 |

11 1 8.2 | |34.0 | |

1 35.0 I iu| 92
'

.

[ u| | s.2 35.0 t I

ui 8.2 34.s i
| 8.2 34.015

16 | 8.2 35.0 1

17 6.9 0.2 6.c q_n 1.05 1

18 8.2 34_-

19 8.2 |34.3
*

20 8.2 | 34.2 0.05

21 8.2 34.3
8.2 34.2

s 22
32 34.?23

I24 7.3 8.2 7.0 35.0 0.03'

25 8.2 35.0 |

. 26 8.2 I35.1 i'

8.2 | 35.0 |
. 27

I .'35.228 8.2 '

29 8.3 .35.0 |

_so 8.2 |34.9 | |

8.2 6.5 |35.0 0.03 j
31 j 6.7 '

N r S:
1Dissolved oxygen in ;;n.

'

Salinity in ppt.

.Totsl residual Chlorir.e in ;;n.

. C-4
.

.
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ST. LUCIE PLA !T CIIT NO. 1
CliD1ICAL PARA '.ETERS

~ j TABLE C-1 (CONT.)
Month February 1973

| I?!TAKE DISCFAPCE
*

g p ,
,

| 0.7. SALn;r-? ?.a.c."0.c. -H

1 8.3 35.1

2 8 .*3 34.9
3 83 34.9 |

'

83 35.0 |4

8.3 35.0 |5

6 34 3*

,

3 7 6.9 8.2 6.6 34,6 o,01

I# - g 8.2 34,o ||

9 | 8.3 | 34.0 t

10 1 8*2 | 35.0| |'"
8.2 | 34,9 | |11

, 12 | 8.2 34.8 |

13 8.2 | 35.2 |

14 | 6.8 8.2 6.6 | 34.8| 0. 01 |1

1, 8.2 | 15 ? I
.16 | 8.2 35.0

f34.817 g.y

8.2 35.0a 1,

*
| 8.2 35.5 *

19

.
20 8.2 34.s

.p 21 l 6.6 8.2 4,3 34,5 gg,gy I

g',M _ _22
8.2 34.5 |

8.2 34.3 .I23
8.2 | 35.424

< 8.2 >5., ,,,

8.2 35.326
8.2 35.2p

28 6.5 8.2 f 5.9 35.0 b.01 .''

!29

,o

31
.

Nor:S :
1Dissolved oxygen in pp=.

# salinity in ppt.

Tots 1 Residual Chlerine in ;;s.

! C-5



. ST. LUO;; P;..s;; a:. IT .~ . .

CI!rMICAL P.UM.ITIRS
TABLE C-1 (CONT.;

. . '. Month E8 1

,

INTAKE DISCFA?OE
_ ,

g ygg* >" DM 13 A' INI'"l' T . R . :* . 'D.C. I pff D.C.
i

1 35.01 8.2
,

'-

2 8 .'2 34.9
|

3 54 . 2 15.1

4 8.2 35.0 I

5 8.2 I 35.1 |

l 35.0 |i
8.26 '

' 7 7.2 8.2 6.8 34.9 (0.01 |
8 9.3 | |-e ,

| I35.0 | |'

k 9 o ,

| S.2 ! |34.5 | |
10

- 11 \ 8.2 ?5.0 | |

12 B.2 34.6 ! |

13 | 8.2 35.0 | |

14 6.6 1, 8.2 4,3 |35,0 l/n_n, |

8.2 |34.5 l
15

8.2 34.5
16

8.2 35.2
y 17

18 8.2 35.1
*

8.2 (35.0
- 19

| 33.020 8.2 |

21 6.8 8.2 | 6.8 34.9 4 01 I

I 35.0 || 9.3
,

22 '

35.2 |o ,23

24 8.2 35.0 |

|
25 8.2 35.1

|8.2 35.0
26

|8.2 | 35.0
27

' .'
28 6.9 8.2 g9 3:_! (n.ni

83 34.029
8.3 l34.5 | |

30
8.3 |34.5 | |

- 31
.

'I
.

Dissolved oxygen in ;;s.

2salinity in ret-
y

fTotalResi'4. 'le;'r.e in p;=.
. .

C-6;
usurm3=sryry:v

* _ - . . - . _ _ _ _ w W 3g .*'ssr,y m - - w . , m
,

_ _ . _ _ _



. ST. L;CIE PLA::7 tatIT 2:0. 1
- C11EMICAL PAPA:ITERS

TABLI C-1 (CO:27.)
AE#11 1978Month

/ IMTAKE D I SC'' A M E g,
| 0.0.' |3Ar :::r!| '". P..C. *D.0.1 | pH

| unit off~

1 8.3 3 e _ ,n

2 g '3 34.8 line. No

|-4'

3 8.2 35.0' .~.. ,...

6.4 8.3 6.9 34.8 | | water
e 4

5 9.3 35.0 | |oumps.

8.3 34.9 operatinc5 6

7 8.2 35.0

8 8.3 34.8 i I

9 8.3 35.0 | !

| !10 8.3 35.0

35.1 | I
11 7.0 8.3 7.4* * '

12 8.3 34.8 |

!
13 ) 8.3 3c.n

|
1.s | 8.3 34.8 |

I' B3 'c o
15

'

16 8.3 35.1

17 l 8.3 35.0
|J 18 8.4 | 8.3 8.0 35.1

i
,4

| 8.3 l 35.3 *
'

'

19'

8.3 l 34.0 |
20

8.3 | 34.2 I |'

I 21

| 22 | 8.3 | 34.5 l

| 34.1
23 9.2

i 8.2 I34.2 !
24

25 8.4 | 8.2 8.4 34.3 |

k
26 | 8.2 34.7

i 34 89*27
.-

! | 8.2 ,. . __.

29

| 8.2 34.7
29

! 8.2 34.7
i n

SWS s 1Dissolved Cxygen in ;;m.

d Salinity in ppt.l

?TotalResidualChlorinein;;n.
C-7

_ _ _ _ _ ___ _ _ . . _ _ _ _ _ _ _ _ _ _ _w. __ _ _ _ _ _

''r



~ ST. LUCIE PL.MIT WIT NO. 1
CIIDi! CAL PAPR'2TERS

'

fiay 1978
3

$ "

DAY En APJ.5
D.C. | pH I D.C. ISALINrf| 7.R.C."

,

;
1 S.2 | 35.0 unit off

q , 6.3 35.0 y| 2 6.9 3. ,,

2 '
3 8.2 35.0 cirrulatir:

;

4 8.2 35.1 Iwater
5 8.1 35.3 | r u.,r s

6 8.2 35.0 |eeerstine
7 8.1 35.2 |

35.0 I |I 8.2 ig

35,1 |7.2 | 6.5
ti L9 . ,

| 8.2 34.9| |10 ,

11 | 8.2 35.0| I

.3 12 9.2 35.0 | |

13 8.2 35.0 | |

14 8.2 34.9

15 9.2 34.9

16 6.9 a.2 6.8 34.8

17 8.2 34.9

IS 8.1 34.o
'

19 8.2 34 9

| 8.2 35.020 ,

21 8.2 34.o

22 82 34 9

23 7.6 8.2 7.5 35.0 |

8.2 34.8 |24
'

8.2 34.8 |25
34.8 || e.y26

|I| 8.2 34.927
35.0 .'

28 9.2
_

82 | 35.1~
29 _

6.5 | 35.065 8.2in

| 8.2 I j31 3 .
, w_

_
Dissolved Crfgen in pps.

salinity in ppt.

? Tots 1EcsidualChlori..ein;pa.
C-8



ST. L:;CIE PL;e:7 m;IT r;o 1
CHEMICAL PAPJJeiTERS

TABLE C-1 (CONT.)~

~
Month J 'M 1"'*

Ihi KE DISCHARCE
i e .

P2 * *.AP.K SDAY D.C.1 j pH D.O.* |5 A!!N!?;' ?.R,c.*
g ,

| |1 9.2 n. o,;
i |2 8.2 35.0

^ ~

3 S.2 35.4 |
'

4 9.2 34.5

5 8.2 34.5 i

6 6.4 8.2 6.1 34.s (0 c1 |
f*8 - 7 8.2 34,7

0*2 34.1 (0.01 |8 '

- 9 e2 34.0 |

10 8.2 34,3 |

11 8.2 34,i j
_.

u s.2 34.0 | |

13 6.2 8.2 5.6 34.0 I o,01 |
14 8.2 34.0

15 S.2 34,i

16 0.2 34.6

17 | 8.2 34.7 |

19 1 8.2 34.6 |

19 8.2 34.2 | 0. 01 | *

|20 6.3 8.2 E.9 14.4-

21 ' 02 34.4 |

| 8.2 | 34.0 |
- 22

23 8.2 34,9 (3,97

_
24 8.2 34.9

| 8.2 34.8 |25 '

26 8.3 34.g 0.02 |

27 5.9 8.3 5.9 34.9 |

2s ,, 34.9 I .-

|29 8.3 ya_o

| |?S 8.2 14_o

| |- 31

1Dissolved 0:qgen in p;n..

Salinity in p;t..

. Total Eesidual chlorine in e t.

_
__



ST. LUCIE PLA:!T tmIT t:0. 1
CitD! ICE PAPJ.:ITE?.S

TABI.E C-1 (CONT.)
J"l'l l9?O, .' Mo d

?.[TAKE
DIS HAP.CE ., ,DAY

eN | D.0. IAC:;r"[| T.R.C.*

,,

|0.0.

j 1 | 9.2 ?4.9 | |

h 2 9. 2 34.a |
1 8.2 34.8 o,01 |_3 '

'

'

. 4 8.2 | 34.9 | | |
'

5 6.0 8.2 5.5 34.9 | |.<
_

6 8.2 35.0 |
La 7 8.2 34.8 0,01

8 P 2 34.8

9 | 8.2 | 34.7 |

10 | 8.2 | 35.0 | 0.01
11 | 8.2 | |34.5 |
12 | 8.2 | | 34.6 | |

13 6.1 | | s.e | 34 8 | |2 ,

14 8.2 | |34.8 |
15 8.2 -| | 34.0 |

16 8.2 | |se a

17 8.2 34.5 ! 0.01
19 8.2 14.8 |

I34.9 !19 6.3 8.2 E.4
*

20 8.2 35.1 |

21 8.2 I 35.0 |

h 22 I B.2 33.8 | |'

23 | |34.4 | |9.2

24 8.2 | 34.8 |

25 8.2 34.5 0.02
26 6.7 8.2 6.4 34.6

27 | 8.2 I |34.5
f | ! 34 7 -'23 e _ _- .

I 29 8.2 | 34.5|

j M 8.2 '34.9
l

31 8.2 | 34.9 0.02-

" 1
_ Dissolved Cxygen in p;:.

Salinity in ppt.

~~
f;otal.bsidualChlorinein;;m.

C-10

, - - - - - - -
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|
|

ST. LUCII PI.A::T U:i;T tio.1
' CHI.MICAL PA?a:'.ITIRS.

TA3LI C-1 (CONT.)
) .., tfJn th

N
| DISCCJCIINTM'I

~
CAY FJ 'APJtS

en | D.c. 4 I3n : r"!! 7. R.C. -0.0.1 |
,

'

1 6.7 | | 6.6 | 34.4 |o.y,

2 | 9 . "2 | | 34.6 |
''

3 8.3 | | 35.2*I |

4 l 8.2 | | 35.0 | |

| 35.1 | |5 a.'-

I
6 8.2 li 35.0 | |'

i

7 | 8.2 35.1| |

8 6.5 8.2 6.4 | 35.0 | |

9 8.2 | 35.0 | 0.01 |
! 10 | 8.2 | | 35.0 | |

11 | 8.2 | 35.0 | |

8 12 i 8.2 | 34.9 | |
'

13 , , | | 35.0 | |

h | 34.8 0,0114 | |a
'

'

15 6.1 0.2 6.5 35.0
*

16 8.2 35.0

17 9.2
'

34.8

13 9.2 34.8'

| 8.2 | | 34.8 *

lo

20 l f 8.2 | | 35.0
21 | 33 | | 34 7
22 | 6.0 | 8.2 | 6.3 34.3 | |

|23 | || | 8.2 1 34.7 '

2 t. 8.1 i 34.8 |

25 8.3 35.2 | D.Cl
26 | 8.2 35.1 ||

27 | 3.2 I35.0 |
| 8.2 | 35.0 '

/29

29 6.1 8.2 7.0 |34.8 0 r_ ?

2n 8.2 | p ,3g
31 | 8.1 | | 34.2 | |

'

1:0:25:
3Dissolved Cxygen ir. ;; .

Salinit:y in p;t.

3
.Totsi Resi&;al Chlori .e in ;j;=..

C-11
_ . - _ _ _ . - - _ - - _ - _

_ _ _ _ . . _ _ _ _ . _ _ _



bT. LUCi2 P!A:10 t.:iiT tN. 1
i CIIEMICAL PAPX.ITERS

TABLE C-1 (CO:;T . )

P.onth S* P t **E* T 1979**

|l DISCHARGEI'r" AKE Rz:tApss@ DAY
| D.O.y !3ALI!!I?f| 7.R.C. |D.O.g ' pH

,

34.9 | |) 1 8.3 ||

2 8.2 34.5 |
''

'

3 8.3 35.0- |
'

3
.

4 9.2 |6.4 'l 35.1 | |

5 6.0 ?.3 |6.4 34.2 o o, |

h 6 8.3 34.7
^

7 8.3 34.9

8 3.3 35.0 |

9 8.3 | 34.5 !

f 10 8.3 34.2 |
I

' o 5 34.011

12 5.6 8.3 | s.5 34.5 0.01
,

13 9.4 | 35.0

14 8.3 | 35.1
'

15 8.3 35.0

8.3 35.0
1G

,
17 8.3 35.2

IS | 8.3 34.0'

8.3 6.2 l
*

19 8.8 | 35.0 6 .01''

|8.3 | | 35.2 !

20

| 8.3 34.5 |- 21

| | 8.2 34.2$ 22

23 | | 8.2 34.3
|

~

24 9.? | 34.5

S.2 1 34.025

l 26 8 . 9' 8.3 '8.2 '34.0

8.2 34.9 - 0.01
27

| 8.2 34.2 -''

29<

8.3 34.329
8.2 ,34.9

.

90

31 | | j

$
1: m s:

bissolvedCxygeninpp=.
Salinity in ppt. .

. Total Residual chlorine in ; a.

-

\

4



.

~ sT. LUCIE ?LC:7 CllT 140. J.
* GIEMICAI, PA?rETERS

TASII C-1 (CONT. )
"-'-"a- '"'y,e m.h.,

N i

INTA.5.G DISCHAROE Fi". APISCAY 1 l o.e.t F ._:n:-!l :.a.c. ,o.e. pa -

A i

1 8.3 1 35.0

2 8.3 | l
''

'

34.5

| 34.2'l |0.013 8.2 9.3 8.o
,

| 34.8 I__
'

4 8.2

8.3 | 35.0' i5 '

6 8.2 34.2

7 8.3 34.5

"' g 8.3 35.0

I 8.2 34.5 || |

9

10 6.2 | 8.2 | 5.7 34.0 | -5i-.4...-.

11 | 8.2 | 34.8 |W eut e s ..f i 3

12 | 8.2 1 35.0

13 :| | '9. 2 | 35.0h'
14 8.2 | 34.9

i

15 8.2 34.9

| 35.0
16 8.1

17 5.8 8.1 5.5 34.5 wi_.4 ..-.

8.2 i 34.5 out M s e -.. i - -

13
*

19 8.2 34.2

8.1 34.0
- 20 ,

|| 8.2 3 e21
|| | 8.1 34.0

_ 22
8.1 i 34 8 |23

|| 34.0 |A 2' 5.8 8.1 4_-

8.2 34.0 0.01
~, 25

'

8.1 ,3 ::26

27 8.2 | 34.S

, 9. a.
8.2 l 34.0 /

7

i 29 81 ?4 '

8.1 34.2in

8.2 5.5 34.5 |31 5.5 ,

NOTY.3 : y
Dissolred Cxygen in pp=.

Salinity in ppt. .

fTotal Residual Chlorine in Y3
- m.

C-

- -

I

,

1

! *



- - - - - - - - - - _ - - -_____. ____ _ _ _ _ _ _ _ , __

ST. LUCIE PLA ;7 CIIT NO. 1
CilEMICAL PA?.M'.ETEP.S

,

TABLE C-1 (CONT.)'

! Month Neverber
...

k
,h1NTAKE DISCHARCE RE:'M.X3DAY

D.C. 4 |S AL:!:17[I ?. R.C. ~ID.O.g ' en
,

1 8.2 | 34.7 |

I
"

2 8 .'2 | 34.2

3 8.1 34.8 |
|

4 8.1 34.- I

8.2 34.9 i5

6 8.2 34.2 |

h , ,,, ,,_,34.5
7 5.5 8.2 c . .t

8.2 |34.7 j
8

9 8.2 | 34.5 i

10 8.2 | 34.6 | |

11 8.2 |34.7 |
12 8.2 |- ,, ,,

13 | 8.2 35.5

14 6. 6- 8.1 5.9 35.0

15 8.2 35.0 0.03

|
| 8.2 35.016

17 8.2 35.0'

I

la 8.2 34.8

I 8.2 35.0 |
'

19

20 8.2 34.5

21 l 6.2 8.2 l 6.0 34.9 c.c

8*2 35.0 !
22

8.2 34.823
8.2 34.8 1

24
| 8.2 35.025 |

26 8.2 1 32.5

27 | 8.2 | 34.5

8.2 | 5.6 35.0
23 S.3

29 i 8.2 35.0 0.03

' !
3n S.2 34.8

31 ( }'

NTT.3 x
bissolved C..fgen 1. p;=.
Sali .ity in p;t. .

! Total Residual chlorine in p;:n.
C 11

__ _ _ . . . . . _ _

|

.

'- - - _ _ _ _ _ _ . _ _ . . . _ _ _



ST. LUCIE PLAMT UNIT NO. 1
CHEMICAL PAPJJCTERS

TABLE C-1 (CCNT.)
- Month Deceser 19"'8

DM .M
p ,;P ,,SDAY

0.0.2
. .,

cH D.C. f3A*., INCL 7.R.C.~

1 8.2 | 34.0

9 .'2 | 34.5 | |2 '

3 8.2 | 34.5 |
'

4 8.2 34,3 |

5 8.2 34.5 |

6 6.0 8.2 6.4 35.5 0.01

7 8.2 35.0

8 | 8.2 35.2
,

9 | 8.2 35.0

10 | 8.2 35.0

11 | 8.1 34.5 |
5.7 35,5|0.0212 6.0 | 8.2

34.2| l13 | | 8.1

14 | 8.1 | 34.2 |
| 35.0|0.02| 8.215

| 8.2 | 34.816

17 | 3.2 | 35.0
| 8.2 | 34.218 |

19 6.8 | 8.2 6.8 l- 34.7
*

g
- 20 | 8.2 34.0

21 | || 8.2 34.0

-- 22 | 8.2 | 33.8
'

l 23 8.2 | 34.0 0.03

24 8.2 33.9

25 8.2 34.5

26 8.2 34.0

27 6.5 8.2 6.4 34.8 0.02

23 8.2 1 34.0 *
.

29 8.1 |34.5
$n 8.2 | 34.4

| 31 8.1 |34.0

NOTES:
1Dissolved Cxygen in pga.

Salinity in ppt.

. Tor'' F.esidual chlorine in pga.

C-15

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

'

.

- , - , . .-.. -- - - - - .



,

I
,

Florida Power & Light Company

ST. LUCIE PLANTV

ANNUAL NON-RADIOLOGICAL

MONITORING REPORT

1979
,

|
Volume 1

ABIOTIC MONITORING

|

EXHIBIT J

,,.,,,.,,-,.,,..n,--.,,,.-,.,,,,,..--,_,.a,,._,,,,_,.,,,,,,,,--,e.-, , , . , , ., - . . -,n-- - , . , - - + . -. - -,- a,_, --.,,,,-._,,n,._, ,
-

, ,,



4

l

l

I

ST. I.UCII P AST U:1IT So. 1
CHEMICAI. PA?M ETIRS

, TASI.I C-1
'AIUAEY 1979'

: ( Month
-e , ,

| O'SCHAF0EINTAFC
AY SE:GRKS

1 en | .0. A !sA:. N:-al T. ;t.c.3J D.c.A i

i s.2 | 35.s I I
f

-

M l a.: I 34.2 I |2

3 6.s I s.2 I s.2 34.4 .o1 I I

4 I s.1 34.s I l
_.

I5 s.1 34.s

24.2 L _ I
e s.1

7 I s.1 l 34.1 |
3s.o ' II s.1 i '

e

9 6.6 I s.1 1 6.3 I 35.2 1 .o? |
:o i s .1 | | 33.ai i I

J
~d u I a1 l I 34 o I I

u I s.1 I i 33.9 1 I.

. 13 I I l s.1 1 34.0 I I| 3,
I a.2 1 34.c I.

h t s.2 1 32.0 i,- ,

Jd [.$ I 6. 2 I i a.2 1 6.7 33.7 I .01 I
i- | | |e.2 | 33.s ! I

;; I I | s.: i 33.8 I Il

I
1 i i s.2 I n.-,o

- 71 |- I s.2 1 34.c f

- -.I- I I a.2 | 34.0 | |. , ,

: I I a.2 I I 34.o 1

! 23 i .3. s t , s. 2 1 7.s 3s.o c. I

I Ia2 I I'
2

:s | | 18.2 I i l I|
:: | I I s.2 1 1 I| .

;
\ -- | | s.2 l I

-

i s.2
,

. _29 i
l 'y 7.0 I s.2 7.3 _

3- ! | | s.2 .c0 l

:c::: .
Tiss=lved 0:c/ gen in ;;m.

25ati.10f in ;;t. (:eleted fr:: S ef f e : ve ~anarf 24, 1979)i

i

370tal Residua * Ohlert..e in ;ps.-

C

a
-

!

|



ST. LUCIE PLA::T UNIT 170. 1,-
CHEM 2 CAL PARAMETERS'

TABLE C-1 (Cont.)
?!3RUARY 1979. gen g,g

INTAKE DISCHARCE RI:*. ARKS s -CAY .- I c.o.1 I r.n.c?e.e.1 n'

1 a.2 l i'

2 s.2 1
,

I3 I s.2

* e2
I

'

6 s.7 I s. s.s
| | s.2 ; i <.cl !'

l' | |I a.2

9 I s.2 I I I I

s.27 I l I
la

u s.2 | | | |

12 I s.2 I : 1 I

13 | 7.2 | | s.2 j 7.29 <.01 |

14 I I l s.2 I I

'

:s | | s.2 I ,_

hil
''

is ! I s.2 | | 1
_ _ _

'

| __ l: 1 I s.2 I I I

I
_

| s.2:s |'

s
1 I | s.2 ! !

19

7.ls I a.2 7.30| < . 01 | |
2n

i s.2 h | I
21

I a.2 l I
22

! . in 23 I i s.2 | 1,

2: I I a.2 I I

|
( 2s I a.2 | |*

| 26 | s.2 l

2? | 6.55| s.2 6.37 4.01 |

2- 1 I I a.2 |

|
| .

21 I | | | !i

:20:1 3 : y
Ciss:1 cad Or/ gen ;;m.

2;ctd Res;hal,Ct. e in ;;

' C-5
_



ST. I,UCII PLA:IT U::IT :;C. 1
CHEMICAL PARAXITERS

TABLE C-1 (Cont.)
?dAR'"i 1 C 7 CMen t.g

.

,

s

P ''\F3'S
OA*/ 2

o.a. g I o.a. :.n.c.

i s.2 i ; __ ].h
| =2 l I' 2

I 3 i S.2 | | | ,

~

I e.2 ! I I I

4

l II s2 '

s

s I 6.7 i
_

s.2 6.e i I i

e 9_ < 01 |~

* l

.

I
s 8.1 '

i s.2 I I I I
9

o I I s.2 I I I i

i s.2 1 I I
11

- 1: | 1 s.2 i I jhipMa e
~

u i 6.6 I a.2 I 6.c I I P'"-'''*

i i I s.2 I I I I _
14

1s i i 1 a.: 1 I I I _,

' I _jis i I I s.2 I |

.. i l I s.- I _ ' . I i i,

I 1; I I I a.2 l 1. I
.

' < 01 l
| 1 I s.1 1 .

19
l2: | | 1 9.1 f '

I c.7 I I s.2 l 6.6 | I
- 2:

22 I | =2 I I I I'' '

s . t. I I .01 I I73 ) I |

24 I | | a.2 I I I

23 | | | 3.2 I I (

2s | I I s.2 I i 1 0.015 1

2; |6.6 l i 8.2 | 6.4 I I

I 8.2 I I'

2a
(.01 I

| | i 8.2 |,c

i i s.1 I I
,

-n

I 1 | ! s.1 i h !
i

.-.T3: .L
'D:ssolved oxygen in ;;S.
;;otal F.esidual Chlorine in ;;s

C-6

_ mm _ - . _ - - _ . _ _ _ _ _ _ _ . _ _ _ _ - _ . , ___ _ __
_..

--



ST. LUCIE PLR;T UNIT NO. 1
.

CH:'MICAL PAF.TO.ETIRS'

'

AEEI' 1 79Month

, T'.T.A KE DISCHAPG: g.jpg
3. 0. pH l O.0.* T.R.C. Ii

-

3.2 IEefueli.c -~.!1

la ch'o:ina:td.' '
, s.;
- -

I
3 6 . l. o. 6.4

4 | 8.2 i I

I{ s2 '

sh s I a.2 I I

I |i s.2 '

3

s.2 | | |

_

s

s.2 I I I I* ,

to I s.2 I I Ip,
u 9.0 i s.3 I 9.0 I iNJ

I l
12 I a ,

' iuI l ' S.3 '

aj i s.3 I I

si I 8.3 I I i'

;I | 8.3 | | | I

1? I 6.1 | | 8. 3 ! 6.4 I ! !

'

uI i ! s.3 I I I I
___

19 I | S.3 | I I'

2- I i 8.3 | 1 I

. 21 | | | S.3 | | | |

22 ! l 8.3 I I I i _

23 i S.3 i !

2: e :- | 8.3 I 6. 5 I I

25 I 8.3 I I !

2c | ! 8.3 | | | | I

27 | | 19.3 | I I'

I
2; I | 8.3

I| | 8.3 | |
'

29 .

! l 9.2 l I
--

l31 I k | |

:;07:3 : .0.ssolved Cr/?en in FFr'.-
-2 nal Res. dual C?.lortre i . .F"'.

C-7

- __
-- --



ST. LCCIE PLA:;T 'CIIT NO. 1

| CHE HCAL PARA:4ETERS
TA3LE C-1 (Cont. )<

' MAY 197924cnth

|I ICU? 0:50H?,RCE

. . Y | 3. 0. t I i eH I c.o.g | T.R.Of
_ _ . . . R.%,ru.nsa

1 6.5 a.2 I 6. 5 | Refuelinz -
2 a.2 | | | No chlorina:1?n
3 i s.3 I | |

4 | a.2 I I I

= 8.2 | |(,
22 s.2 i i I

_.

l I |s.2- !.

Q e 6.5 I s2 I e.s | I I i

9 | | s.2 | | l I

to l I s.2 i

ti I i s.2 i

kn. 12 I I s.2 i l I

*# I 13 I i s.2 I I i'

I i s.2 I I I I1:

u I 6.6 I s.; I 6.6 I I

is i i s.2 | | 1

k 1 | | s.2 | | 1 I1-

u I I I a.2 | | |

'g 19 I I I s.2 I I I

2e I i i s.2 I I i'

! I a.2 I I i

'N
2:

22 I I a.2 I I I

23 16.2 l a.3 I 6.2 I I

2: I I a.3 I I I

2s i l I s.3 I I i i
,

26 I I Is3 | |p,
2- 1 I | s.3 | |-

2, I I s.3 | }

29 | 6. l+ s.3 | 6. t- 1 I

; I I s . t. 1. I I,,

31 I I Ia.3 | | 1

- NOTI 5: .

*:iss:1ved Cxygen in ;;=.
';::a1 F.csi:!uti Chlorine 1.a. ;;

C-a,
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ST. L "CIE PLA.';T ' :IT No. 1C
CHEMICAL PAFJeiETERS
TA3L C-1 (Cont.)

, , , , ," ' " , - -
Month

I'TAKE DIFCHAFCE
cat P1:121:5 , .

c.c.x| ! .o.' I r.a.c?ea

1 1 9.3 |

2 | 8.4 |'

3 ! 8.2
4 i 8.2 | |

. 5 | 8.2 | |

s 6.4 i 8.2 6.49 Refuelinz |

8 | ::c chi:rina:i f.

9 | 8.2 | | | |

4' n I 8.2 | | 1 I

u ! 8.2 | | |

I S.2 I | .03 I-
..

13 16.0 1 8.2 5.6 1 | 1

ui I 8.2 | |

15 | | 8.2 l I I

:.3 | | 8.2 | |

;- | 6.2 | 8.2 | |

:s i I 8.2 I l'

| | | 8.2 | 5.70 I9

i | | 8.3 i Ien

-1 | | | 8.2 .03 |
I | 8.3 | | |;;

23 | | 8.2 | | l

; j | | 8.3 I I l

25 | | 8.2 | | |

:s 6.0 | 8.2 ! 6.22 | |

i 8.3 .03 |:7
; ! | 8.2 I

:o i l | 8.3 I

n | I I 8,2 IjQ
31 | k ! 83 ! ! !'~

. L7.13 s .
. '::issolved OP./;en in ppm.

570:21 Fes;daal Chlor +r.e in ;;:

C-9

:

!



| ST. LUCIE PLANT UNIT No. 1
W CHE:CCAL PARA:CTERS
N TABLE C-1 (Cont. )

JUIY 1979Month

- .

INT.UE | DISCHARGE
. ,Y RE::APSSa

3.0.1 I -H | 0.0.* | T.R.Cf
i

''

b' 1 3.3 | | |

2 3.2 | | |

3 5.30 8.2 1 5.60
4 s.2 I i'

5 | 3.2 |<.01
6 | 8.2 |

I s.2 i7 -

S
9 8.2 | ~|

9 a.2 | |
'

10 |6.20 | 3.2 | 5.70 | | |

11 I | S.2 | | 03 |

g 12 I I a.2 i ! I

uI I I s.2 I i |

14 1 1 ! 8.2 i lg
n I i s.2 I I

I i s.2 | iis

k 1- i5.30 l l a.2 5.50 | .02 |
,

| uI I I a.2 | |

ic | I | 3.2 | i |

20 | I | S.2 | |

E | |8.2 | |v-4
22 I IS2 | |

23 | 8.2 | |

24 '7.20 I S.1 l 6.30 .02 1'

25 l | I 3. 2 I I | |

2s | | 8.1 | | |

27 | 02 | |

h 29 8.1 |

29 | |81 I

39 I | | 8.1 |

21 |7.20 | | 8. 2 6.70 | } |

::c Is t .

'Olas lved Crfgs . in pps.
**o al Residual Chiarine in ;;m

!

l C-10

|
. - _ . _ - - = _ _ - - - - - - - - - - - - - -

.

I

i

!
l

- , - - . _ , , , - . ,- . - - . - - , . _~
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ST. I.::CIE PLA:.; r. NIT tio. 1
CHEMICAI., PARAMETERS

- TABLE C-1 (Cen t. )

N
. xen.2 Arct's : 19:oJ

runxr orse m er I
Y aE:.Aaxs s...

I :.e.' I i :.a.:? Io.e.1 =ni
.

1 8.2 I I

2 | 8.2 | .01 1
3 1 8.2 | | |

4 | s.2 I i i.

s | 8.2 | |p
s I 8.2 | | i

7 8.9 | 8.2 5.6 | | .02 |
s I 8.2 I I I I

'

., 9 | 8.2 | | | |

b | 8.2 | | | 1:o
' uI i s.2 I | 1 I

p- 12 | | 8.2 1 | i'

13 I i s.2 I i

8.2 6.2 l14 16.6 ! '

is i I 8.2 | | .oi l 7,

g 2 I | 8.2 I I

| | | 8.2 | 11-
,

i ! is | | | 8.2 I I |

I i I I s.2 I I1s

22 | | | 8.2 | |

| 21 1 5.9 i 8.1 | 5.8 |
.

'

22 | l 8.2 I o.02 1
23 | I 8.2 | !,

24 I I s.2 I I I

| S.2 I I I
_._2_'

| 26 | 8.2 i !

27 13.2 |

| 2s 1 5.S I | 8.2 5.7 I n n' I

L_ :9 ! I I 8.1 I I!

f0 r ! I I 8. 2 | |

31 i ! | 8. 2 l !

'

NOTIJ: .
'3.ss 1.oi Cxy;en in ;ps.

:-al Resignal Chlorine 1. ;s

C-11

,

_m,.._ _ . . -

|

|
|
.

I

f

!
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ST. LJCII PLA::: t;:1:T NO. 1

CliE::ICAI, PAPA;.:ITERS

E'?" M ~? 1079Mo n t.".

DISOMAPGZIN* A'''E '

..Y EI 'AP33 ' 'wa
0.0.' I | ?.R.O.2O.O.1 I eH

1 3.2 |

6.2 |2 ,

3 I | |

I 8.2 14

| 3.25

6 5.5 l S.1 5.2 .01 i

I s.1 |- -

I a.1 |9

h 9 s.1 I i

lo e.1 I i

u 7.2 s.11 6.6 |*

12 i s.11 I | .02 I

b uI I s.1 I I

IMG 1: I s.1
I s,I I.=

[h! I I e.1 I I i

,
,- 1 I a.1 I i f

''

a| 6.9 | 8.1 1 6 . .'. .01 |
| | S.1 I .01

19
|

i | S.1! 2c.

I | | 31 I I21

| | 81| I
22

23 I 8.1I I

5.1 i f. 2.; ..

25 6.5 8.2 6.9 l Eia d i,_,

26 | S.1 9/22-9/30

i j 8.127 ,

6.1 | |;g

29 81 ! !
,

" i s.1 | |'
,,

31 | | I |

:400:31 ,

'nsselved Oxy;en in ;; .
2;oul Pesit.:11 Chlerine in ;;n

C-12-

_.
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ST. I.tCIE PLANT UNIT NO. 1
CHEMICAL PARAMETERS
TABIE C-1 (Cent.),

gen t;g SCT0JE? 19?o

"

IINTAKE DISCHAPCCgy p ,p
D. C. eH I D.O.' ?.R.O. s-

i 8.1 |

2 8.2

( 3 5.9 8.2 S.9 .02

4 I | I 8. 2

8.2 I5 | '
'

S.2 |6

) 7 | 8.2 |

e i s.2 I .o2 i-

fy , 6. o I s.2 6.0 |
'

10 I 3.2 I |

11 | | s.2 I I/
12 | | S.1 1 | !"

13 i i s. . I i

I | 8.2 | |1:

5 I I s.1 | | I?iAES:,,*

y i 6.o I 8.1 6.0 l l'o/'5-12/23
n | | 8.1 | |

id ! I 8.1 | ih
I,, | | 8.1 |

' '

| I:? I | 8.1 ,

| | |! |* S* e 1

22 | | S.1 | |

h 23 1 5.s | 8.1 5.8 I
'

,, | | s.1 .02

23 s.1 1 1

I25 8.1 '

p | l 8.1 i

2; I I | 8.1 I I*

29 | | 8.1 I

8.1 1 6.1 | .03-3 I 6.2 '
,

31 I 8.1 | | |

uc :u .
I0tss:1.el cr/ gen in ;pm.

: 21 M sidual Chlorir.e in ;;s

C-13

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

n
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' ST. L"CIE PLANT UNIT NO. 1
CHEMICAL PARAMETERS
TABLE C-1 (Cent.)

NOVD'BER 1979
- .Menth

INTAKE DISCMARCE
-aY RE:GRKS..

0.0.1 I eu | o.o.+ .a.c?
8.1 s .

i |

2 8.2
8.2

3

S.24

5 | B.2

6 6.6 | 1 8.2 6.6 |

7 8.2 .02 |
e 8.2 |$
9 8.2 |"

'

82 li

10

11 | 8.2 | | |

12 I 8.1 1 I i

13 6.2 | S.2 | 6.2 | | |

14 l | 8.1 | |
'

15 | | 8.1 .| |

I i .01 |16 | 3.2

17 | | 8.1 | |

I
- 13 | | | 8.2 '

i

I | 8.2ig

$ ,e , 6. c | | 8.1 | 6.3 .o2

21 ! | 0*1 | | !

8.1 | | |
22

8.1 |23

24 !
' 8.1 | I

25 8.1 | I

8.1 l,

26

E
,

27 I 6. 7 | | 8.1 6.6

l 8.2 l .02 |'

2R

| 8.2 | | I
29

| | 8.2e

21 | ! |

NO7.3s ,

31ssolvet. Cr/ gen in p;m.
4: n si ..esidual Chlorine in p;s?

C-1:

--

, __. __

|

!

|

_ ._ , _ . . _ . _ _ _ . . , , _ .
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ST. LUCIE PLA iT Ci!T 270. 1
CHE.MCAL PARA.'4ETERS

I
Month OECEd?ER 1379

!? "'AI'l DISCMAPOE
DAY RI:'.A.PJC3' o.o.1 . n . c.2o.o. ew

1 9.2
,

2 8.2

3 8.2
4 5.8 8.2 | 6.0
5 a * 02,,

6 | | 8.2

7 | 8.2
| 8.2. 9

'

| 8.2 | |9

4 10 | 8.2 | |

N _11 5.7 | 9.2 5.6 | .01 |
12 | 8.1 | | |

h I 1 1 |a l a ,

1: I 8.1 !. | |I

15 | I 8.1 I

15 | I 9.1 |

i- 1 I 8.1 |

i? I 6.1 . . ' _ 9.1 5.9 | .01 ! |
,

. :9 I i i s.1 | |

20 l | 8.1 | |

| | 8.1 |21

2: I | 8.1'

23 | | 8.1

g 2: I | 8.1 1 i'

25 I 8.1 I I

26 | 6.1 | S .1 60 .02

:- i | 8.2
s 29 | | 8.2

| | 8.229

1e l I 8.2 {

31 92 |

:::|f!!S : y
Jissolved 0:enen in ppm.
* !ct.21 Residual Chlont.e in pps

C-15

- -
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ST. LUCIE PLANT UNIT NO. 1
CIRCULATING WATER CHEMICAL PARAMETERS

TABLE C-1
Month & Year January 1980

INTAKE DISCHARGE REMlaKSDAY
D.O.g cR D.O. T.R.C.

1 8.2

2 6.7 8.1 5.7 0.01

3 8.1

4 8.1

5- 8.1

6' 8.1

7 8.1

8 6.8 8.2 7.3
8.2 0.01

9
8.210
8.111
8.112
8.113

,

8.1 114

15 6.7 8.1 6.6

16 8.2

17 8.2

18 8.2 0.01

19- 8.2

20 8.2

21 8.2

22 6.8 8.2 6.4' O.02

23 8.2
8.224
9.'25
E226

.227
228 -

29 6.6 6.3...

30 8.2

31 8.2 0.02

NOTESs
Dissolved Oxygen in ppm.

.

;

Total Residual Chlorine in ppn.
|C-4

- - - - - . - - - . . _ . _ . _a_ _ _ _ _ , _ _ _ _ _ _ _ __ _ _ __ _

,

!

i

4

j
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ST. LUCIE PLANT UNIT NO. 1
CIRCULATING WATER CHEMICAL PAPJd4ETERS

TABLE C-1
Month & Year February 1980

NTAKE DISCHARGE RER W,S
DAY D,0,1 y,p,c,2D.O.1 DH

s.

j 8.21

2 8,2

3 8.2

8.24

5 7.5 8.1 7.1

8.26

7 8.2 0.01

8 8.2

9 8.2

10 8.2

11 8.2

12 7.1 8.1 7.2 0.01

13 8.1

14 8.1

15 8.1
.

8.116
8.117
8.118

19 7.2 8.1 7.2 0.01

20 8.1

21 8.1

8.122 g
8.123
8.124
8.125

26 6.0 8.1 6.0 0.01

27 8.1

28 8.1

8.129

30

31

NOTES:
Dissolved oxygen in ppm.

2Total Residual Chlorine in ppm.
C-5

-

"N
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ST. LUCIE PLANT UNIT NO. 1
CIRCULATING WATER CHEMICAL PARAMETERS

TABLE C-1
Month & Year March 1980

INTAKE DISCHARGE- m gg ,DAY
D.O.1 T.R.C.*D.O.l DH

s.

1 8.1
"

2 8.1

3 8.1

4 6.9 8.1 7.1 c.01

5 8.1

6 8.1
w

7 8.1

8 8.1

9 8.1

10 8.1

11 6.2 8.1 5.6 0.01

12 8.2

13 8.2

14 8.2

15 8.1

16 8.1

8.1 PLANT SHUTDOWN-REFUELING17
5.6 8.1 5.8 NO CHLORINATION

18-
a

19 8.1
*

20 8.1

21 8.1 .

~

22 8.1
.

23 8.1
.

24 8.1
"

25 7.9 8.2 7.5

|
*

26 8.2
=8.227
a

8.228
;~

29
-

8.2
=

8.230
-8.231

NOTES:
Dissolved oxygen in ppm.

2Total Residual Chlorine in ppm.

C-6

_

_---

,

a

**' m -- ,
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ST. LUCIE PLANT UNIT NO. 1
CIRCULATING WATER CHEMICAL PARAMETERS

TA3LE C-1
Month & Year April 1980

INTAKE DISCHARGE
DAY RE. M S

D.O.g o,0,1 t,p,c,2o ff

1 8.2 PLANT SHUTDORN-REFUELING *

2 6.5 8.2 4.6 NO CHLORINATION
-

3 8.2
-

4 8.2
-

5 8.2
a

6 8.2
-

7 8.2
"

8 6.4 8.2 6.3
-

9 8.2
=

10 8.2
=

11 8.2
=

12 8.2
"

13 8.2
"

14 8.2
-

15 6.3 8.2 6.5
"

16 8.2
~

17 8.2
~

18 8.2
~

19 8.2
~

20 8.2
"

21 8.2
a

22 6.6 8.2 6.7
-

23 8.2
i =

24 8.2'

-

25 8.2 '

.

8.2
-

26
=

8.227
a

8.228
-

29 7.1 8.2 6.2
-8.230

31

NOTESt
Dissolved oxygen in ppm.

2Total Residual Chlorine in ppm.

C-7

,..-.- ~
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ST. LUCIE PLANT UNIT NO. 1
CIRCULATING .fATER CHEMICAL PARAMETERS

TABLE C-1
Month & Year May 1980 ,

.

INTAKE DISCHARGE REMARKSDAY
D.O. eH D.o.1 T.R.c.2'

'
''

1 8.2 PLANT SHUTDOWN,-REFUELING

8.2 NO CHLORINATION
2

8.2 ,
3

"
8.24

*

5 8.2
.

6 7.7 8.2 6.6

7 8.2

8 8.2

9 8.2
i 10 8.2
; $

# 11 8.2
1 12 8.2

1 13 5.8 8.2 6.6 '
.

14 8.2

15 8.2
16 8.2

17 8.2

18 8.2

19 8.2
-

20 5.7 8.2 5.31

!

1 21 8.2 0.01
'

,

22 8.2,

I 23 8.2

24 8.1

25 8.2

26 8.2

27 5.7 8.2 5.7
.

28 8.1 0.01

29 8.2

30 8.2
1
' 31 8.2

NOTES 7 Dissolved Oxygen in ppm.
2Total Residual Chlorine in ppm.

C-8

__ _.

- ...- .. - _ . . _ _ _ _ . _ = _ - _ . . _ _ _ . , _ - _ . .__

.

i

m.. . ,, .-,. . -. , , . , , _ . . _ - , . _ _ . -_ , , . . . . , . _ , , . . ,..,_.._.,_-.,.,-__-,,..,,m.,m.m,,,~., - -m ,_,,,--_..--._v.,_.~ m. .. . . _ , -,
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ST. LUCIE PLANT UNIT NO. 1
CIRCULATING WATER CHEMICAL PARAMETERS

TABLE C-1
Month & Year June 1980

INTAKE DISCHARGE REMARKSDAY
D.o.1 T.p.c,2D.C.1 off

1 8.2

2 8.2

3 5.4 8.2 5.4

4 8.2 0.01

5 8.2
8.21

7 8.2

8 8.2

9 8.2

10 6.2 8.2 6.3

11 8.2
PLANT S/Ds NO CHLORINATION

12 8.2
,

13 8.2
.

14 8.2
=

15 8.2
.

16 8.2
.

17 5.8 8.2 6.1
.

18 8.2
.

19 8.2
"

I8.220 .

8.221 .

8.222
8.2 .

23

24 6.0 8.2 6.0 .

.

25 8.3
.

26 8.3
.

27 8.3
.

28 8.3
.

8.329 ,
-

30 | 8.2

31 |
NOTESs

3 Dissolved Oxygen in ppm.
2Total Residual Chlorine in ppm.

C-9

-
- __ _
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ST. LUCIE PLANT UNIT NO. 1
CIRCULATING WATER CHEMICAL PARAMETERS

TABLE C-1
4 Month & Year July 1980
.

-

i
f INTAKE DISCHARGE RE.%WS1

DAY
D.O.3 eil D,o 1 t,p c,2 ,,

,

1

1 5.2 8.3 5.4

2 8.2

I 3 8.2 0.01
,

A 8.3

5 8.3

-6 8.2

7 8.2 0.01
*

8 6.0- 8.3 6.2

9 8.2
4'

-

8.2I 10
8.211

8.212-
8.213
S.214

5.6 8.2 5.8 0.0115

16 8.2
! 8.2
! 17
1 8.218
| i

' 19: 2.2
/

8.3 0.01
f 20

21 8.3'

I

I 22 6.0 8.2 6.4

*
23 8.2 r

24 8.2
,

25 8.2

,2'i 8.2

27 8.2 0.01
r

28 6.4 8.2 6.6
i

| 29 8.2 '
!

l 30 $.2

31 8.2

NOTES:
Dissolved Oxygen in ppm.

2Total Residual Chlorine in ppm.

C-10
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ST. LUCIE PLANT UNIT NO. 1
CIRCULATING WATER CHEMICAL PARAMETERS

TABLE C-1
Month & Year August 1980

INTAFE DISCHARGE gg3
'

D.O. DM D.O. T.P.C.

1 8.3

2 8.3 ,

3 8.3 0.01

4 6.4 8.2 6.3

5 8.3

6 8.2

7 8.2

8 8.2

9 8.2

10 8.2

11 6.7 8.2 6.8

8.2 0.01
__12

13 8.2

14 8.2

15 8.2
8.216
8.17
8.218

19 8.0 8.2 8.5 0.01

8.220
8.321

22 8.3

23 8.3

24 8.2

25 8.2

26 6.5 8.2 6.1 0.01

27 8.2

28 8.2

29 8.2

30 8.2

31 8.2

NOTES:I Dissolved Oxygen in ppra.

Total Residual Chlorine in ppm.

C-ll
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ST. LUCIE PLANT UNIT NO. 1
CIRCULATING WATER CilEMICAL PARAMETERS

TABLE C-1
Month & Year September 1980

INTAKE DISCHARGE REMARKSDAY
D.O. O tt D.O. T.R.C.

1 c_ y

2 6.2 8.3 6.4

3 8.2 0.01

4 8.2

5 8.2

6 8.2

7 8.2

8 8.2 0.01

9 6.7 8.2 6.8

10 8.2

11 8.2

12 8.2 _

13 8.2

14 8.2

15 8.3 0.01

16 4.7 8.3 5.2

17 83

18 83

19 8.2
8220

21 8.2
22 8.2 0.01

23 5.3 8.2 5.6

24 8.2

25 8.2

26 8.2

27 8.2

28 8.2

29 8.3 0.01

30 5.4 8.2 5.4

31

NOTES:I Dissolved Oxygen la ppm.

Total Residual Chlorine in ppm.

C-12
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| ST. LUCIE PLANT UNIT NO. 1
CIRCULATING WATER CHEMICAL PARR*ETERS

TABLE C-1
;

Month & Year October 1980
1

1 INTAKE DISCffARGE REMARKSDAY
a D.O. eH D.O. T.R.C.2 s.

7 1 8.2 --
*
,

2 8.2f

;
3 8.2

4 8.2 __

5 8.2
,

6 8.2

l 7 6.2 8.2 5.5 0.01
;

8 8.2

! 9 8.2

10 8.2

11 8.2

12 8.2

13 8.2 0.01

14 5.8 8.2 5.6

15- 8.2

16 8.2

17 8.2

18- 8.2

19: 8.2

20 8.2 0.01

21 5.9 8.3 5.7

22 8.4

23 8.3

24 8.3

25 8.2

26 8.2

27 8.3 n n,

28 5.7 8.3 5.6

29 8.3

30 8.3

31 8.3

NOTESa y
Dissolved Oxygen it. ppm.

Total Residual Chlorine in ppm.

C-13
.__
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ST. LUCIE PLANT UNIT NO. 1
CIRCULATING WATER ClfEMICAL PARAMETERS

TABLE C-1
Month & Year November 1980

INTAKE DIsct{Anct REMARKO
DAY

D.O.3 T.R.C.2D.O. pH

1 8.3

2 S.3

3 8.3 0.01

4 8.3

5 6.3 8.3 6.2

6 8.3

7 8.3

8 8.3

9 8.3

10 8.3 0.01

11 8.3

12 6.1 8.3 6.4

13 8.3

14 8.3

15 8.2

16 8.2

17 8.3

18 6.1 8.3 6.1 .

19 8.3 0.01

20 8.3

21 8.3

22 8.3

23 8.3

8.2 0.0124

25 6.4 8.3 6.2

26 8.3

27 8.3

8.328
8.229
8.230

31

NOTES:
Dissolved oxygen in ppm.

Total Residual Chlorine in rpm.

C-14
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ST. LUCIE PLANT UNIT NO. 1
CIRCULATING WATER CHEMICAL PARAMETERS

TABLE C-1
Month & Year December 1980

T^ $ "^ REMARKSDAY
T.P.C.2D.O. cH D.O.

8.2

2 6.2 8.2 6.2 <0.01

3 8.2

4 8.2

5 8.2

6 8.3

7 8.2

8 8.2 <0.01

9 6.3 8.3 6.4

10 8.3

11 8.3

12 8.2

13 8.2

14 8.2

15 6.6 8.3 6.3 <0.01

16 8.3

17 8.3

18' 8.3

19 8.3

20 8.3

21 8.3

22 8.2 <0.01

23 5.6 8.2 7.3

24 8.2

25 8.2

26 8.1

27 8.2

28 8.2

29 8.2 <0.01

30 6.8 8.2 7.0

31 8.2

NOTES:A bissolved oxygen in ppm.

Total Residual Chlorine in ppm.

C-15
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4 ,id *.. -:.;r n tes in ''e cc .rity cald nity ccr;: .e Tyr this !
t
|

r- Sction.

Tooplerit . - .r tality will increac at the *:Igiar dis;Nr3e tc ;trat n-a tut

ill ler;2'. te Of fset by a c:re: sed rcriclity frc.t l',.cr v:1.n n Of waitr

'. ; . ;:2 d th r: . ;*. th piant. A naxir.ar1 effect of a decrcase of less than li 19
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!

I
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:f''p.: :::r;tv:,.091d1 of fst t 1,y reda:.cd irr acts it lower (10....
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-** SIC ir.verte$ra tes WOJld f.St le fIrcLtij ".a fl A * U d tf *.b? diftk3* p *r* .g

I
i

| as i t is jir sct0d I;hiedi the surfA:c *nd for5 001 irpiri;0 Or thC tottc r?ar
~.

the discParg?.

N ' 1t fi d.et aili '.c p ri 3 rily s f f. <: t ad if t'.c 15s tr al pl t.re by '.s t ag. .

cicl, fed irs.: .n c,f'* 5 crc are a J.c r a they would er.<s nter increat;d
f

c .t .i r . 1;i th i n the tha el ;l; c, toisi exclusicn of adult fiste; dhet c
-

t) *ter al as oidunca .111 protsHy c-:.ur fi;ra the p:.f r.: cf dischar;e to the.

,if f at .c e r., rod n: c xcluticr. fr e tce;-n c turn lett i W. E ' F. Pt is t* l.

t

cL:: cf tcr whi .5 ray 11 idult fishes of fsh:re Of the pltri i.es'

calculat:d by the littrie7 t o St* aMut 05 atra-ft. Thit ulec cf NrtM
'

watcr is icts th: IT of that ive.tlele as tatit;t for fishes in *W ti::

vi ci a. i ty.

";rire tort *c; sse the off;$. crc f;r ! rcc fing and the buch fcr res ting. The

srNit tsrt!cs are t otile and ccr. c:nly evold the heated rl,s:. .~.cccrding tc

the lic<.nue, tur*.le 9 tchlir; have den:cs trated re duced 5..! trg speeds at

wate r t. ;crct;res c.*er %'F. If tartle hatchltri,s encct.n te r te e.ed areas ,

i tMy e uld cu re nor."sl sv:!r.7ing f ter sinting telc. the hv. :ed tr?as. Mci

it.1ric ef facts sre artic.ipated.

;

e

in suv. arf, the stat f t;nclufcs t'.at the in.ucts frcn deleting thc current ETSj

tt.creal lir.it; and reljing cr. t' thc esal ice;uire.ets of the !.PDES perr.it are

r:c?; tabic f:r the f311chg ru-ens: (1) The St. Lucie FES conserva hely
,

as!ured that eli entrei cd c<;Ws s would be killed. (2) T!.i thermi tr;,act
i
i
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cf the ee.t rai- a r t o f ;h, t:31;ri t on , z:;; ; 3 r it a. , ar.d i :'. ;'y o;1 a n k t:r :. e s : :

pecdicte d to Le si;.-i ficant. (3) in g:ca ral , low crr r:nt ra t * ens o f i:'.15,. ,:': . ;;*.

w:re re:crd i in the intake canal t'.e rcij c:e.fi rr..ing t'a FE. ;rvM eti:n * * i* : ail

r u-te rs w .;b' te n trair.e d. (t) f,s dis cus sed atese, t't in:: c v. : in :T .'11
*

;;: cit le 6 eter to Le draon into the ple.nt, and ther-!j ' ,-s cr anis ; ,d
.

; t; c >;o;ed to the higher f.T.

3i;ti.m s-

5;e:iit:sti:n 2.2.1 lirits the ccr. centration of totsi e:i' n! cris 's.e at t*:

er.d ef t? e dis c',r;r ::r 21 to 0.1 r.;/1 Ch1crine 15 .c * 1 *e i; ef '.* ;ry'

t'an 2 h;.r> ;cr day. T*.e ." 2E5 pe rmi t requirer :nts en ''; d'. ;Earje Of C.''.< f ne

are id. tiral i th:se in ETS ?.7.1 fhe stef f cencludes that r c envir; -- *.*i

Pi th@ chlOrir 21 ;ect will res Jlt frG3 reliance On thC NEhl5 per!.it *.5IUn%

ditc*ar;;; ali: .rj by the ;ce.it tre the s3-: as il.cs 611 cf iy the Tif.

F a__

I;2:i fi ca ti;9 2.2.2 lir.its the ;!! of tha cooling water in the discha ;e catel

rot *o te less than 6.0 r.ar gr ater than 9.0 L nd2.-d units. The NPCES perait

estricts t's ;M of the neut allertion basin discharge to tt? intele ca.nal
,

!

l 1; no*. Icit ' 6.0 t ...'trd .n;ts, fia u;; cr limit is pr..i d:d. !ioniterir;|

l '

|
. ;e :gr:1 3 'r.- 10 6 i se she n that the ;" cf th> :ircui'tir.;.

'- .. : ,. .

l

:ter rar s;; 'cr~ : ': ;f 0.00 t: a high cf 8.42*?. These data sPc.v thet inc
,

l ;*. is tui t 1:le hich is to.1: espected fcr a sea t.ter syst:n which is
'

et:.rsi;. : 1 Laffe::G. No-: 11 sea watcr has a p!i cf z;proticately 8.0,

:.1 can r; :- f. : 7.5 ** ?.*. It a pff of P.0, the .?st e ?:mt of the CD;

}
- present ir. :<e .ete- c::.-: ir se2nd fonts, with nc.r t of i t oscarrin: as
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iicsr!.# s e ion. Sta . ;ter. centaicir; weat. acids, such as e s<renic a-id :rd4 .
i

to a 1<-sser extent borte acid, ha: a stran; buf fering actic . cer;ared .sith
s.

pare water. T5us the addition of a:id to tt.e systen.

2 + F 0 $ H 003 | H* + HCO3 ; H+ + C03-CO 2 2

' snift: the eiwilltrium to the lef t and t5: resulting carbc .i t crid ic,1:ts to

a a .all eittet so t.5e pH recains relatively stable.
.

c::*ir; .*
! T5.c ;te f f tencludes tha t 3i<cification 2.2.2 liv.iting tSe < cf it te

'.n t'c di,ch:rge cr.acl can t.t deleted, as acid; or t2t et reisa;.d int, tr.e .45

6.eul d Le dilu'.t d racy times t y 15 fl o.: oftS: CWS, c-d itc: re tPc !.if: fe?

ect:cn of 15e sea water will help to r.cutralize releases of acid er tesas. '*e

c ,-tinction of dilation cnd it.c twf * rit ; a: tion of ec.i t.oter will att et t! at
<

1
rc1: ;ts of acids ce Lates will not effcct it: biotic cc . u.d ty i: 'Ac tiie

vicinity,

envin cer?ntal Surtei11arce
i !;tci fication 3.1. A.1 rc;uires r.or.itering of total resi dual c'i:-te: 19 t5 c

discharge ca.931 on a ac:kly schedule. Section 2.2.2 req;!r:d r:91tering of

!? at the plant dis char ge , kc. cser, Speci fication 3.1. A.1 rc;.t res r: nit..i'r.:

ir. the dis chc g: car.al ic detccrine the decay of chierir.e in !!: canal. Ti.e

lictriee .has rics. red retidual chicrire in the canal sir.c. *: arc 5197f 2 *3

Levels etes. red tra- rar.;td fro, 0.01 to 0.03 cg/1. All n:csart :nts 5:vc-

ie en bel'ce t'.e 0.1 li mi t c f S pe :i fi c a t i on 3.1. A. I .

;
- . . .
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The * JOES perr.it req.f res er.itorir.g of total cr.sidual crt:rtre in the di 2,7e

canal prior to discharge to t!.e Atlantic 0: car. Cc ;1f;rt: with the 'Jcis

permit level of 0.1 g/l and cenitoring ill assure ttst I + cts t: cr;inf.; s ~.

from the disch6rge of chlcrine are althin thcsc di:ca!!;d in *he St. tv !e IE .

Spe:i ficaticn 3.1. A.2 re;uires ecntbiy renitcring of ttc tetry retets, "e e;ry,

Arsenic, Chr:rium, Cc;;er, !r:n, Lead, Nickel and Zin:, in the inta:e er.d

discharge c.aals to datect any measurabic tr. crease in thes: sets 15. Scraling

conducted by the 1(cer.see d. ring 1977 and 1972 has sh:an le ecls at or be10.

the lesel of detectability with no ceasurable incraases d.e is 7 ant c;.eretic.n?.2t

The *tF0E5 ;*rmit dacs cet r(;d re routine r.onitoring for hes.y ..ctals. M:.sve ,

ou;ad on the results of th+ licensee's s.cnitoring, thc staff cc::cludes that tir ey

retal r.onitoring is cc icng:r necessary and c n be dele *ed fe:m the E75.r

5;s cificatice 3.1. A.3 re;> ires nanitcring for pH. This tpt:ificaticr. is

red.ndtnt to that ir. Limi* ing. Condition for C; oration 2.2.2. ;u, ted it

deleted cn the basis of that provided for Secticn 2.2.2

3;e:ificati:n 2.1. A. A requires survail16nce of the dis sel.2d cry;:.i(0?? in the .

'rtake cr.d dis tsr;e car.2's to deterr.ine whetter the ecclic; e.ater h:f r; reta-red

i: tre c:c t- *is teen depleted of cxygen. Dissolved cry;a . Pas teen r.cait:rt'

a .i ';o .1 to be r4really within the rergc cf G.00 ar.d 2.G3e t .:: c : r", } -? .? r

;; . 0* lt . tis it. t': two : rats have been found to be ,try sinilar t':t ;' vt.

;r.e ytar. e PJ:~5 pernit does not require CO r.cnit: ring. The staf f fir.ds ,

Lt. ,er, t':t the 03 sur,eillc-:e progran can be dc1cted as plant c, tration

t.as not si; * fic3r.tly af fe:ted the cor.centrations in the ir.take ctral.
.

I
*

!
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$;eci ficati:n 3.1. A.E requires 11 per: tare acoi tec tr.; in *.Se in* rte ".d +; u.* a r;e

canals and ir. the of fshcrc thcrral plLre by ccr.tia.O.,5 s el f.ccr.t:, ire d thi. .: .

graphs. In addition, the litersee was to cond;ct a study usi'.g acrial ir.fra.gj

;hotogra;5y to der:nstrate coTpliance with the te ;crat.ra rise l!vitati;as

eutside the zer.e of mixing.
.

*re license cor.dseted the a:rici infrared ptotegraphy st. dy in 1377 Tour.

e

infrared flights ware perfcreed approxiestely three r.or.ths a;Srt ic raflect

seasonal ccesitions. Each quartcr's fli;5t was scheduled to oc:ce durir.; low

and high tide ccnditi;ns. ite results of three cf tr e c.arters shc. sed

c:mpliance with the ETS limit of 4'F te ;erature rise cuiside the 40] acre

mixing zore. The flight daring the sur 2r conths show2d that the ETS limit

of 1.E*F tocperature rise outside the 400-acre nixing zcr.e was cceplied with

daring the . :r,ths J;ne thrtugh Ie;te:5s r. The licensee's study satisfied

the re;uirE7t*.ts Of the overflight study and des;fistrated that ccepliance with

the lir.itati:ns en tcnperature rist o.tside th: mixing zcnc could be r.et. The

staff concludes that this se: tion of Specification 3.1.A.6 is cc.plete and can

be deleted.'

~.e 4? DES pcrrit rcquires t r.itoring at the .ntaic 2rd discta ga car.cis for

c: pliar.ce witn the ermit te ;crature limitati:r.s. 5.it does not require

csntir.uous Lnitcring of tS.e ocean surface tec;crature. The ;crcit, Sc:evcr..

contains a lic.it cf 35.l' for the instar.taneous surface r.arimum at any point

in the therral plume. The ;ermit does not indicate how compliance of the

surface licitation can te . at. The staff finds that the ETS requircments can
,

:
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Le da' ted and the *;TOIS p:c.it relied en for * :,r.itcring cf 15.2 discher;3

t; ;erature. Sc'::v r. fer m:nitcrir.; of the surface ther 51 ple .c. t? e st-f f
.

s-

ccesidars that the aerial evceflights have dsrcr.strated c: pliente with t'.

re uirer?rts of !;ccification 2.1.1 and may be daleted c ''ct bcsis,

t'i*.ica- E f fecti ve Chierina Usane

Spe:ificcti;n 4.3 cequires that t;c licensee study ..ajs to rint-f re the ;-sc-t

of ch1:rin: neadcd to =2intain c nd..nter cleanliness wrile :.tidir g tr.ra :: t. y

disch3rge cf chlorire to the eavir;r. eat. 5 *a rting in !??7. Pc li ci a t es it ;r*-
.

tes tin; di f f; rent is.jecticn rrtes of chiccine ind gttirally *as f;. ,d it3t

icv.er inje<. tion rates resgit in fr.iling |n circulatir; nater sjste Tarts ::ter

than the tcoder.rer. The fculing cf ter-ptnents of the circui ting ..ater fj tcc

tcve te n found to to er.arcep'.ebir en ! retas had to tu r. t.re.ed te ree i'.

Stsjics c;r.dsettd d ri29 197P es e ir.;c .;.lete in that rete'is O ;7 ca.:r : ' trine-

injecticn rate raat wait until plant shutdc.n all:ws fcr f 3;ectice cf 15e

circulatir; watcr system. Th.-se r.:sul ts theuld be ev et14ti: in the arf.u:1

repart for 1979.

In thc it c >r se?'s suppia ental sutoittel of Sc;tcr.tcr 10. 1977, it was stated

t* St Srcci N :ttien 1.3 co/.d te dels ted tectase t!.e *? DES reref t "...rer trins

; : . s t ;r.: :: .fr; wit 6 ini s s'.bj cc t. . ." The 'iFCES p;rrit stcies er. ; age 2 cf'

Tart I t'.et ;5: 5.t-t t*.a t tht station cenr.ct te c;;rcted at or bei:w the

C.1 r;/1, .* e it:( sce cer. sut nt a deconstration thet discharge of hi:tte

it.els Of-:nlcrir.e are cor.;ist:nt witt rey;irements cf the ficridd 'Jater

~,,e li ty ! *. *- ts r ds . Evitest'y the NPDES permit due not re ulr2 a chlorfnc
,

:
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-f r.1"'i ra ti te study, bt rather pr v'd:5 for studits for the use of hi;Y
'

j

i ;r,1:rine c:recc.trathn s. Th? staff firds that be:ctse the chlorir.c dis:'Irp s.

,

I concentreti:n in the permit is the same as that in the ET5 and that ir.itial)

| at:2 mis by the licensee have not t'.can effective defculinn of the C.5 et |.

)
. .

h..er injection rates, the chlorin: Mnici2ation pr:gra.c can be d2itted fr:s ['

*beve, the staff has added to the ETS a rMuircunt that .'.entu ETS. r

f .

;- c'soges are pr: posed to be mde to the ';PCES perr.it, tr.e ?PC te r.oti fled and
i

the suppcrting justification for the pro; sed limitatio. ra; air:d by EPA ;
a

te st.beltted to us. In this way, the staf f c:n update the cMcrir.e cnvirta- [
;

,

i
' rer.tal i ;.act ar.ahses ade in the St. Lucie FCS.

!

! Oceclusion t9d Cesis for !!e.c.ct.i.ve teclarctice
>

|
- -

|
On 9e tesis cf the foreg frg analysis, it is concluded that ti.cre will te no

I r.raircr.4r.!:1 f tpact attriLatelle to th: p osed actica ot? er then Fas aircely

been pecdi:ted a :d described in the tcminion's fl5 or descrRed in this
i

acelysis for St. Lucie *;uclear Poecr Station, Unit 1. h ir- -ade this

cor.clusion, the Comission has furthcr concluhd that no envir:r:st'l ir;act
j

stetement for tre proposed action reed be prepared and that a ne:ttiv? !
t

Ideclaration to this effect is apprcpriate.
f
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{ 1. Ef fnts of Ir.;r:ased nttr Tc:;.erati.re en ti c ".arirc Eicta Lf the j

i St. Lucie riant Arca. Applied Eicle;y. Inc. 1C5 pp. Febr.ary 197I. ;

| !''

2. Anwal Eavircncental Re;;rt Mc. 2 T',r Ttt Y:ar 1977 F1; rids P ,er erf

Light Cc.;2ny. St. Luc c Plant Unit No.1.

|- 3. Ar.wal :.:r.-Fadiological Pv.itoring Esport 1973. Volure 1 1tictic
'; . i tori n g. F1crida T .:ar and Lif*t C: ;ary.
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*r cv.ii n stica of th;- previsie .s of the Clci.n Wetce *rt (23 UJ. 1251, et tr .)*

and in '5 : ir *.cre.s t o' t.vvidirg dupliteilon of cifort, LL: c t.t.d i t i on e. 1-d

ru.itorir ; re .:ir c~ r. it related to watt: 4t:31ity and .'.;:atic bio:.a sire
speci fi ed in .'e *: ti t .al Fullutir.n Di:ch: ge El f r4 tion Sys ten (.'.P03) Nr 8 i

2. FL- ''.723F issued $y th- Lt.S. Envircr.r:ntel Frof tett'c*i A .nry for the St.9

Lucie P' ' t !;c,. I to dische r-; . into t'e 1,tlat.:i c 0- -20. N fiu;!r.ar N u b .:ry

S -di:'* will be rel ; en the f:i 15 par.?.it liet tatirn; for the protection,

f
| of the sc, ti c envi ee . p . d e to nan-raditilegier.1 effluc.its.
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Ib2 licencee shall rca.ed c.ny u:currc . of unustert or i ;crie:t enn:t t'st
*

rd. td t: S ta t kn;. Sic' !' liy culd r.3ui ir. ar./ico.. :ntal 1:ynt cu '!) .

,

c; ' o * 6. T!.h To11xi..] rre ts;1 m (>;c rivc bird fr;a;tha o c<*.s; a s'te
*

f umal diuor cuti.rnt :m urmtut c.. :uo .wr cr : a P.: .:: c r t:. : "- !
*

j si s. c. .

Ertr:e .sd 5;v tu la t cf 1973; fish 1411s Ir i:.i * * e v' ir.'y. 1

i ; L'u:t: Lj t r.e. r E

1 1 or s ticipit,/ cr ti* ;t* y diWJ.r;;*s o f v:Ot: u ' r :: s?I !.t?'l . '['| .
'
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j $.0 t.5 09 h
,

.

,

;
!

i ,

|
. Stauld en an.:su:1 or ic pett it i nt.t era.r, % li: .rwe SL 1* r.l a fr::;;'
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TABLE 1

ST. LUCIE UNIT 2
SUBSUFFA'2E JET CHARACTERISTICS

Average D8 stance From Point
of Discharce to Peach 17'F.

Above A.mbier.L (f t) *

Discharge Discharge Stagnant Southward Northward
Flew (cfs) Tero. Rise (*F.) Current Current

1317 30 6.1 5.2 5.2

1007 30 6.1 5.2 5.2

11!3 30 6.1 5.2 5.1

e

880 30 6.1 5.2 5.1

*A.bient ocean temperature = 87'F. Distance computed normal to
centerline of discharge diffuser.

TABLE 1
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