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PROJECT BACKGROUND 
 
In November 2015, the U.S. Environmental Protection Agency (EPA) promulgated 
changes to the wastewater surface discharge regulations for the Steam and Electric 
Power Generating industry. These regulation changes are the Effluent Limitation 
Guidelines (ELGs), and established revised limits for inorganic constituents (arsenic, 
selenium, mercury and nitrates) present in wastewater discharges, including flue gas 
desulfurization (FGD) wastewater. 
 
The Tampa Electric Company (TEC) operates the 1,700 MW Big Bend Power 
Station in Apollo Beach, Florida. The FGD wastewater is currently discharged under 
a National Pollutant Discharge Elimination System (NPDES) Permit (No. 
FL0000817),. As part of the ongoing NPDES Permit renewal process, TEC was 
required to submit its planned approach for complying with the new ELGs, as soon 
as possible after November 1, 2018 and no later than December 31, 2023, as 
outlined in the promulgated rule. . 
 
GHD Services Inc. (GHD) was engaged to develop a strategy for the most cost-
effective compliance with the NPDES permit obligations. A Basis of Design Report 
(BODR) describing the existing FGD wastewater treatment operations at the Big 
Bend Power Station was prepared, presenting results of an analytical testing 
program , and identifying its facility-specific design criteria for FGD wastewater 
management .  
 
Using information from the BODR, a more detailed Technology Screening Report 
was prepared that summarized selected treatment and disposal options screening 
and evaluation. Specific recommendations were identified to address NPDES permit 
compliance.  
 
BASIS OF DESIGN 
 
The basis of design was completed to document the data and key assumptions used 
in evaluating treatment and management options for FGD wastewater. The following 
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subsections describe the existing FGD treatment system, FGD flow rates, and FGD 
chemical characterization. 
 
Current FGD Treatment Process 
 
The existing FGD wastewater treatment system consists of a clarifier feed tank, two 
E-CATs, a Flow Equalization Tank, three chemical reaction tanks, two pressurized 
multimedia filters, various reagent holding tanks and a treated water storage tank. 
The current system uses solids separation, breakpoint chlorination, pH adjustment, 
and filtration to treat the FGD wastewater. 
 
FGD Wastewater Flow Rates 
 
Wastewater flow rates from the FGD Units 1 through 4 vary based on daily and 
seasonal variations in the power generation process. The FGD wastewater 
management solution will need to treat average flows, as well as low and peak flow 
events, while meeting the revised ELG discharge criteria. 
 
A preliminary understanding of the streams which contribute to both the FGD 
makeup and blowdown quantities was obtained from a water balance and historical 
flow data established by TEC. The existing NPDES permit allows a discharge flow of 
1.25 mega liters per day (ML/day) from the FGD wastewater stream. 
 
Future water demands and FGD wastewater quantities were considered to be 
unchanged from current levels, and no allowance was made for additional FGD 
wastewater flows from future power station expansion or reduction, other than 
potential turn down of operating with fewer units. 
 
The FGD transfer pump flow meter records were obtained for the period January 
2014 through July 2016, and are summarized graphically in Figure 1. The average 
FGD wastewater flow rate was 0.85 ML/day. This average flow is lower than the 
permitted FGD wastewater flow rate due to the extended down time of the various 
power units during this period. For instance, from February through June, 2016, a 
maximum of 2 of the 4 power generating units were operating, and for 3 months of 
this period only one power unit was operational. The reduced FGD wastewater flow 
rate during this period relative to typical flow conditions over the previous 2 years is 
seen in the flow data shown in Figure 1. A minimum flow of approximately 0.27 
ML/daywas observed during this period in 2016. 
 



 
Figure 1: FGD treatment train Flow Equalization Tank flow rate (ML/day) during the 
period 2014 to July 2016 

 
The permitted flow rate of 1.25 ML/day is greater than metered flows seen in the 
historical data by approximately 30%. However, this average flow rate will be used 
as the design basis for a new treatment facility or disposal well, offering future 
operating flexibility. Maximum and minimum flows were defined as follows: 
 

• Minimum flow of 0.27 ML/day based on measured flow rates in the first half of 
2016 when the power station operation was reduced to a single generating 
unit on occasions. 
 

• Maximum instantaneous flow is set at 1.5 times the average flow and equal to 
1.87 ML/day. Currently, the maximum FGD wastewater flow is limited to 1.09 
ML/day, which corresponds to the maximum flow rate of the FGD wastewater 
transfer pump. 

 
FGD Wastewater Chemical Characteristics 
 
Historical data was compiled for several selected parameters from collection points 
in the FGD wastewater system, and included samples collected for outside analytical 
laboratory testing, and data from inline instrumentation. These data were used for 
comparative purposes with analytical data from newly-collected, flow-proportional 
composite samples. In cases where significant discrepancies were observed 
between the historical and newly collected data, then the new data were adopted for 
the design basis. 
 
Three sampling events at the Big Bend Power Station were performed in August 
2016. Three composite samples were taken at two separate locations, including at 
the E-CAT Overflow Tank, and immediately downstream of the Multi-Media Filters. 
Each of these six composite samples was split into three separate samples to be 



analyzed at Jupiter Environmental Laboratory (JEL). Each of the samples was also 
field filtered through a 0.45 micron filter to allow analysis for soluble metals and 
COD. 
 
The wastewater quality design basis is largely based on the E-CAT overflow 
sampling dataset. However, consideration was given to the differences between the 
analytical results from the 2015 DMR reporting, other historical data provided by 
TEC, and the August 2016 sampling program. Table 1 outlines the design basis FGD 
wastewater quality. 
 
Table 1 Design Basis Wastewater Quality 

  
Total Soluble 

Parameter Unit Average Min Max Average Min Max 
Arsenic µg/L 12.2 9.6 14.0 11.5 9.6 13.0 
Mercury µg/L 0.546 0.377 0.691 0.138 0.0065 0.433 
Selenium µg/L 1,609 1,200 1,900 1,440 1,100 1,700 
Aluminum µg/L 249 130 530 198 32 410 
Antimony µg/L 24 23 28 22 18 27 
Barium µg/L 1,809 1,700 2,000 1,847 1,800 1,900 
Beryllium µg/L 0.96 0.33 1.50 1.04 0.33 1.60 
Boron mg/L 850 210 1,200 466 190 1,100 
Cadmium µg/L 63 50 74 53 38 68 
Calcium mg/L 5,769 5,100 6,000 5,841 5,000 6,600 
Chromium µg/L 17 13 21 13 8 20 
Copper µg/L 13 10 14 9 6 13 
Iron mg/L 46 42 49 47 43 52 
Lead µg/L 0.5 0.1 1.1 0.1 0.1 0.7 
Magnesium mg/L 3,930 3,800 4,300 3,701 3,500 4,000 
Manganese mg/L 34 29 38 28 15 35 
Molybdenum µg/L 394 340 430 355 330 390 
Nickel µg/L 845 770 920 741 600 850 
Potassium mg/L 226 200 270 224 200 250 
Silver µg/L < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 
Sodium mg/L 2,394 2,200 2,700 2,706 2,300 3,800 
Strontium mg/L 26 18 30 25 18 29 
Thallium µg/L 19 15 23 15 13 21 
Vanadium µg/L 313 260 530 283 190 540 
Zinc µg/L 788 550 1,100 606 360 890 
COD mg/L 3,863 3,300 6,300 3,223 1,800 7,200 
CBOD mg/L 1,760 1,500 2,000    
BOD mg/L 1,803 1,700 2,000    
TKN mg/L 226 174 294    
Ammonia (N) mg/L 180 130 250    
Nitrate (N) mg/L 2.7 1.0 6.3    
Nitrite (N) mg/L 0.3 0.1 0.8    
Nitrate-Nitrite (N) mg/L 2.8 1.0 6.4    
Total N mg/L 229 175 300    
Total Phosphorus (P) mg/L 0.09 0.07 0.11    
Sulfate mg/L 2,271 2,000 4,300    



  
Total Soluble 

Parameter Unit Average Min Max Average Min Max 
Specific Conductance µS/cm 64,084 49,400 73,800    
pH su 6.69 6.41 6.96    
Alkalinity mg/L 1,518 1,300 1,800    
Total Dissolved Solids mg/L 49,773 42,700 54,400    
Total Suspended Solids mg/L 25 1.9 215    
Chloride mg/L 27,017 19,000 46,000    
Fluoride mg/L 62 47 110    
Lithium mg/L 1.02 0.74 1.30    
Silicon mg/L 103 75 130     

 
Table 2 compares the new ELGs for arsenic, mercury, selenium nitriate+nitrite, and 
TSS with the FGD wastewater quality design basis. 
 
Table 2 FGD Wastewater Design Basis vs ELG Limits 

Total Concentrations Arsenic Mercury Selenium 
Nitrate-
Nitrite 

(N) 

Total 
Suspended 

Solids* 
µg/L µg/L µg/L mg/L mg/L 

ELG Limit Daily Max 11 0.788 23 17 100 
ELG Limit Monthly 

Average 8 0.356 12 4.4 30 

FGD 
Wastewater 

Design Basis 

Min 9.6 0.377 1,200 1.0 280 
Max 14.0 0.691 1,900 6.4 440 

Average 12.2 0.546 1,609 2.8 361 
*Although TSS is an interim discharge limit of USEPA’s promulgated rule, it is 
assumed that the TSS discharge limit will remain in effect after compliance with 
arsenic, selenium, and mercury limits has been achieved. 

 
Average total arsenic concentrations exceed both the new monthly average and 
daily maximum discharge limits and average mercury concentrations exceed only 
the new monthly average limits. Maximum mercury concentrations are below the 
daily maximum discharge limit. Both average selenium and TSS concentrations 
significantly exceed both the monthly average and daily maximum discharge limits. 
Average nitrite+nitrate concentrations are below the monthly average discharge limit 
and maximum concentrations are well below the daily maximum discharge limit. TEC 
will be required comply with the new limits as soon as possible after November 1, 
2018 and no later than December 31, 2023. 
 
Table 3 compares the soluble concentrations of arsenic, selenium, and mercury 
reported in GHD’s sampling data with the new ELG limits. 
 



Table 3 Soluble FGD Wastewater Design Criteria vs ELG Limits 

Soluble Concentrations Arsenic Mercury Selenium 

µg/L µg/L µg/L 
ELG Limit Daily Max 11 0.788 23 
ELG Limit Monthly 

Average 8 0.356 12 

FGD 
Wastewater 

Design Basis 

Min 9.6 0.007 1,100 
Max 13 0.433 1,700 

Average 11.5 0.138 1,440 
 
The average concentration of soluble arsenic is above the new monthly average and 
daily max discharge limits. Average soluble selenium concentrations exceed both the 
new monthly average and daily maximum discharge limits. Average concentrations 
of soluble mercury are below the new monthly average discharge limits and the 
maximum concentrations of soluble mercury are also below the new daily maximum 
discharge limits. TEC will be required comply with the new limits as soon as possible 
after November 1, 2018 and no later than December 31, 2023. 
 
TECHNOLOGY SCREENING 
 
Based on the established basis of design, a number of potential management and/or 
treatment options for achieving the new ELGs at the Big Bend Power Station were 
identified. These options included: 
 

• Physico-chemical treatment 
• Physico-chemical treatment coupled with anoxic/anaerobic biological 

treatment 
• Thermal evaporation methods 
• Membrane treatment – Reverse Osmosis (RO) / Nanofiltration (NF) 
• Evaporation ponds (with enhanced evaporation) 
• Surface Impoundments 
• Constructed wetlands 
• Ion exchange 
• Activated alumina adsorption 
• Zero Valence Iron (ZVI) reduction 
• Deep well injection disposal 

 
Physico-Chemical Treatment 
 
The application of physico-chemical treatment processes to treat FGD blowdown 
water has been widely adopted for FGD wastewater treatment. It has also been 
applied more broadly for the removal of mercury, arsenic and to a lesser extent, 
selenium, from a range of water and wastewater sources. 
 
For meeting the new ELGs, the combination of hydroxide precipitation, organo-
sulfide precipitation and iron co-precipitation are likely to achieve the limits for 



arsenic and mercury in an appropriately designed system; however selenium limits 
are unlikely to be achieved and nitrate will not be reduced. 
 
As a stand-alone option, the use of a combination of physico-chemical processes is 
considered unlikely to achieve the ELGs. It may however, form part of an overall 
solution. 
 
Physico-Chemical Treatment Coupled with Anoxic/Anaerobic Biological Treatment 
 
The coupling of physico-chemical treatment and anoxic/anaerobic biological 
treatment has been employed by a number of commercial vendors to reduce the 
concentration of ELG constituents. 
 
Arsenic and mercury, and to a lesser extent selenium, can be removed through the 
application of physico-chemical precipitation reactions, while nitrate and selenium 
can be chemically reduced by microorganisms in appropriately designed bioreactors. 
This approach has also been identified by the US Environmental Protection Agency 
(EPA) as one of the Best Available Technologies (BAT) for the treatment of existing 
FGD wastewater streams in meeting the new ELGs1. 
 
Thermal Evaporation Methods 
 
Thermal evaporation methods, in particular brine concentrators and mixed salt 
crystallisers, offer a potential zero liquid discharge (ZLD) option for FGD blowdown 
water treatment. 
 
Although this approach is likely to achieve the new ELG limitations in an 
appropriately designed system, the associated capital and operating costs may be 
two to three times greater than that of alternative approaches. This approach does, 
however, offer some strategic benefit against future tighter restrictions with ELG 
discharge limits. On that basis, the use of evaporative technologies has been 
included for further evaluation. 
 
Membrane Treatment – Reverse Osmosis (RO) / Nanofiltration (NF) 
 
The application of membrane technologies has been broadly applied in recent years 
for the treatment of wastewater from many sources. For meeting the new ELGs, and 
NF application, most likely downstream of a physico-chemical treatment process, 
has the potential to offer an effective treatment solution to meet the ELGs, and is 
deemed suitable to consider as a treatment alternative. 
 
In essence, the NF application for selenium removal will compare with the use of a 
biological selenium removal system. This is worth considering in the case of the Big 
Bend Power Station as the nitrate levels in the FGD blowdown stream appear to 
consistently meet ELG limitations, and hence nitrate removal is not considered 
critical in this application. 
 
 
                                                           
1 EPA Federal Register (2015) Vol. 80, No. 212. 



Evaporation Ponds (with Enhanced Evaporation) 
 
The application of evaporation ponds (with the potential of using enhanced 
evaporation techniques) will require significant space and require the construction of 
new pond infrastructure on the site. 
The following risks were considered fatal flaws for this option: 

 Concentrated hazardous stream held on site in a dam that would be subject to 
storm surge risk 

 Concentrated hazardous stream held in open pond would be a potentially 
significant environmental/wildlife hazard 

 Drift from enhanced evaporation system would be a potential environmental 
hazard 

 Storage of the concentrate on site could create a significant environmental 
legacy. 

 

Surface Impoundments 
 
Surface impoundments focus on the removal of solids from wastewater. Although 
currently used for the treatment of many FGD blowdown streams, it is not considered 
suitable in meeting the new ELGs, as soluble forms of the ELG elements would not 
be removed below ELG limits. 
 
Constructed Wetlands 
 
The use of constructed wetlands is not considered suitable for the Big Bend site due 
to space restrictions and the relatively high influent selenium levels. Obtaining 
process guarantees for a constructed wetland option is considered unlikely. 
 
Ion Exchange 
 
Ion exchange is a developing technology for selenium removal only at pilot stage of 
implementation within the mining industry. High sulfate levels in the Big Bend FGD 
wastewater also make this approach unlikely to be cost competitive. 
 
Zero Valence Iron (ZVI) Reduction 
 
ZVI is a developing technology for selenium removal with some commercial 
operations in the mining sector. For the purposes of this assessment, ZVI was 
considered unsuitable as it is still in the development phase, particularly in 
applications with high TDS. 
 
 
Deep Well Injection  
 
Class I industrial injection wells are permitted by the Florida Department of 
Environmental Protection (FDEP) for selected applications based on hydrogeologic 
conditions and the chemical characteristics of the injectate. Because a Class I deep 
injection well would provide TEC with an alternative disposal option that would create 



desirable operational flexibility, it will be considered in more detail. Based on the 
currently available hydrogeologic information for the Big Bend location and 
understanding of the UIC permitting requirements for FGD wastewater as the 
injectate liquid, no fatal flaws have been identified that would eliminate deep well 
injection as a viable option for consideration. 
 
GHD conducted a technical workshop with TEC representatives on October 11, 2016 
to discuss and agree upon the approach to shortlisting the above options for detailed 
assessment. The workshop discussion considered: 
 

• Technology and management options available 
• Eliminating options considered that have “fatal flaws” 
• Evaluation Criteria to be used to differentiate between the short listed 

options 
• Weighting values to be applied to each evaluation criteria. 

 
Table 4 outlines the results of the technology screening process, identifying those 
alternatives considered to be viable for the Big Bend Station FGD wastewater 
treatment and management, and were further evaluated in the detailed technology 
evaluation. 
 
Table 4 Summary of Technology Screening Outcome 

Technology Option 
Viable for 
Big Bend 
Station 

Fatal Flaws 

Deep Well Injection Yes None 
Physico-Chemical Treatment No No Selenium Removal 
Biological Treatment Yes None 
Thermal Evaporation Yes None 
Membrane treatment  Yes None 
Evaporation Ponds  No Environmental risk too great 
Surface Impoundments No Environmental risk too great 
Constructed Wetlands No Environmental risk too great, 

limited available footprint 
Ion Exchange No No proven performance for 

FGD wastewater 
Activated Alumina 
Adsorption 

No No proven performance for 
FGD wastewater 

Zero Valence Iron (ZVI) 
reduction  

No No proven performance for 
FGD wastewater 

 
DETAILED TECHNOLOGY EVALUATION 
 
The detailed technology evaluation of those technology options identified as viable 
for the Big Bend Station was conducted using a multi-criteria analysis (MCA) in 
collaboration with TEC staff. The criteria used in the detailed technology evaluation, 
their associated weight in the analysis, and brief descriptions of each criteria are: 
 



• Ability to meet ELG limits (30%) – Evaluation of a given technologies 
ability to meet ELG discharge limits and provide performance 
guarantees. Technologies that are more likely to meet ELG limits and 
provide performance guarantees that cover TEC’s financial responsibility 
will be scored higher. 

• Total Project Cost (30%) – Comparison of total project costs over a 30-
year design life with a discount rate of 6.98%. Technologies with lower 
total cost will be scored higher. 

• System Versatility (15%) – Ability of a given technology to continually 
meet discharge limits with variations in FGD wastewater quantity and/or 
quality, or more restrictive ELG limits that may be enforced in the future. 

• Financial Strength of Suppliers (10%) – Capability of technology 
vendors to back performance guarantees or equipment warranties 
through the life of the treatment system. 

• Proven FGD Service (10%) – Demonstrated experience of a given 
technology with FGD wastewater streams and ELG constituents. 
Technologies with existing installations for treating FGD wastewater will 
be scored higher. 

• Staff Resourcing Requirement (5%) – Staffing requirements for a 
given technology, those technologies that require less staffing to operate 
will be scored higher. 

 
Vendor information was solicited for the technology options identified as being viable 
for the Big Bend Station from known suppliers having relevant FGD experience in 
order to evaluate these options against the MCA described above. General Electric 
(GE), Doosan Hydro (Doosan), and Veolia Water (Veolia) provided information on 
their respective proprietary technologies. Details for the injection well option were 
also developed for inclusion in the detailed evaluation. Full descriptions of the 
technology options are presented in Section 4. 
 
GE provided options for biological treatment, both GE and Veolia provided options 
for evaporative technologies, and Doosan provided a membrane treatment 
technology option. 
 
A summary of the proprietary technologies options proposed, including deep well 
injection, their respective total MCA scores, CAPEX, OPEX, and total 30-year project 
costs is summarized in Table 5. 
 
 
 
 
 
 
 
 
 



Table 5 Multi-Criteria Assessment Outcome, CAPEX, OPEX and Total Costs 

Technology Option 
Total 
MCA 

Score* 
Capital 
Cost 

Annual 
Operating 

Cost 

Total 
Project 
Cost** 

Biological Treatment 
GE - MBR / ABMet System 340 $25 M $2.1 M $50 M 
Thermal Evaporation 
GE - Softening, Bine Concentrator, 
Crystallizer 

345 $38 M $6.4 M $116 M 

GE - Brine Concentrator, Solidification 335 $29 M $8.2 M $130 M 
GE - Brine Concentrator, Spray Dryer 
Evaporation System 

415 $25 M $2.1 M $50 M 

GE - Spray Dryer Evaporation 420 $23 M $1.7 M $43 M 
Veolia - Softening, Bine Concentrator, 
Crystallizer 

345 $46 M $7.3 M $134 M 

Veolia - Brine Concentrator, 
Solidification 

335 $25 M $8 M $123 M 

Veolia - Brine Concentrator + CoLD 
crystallization 

330 $37 M $5 M $97 M 

Membrane Treatment 
Doosan - Lime Softening, RO 
Membrane concentration - BC/Crystal 

300 $32 M $6.8 M $115 M 

Deep Well Injection 
Deep well injection - with 30% 
softening 

405 $21 M $1.9 M $44 M 

Deep well injection - with full softening 400 $26 M $4.5 M $81 M 
Deep well injection – with effluent 
blending 

435 $18 M $0.7 M $26 M 

*Maximum possible score is 500 
**Based on 30 year design life 

 
KEY FINDINGS 
 
The rigorous process undertaken to identify, shortlist, develop and rank options for 
treatment of the Big Bend Power Station FGD wastewater to meet the new ELGs 
has revealed a number of key findings and themes. In particular, the process 
undertaken in this study has defined the key technical risks . The key findings 
support subsequent technology evaluation phases to select the preferred facility-
specific option for ELG compliance. 
 
Water quality data collected was used to solicit technical solutions from financially-
sound technology vendors with similar power industry experience. Feedback 
received from all vendors was that FGD wastewater at Big Bend Power Station is 
unique due to the relatively high concentrations of dissolved solids, ammonia, 
biochemical oxygen demand (BOD), chlorides, selenium, and scaling ions (calcium 
and magnesium in particular). 
 



All options presented contain residual process risks, and both CAPEX and OPEX 
estimates have the potential to increase (or decrease) widely until these process 
risks are better defined. 
 
Further work is required to define the extent of pretreatment requirements that may 
be needed. 
All vendors offered zero liquid discharge (ZLD) options in addition to more 
conventional end-of-pipe treatment solutions due to the complex nature of FGD 
wastewater at the Big Bend Power Station.  
RECOMMENDATIONS 
 
Additional facility-specific testing will be needed to identify the preferred option. It is 
critical that a number of different treatment and/or disposal technology options be 
developed to best manage risks. Preliminary design development is needed to 
identify and select the preferred solution and the associated CAPEX and OPEX 
commitments. 
 
Details regarding the identified technology options that will need to be developed 
further include: 

1. Ongoing consultation with permitting agencies. 

2. Geochemical modelling and bench scale testing. 

3. Impacts on ESP’s and the current beneficial reuse of fly ash. 

4. Technology piloting. 

5. Technology integration details. 

6. Existing infrastructure/equipment repurposing. 

7. Develop mechanical layouts. 
 


