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ABSTRACT 
 
The US EPA’s regulations for Steam Electric Power Generating Effluent Limitation 
Guidelines (ELGs) are nationally applicable, technology-based discharge requirements. 
Additionally, each state may regulate effluents from electric utilities more stringently 
than on the federal level. These ELGs are incorporated into NPDES discharge permits. 
The EPA first issued effluent guidelines for the Steam Electric Power Generating Point 
Source Category (i.e., the Steam Electric Effluent Guidelines) in 1974.  There were 
revisions in 1977 and 1982. The ELGs are codified in 40 CFR Part 423 and address the 
following waste streams: 
 

• once-through cooling water; 
• cooling tower blowdown; 
• fly ash transport water; 
• bottom ash transport water; 
• metal cleaning wastes; 
• coal pile runoff; and 
• low-volume wastes sources. 

 
The Low-Volume category includes wastewaters from units such as wet scrubber air 
pollution control systems, ion exchange water treatment systems, water treatment 
evaporator blowdown, laboratory and sampling streams, boiler blowdown, floor drains, 
cooling tower basin cleaning wastes, and recirculating house service water systems. 
Sanitary and air conditioning wastes are not included [40 CFR 423.11(b)]. 
 
  



  

BACKGROUND 
 
The U.S. Environmental Protection Agency is in the process of revising the ELGs for the 
steam electric power generating point source category. Based on review of published 
EPA documents, the focus of the rulemaking will address at a minimum the following 
wastes: 
 

• flue gas desulfurization (FGD) wastewater from SO2 air pollution controls; 
• discharges of fly ash and bottom ash transport water; 
• leachate from ponds and landfills containing coal combustion residues; 
• gasification wastewater from integrated gasification combined cycle (IGCC) 

plants; and 
• wastewater associated with flue gas mercury controls (e.g., wastewater resulting 

from transporting/handling solids from activated carbon injection). 
 
EPA is also considering clarifications to the definition of “metal cleaning waste” and 
“chemical metal cleaning waste” to clarify the existing definitions.  
 
Significant costs are anticipated to address the soon-to-be-proposed compliance 
requirements for coal-burning utilities to address FGD wastewater, fly and bottom ash 
wastewater, pond/landfill leachate, gasification wastewater, and wastewater from 
mercury controls or SCRs. 
 
Speculation is that the proposed regulations are related to several documents.  These 
include an October 2009 study by EPA (“Steam Electric Power Generating Point Source 
Category: Final Detailed Study Report”, EPA 821-R-09-008) and subsequent EPA 
documents, including “Steam Electric Power Generating Effluent Guidelines 
Rulemaking Supplemental Information Package #2 for Federalism and Unfunded 
Mandates Reform Act (UMRA) Consultations”, October 2011.  EPA did suggest 
preliminary compliance cost estimates for pollution controls as the technology basis for 
regulatory options, but there has been much controversy and speculation about the rule, 
impacts, and effluent standards to be proposed.   
 
The EPA largely focused on discharges associated with coal ash handling operations 
and wastewater from flue gas desulfurization (FGD) air pollution control systems 
because EPA believes that these sources are a major contributor of the pollutants 
discharged by steam electric power plants.  The prognostication of the possible effluent 
requirements may be drawn from the proposed draft effluent discharge permit of the 
Merrimack Station of the Public Service of New Hampshire located in Bow, NH. 
(Technology-Based Effluent Limits for the Flue Gas Desulfurization Wastewater at 
Merrimack Station in Bow, New Hampshire, EPA Region 1. 9/23/2011). 
 
The Merrimack proposed effluent limitations for Best Professional Judgment/Best 
Available Treatment (BPJ/BAT), and the possible basis for the new ELGs, were 
developed for eleven pollutants: arsenic, cadmium, chromium, copper, lead, 
manganese, mercury, selenium, zinc, chlorides and TDS. Listed below are proposed 



  

limits ranging between 10 and 50 ug/l (ppb) for toxic metals. The most likely standards 
will include constituents in the ppb range, other than those noted for other 
concentrations. 
 

 Daily Maximum   Monthly Average  
Arsenic (ppb 15 8 
Boron (ppb) ?? ?? 
Cadmium (ppb) 50 ?? 
Chromium (ppb) 10 ?? 
Copper (ppb) 16 8 
Lead (ppb) 100 ?? 
Manganese (ppb) 3,000 ?? 
Mercury (ppt) * 55 22 
Selenium (ppb) 19 10 
Zinc (ppb) 15 12 

 
 
CANDIDATE TECHNOLOGIES 
 
In order to achieve compliance, EPA evaluated a number of technologies, including: 
 

• Discharge to a POTW; 
• Evaporation Ponds; 
• Flue Gas Injection; 
• Fixation; 
• Deep Well Injection; 
• FGD WWTS Effluent Reuse/Recycle; 
• Settling Ponds; 
• Treatment By The Existing WWTS; 
• Vapor-Compression Evaporation; 
• Physical/Chemical Treatment; 
• Physical/Chemical with Added Biological Treatment;  and 
• Zero Liquid Discharge (ZLD). 

 
Based on the evaluation contained in the EPA September 2011 Technology Evaluation 
referenced above, EPA is considering narrowing the proposed approaches in the draft 
permit to the three technologies listed below.  Interestingly, EPA did not address 
wetland treatment, although there has been limited experience at Duke Energy and 
other sites related to FGD blowdown treatment.  For example, Westar Energy is pilot 
testing a several-stage constructed wetland for FGD and other wastewater consisting of 
three types of constructed wetlands – free water cells, vertical flow cells, and 
submerged flow cells. Phytoremediation using hybrid poplar trees is a potential 
technology that uses vascular plants for contaminant uptake.  Additionally, other 
technologies have been successfully used at mining sites for effluent wastewater 
treatment systems for removal of selenium, mercury, and other heavy metals.  These 
processes include variations of Vertical Sulfate Reducing Bioreactors/Vertical 



  

Biochemical Reactors (VSR/VBR) systems.  The EPA technology approaches 
documented in the draft Merrimack permit specifically include: 
 

• physical/chemical treatment; 
• physical/chemical + anoxic/anaerobic technology biological (such as GE ABMet); 

and 
• Zero Liquid Discharge (ZLD). 

 
In addition to managing wastewater associated with FGD processes, EPA is also 
concerned with discharges at steam electric generating stations from other sources.  
Therefore, a critical first step for utilities is understanding the source and the volume, 
characteristics, and variability of other flows, termed “Low-Volume Wastes.”  The 
approach to a characterization and flow identification program should be implemented. 
Many utilities have not identified this information, or may only have a rough estimate. 
Frequently, this information is not well organized or easily attainable.  
 
IMPACT OF REGULATIONS 
 
The impact of the updated Effluent Limitation Guidelines will be numerous.  In addition 
to more stringent effluent standards to existing wastewater discharges, EPA may 
require segregation of some wastes, additional internal monitoring points (IMPs), 
additional analyses at lower detection levels, additional reporting, and additional 
treatment of certain wastes.  Some of these additional wastewater treatment 
requirements may include treatment of internal flow streams, a step not required 
previously by regulations. Utilities should be prepared to do more monitoring, develop 
comprehensive water management plans, determine if decentralized water treatment 
units treating various flows separately makes sense, identify upgrades to treatment 
early, and be prepared to spend a lot more time and money to comply with the 
upcoming regulations. 
 
WHAT SHOULD UTILITIES DO? 
 
As a first step, utilities should develop strategies and implementation techniques to plan 
their compliance with the anticipated requirements of the new ELGs. These plans 
should include a comprehensive water evaluation to identify (i) high-volume water uses, 
(ii) low-volume water uses, (iii) constituents, (iv) flow patterns, (v) existing treatment, 
and (vi) possible improvements. Utility staff or consultants can provide plant level advice 
for identifying and addressing data gaps that may exist from the historical sampling and 
flow characterization that may exist. The goal of this effort is to develop a reliable 
estimate of flow and characterization from each of the low-volume wastes sources to 
identify like-characteristic wastes, group similar wastes for recycle/reuse, zero liquid 
discharge, subsurface discharge, or end of pipe treatment to comply with anticipated 
regulatory changes. 
 
  



  

Typical parameters to be determined should include: 
 

• average and maximum flow rates (gallons per minute); 
• flow routes; 
• pollutant sources; 
• pollutant concentrations; 
• pollutant loadings; 
• frequency of discharges during normal operation; 
• expected changes in wastewater streams during start-up and shutdown; and 
• existing treatment technologies and detailed descriptions and effectiveness. 

 
Some of the factors impacting the characterization for management of wastewater at 
steam electric generating stations include a number of factors: 
 

• Understanding the water flow balance to develop or confirm process flow 
schematics, including temporal variations in water quantity and quality due to 
factors such as energy production rates, cleaning cycles, blowdown frequency, 
season, climate, and other factors; 

• Variations in water quantity and quality due to production changes, schedules 
and upsets; 

• Contribution to water quality due to background conditions; 
• Understanding of overall site water balance and the impacts of background 

hydrological conditions on water quantity and quality; 
• Specific water quality protection requirements and discharge options for the 

facility effluent; and 
• State of development of traditional and innovative water treatment unit 

operations. 
 
WATER MANAGEMENT PLANNING 
 
Due to these and other various factors, development of water management and 
treatment alternatives must proceed in a logical step-wise fashion. To complete the 
understanding of the overall water quality and confirm an initial estimate of pollutant 
loadings from each source, a sampling program is often the best approach. One of the 
inherent challenges in completing the development of an estimate of water quality to be 
managed over time is the tendency to rely on data that is a “snapshot” in time. Data 
gathered in the past or today may not accurately reflect reality (neither past nor present, 
nor provide reliable predictions for the ten-year future) due to changes in a facility’s 
operations and characteristics over time. The combination of limited existing data and a 
single sampling event will likely not provide a full and accurate characterization of some 
wastewater sources. The approach to solve this challenge lies in attempting to “bound” 
the likely conditions over time. This requires an understanding of the basic influences 
that will affect the quality of the discharge. The overall result of these analyses may not 
be a rigorous determination of water quality. Rather, it may consist of a range of 
potential projected contaminant concentrations that must be considered in the 
evaluation of potential treatment processes. 



  

 
Developing an understanding of the flows is also critical.  Many flow sources are not 
measured or even identified.  An approach is to develop a plan and execute it for 
identifying and measuring the identified low-volume wastes source flows with one of 
several techniques. Since many sump pumps and other pumping units do not have flow 
measurements, run time meters, totalizers, or output from spare contacts for pump 
starts or run times, a flow measurement activity should be undertaken. The techniques 
may include: 
 

• Clip-on or strap-on ultrasonic and Doppler flow meters and recorders – caution: 
pipe integrity must be sound and have a smooth inside wall, pipe must run full; 

• Sump draw-down (if incoming source can be isolated) and count number of 
cycles per time period; 

• Runtime meter with pump curve or sump draw down (if incoming source can be 
isolated);  

• Bucket test at discharge of pipe;  
• For outfall pipes – record liquid depth measurements in a discharge pipe and 

estimate flow rate from engineering curves; and/or 
• Collect storm water data (this is an integral component of the flow study). 

 
IDENTIFYING FLOW GROUPS 
 
After this flow and quality data is collected and process flow drawings are confirmed, the 
wastewater streams can be grouped into several categories, such as: 
 

• low-volume minor flows; 
• high-volume, “lightly” contaminated flows; and 
• high-volume “high strength” flows. 

 
Each grouping can be evaluated with respect to reuse potential using some of the 
following factors including which characteristics of that grouping are acceptable as a 
reuse source as compared to reuse acceptance criteria.  The flow of each grouping can 
be compared to reuse volume requirements, and the potential for cycle-up impacts 
should be considered – for example if cooling water makeup is a reuse option, then 
would the reuse of a given wastewater source result in the cycle-up of dissolved species 
such as chlorides that could cause operational issues? 
 
SEGREGATED TREATMENT? 
 
An analysis of the location and characteristics of the source should be performed to 
identify if the flow can be easily segregated and cost effectively collected and conveyed 
to the point of reuse.  At a reuse point of application issues such as required 
temperatures or pressures must be considered. For example if the point of application is 
at elevated pressures, the engineering challenge in completing the tie-in may be judged 
to not be cost-effective. 
 



  

Some of the reuse options may be viable with no or minimal pretreatment of a given 
wastewater source (i.e. pH adjustment, suspended solids removal) – this will also enter 
into a cost effectiveness evaluation. 
 
A treatment option for low flow and higher strength flows such as FGD blowdown may 
include zero liquid discharge (ZLD). This option would produce a very high quality 
stream suitable for many reuse applications. The reuse evaluation will consider the 
various reuse options and develop an estimate of the maximum number of technically 
viable options and the total volume of reuse water to service all of those options. 
 
Compliance with discharge requirements of future NPDES permits demands 
consideration of the reuse potential above plus technologies for meeting effluent 
characteristics in ELGs and site specific permits. The first factor in the treatment 
alternatives development will be the number/location of treatment facilities  Comparing 
multiple treatment systems at a site treating individual flows with a single treatment 
facility at a site may have the advantage of reduced infrastructure (roads, utilities, etc.) 
compared to multiple treatment locations at a site.   Operating staff would also be 
located in a single area with a possible reduction in labor cost. Alternatively, and similar 
to the reuse options, treatment alternatives will need to consider conveyance issues.  
Further, utilities should consider a mixing model that uses flow and water quality data to 
determine the characteristics of different blends of wastewater sources based on 
potential site locations for treatment facilities. 
 
TREATMENT CONSIDERATIONS 
 
The contaminants of concern can be broadly categorized into general classifications, 
(i.e. dissolved metals, dissolved solids, organics, and other toxics). Unit operations with 
potential applicability to each broad category can be identified based primarily on 
proven usage in similar applications, although emerging and innovative technologies 
should also be considered. The unit operations should be qualitatively screened against 
each other to determine actual applicability to each site. 
 
The considerations and the general types of technologies that are likely to be the 
evaluated and recommended treatment alternatives appropriate to meet the anticipated 
ELGs include several considerations, including structural and non-structural 
alternatives.  The structural alternatives may include physical/chemical and 
physical/chemical paired with anaerobic biological processes, and zero liquid discharge 
(evaporation ponds, mechanical evaporation/crystallization, and deep well injection) or 
novel systems.  Non-structural may include internal recycling and reuse or discharge to 
a POTW offsite. 

Guidance that is being developed by the EPRI should be considered for low-volume 
wastes treatment, and includes thermal zero liquid discharge (ZLD) approaches to 
evaporating and reusing wastewaters, as well as innovative approaches to the 



  

management of solid residues (full ZLD) and brine concentrate (partial ZLD). A site 
evaluation should consider the overall water quality matrix in terms of potential for 
scaling and corrosion. Membrane processes will also be considered to reduce the 
required size if a thermal evaporation system is proposed to be evaluated.  

Although conventional metals removal processes are well proven for common 
constituents, power plant discharges may have trace metals issues such as arsenic, 
selenium and mercury. 

A range of structural alternative technologies that may meet the anticipated ELGs 
include biological selenium treatment using biofilm reactors with post-treatment 
including membrane filtration and/or iron treatment;  nanotechnology for selenium and 
mercury treatment;  innovative activated carbon approaches;  use of specialty 
adsorbents targeted to specific metals;  novel iron-based reagents; and microfiltration 
targeting submicron mercury particles. 

In addition to unit operations for primary contaminant removal, potential unit operations 
for ancillary operations are also important. Examples include sludge dewatering and 
chemical receipt and storage. Other site-specific factors should be evaluated including 
the need for process water storage and reuse, utility requirements, waste storage and 
disposal options, and emergency and stand-by power requirements. These are 
important for reasonably complete cost estimates for alternatives to meet the ELGs.  

Identification and evaluation of unit operations for water treatment alternatives should 
also include verification of successful commercial use on similar wastestreams. 

COST CONSIDERATIONS 
 
Cost evaluations for alternatives to meet the ELGs should consider an overall project 
cost for items such as wastewater conveyance to and from the treatment facility; 
equipment; treatment building(s); civil/site work; mechanical and electrical construction; 
design engineering and construction oversight; and life cycle operation and 
maintenance costs for each alternative, including power, chemicals, operator attention, 
replacements, and similar factors. 
 
Cost opinions or estimates should be based on data from previous projects, vendor 
budgetary estimates, and standard cost estimating guides. The annual operations cost 
can become significant, over an extended operational history, especially if there is a 
large cost element for secondary waste management. Elements of the operations cost 
include power, reagents and chemicals, labor, secondary waste management, and 
facility maintenance. Total life cycle cost can be expressed as a net present value using 
both escalation and discount factors. 



  

 
STRUCTURED EVALUATION OF TREATMENT OPTIONS 
 
In addition to a cost evaluation of treatment improvements, a number of criteria should 
be considered in an alternative non-monetary evaluation.  Evaluation using non-
monetary evaluation criteria is largely subjective, non-monetary criteria can be 
weighted, and a total non-monetary ranking can then be established for each 
alternative. The following presents a list of non-monetary evaluation criteria: 
 

• Operability - Ease of operation minimizes operator attention/expertise required to 
ensure successful process performance; 

• Ease of maintenance -  Maintenance requirements are not excessive and do not 
require special expertise; facilities and equipment readily accessible; 

• Operator familiarity  - Staff familiarity and ability to use staff experience from 
existing facilities; 

• Reliability – Demonstrated performance; proven process/technology to meet 
treatment criteria reliably; 

• Hydraulic sensitivity -  Capability to handle variations in hydraulic loads with 
minimal process impacts; 

• Waste loading sensitivity - Capability to handle variations in waste loads with 
minimal process impacts; 

• Process control stability - Not subject to upset from inadvertent operational 
changes, toxic sludges; 

• Flexibility - Capability for changes in process operations to handle differing waste 
load conditions and to meet differing treatment objectives for different effluent 
requirements; 

• Environmental effects - Minimizes potential for odors; sustainability; 
• Noise - Minimize potential for noise; 
• Visual impacts - Minimizes negative visual impact of facility; 
• Hydrological impact – Either relates to recirculation of effluent/reject to the landfill 

or minimizes changes to floodplain/runoff (if applicable); 
• Footprint  - Minimizes footprint and disruption to site, including removal of trees; 
• Expandability - Footprint maximizes area available for expansion; 
• Flexibility - Easily modified to meet differing future loads, effluent requirements, 

and/or treatment objectives; and 
• Implementability – Time to implement permit, design, construction, 

commissioning. 
 
The following table presents an example of an evaluative selection criterion for 
alternative technologies to meet anticipated effluent guidelines, but this type of 
approach must be created for each facility with site-specific evaluation criteria. 
 
 
  



  

Table 1 Fatal Flaw Analysis Table 
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No Action F L L L L L H L H L L L L L L 

Discharge to a 
POTW  

H L M L L M H L L L M M M H M 

Evaporation Ponds M M H H M M H L H M H M F H M 

Flue Gas Injection  M M M L L L M H H L M H L M M 

Fixation  F H H M H M H M M M M M M H M 

Deep Well Injection  F H M M M M H H M L M M M H M 

FGD WWTS 
Effluent 
Reuse/Recycle  

H H M L M M H L M L H M M M M 

Settling Ponds  H H H H M F M L L M M F L H M 

Treatment by the 
existing WWTS  

M M F L H M H M H L M F H M M 

Vapor-Compression 
Evaporation  

M M M L H L M H H L H H M L M 

Physical/Chemical 
Treatment  

M M M L H L M H H L H H L L M 

Physical/Chemical 
with Added 
Biological 
Treatment 

L H H H M H H L M M L M H H H 

 
  



  

 
Table 2 Multiplier Weightings for Ranking Evaluation 

Heading Multiplier Comment 
Commercially Proven 10 Fundamental. 
Operability (ease of) 8   
Hydraulic Variability (ability to 
manage) 5 Feed tank should buffer this. 

Waste Loading Variability (ability 
to manage) 5 Feed tank should buffer this. 

Chemical Storage & Delivery 
(extent, hazard, DG compliance 
requirements, complexity) 

7 
Impacts footprint and distances 
to premises boundaries; System 
security. 

Secondary Waste  
6 

Was secondary waste created?  
If so, what is the difficulty and 
cost to manage?   

Footprint (small) 10 Critical for this site. 
Power Requirement (low) 4 Small flows -  all relatively low. 
Capital Cost (low) 5   
O&M Cost (low) 

7 Can override capital over a long 
period of operation. 

Start-up Period (low) 
3 This is intended to be "initial 

commissioning". 



  

Table 3:  Summary of the Consideration Ranking Definitions and Weighting Used for Technology 
Review 

Considerations Rankings Multiplier Definition 

Commercially 
Available 

5 

10 

Frequently Used 

3 Often, but not Frequently Used 

1 Infrequent, but commercially available 

Operability 

5 

8 

Requires moderate operator attention and expertise 

3 Requires full operator attention and expertise 

1 Requires full operator attention and expertise 

Hydraulic Variability 

5 

5 

Capable of handling wide flow variations 

3 Moderate upset due to flow variations  

1 Process unable to perform with flow variation 

Waste Loading 
Variability 

5 

5 

Capable of handling large water quality variations 

3 Moderate upset due to water quality variations 

1 
Process upset without large equalization to address 
water quality variation 

Chemical Storage & 
Delivery 

5 

7 

Chemical storage and delivery not required 

3 Chemical storage and delivery required 

1 Hazardous chemical storage and delivery required 

Secondary Waste  

5 

6 

Produces no waste that needs further 
treatment/disposal 

3 Produces waste that needs disposal 

1 
Produces waste that needs further treatment prior to 
disposal 

Footprint 

5 

10 

Requires small footprint 

3 Require moderate footprint 

1 Require large footprint 

Power Requirement 

5 

4 

Requires little energy  

3 Requires moderate energy 

1 Requires high energy 

Capital Cost 

5 

5 

Low capital cost  

3 Moderate capital cost 

1 High capital cost 

O&M Cost 

5 

7 

Low O&M cost  

3 Moderate O&M cost 

1 High O&M cost 

Start-up Period 

5 

3 

No start-up period required 

3 Moderate start-up period required 

1 Long start-up period required 

 

 
 



  

Alternatives for FGD wastewater, low-volume wastes, and other sources can be 
evaluated and potential options reduced to a manageable number.  Then, to provide 
comparison of remaining treatment options, the treatment options can be subjectively 
compared using a Pair-Wise Comparison.  For the Pair-Wise Comparison method, each 
candidate alternative is matched head-to-head with each other candidate alternative. 
Each alternative gets one point for a one-on-one win on the appropriate row and no 
points for a loss. Candidates with the most points are preferable. 
 
CONCLUSION 
 
The US EPA’s regulations for Steam Electric Power Generating Effluent Limitation 
Guidelines will cause impacts to each of a utility’s facilities upon promulgation.  Many 
utilities have already begun an important step in the analysis of its wastewater flows but 
most have not.  For preparation of compliance, longer lead items of treatment 
improvements should consider additional analysis of its wastewater systems and 
determine the potential implications of a proposed rulemaking.  In addition, 
consideration of a utility’s disposal facilities and leachate/contact water management 
and potential treatment based on a proposed effluent rulemaking may be prudent. 
 
In conclusion, the ELGs will constrain the options for steam electric generating station to 
meet significantly more stringent standards. A structured approach to evaluate the 
implications of flow, characteristics, and variability is presented above along with 
societal and economic evaluation criteria to allow the impacted stakeholders to select 
and implement the most appropriate alternatives for regulatory compliance. 
 
Preparations for compliance with the speculative limits for the soon-to-be-proposed 
Steam Generating Effluent Guidelines should include the following. 
 

• A detailed evaluation of the flow, characteristics, and variability of each of the 
sources contributing to each of the outfalls is a reasonable first step in 
preparation of the issuance of the draft regulations. 

• Considerations should be made for possible Ash Landfill leachate treatment, 
where present. 

• If additional air pollution controls are required, similar to FGD technologies, the 
discharge from air pollution control blowdown should be considered. 

• If pond closure is performed, where ponds are present, and ash is handled in a 
dry ash handling system, then a reevaluation of any existing wastewater 
management systems would be required. 

• Other low-volume wastes will be addressed in the draft ELGs, and additional 
treatment or management will have to be addressed. 

 
As a result of the implementation of these regulations, additional in-plant and effluent 
monitoring will be required.  Other tasks include a structured comprehensive water 
management plan for each facility to focus on water savings, reuse, decentralized water 
treatment for various flows compared to a single water treatment plant, delineating an 
upgrade plan early, and spending more time and money for regulatory compliance. 
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