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ABSTRACT 
 
As coal-fired generation stations operate less frequently, optimized flue gas 
desulfurization (FGD) wastewater treatment approaches and technologies must be 
considered in lieu of traditional operations. Physical/chemical wastewater treatment 
systems alone have difficulty meeting the selenium and nitrate/nitrite limits in the 2015 
Effluent Limitations Guidelines (ELGs). Polishing systems introduce additional 
challenges, such as traditional biological treatment operating poorly in non-steady state 
at peaking stations, and solidification increasing capital expenditures and ultimate 
disposal considerations.  
 
Biological treatment is an economical tertiary treatment. Non-steady state biological 
treatment operations can be managed by reusing existing infrastructure (if available) to 
temporarily store wastewater and operate in batch treatment; recycling treated water in 
the system until compliance is achieved; and optimizing tie-in locations to existing 
treatment infrastructure. Depending on results of pilot tests, existing treatment 
infrastructure may be depreciated for new biological treatment.  
 
Mobile treatment units have become more prevalent, introducing an opportunity for 
generation management companies to share resources. While some capital 
expenditures for infrastructure would still be required, namely controls, chemical feed 
systems, instrumentation, and some pumps; mobile treatment can be deployed between 
different sites in a timely fashion. Coupled with on-site storage, there is an opportunity 
to reduce operational and capital expenditures.  
 
The methods and approaches to determining feasibility of mobile biological treatment 
units, repurposing existing infrastructure, and operating biological reactors in an 
intermittent capacity will be discussed in this paper. The current state of the ELG Rule 
and additional potential FGD wastewater treatment system optimization to achieve 
regulatory compliance will also be addressed.   
 
INTRODUCTION  
 
Traditional flue gas desulfurization (FGD) wastewater treatment operations include 
physical/chemical and biological processes. In 2015, the United States Environmental 



Protection Agency (U.S. EPA) promulgated the Effluent Limitations Guidelines (ELGs) 
and Standards for the Steam Electric Power Generating Point Source Category (2015 
Rule), which introduced effluent concentration limits on FGD wastewater for selenium, 
nitrate/nitrite, mercury, and arsenic. Physical/chemical systems alone treat mercury and 
arsenic adequately, but have difficulty treating selenium and nitrate/nitrites. These 
constituents are typically treated by biological systems including sequencing batch 
reactors (SBRs), suspended growth, and fixed film systems. As part of the 2015 Rule, 
solidification systems are also recommended to be considered.  
 
As coal-fired generating stations operate less frequently, optimized FGD wastewater 
treatment approaches and technologies must be considered in lieu of traditional 
operations. Biological fixed film systems like the Frontier SeHAWK™ or SUEZ ABMet® 
typically treat selenium more effectively than other biological systems, and are therefore 
often considered as a standard tertiary treatment solution to help meet the ELG limits. 
However, biological systems operate most effectively under steady state conditions, so 
non-steady state operations caused by periods of little to no power generation or 
significant swings in boiler load must be managed to minimize potential risks. 
Solidification systems are good technical solutions to non-steady operations because 
they do not discharge wastewater and are not subject to the ELG limits; however, they 
require large capital expenditures and have ultimate considerations for disposal, and 
therefore are not usually considered.  
 
Pilot systems can be used to evaluate tertiary biological treatment systems with 
modified operations for non-steady state flows. Proposed operational changes include 
storing wastewater and operating in batch treatment, recycling wastewater until 
compliance is achieved, and optimizing tie-in locations. Depending on optimized 
operations, existing treatment infrastructure may be depreciated for new biological 
treatment.  
 
This paper discusses repurposing existing infrastructure, operating biological reactors in 
an intermittent capacity, and determining feasibility of mobile biological treatment units. 
The current state of the 2015 Rule and additional potential FGD wastewater treatment 
system optimization to achieve regulatory compliance will also be addressed.   
 
STATE OF ELG RULE 
 
The 2015 Rule imposes the following limits on FGD wastewater effluent: 

Parameter Daily Limit  Monthly Average Limit 

Arsenic, total (ug/L) 11.0 8.0 

Mercury, total (ng/L) 788.0 356.0 

Selenium, total (ug/L) 23.0 12.0 

Nitrate/nitrite as N (mg/L) 17.0 4.4 

 
On September 18, 2017, the U.S. EPA stated they were planning to re-evaluate the 
2015 Rule limits and, in the interim, postponed the earliest compliance date permitting 
agencies can impose these limits from November 1, 2018 to November 1, 2020. As of 



this writing, the U.S. EPA is unofficially anticipated to release a proposed rulemaking in 
the August 2019 timeframe and final rulemaking in the August 2020 timeframe, which 
may revise the effluent limits. The proposed re-evaluation was initially planned for 
December 2018 release. Further delays may cause the final rule to be released even 
later than August 2020, which may then be affected by administration changes in the 
federal government or subject to lawsuits.  
 
The current limits on selenium are the most difficult parameter from the 2015 Rule for 
the majority of generating stations to meet. While this paper primarily discusses 
optimizing biological treatment operations to meet these limits, including adding tertiary 
treatment if necessary, there is a possibility selenium (and other parameter) limits will 
be raised as part of reissuance of the rule. Higher selenium limits could make optimizing 
existing biological treatment systems without requiring additional tertiary treatment more 
feasible and economical.  
 
OPERATIONS BACKGROUND 
 
Physical/chemical operations generally consist of a series of equalization tanks, 
reaction and mix tanks, a clarifier, and sludge handling equipment. Lime, organosulfides 
and recycled sludge are well mixed in the first reaction tank to adjust the pH, increase 
solids, and lower the solubility of heavy metals. Ferric chloride is added to the next 
reaction tank to facilitate coagulation. A dilute polymer is generally incorporated into the 
wastewater just prior to the clarifier to create larger and stickier flocs to increase settling 
and metals removal. Optimized and tuned physical/chemical processes contribute to a 
reduction in heavy metals via settling in the clarifier and removal in the sludge; for the 
ELGs, this specifically targets arsenic and mercury.  
 
Selenium, while a heavy metal, is not effectively treated in physical/chemical operations 
because it is generally present in soluble form in the influent FGD wastewater. To be 
treated, selenium must be reduced from selenite to selenate. Biological treatment 
systems have an aerobic and anaerobic component; the aerobic component allows 
nitrification (ammonia oxidized to nitrite and further oxidized to nitrate), while the 
anaerobic component allows denitrification (nitrates reduced to nitrogen gas) and 
selenium reduction. Broadly speaking, Pseudomonas cultures in the anaerobic tanks 
are responsible for reducing the selenium, however, coprecipitation with sulfate-
reducing bacteria, changing the tank pH, and other factors can change how effective the 
process is.  
 
When U.S. EPA evaluated the effluent concentrations in fixed-film biological systems for 
the 2015 Rule, the case stations operated in a steady-state. U.S. EPA further 
recommended maintaining steady-state operations to meet the proposed effluent limits, 
specifically paying attention to wastewater flow rates, the nutrient feed, oxidation-
reduction potential (ORP), and upstream physical/chemical operations. As maintaining 
steady-state operation is important for meeting the limits, stations with intermittent 
operations have an additional challenge. 
 



Reverse osmosis (RO) systems, either standalone or combined with solidification 
systems, are an option for intermittent operations. The greatest advantage compared to 
biological systems are that operations can start and stop on-demand. The treated RO 
effluent can be discharged directly or recycled back to the absorber as a zero liquid 
discharge (ZLD) option; concentrate is then either sent to the existing belt filter press for 
disposal or solidified. The solidification systems generally consist of mixing fly ash with 
RO concentrate and a stabilizing agent and creating a concrete that is disposed of in a 
landfill. There are a few stipulations a station must consider before implementing a 
solidification system: fly ash must be available for mixing, the mixing ratios are highly 
dependent on chloride concentration, and the concrete must not leach chemicals in 
excess of leachate limits for the planned disposal site. The greatest disadvantage to 
solidification systems are the high cost for all the required infrastructure and disposal 
tipping fees, and therefore, these are not discussed further in this paper.  
 
Throughout all testing, the stations must collect data to determine how optimization, 
pilot tests, and/or tertiary treatment affects intermediate and ultimate parameter effluent 
concentrations. Arsenic and mercury removal is targeted in the physical/chemical 
system clarifier, and therefore most testing can occur at that location. In general, 
nitrogen and selenium should be tested at the influent to the FGD wastewater treatment 
system, influent to the biological treatment system, effluent of the biological treatment 
system, and ultimate outfall effluent (assumed to occur after another filtration step). 
Specifically, nitrogen and selenium speciation are both of interest to optimize biological 
treatment. Complexed selenium will not readily settle out and must be reduced, and the 
forms it is present in will determine if biological treatment is effective or possible. 
 
OPTIMIZATION 
 
Optimizing the physical/chemical treatment system, while imperative to meet the ELG 
Rule effluent limits, is not in itself affected by intermittent operations. However, settling 
out or reducing selenium in the physical/chemical treatment system will aid in the 
biological treatment process. Existing physical/chemical infrastructure is likely sufficient 
to treat arsenic and mercury to the required levels with the right chemical additions and 
dosing tweaks.  
 
Physical/chemical optimizations include, but are not limited to:  

• Optimizing sweep flocculation 
o Adding an organosulfide such as SUEZ Metclear™ or NALCO Nalmet® 

1689 
o Adjusting the pH in the reaction tanks, typically by altering the lime slurry 

dosing rate 

• Optimizing coagulation 
o Adjusting the coagulant dosage rate or type in the reaction tanks, typically 

a ferric chloride or polyaluminum chloride (PAC) 
o Adjusting the polymer type and dosage rate after the reaction tanks 
o Adjusting the sludge recycle rate to build a larger and heavier sludge 

blanket 



Optimizing the biological treatment system is most important for nitrate and nitrite and 
selenium removal. Existing SBRs and suspended growth biological treatment systems 
are likely able to treat nitrates and nitrites to the 2015 Rule limits; however, selenium is 
not likely to be met. Existing systems should be optimized in the hopes of meeting the 
revised ELG Rule limits. 
 
Biological treatment operations include, but are not limited to: 

• Optimizing aerobic treatment (high ORP environment) 
o Providing a separate tank with aerators to increase the ORP to optimize 

nitrification  
o Modifying sludge age to change the reaction kinetics 

• Optimizing anaerobic treatment (low ORP environment) 
o Providing a separate tank for anoxic operations 
o Dosing a reducing chemical such as sodium bisulfite or ferrous chloride 
o Modifying sludge age to change the reaction kinetics 

 
As discussed earlier, physical/chemical treatment can be optimized in conjunction with 
optimizing biological treatment to select for desired selenium forms.  
 
Based on the limits in the proposed ELG Rule, which are unknown as of this writing, 
optimization may be enough to meet the proposed limits. However, part of the 
optimization may include operations that are specific to low-capacity operations.  
 
LOW-CAPACITY OPERATIONS 
 
When the U.S. EPA evaluated biological systems for the 2015 Rule, steady-state fixed-
film biological treatment operation was studied as the proposed treatment method to 
meet the limits. To this end, operations should be prioritized to allow steady-state 
operation.  
 
The first proposed operational change is storing physical/chemical effluent in a holding 
tank. The station may have an existing tank that can be repurposed; if a tank is 
repurposed, the structural integrity, lining, and material compatibility should be 
assessed. Water from the holding tank can then either be metered out to the biological 
treatment system to maintain steady-state operations continuously throughout the year, 
or to batch the volume of the holding tank through the biological treatment system at 
once. How the wastewater is metered from the holding tank will depend on the 
operating capacity of the station and available (or willingness to construct) holding tank 
volume. For example, an FGD wastewater treatment system operating at 200 gallons 
per minute (0.013 cubic meters per second) will require 300,000 gallons (1,130 cubic 
meters) of storage per day.  
 
As part of the metering system, the minimum turndown ratio should be evaluated. By 
understanding the minimum required flow rate through the existing biological system, 
the holding tank volume can be optimized. The minimum turndown ratio is identified 



through system testing, and therefore a pilot system, discussed further below, may be 
used.  
 
A second proposed operational change is recycling wastewater until compliance is 
achieved. Effluent from the biological treatment station would be temporarily stored in a 
holding tank, where the concentration of nitrate and nitrite and selenium can be tested. 
If the concentration is not able to be discharged, the water can be recycled to the 
influent of the biological treatment system, which will allow additional treatment of the 
water. Similar to sustaining steady-state operations, a minimum volume holding tank will 
be required to allow water to be recycled.  
 
A third proposed operational change is priming or maintaining the efficacy of 
microorganisms. This can be achieved by recycling the wastewater as described above, 
or by using a carbon source with nutrients prior to known runtime. However, this option 
adds more risk because many peaking or intermittently-operating stations do not know 
when they will have to operate. 
 
TERTIARY TREATMENT 
 
If optimizing the existing biological treatment system is not effective in meeting the 2015 
Rule or the proposed ELG Rule limits, a tertiary treatment system can be considered. 
The tertiary treatment system will treat effluent from the existing biological treatment 
system or directly from the physical/chemical clarifier. Tertiary treatment systems can 
be biological or an RO system; effective biological systems are generally the fixed-film 
anaerobic systems.  
 
Pilot systems can be used to evaluate tertiary biological treatment systems prior to full-
scale implementation. Typically, vendors will guarantee tertiary biological systems to 
treat to the 2015 Rule effluent limits if the stations are running in steady-state, as these 
are the case studies the Technical Development Document (U.S. EPA, 2015) is based 
on. The focus of any pilot studies should be on long-term operation for low-capacity 
operations, as described above. Specifically, the minimum turndown should be 
evaluated, as well as the efficacy of microorganisms after dormant phases when the 
station isn’t generating. 
 
Depending on optimized operations, existing biological treatment infrastructure may be 
completely depreciated for new biological treatment or RO. This may help maintain 
operational costs close to existing levels instead of compounding costs. Pilot testing 
should be performed on the physical/chemical clarifier effluent to determine whether this 
is feasible. One indicator of feasibility for biological systems is the concentration of 
ammonia present in the clarifier; the greater the concentration of ammonia, the more 
likely existing infrastructure is needed.   
 
An RO system can be used to treat effluent from the clarifier or an existing biological 
system, however it may be more effective meeting the 2015 Rule limits by treating 
clarifier effluent directly. Direct filtration will increase operational costs as filters will be 



used rapidly, however, the ease of start-stop operations compared to maintaining a 
biological system when the generating station is not running is a consideration. 
Ultimately, the station should evaluate the operational costs of biological and RO 
systems, as capital costs are on the same order of magnitude.  
 
MOBILE TREATMENT 
 
As a cost-saving measure, mobile treatment units should be considered. Mobile 
treatment units house components of a traditional fixed-film biological treatment system 
within a Conex or similar container, including controls, transfer pumps, chemical feeds, 
and instrumentation. Outside the container, permanent tie-in locations and tanks with 
activated carbon to grow the fixed-film are required.  
 
Stations in close proximity, with low generating capacities, and infrastructure capable of 
temporarily storing wastewater can share the mobile treatment units to reduce capital 
costs. Operations would proceed as follows: 

• When mobile treatment unit(s) off-site, treat FGD wastewater through the 
physical/chemical components of the permanent FGD wastewater treatment 
system; 

• Convey partially-treated FGD wastewater to a permanent on-site storage tank, 
which may be re-used from existing infrastructure or new construction; 

• When the mobile treatment unit is available, or when the on-site storage tank 
capacity reaches a pre-determined level, relocate the mobile treatment unit; and 

• Treat the stored, partially-treated FGD wastewater and discharge below the 
permitted limits.  

 
Similar to use for steady-state, existing or new on-site storage can be used, instead with 
the goal of providing long-term storage when mobile treatment units are off-site.  
Storage volume requirements are anticipated to be greater than those proposed for low-
capacity operations, both because the mobile treatment units will not be able to 
continuously discharge or batch treat as frequently, and a recommended additional 
safety factor to account for transfer of the mobile units between stations and increased 
station operation. Specifically, maintaining station runtime is vital and therefore the 
safety factor should account for instances where the station operation is greatly 
increased and mobile units are not available for treatment in a timely manner.  
 
The mobile treatment unit should be housed at the generating station with the greatest 
anticipated need, and shuttled between stations when there is either known downtime at 
the home station, or when holding tanks at a satellite station are nearing capacity. The 
mobile treatment units are anticipated to take a few days to transfer between stations, 
including draining, uncoupling from the station infrastructure, variable transportation 
time dependent on distance, re-coupling to station infrastructure, and restarting the 
reactors. When the mobile treatment unit is off-site, microorganisms in the station-
located activated carbon tanks lie dormant. The microorganisms can be reactivated by 
temporarily recycling FGD wastewater that has passed through the mobile treatment 
unit, until the permitted limits are met. Note that sufficient holding tank volume is 



required for this operation, especially if the station is generating when the mobile 
treatment unit arrives on-site.  
 
Importantly, sharing mobile treatment unit(s) reduces the initial capital expenditures. 
Permanent infrastructure is still required at each station, including a foundation/pad, 
pumping and piping to and from the mobile treatment unit, nutrient storage, tanks for 
activated carbon, and additional waste tanks; however, this is still preferable to full 
capital expenditure at each of multiple stations. The number of mobile treatment unit(s) 
required is dependent on the number of generating stations to be serviced, anticipated 
FGD wastewater treatment flow rates, which may be less than the design rate due to 
intermittent operations, the station operating capacity, and holding tank volumes. Based 
on these factors, the number of units can be optimized. Ultimately, cost of the mobile 
treatment unit(s) can be spread among multiple stations.  
 
CONCLUSIONS 
 
Coal-fired generating stations which operate a low capacity factors have multiple 
pathways to achieve compliance with the 2015 Rule effluent limits. Existing treatment 
systems can be optimized, operations can be improved for non-generating times, and 
tertiary treatment systems can be implemented. Generators with multiple assets may be 
able to share resources through the use of mobile treatment systems, greatly reducing 
capital costs at each individual asset. The right choice for each station is a study in the 
economics of each option, which can vary greatly depending on the FGD wastewater 
flow rates, existing infrastructure, and future needs. Depending on the proposed ELG 
Rule concentration limits and the timing of the release, stations may have further 
opportunities to optimize existing treatment with minimal capital expenditure. Ultimately, 
stations need to implement protocols to optimize existing infrastructure and test relevant 
ELG Rule parameters so they can be prepared for any potential concentration limit.  
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