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1. INTRODUCTION 

In 1972-73, Florida Power and Light Company (FPL) began operation of two 

nuclear reactors at Turkey Point on lower Biscayne Bay. The reactors are of 

the pressurized water type, each capable of 760 megawatts gross output and 

each requiring a large quantity of cooling water. Originally the demand for 

sufficient water for the operation of the nuclear reactors was to be met by 

a single-pass cooling system, utilizing Bay water (essentially an enlarge-

ment of the existing fossil fuel units cooling system). The proposed in-

crease in cooling water requirement, from 1270 cu ft/sec to 4260 cu ft/sec, 

that would be required to accommodate both power systems, invoked consider-

able concern among several environmental groups. As a result, FPL was re-

quired to alter its original plans and construct a 'closed' cooling system, 

thereby minimizing the thermal load on the lower bay-sound system. The 

total system (nuclear reactors, fossil fuel units, and 'closed' cycle cool-

ing) has now been fully operational for more than two years. 

One radioactive by-product resulting from the operation of the nuclear 

reactors, trit|ui^ j^frid^ a unique opportunity to study transport and 

exchange processes"ori a "lockl scale. Since the isotope in the form of water 

is not removed from the liquid effluent, it is discharged to the cooling 

canal system. By studing its residence time in the canal and the pathways 

by which it leaves the canals, we can enhance our knowledge of evaporative 

process, groundwater movement, and bay exchange with the ocean. 

In this report, we discuss some preliminary results obtained from mea-

surement of tritium levels, both in the canal system and in the surrounding 
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environment. Hopefully, these measurements will provide guidelines for a 

continuing quantitative study. 

2. COOLING CANALS - THE SOURCE 

The cooling canal system is shown in Fig. 1. It is a series of canals 

approximately 200 feet wide, with an average depth of 3.5 feet and an 

approxiamte surface area of 3,860 acres. A typical cross section is pro-

vided in Fig. 2. Just below the surface is a thin layer of oolite, and 

then, to a typical depth of 70 feet, there is a porous layer of Fort 

Thompson limestone, which is commonly refered to as the Biscayne Aquifer. 

Seepage rates from the canals to this aquifer have been forecasted at 150 

cu ft/sec [1], and the evaporative flux at 70-120 cu ft/sec. At present, 

this water is 'tagged' with tritium at levels 50-100 times greater than the 

surrounding environment (see Table 1). 

Until recently, we have continuously monitored the concentration of 

tritium in the canal systems at monthly intervals. Two samples were ob-

tained each month, one several hundred yards from the plant intake and 

the other along the edge of Lake Warren, several hundred yards from the 

plant outlets. The boat basin was also sampled. The results of our mea-

surements are summarized in Table 1, and presented graphically in Fig. 3. 

At the frequency of sampling (once or twice a month), large scatter occurs 

which must be dependent on operational conditions of the power plant. A 

more frequent sampling program would be necessary to clarify this situa-

tion. 
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As expected, cooling water coming out from the reactor has, as an 

average, a tritimr level above the incoming water. From the time the 

canals were established, there was a general buildup of the tritium level 

in the canal water through middle 1975 when our sampling was stopped. 

The boat basin samples are not representative of the Bay, and the 

fluctuations there were, to a great extent, dependent on the tide and the 

operation and efficiency of the barrier between the basin and the canal 

system. These numbers are of minor importance. 

If the canals, on a long-term basis, are considered at constant 

tritium level, we can assume a steady state, where the production rate 

of tritium is equal to the tritium flux out of the canals into the envi-

ronment. This tritium becomes our radioactive 'tag* for a study of local 

exchange processes. 

Excluding the 1973 data, the average canal tritium level is 3.0 pCi/ml 

(950 TU), and the average difference between the intake and outlet samples 

is 0.3 ± 0.1 pCi/ml (90 ± 30 TU). At full-load cooling (4250 cu ft/sec), 

the difference between intake and outlet tritium/hydrogen ratio implies 

a production of 1068 Ci/yr of tritium in the form of HTO. This is only 50% 

of the anticipated production rate [1]. 

3. THE ATMOSPHERIC EXCHANGE 

One mechanism for tritium loss from the canals is via the process of 

molecular exchange with the atmosphere. The rate at which this occurs is 
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highly dependent on weather conditions. Estimates of the range of evapora-

tion flux of water from the canals are provided in reference [1] (70-120 

cu ft/sec). We describe the water flux and the tritium flux [2] above the 

canals with the expressions 

E = k(qs - qa) 

E* - k < < - <£> 
where k = vertical transfer coefficient for water vapor (entire area) 

E = evaporation rate of water lit/sec 
E = evaporative flux of tritium pCi/sec 

q ,q = HoO mixing ratios at the canal surface (saturated) and of 
typical coastal air 

"k A 
q »q = tritium mixing ratios at the canal surface, assuming sat-

urated vapor, and typical coastal air, expressed in pCi/kg air 
We deduce 

where 

„* q* - q* t -0.91 - h«t E s na _ _c a 
E ~ q - q 1 - h 

h = qQ/q = relative humidity, approx 0.7 A S 
t ,t = specific activity of the canal water and of ambient moisture 
c 3 pCi/lit H20 
0.91 - isotope fractionation for HTO/H2O 

This way a tritium flux of 600-1100 Ci/yr is obtained. At this rate, we 

should be able to measure tritium concentrations in air samples taken above 

and surrounding the canals. 

We have indeed conducted one experiment to determine the feasibility of 

measuring the atmospheric tritium concentrations near the canal system. Our 

results are provided in Table 2, with the sample locations marked in Fig. 1. 
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Samples collected downwind of the canals are clearly above ambient tritium 

values for the Miami area. This means that the evaporation of HTO from the 

canals can indeed be experimentally determined, and we could therefore, in 

principle, determine the evaporation rate of water from the canal system 

under various weather conditions. 

This experiment would give values for the vertical transfer coefficient 

of water vapor during evaporation, which would also apply to the ocean. 

This coefficient as a function of weather conditions is very poorly known, 

but is of major importance for describing and understanding of evaporation 

over the oceans on any scale up to climatological. We therefore consider 

it of very high priority to perform this experiment which requires a larger 

effort and higher funding level than the present one. The cooperation of 

FPL is also required. As a by-product, which we consider to be of less 

scientific interest, FPL would get actual numbers on evaporation rates that 

have only been calculated before with very large uncertainties. 

4. LOWER BISCAYNE BAY 

Lower Biscayne Bay, Card Sound, and Barnes Sound are exchanging their 

waters with the sea and with ground and surface water flow from the main-

land; furthermore, rain and evaporation obviously affect the balance to 

some extent. Considering the amount of water forecasted to be lost from 

the canal by seepage, we expect to see quite elevated tritium activities 

in the waters rf the Bay and the Sounds. Tritium information in those 

bodies of water could be used to determine their rate of exchange with 

their surroundings. To obtain a reasonable estimate of the tritium in the 

5 



Bay and Scund system, we have conducted a number of limited surveys. Re-

sults and position sketches appear as an appendix to this report. The 

predominant features of most of the surveys are the elevated tritium con-

centrations at: 

1) the entrance to the Model Land Canal, 

2) along the shoreline between Mangrove Point and Turkey Point, 

3) in the barge canal leading into the power plant. 

In addition, we find elevated concentrations over most of Card Sound, 

Little Card Sound, and Barnes Sound. Samples of the incoming tide and 

the Biscayne Bay sample (sec Appendix 1, Fig. 2, samples 9, 12, 14, and 

19) are taken as reasonable values for the tritium concentrations (around 

8 TU) of Bay water, which is not influenced by local tritium input. This 

is a typical value for offshore surface seawater. In Fig. 4, all results 

obtained over the sampling periods reported are compiled in a generalized 

map of the Bay areas where elevated tritium concentrations are found. The 

areas are labelled in TU's above ambient surface ocean values. 

Let us assume that the estimated canal seepage rate, 150 cu ft/sec, is 

correct, that all of this tritium is added to Card Sound and adjacent 

waters. Let us, furthermore, assume that the volume of the Bay system is 

exchanged with offshore water at a rate of once a month. The average 

tritium activity of all the Bay waters in Fig. 4 would then be +20 TU 

above that of seawater. We find a much lower value. In addition, a 

secondary source of tritium for the Bay waters is the normal mainland 

groundwater, which is slightly higher in tritium than the ocean. We 
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routinely monitor tritium in rainwater that is collected on Virginia Key 

[3,4], This reflects the concentration of tritium to be expected in the 

ground runoff along the coastline. Its average concentration has bee.n 

24.4, 16.4, 13.0, 13.6, 9.0 TU for the years 1971-75. At these concen-

trations, the tritium input from precipitation and runoff could not 

elevate Bay and Sound waters to the observed values. 

To explain these discrepancies, the following arguments can be invoked: 

1) Bay renewal rates are considerably less than one month. Estimates 

by Lee [5], however uncertain, yielded exchange rates for these 

bodies of water of 1-3 months, and it seems unreasonable to accept 

exchange times of one week which would be necessary to explain the 

discrepancy this way. 

2) Estimates of seepage are erroneous. It was shown above that it is 

possible that all the tritium added to the canals actually evapo-

rates; thus, by that argument, no seepage need take place. The 

question is whether the replacement of water in the canals is sup-

plied by the groundwater to such an extent that there is little or 

no loss of water by seepage. 

3) If Fig. 2 describing the design of the canals is correct, one would 

expect the canals to exchange with water strata in the Biscayne 

Aquifer proper, i.e., below surface. The flow lines of these 

hydrological strata may very well pass below the Bay bottom and 

end at the edge of the continental shelf. This way, the Turkey 

Point tritium would be partly discharged directly to the deeper 
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waters of the Gulf Stream. 

5. SUMMARY 

We have found that the waters in lower Biscayne Bay and Card and 

Barnes Sounds receive only a small portion of the total tritium produced 

by the nuclear plant. These concentrations are surprisingly low if 

seepage estimates are correct. We would like to expand our present sub-

liminal effort utilizing tritium as a tracer in the study of circulation 

and exchange processes between the Bay and the ocean. Since strong, wind-

induced circulation is thought to be of critical importance to the rate of 

exchange between the bay and ocean, we should concentrate an before-after 

tritium surveys to examine the response of the system of these events. 

We find that the dominating tritium loss most likely is through evap-

oration from the canals. Our capability of measuring extremely low HTO 

levels allows us, in principle, to determine the evaporation rate exper-

imentally by measuring the tritium levels of air after having passed over 

the canals. Such a series of experiments would yield unique experimental 

numbers of evaporation rates over the ocean, and as a by-product, would 

give reliable information on the behavior of the canal system, which would 

be of benefit to FPL and the power industry in general. It would, however, 

require considerably higher effort than we presently spend, and we would 

also need the cooperation of the power company. 
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TABLE 1 

TURKEY POINT TRITIUM 
CANALS AND BOAT BASIN 

Boat Basin Canals 
Date GFN TU Intake TU Outflow TU ATU S°/ o o 

730612 732446 76 ± 2 488 i 9 486 1 9 - 2 

730711 734504 131 ± 3 385 ± 7 354 ± 7 - 31 

730911 734582 202 ± 5 474 ± 11 463 i 6 - 11 

731010 732567 208 ± 3 379 ± 8 411 ± G 32 

731120 732606 494 ± 9 789 ± 16 899 ± 16 110 

731207 349 ± 28 718 ± 30 694 i 30 - 24 

740109 742051 250 ± 8 919 t 25 924 t 25 5 35. 23 
740121 742049 162 ± 4 768 ± 30 837 ± 30 69 

740205 747074 124 ± 3 533 ± 30 585 ± 30 52 

740306 748098 316 ± 5 1210 ± 42 1338 ± 58 128 

740402 748131 119 ± 3 646 ± 46 1070 ± 68 424 

740417 743218 55 ± 1.4 860 ± 150 1000 ± 150 140 

740607 747231 175 ± 4 1092 ± 65 1112 ± 85 20 

740703 744273 182 ± 4 1140 ± 30 1095 ± 63 - 18 27. .23 

740823 742338 463 ± 7 1007 ± 61 1093 ± 66 86 

740925 747396 127 ± 2 1174 ± 79 1213 ± 92 39 

741101 743468 23 i 1 732 ± 44 

741219 754027 50 ± 1.2 897 1 38 960 ± 40 63 32, .765 

750121 758064 291 ± 5 928 ± 37 939 ± 37 11 33 .948 

750216 754079 323 ± 7 488 ± 21 523 ± 23 35 35 .020 

7503 Sampling suspended 

750428 566 ± 25 543 ± 24 - 23 

750605 1077 ± 41 1157 ± 44 80 

750725 1192 ± 43 1519 t 53 327 

Note: Most measurements by liquid scintillation. 

10 



TABLE 1 

TURKEY POINT AIR SAMPLES 

740301 Temp g®" 3 TU T-atoos/mg air 
Sx # Time °C (±0.5) (H20) HTO HT 

*1 (18.6 6.1 46 ± 60 16 ± 20 81 ± 22) 

2 11:55 23.8 10.2 69 ± 13 40 ± 7 34 ± 4 

3 12:30 26.7 10.3 59 ± 8 35 t 4 56 ± 3 

4 13:05 26.1 9.7 56 ± 11 30 ± 6 43 ± 6 

5 13:35 26.1 9.4 28 ± 6 15 ± 4 56 ± 6 

6 15:30 26.1 9.6 87 ± 8 47 t 4 56 ± 5 

Samples #1 and #5 were taken for blanks. #1 at Virginia Key and #5 upwind 
of the power plant and canal system. 

Water samples taken from levee 31 drainage canal contained less than 50 TU 
(LSCINT). Water in the cooling canals was 1250 t 100 TU on March 6, 1974. 

•Experimental problem with sampler (Sampling time only 50% compared with 
Sx 2-6). 
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Fig. 1. Lay-outs of cooling canals and locations of atmospheric samples 
(See page 11) Winds were from the northeast during the sampling 
mission. 
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Fig. 2. Typical cross section of canals 



Pig. 3. Tritiun in Cooling Canals and Boat Basin 
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Fig. 4. Generalized Tritium levels (above ambient) 



APPENDIX 1 

RESULTS OF BAY AND SOUND TRITIUM SURVEYS 

Since 1974, six sample sets have been obtained from the Biscayne 

Bay-Card Sound-Barnes Sound system. The sampling periods and areas 

covered were: 

1974 Apr - Card Sound and coastal shoreline lower Biscayne Bay 

1974 Jul - Biscayne Bay and Card Sound 

1974 Nov - Two shoreline transects and Barnes Sound 

1975 Apr - Card Sound 

1975 Jun - Card Sound 

1976 Feb - Barnes Sound after strong wind event 

Results and sketches of the sample positions are attached. 

These surveys were made in cooperation with other studies. Therefore, 

we could not adhere to a fixed set of stations. 



TRITIUM SURVEY 

Card Sound and Lower Biscayne Bay 

Collection Dates: 740415-16-17 

Sample I.D. GFN TU eTU •Position or 

1007, 15:31, 740416 741126 
741147 

16.6 
11.0 

1.6 
1.6 

A 

CO 04, 16:37, 740417 741192 7.0 1.9 L 

0707, 16:20 741135 9.8 1.5 B 

0805, 13:52, 740416 741137 16.7 1.7 C 

0606, 11:29, 740416 741138 16.6 1.7 I 

0604, 14:30, 740415 741143 7.7 1.4 H 

0403, 10:15, 740415 741152 7.7 1.6 J 

0405, 10:46 741153 12.1 1.5 K 

14, Slack high tide 741155 
741198 

33.8 
34.6 

1.9 
2.2 

N 

52, 09:56, 740417 741157 6.9 1.5 Q 
704, 14:00, 740415 741158 12.2 1.5 n 

34, 10:12, 740417 741160 8.9 1.5 P 

Card Sound (frcnt of dam) 741162 340 6 G 

0703, 11:40, 740415 741164 
741196 

14.3 
16.6 

1.7 
1.9 

E 

Sta 26, 11:45, 740417 741170 5.9 1.4 M 

0603, 11:25, 740415 741174 15.7 . 1.8 F 

Sta 13, High slack tide 741175 17.3 1.5 0 

*See attached sketch for approximate locations. 
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BISCAYNE BAY 
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CARD SOUND 
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TRITIUM SURVEY 

Biscayne Bay and Card Sound 

Collection Date: 741129 

Sample I.D. GFN TU ETU ^Position or Location 

T.P. 1, 8:46 748258 31.6 1.0 T.P. channel 3rd marker 

2, 8:50 748259 28.5 1.1 T.P. channel 6th marker 

9, 9:28 743293 8.3 0.7 235° to p.p. stack, 339° 
Cutler power plant 

12, 9:45 748274 8.3 0.7 262° to p.p. stack, 80° 
to Elliot Key Park 

14, 10:17 744281 7.6 0.6 Ceasars Creek Channel, 
incoming tide 

19, 11:18 744285 8.6 0.7 Broad Creek, center of main 
channel, incoming tide 

23, 12:38 743326 21.4 0.9 232° to right end of bridge 
due north to p.p. stack 

27, 13:43 742305 21.8 1.1 210° to right end of bridge, 
115° to Card Bank marker #19 

30, 14:12 743317 26.5 0.9 265° to end of canal, 210" 
to left end of Card Sound 
bridge, 400 yards offshore 

31, 14:15 747304 122 2 100 yards from canal en-
trance i Sta 0603 

33, 14:22 741237 350 9 Just in front of canal dam, 
(can be opened for barge 
traffic??) 

Collection Date: 740717 

36 742311 115 2 Sta 13 

37 744299 142 2 Sta 14 

38 744293 32.7 0.9 Sta 26 

*See attached sketch for approximate locations. 
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Collection Date: 741129 

Sample I.D. 

TRITIUM SURVEY 

Transect and Barnes Sound 

GFN TU cTU *Posltion or Location 

T.P. GA, 9:35 

GC, 10:00 

GD, 10:50 

GE, 11:00 

GF, 11:45 

GH 

GI 

GJ 

GK 

758007 20.6 0.9 

751005 44.7 1.2 

753005 15.7 0.8 

757006 14.4 0.7 

741429 45.4 3.6 

752005 33.8 1.1 

758005 35.7 1.1 

757004 58.3 1.4 

751007 57.1 1.2 

Little Cavd Sound (280° to 
tower, 175° to east end of 
bridge) 

Little Card Sound (shore-
ward from 15° to T.P. stacks, 
270° to tower, 100 yards to 
mangrove) 

Barnes Sound (335° to tower, 
20° to east end of bridge) 

Barnes Sound (355° to tower, 
28° to east end of bridge) 

Old Model Land Canal 50 
yards into entrance. 

338° to stacks, 5° to tip 
of T. Point 

95° to north end of West 
Arsenicker, 350° to stacks 

Due west from GI 25 yards 
from mangrove 

Due west from GI 15 yards 
into mangrove 

*See attached sketch for approximate locations. 
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Collection Date: 750428 

TRITIUM SURVEY 

Card Sound 

Sample I.D. *GFN TU eTU **Position or Location 

T.P. TL-1 750428 LS 543 25 Outflow T.P. 

TL-2 750428 LS 566 25 Inflow T.P. 

TL-3 750428 LSE 9.9 0.8 Mouth of T.P. Boat Basin 

TL-4 750428 LSE 4.3 0.8 Fishermen Creek between main-
land and Long Arsenicker 

TL-5 750428 LSE 6.7 0.8 Marker 17 Card Bank 

TL-6 750428 LSE 8.4 0.8 At Pumpkin Key 

TL-7 750428 LSE 8.4 0.5 3/4 way across Card Sound 
from cooling canal 

TL-8 750428 LSE 9.5 0.5 1/2 way across Card Sound 
from cooling canal 

TL-9 750428 LSE 382 8 Mouth of T.P. Boat Channel 

TL-10 750428 LSE 3.9 0.5 Marker #15A Cutter Bank 

TL-11 750428 LSE 45.4 1.6 Inside (plantside) cooling 
canal at Card Sound 

TL-12 750428 LSE 7.5 0.8 1/4 way across Card Sound 
from cooling canal 

*For gas counting only, LS indicates direct liquid scintillation 
measurements. LSE indicates enriched liquid scintillation measure. 

**See attached sketch for approximate locations (TL-1 and TL-2 are not shown) 
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TRITIUM SURVEY 
Card Sound 

Collection Date: 750605 

Sample I.D. *GFN TU eTO ••Position or location 

T.P. Tl-750605 763064 
LSE 

944 
936 

18 
28 

Mouth of boat basin 

T2-750605 LSE 6.8 0.8 Marker #15A 

T3-750605 762063 
LSE 

757 
745 

16 
22 

Bay side of dam in cooling 
canal 

T4-750605 LSE 45.5 1.7 Mouth of cooling canal 

T5-750605 LSE 7.6 0.8 1/3 way to Pumpkin Key 
from cooling canal 

T6-750605 , LSE 6.4 0.8 2/3 way to Pumpkin Key 
froo cooling canal 

T7-750605 LSE 8.0 0.8 Pumpkin Key 

T8-750605 LSE 13.7 0.9 Marker 17 

T9-750605 LSE 13.1 0.9 Arsenicker Pass 

T10-750605 LSE 8.6 0.8 West Arsenicker 

Tll-750605 LS 1077 41 Inlet to plant 

T12-750605 LS 1157 44 Outlet of plant 

*For gas counting only, LS indicates direct liquid scintillation 
measurements. LSE indicates enriched liquid scintillation measure. 

**See attached sketch for approximate locations (Til and 112 n.it shown). 
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TRITIUM SURVEY 
Barnes Sound 

Collection Date: 760226 

Sample I.D. *GFN TO ETU **Position or Location 

TPBS-1-760225 LSE 12.1 0.6 Alabama Jacks canal, 50 
yards from bridge end 

TPBS-2-760226 762103 
LSE 

13.2 
9.4 

0.6 
0.6 

Marker 27, Barnes Sound 

TPBS-3-760226 763107 
LSE 

12.5 
11.7 

0,5 
0.7 

60°-radar dome, 330° to 
center Card Sound bridge 

TPBS-4-760226 LSE 10.5 0.5 38°-radar dome, 
bridge center 

333° to 

TPBS-5-760226*** 761113 12.0 0.4 53°-radar dome, 
bridge center 

355° to 

TPBS-6-760226 764109 
LSE 

12.9 
12.0 

0.5 
0.7 

65°-radar dome, 
bridge center 

25° to 

TPBS-7-760226 767107 11.0 0.4 75°-radar dome, 
bridge center 

35° to 

TPBS-8-760226 768111 11.0 0.4 Marker #22 Little Card 
Sound 

*For gas counting only, LS indicates direct liquid scintillation measurements. 
LSE indicates enriched liquid scintillation measure. 

**See attached sketch for approximate locations. 

***Bottle was pre-flushed with seawater. 
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