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introduction 

For the past 6 years, all of the make-up water 
requirements for Florida Power and Light Company’s 
Turkey Point Units 3 and 4 have been supplied by a 
mobile water treatment service company, alone or in 
conjunction with in-plant demineralizers. From 1981 
to 1989, supplemental and emergency services were 
provided by ion exchange demineralizer trailers, which 
were exchanged for off-site-regenerated units upon 
exhaustion. In 1989, water treatment system upgrades 
were made to include reverse osmosis technology to 
feed the plant’s water treatment system. Finally, in 
1993-94, further upgrades were made to eliminate the 
plant's in-house treatment system. The present 
treatment scheme includes activated carbon vessels, 
RO (which can be configured in either the single or 
two-pass mode), Ionics' (now SUEZ) DEOX* process, 
and ion exchange demineralizer trailers.  Additional 
in-line water quality monitoring for sodium, TOC, and 
silica was also added, along with automatic system 
shut-down circuitry for each parameter. 

The background and early performance of the system 
has been previously published.2 This paper will 
describe the design and recent performance of the 
current make-up treatment system. 

plant and system design 

Turkey Point Nuclear Plant Design 

The Turkey Point Plant is situated on the shore of 
Biscayne Bay, approximately 25 miles  (40 km) south 
of Miami, Florida. The nuclear units share this site 
with two of FP&L’s 400 MW fossil boiler units, Units 
1 and 2. Units 3 and 4 are Westinghouse pressurized 
water reactors (PWR’s) with design ratings of 666 
MW each, which began commercial operation in 
December, 1972 and September, 1973, respectively.3 

The site receives its cooling water from a very large 
closed recirculating canal system. The chemical 
composition of the cooling water is more saline 
than, but resembles, sea water. 

The original steam generator make-up design 
included cold lime softening followed by ion 
exchange demineralization. The desire to reduce 
operating costs and improve water quality led to 
replacement of the softener by reverse osmosis 
technology to feed the downstream demineralizers. 

Make-up Water 

The water supply for the plant's make-up system is 
the Homestead, FL municipal system. The source of 
this supply is wells and is of excellent quality with 
respect to turbidity and Silt Density Index (SDI15 <5). 
However, chlorine residuals in the municipal water 
supply and high bicarbonate content require the use 
of some pretreatment. Activated carbon is used to 
dechlorinate the water prior to contacting the thin 
film composite membranes used at this site. Acid 
addition followed by forced draft aeration to remove 
CO2 is also used to allow proper RO performance. 
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The average analysis of the municipal water, which is 
shown in Table 1, is compiled from the results of the 
analyses of seven samples collected over the last six 
years. 

The water supply has remained fairly constant, except 
for the large variation in the TOC content. There has 
been no effort to characterize the TOC components. 
However, for the most part, TOC concentrations <100 
ppb can be achieved with ion exchange resins alone. 
This observation suggests that minimal concentrations 
of colloidal organics, neutral organics or 
trihalomethanes are present. 

Mobile Make-up System Design 

In 1988, the decision was made to replace the lime 
softener with reverse osmosis equipment. After a 
competitive bid process, Ionics (now SUEZ) was 
chosen to provide the mobile RO services. Emergency 
and supplemental demineralization services were also 
provided as before. In 1993, FP&L made the decision 
to shut down their existing demineralization 
equipment, due to its high cost of operation and 
maintenance, and to award the total responsibility for 
production of secondary make-up water to a mobile 
water treatment vendor. The purposes of this decision 
were: 

 

 

1. To reduce maintenance and manpower 
costs; 

2. To increase the quantity of available    
make-up flow without incurring capital cost; 

3. To eliminate the environmental liability 
associated with the maintenance of bulk 
quantities of acid and caustic required to 
regenerate ion exchange resins; and 

4. To eliminate the disposal of the resulting 
regenerant chemical waste. 

After a competitive bid process, Ionics (now SUEZ) 
was again selected to provide the make-up system. 
The completed system was started up in March, 
1994. 

The system presently used at Turkey Point includes 
activated carbon and decarbonator pretreatments, 
three 200 GPM (at 77°F [25°C]) reverse osmosis 
units with thin film polyamide (PA) membranes, one 
DEOX reactor unit and three 200 GPM cation, anion, 
mixed bed mobile demineralizers. The RO units can 
each be operated in the single or dual-pass mode to 
attain flows of demineralized water of up to 600 
GPM. In addition to the normal complement of 
conductivity and pH instrumentation used in 

Cation Average Range Anion Average Range  

Ca 233 197-249 HCO3 199 170-216  

Mg 16 9.9-27 Cl 61.5 55-69  

Na 44.5 20-72 NO3 4 1.5-7.1  

K 7.2 1.8-18 SO4 36.7 31-41.5  

Total 301  Total 301   

Parameter Average Range Units    

Silica 4.7 3-7 mg/L as SiO2    

TOC 2.76 0.970-6.86 mg/L as C    

Conductivity 59 500-625 µmho    

TDS 454 399-495 mg/L as Ions    

Iron 0.02 0.01-0.09 mg/L as Fe    

pH 7.7 7.0-8.1     

Turbidity 0.17 0.12-0.48 NTU    

Table 1: Turkey Point Nuclear Plant Make-up Water Supply 
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standard water treatment applications, the system is 
also monitored by sodium, silica and TOC instruments 
to provide early warning and shutdown of the 
treatment system to avoid contamination of the 
demineralized water storage tanks. 

Pretreatment 

The pretreatment section of the system consists of an 
activated carbon bed and a forced draft aerator (FDA). 
The primary purpose of the carbon bed is 
dechlorination to protect the PA membranes installed 
in the RO units. The carbon bed consists of six, 5-ft (1.5 
meter) diameter tanks, each containing 60 ft3 (1.7m3) of 
activated carbon. 

Decarbonation is accomplished by injecting acid into 
the water entering the FDA, allowing the water to flow 
down the packed column of the FDA and blowing air 
through the column to strip out CO2. Acid addition is 
controlled by a feedback mechanism from a pH meter, 
with its probe installed in thebasin, and the chemical 
metering pump used tofeed the acid. This control 
results in the maintenance of a 0.5 - 1 pH unit rise 
between the FDA basin and the RO inlet. Use of the 
FDA before the RO also allows better flow and level 
control and operational characteristics of both the 
FDA and the RO. 

Reverse Osmosis 

The reverse osmosis system consists of three semi-
permanently installed RO units each operating at 100 
gpm (0.4 m3/h) in the standard 2-pass configuration. 
The RO units can deliver a total of 600 gpm  (2.3 m3/h) 
when operated in the 1-pass mode. Although 
permeate quality decreases slightly in the 1-pass 
mode, the downstream DI units maintain make-up 
water quality. 

Each RO unit is composed of two independent 100 
GPM RO banks. The RO pressure tubes are made of 
stainless steel, and are arranged in a manner that 
allows production of 100 gpm (0.4 m3/h) of permeate in 
the dual-pass mode. The first pass RO’s are 
constructed in 4 x 2 x 1 arrays containing 42 elements, 
while the second pass RO’s contain 36 elements in 3 x 
2 X 1 arrays. All elements are 8 inches in diameter by 
40 in. long spiral wound, thin film composite 
membranes. The first pass membranes differ from the 
second only in having higher surface areas. Operation 
of the first pass RO is at 67 to 70% recovery, and the 
second pass RO is at 80 to 85% recovery. 

The major consideration in the selection of PA 
membranes over the Cellulose Acetate (CA) 

membranes was the low SDI and membrane fouling 
potential of the well water supply. This selection 
also precluded the need for sodium hypochlorite 
feed, which would have been required to prevent 
bacterial attack on the CA membranes. 

Deoxygenation 

Ionics' (now SUEZ) patented DEOX process is used to 
supply deoxygenated water on an as needed basis. 
The DEOX unit involves reaction of the dissolved 
oxygen with hydrazine catalyzed by an activated 
carbon bed, followed by downstream 
demineralization to remove carbon impurities and 
excess hydrazine. The DEOX reactor unit consists of 
three, 5 ft (1.5-m) diameter vessels, each containing 
60 ft3 (1.7 m3) of activated carbon. Oxygen 
concentrations in the final product water are 
controlled by the injection of hydrazine at a rate 
sufficient to maintain the concentration of O2 below 
10 ppb. 

Ion Exchange 

Final demineralization is accomplished with two, 200 
gpm (0.8 m3/h) mobile demineralizer trailers, with a 
third 200 gpm (0.8 m3/h) unit on standby for 
production of a total of 600 gpm (2.3 m3/h) whenever 
needed. Each mobile demineralizer contains 200 ft3 
(5.7 m3) of 10% cross-linked strong acid cation resin, 
300 ft3 (8.5 m3) of Type I porous gel strong base anion 
resin and 100 ft3 (2.8 m3) of mixed bed composed of 
two parts anion to one part cation resins. 

This system offers a great deal of flexibility. For 
example, flow of demineralized water can be varied 
from 100 to 600 gpm (0.4 to 2.3 m3/h). Further, in 
case of catastrophic failure or loss of power to the 
RO’s, the RO system can be bypassed to allow 
treatment with the DEOX and demineralizer trailers 
alone. The 600 gpm (2.3 m3/h) RO/DI configuration, 
with the RO’s operating in the one-pass mode and 
all demineralizer trailers on line is particularly 
useful when large volumes of water are needed, 
such as at unit shut-downs and start-ups. 

Instrumentation 

In-line instrumentation includes a Swan Model 2114 
Sodium/Specific Conductivity Analyzer, an Anatel 
Model A-100 Total Organic Carbon (TOC) Analyzer, 
and a Scientific Instruments Model 1040 Silica 
Analyzer. Each of these instruments provides alarm 
and shut-down capabilities, if the maximum 
specification for any of these parameters in the 
demineralized water is exceeded. 
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The sodium analyzer is calibrated weekly with a 100 
ppb standard Na solution, which is prepared by 
dilution of a 1000 ppb Na stock standard solution that 
is purchased from the manufacturer. The TOC 
analyzer is checked annually by comparison to a 
portable Anatel analyzer whose calibration is 
traceable to a factory calibrated unit. Multipoint 
calibration certificates for the comparison unit are 
provided and are kept as part of the system records. 
The silica analyzer undergoes automatic baseline 
(zero) checks every 12 hours and a full calibration of 
both baseline and full scale standard (100 ppb) every 
48 hours. Maintenance of each instrument is 
performed in accordance with manufacturers 
instructions. All activities are recorded in the site log. 

chemistry results 

System water quality since start-up has met all 
plant needs. From March 1994 through January 
1995, a total of 133 million gallons (503,000 m3) 
were produced as shown in Figure 2. A summary 
comparison of selected, typical demineralized 
water product quality vs. typical raw water values 
and plant specifications is presented in Table 2. 
Table 2: Make-up Water Quality Comparisons 

Parameter Raw Water Demin 
Product 

Turkey Point 
Specification 

TOC (ppb as C) 2,760 6 15 

Sodium (ppb as Na) 44,500 0.08 1 

Silica (ppb as SiO2) 4,700 <4 2.5 

Specific Cond. µmho 559 0.062 0.08 

Actual data from August, 1994 through January 
1995 are presented in Figures 3 and 4. On 
January 31, 1995, the final system average values 
of these parameters were: 
• TOC - 6.65 ppb 
• Silica - 2.51 ppb 
• Sodium - 0.09 ppb 
• Specific Conductivity - 0.056 µmhos 

The latest results available from the site show 
continued excellent performance. Reduction in 
the values of some parameters continue to be 
achieved. Average daily values of TOC, silica 
sodium and specific conductivity for the month of 
February, 1995 are shown in Figures 5 and 6. 

 
Figure 2: Turkey Point Nuclear Plant Make-up  

Production 

 
Figure 3: Turkey Point Nuclear Plant Make-up Water 

Quality: TOC 

 

 
Figure 4: Turkey Point Nuclear Plant Make-up Water 

Quality: Conductivity and Sodium 
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Figure 5: Turkey Point Nuclear Plant RO Permeate Water 

Quality: % Rejection and Conductivity 

 

 
Figure 6: Turkey Point Nuclear Plant Make-up Water 

Quality: Silica and Sodium 

RO performance 

Performance results for RO 167 are presented in 
Tables 3 and 4. These results are typical for all three 
RO units at the site. 

 

Table 3: RO Performances - Turkey Point Plant: 04-21-94 

Parameter Pass 1 Pass 2 

Feed Cond. (µmho) 500 7.5 

Permeate Cond. (µmho) 7.5 3.5 

Actual Feed TDS (mg/L) 415 5.6 

Permeate TDS (mg/L) 5.6 0.61 

% Rejection, TDS (In/Out) 98.64 89.14 

% Rejection, Cond. (In/Out) 98.50 53.33 

% Rejection, Silica (In/Out) 99.25 89.14 

% Rejection, TOC (In/Out) 92.97 0 

Overall two-pass Mode % 
Rejection 

 99.85 

Table 4: RO Performances - Turkey Point Plant:  
08-13-94 

Parameter Pass 1 Pass 2 

Feed Cond. (µmho) 600 9.0 

Permeate Cond. (µmho) 9.0 5.0 

Actual Feed TDS (mg/L) 495 5.1 

Permeate TDS (mg/L) 5.1 1.9 

% Rejection, TDS (In/Out) 98.97 62.74 

% Rejection, Cond. (In/Out) 98.50 44.44 

% Rejection, Silica (In/Out) 98.35 90.32 

% Rejection, TOC (In/Out) 92.49 0 

Overall two-pass Mode % 
Rejection 

 99.62 

 

Performance of the reverse osmosis units have been 
quite reliable, with rejections well within the 
manufacturer’s specifications. There have been no 
significant increases in pressure drops across the 
various stages of any of the units. 

While there is considerable variability in the TOC 
concentrations in the raw water, overall rejections of 
TOC have remained quite constant. For example, the 
influent municipal water TOC concentrations in the 
samples reported in Tables 3 and 4 are 3.14 and 6.86 
mg/L, respectively. Monthly average rejections and 
conductivities of the RO permeate from start-up 
through December, 1994 have been remarkably 
constant. These data are shown in Figure 7. 

 
Figure 7: Turkey Point Nuclear Plant Make-up Water 

Quality: TOC and Conductivity 

Pressure drops across the membrane stages have 
remained quite constant over the life of the system. 
Through February, 1995, over 144 million gallons 
(545,000 m3) have been processed without the need 
for cleaning and without the use chemical of 
dispersants or other additives. 
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conclusions 

The system has performed as planned. The 2-pass 
design has proven to be an excellent choice. The 
overall RO rejection has extended runlengths of the 
demineralizer trailers as expected. The very long 
runlengths have provided operating economy and 
reduced traffic into and out of the plant. 

The flexibility of the 2-pass/1-pass RO design has 
proven to be very useful, especially during start-up. 
The 600 GPM flow rate has provided enough water to 
substantially reduce start-up times by minimizing 
chemistry hold-point times. There has also been 
sufficient capacity to supply supplemental make-up 
water to Turkey Point Fossil Plant, while maintaining 
all necessary make-up volumes for the nuclear facility. 
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