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This review considers the U.S. Environmental Protection Agency report 
entitled “Detailed Study of the Centralized Waste Treatment Point Source Category for 
Facilities Managing Oil and Gas Extraction Wastes” (EPA-821-R-18-004).   The Study 
is focused on managing and disposing aqueous waste from hydraulically fractured 
(HF) gas and oil wells, particularly as it relates to centralized treatment facilities 
(CWT’s).  The report is well done, and reasonably complete, although it shows 
rather clearly the absence of economically acceptable technology, much less the 
facilities, for treating HF aqueous waste for discharge to surface or groundwater.  
The report also shows rather clearly that the degree of contamination of HF waters 
is such that, except for distillation, there are few, if any technologies for treatment 
that allow discharge of the treated water.    

The contaminants present in HF water include the following: 

1.  Salts:  These substances contain primarily sodium chloride (derived from 
ancient marine systems), although other types of salts are also commonly 
present in HF water.   The concentration of salts can vary from less than 
50,000 mg/L to over 300,000 mg/l, and are effectively removed only by 
distillation and/or reverse osmosis, although both are expensive, and also 
require management of the very water-soluble residual salts. 
 
2.  Naturally Occurring Radioactive Substances (NORM).   These substances 
consistent of various radionuclides, including radium, thorium, uranium, 
strontium and other elements that can affect the safety of surface and 
groundwater, and are generally difficult to completely remove, although 
selective methods for partial removal are available. 
 
3.  Organic compounds originating from the hydrocarbon formation: These 
compounds have highly variable chemical structures and toxicology.   Their 
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removal can partially be accomplished with a variety of methods, including 
normal sewage treatment processes, but complete removal is difficult, and 
expensive.   Many of the constituents are not well characterized, and the 
very large number of individual components present offers a challenging 
task to identify them as well as understand the treatability of these 
compounds.   

 
4.  Hydraulic fracturing additives: This comprises a large variety of 
substances used to improve hydraulic fracturing efficiency, including sands, 
coating reagents, antimicrobials and a large variety of proprietary 
materials.   As is the case with other substances in HF water, removal is 
complicated and challenging.  Some of these additives are proprietary 
(protected as a trade secret), which prohibits the public from knowing the 
complete array of chemicals in the water.   The lack of knowledge of the 
complete list of chemicals in the return flows increases the lack of trust in 
the entire process, particularly as it relates to treatability and potential 
discharge into local surface water. 

 
Centralized Water Treatment facilities (CWT) are a class of treatment 

facilities that are authorized under the USEPA through the existing effluent 
limitations guidelines and pretreatment standards (ELGs) found at 40 CFR Part 437.   
These facilities were originally designed to treat a variety of industrial wastes (e.g., 
from the chemical industry) that allowed a single facility to manage wastes at a 
centralized site, in order to attain better efficiency and lower costs.    Until recently, 
most of these treatment facilities did not accept oil and gas wastes, although the EPA 
now sees these types of facilities as increasingly accepting oil and gas waste 
produced from hydraulic fracturing activities.    In this study, a map (Fig. 4.1) of 
CWT’s is produced that shows the distribution of these types of facilities in the U.S 
as of the 2000 rule making.   We note that the distribution of these facilities is most 
prevalent in the Eastern United States, as well as other industrialized regions of the 
U.S. (including Texas and California). 

This EPA study on Centralized Water Treatment facilities (CWT) for 
hydraulic fracturing facilities was developed to determine what type of facilities 
exist in regions where hydraulic fracturing for oil and gas is conducted.   This study 
was developed due to the dramatic increase observed in hydraulically fractured oil 
and gas wells between 2010 (36,000 wells) and 2015 (300,000 wells), and the 
observation that CWT’s were increasingly used for management of a variety of 
wastes from the activities.   A portion of the large volume of water (millions of 
gallons per well) that is injected into the hydrocarbon formation returns to the 
surface during and following hydraulic fracturing, and contains both the 
constituents present in the water being injected, but more importantly, is 
contaminated with the formation water during hydraulic fracturing.   The produced 
water that returns to the surface over time is also contaminated with formation 
water.  While a portion of the produced or flow back water is typically used to 
hydraulically fracture other wells , a good portion of it requires disposal.   This 
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varies depending on a variety of factors.  In regions west of the Mississippi, most of 
it is ultimately re-injected into disposal wells sufficiently deep that it is isolated 
from the environment.   However, east of the Mississippi, disposal wells are less 
common, and thus attempts are made to find other methods for 
management/treatment of these waters so that it can be either discharged or 
evaporated.    The discussion in the document focused on CWT’s and their ability to 
accept HF water, treat it and ultimately evaporate or discharge that water.   One of 
the major drivers of establishing CWT’s is the difficult choice between the expense 
of transport of water to deep well injection sites, or having a CWT that can treat the 
water. 

The problem, however is that there are no inexpensive methods for treating 
the water, and the EPA CWT study confirms this notion.  Even if the water is 
evaporated, the salts, radioactive materials and the organic residue will remain, now 
in a much more concentrated form that can present great difficulties in disposal, 
since the residue may not be accepted by local waste management sites.   These 
concentrated salts, radioactivity and organic compounds may ultimately be required 
to be deposited in hazardous waste sites, and require close regulatory oversight.  
The study does imply that some jurisdictions will allow minimal treatment by a 
CWT followed by discharge of the still contaminated water, since waters produced 
during conventional oil and gas drilling have existed for many decades. The volume, 
however of water produced, as part of hydraulic fracturing efforts is almost always 
greater than produced during conventional oil and gas drilling.    
 

Where should CWT’s be sited, and under what conditions? That depends on 
the current types of treatment that will be permitted, and the purpose the water will 
ultimately be used following treatment.   If the water is simply “treated to allow 
reuse of the water for additional hydraulic fracturing, that treatment can be done on 
site at the HF facilities, since it only needs to meet minimal HF use requirements.   If 
the goal is to produce a water of sufficient quality that it can meet discharge 
standards, and be safely discharged into a surface or groundwater, the range of 
treatments that exists is very narrow.   Only distillation or reverse osmosis can 
produce a water that is legally acceptable, since these are the only two methods of 
water treatment that can effectively remove the very high salt loads that are present 
in waters that have been produced during hydraulic fracturing.   However, reverse 
osmosis, or other membrane techniques, will also generate water with much higher 
salt loads, which will still need to be managed or disposed.   Salts do not vanish, but 
are simply concentrated if another fraction of the water is generated that is 
relatively clean.   Distillation has similar problems in that salts will be concentrated 
as water is distilled (using a variety of methods).   These contaminants will be 
concentrated as the water is evaporated and the salts and other materials will 
remain.   In some evaporative processes the water is simply removed by distillation 
and vented into the air.  But even if evaporation is possible, many/most produced 
and flowback water will contain a large and often uncharacterized variety of organic 
volatile contaminants, which very often have highly objectionable odors, and some 
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level of toxicity.  These would need to be treated and removed from the vapor being 
released to the atmosphere.   
 

If the desire is to treat and discharge the water, there may be a temptation to 
partially treat the water and release the salts into a partially saline system, generally 
in a waterway that is closely connected to the ocean.     But, even in this case, 
discharge of the residual water is effectively dumping it into the ocean, since the 
estuarine water is intimately connected to the ocean.  This discharge would need to 
be carefully assessed, both in terms of acute toxicity, but also for chronic toxicity of 
the contaminants that remain in the water.  However, whether this is permitted or 
not will depend on the jurisdiction and federal guidelines.    
 
 What are additional risks of having a CWT in the Delaware River Basin?   If a 
CWT for HF fluids was established, it would likely receive a large volume of water 
for treatment, and require large numbers of water tank trucks.  Spills of the raw HF 
fluids are potentially a serious problem and have occurred in substantial numbers 
states where fracking is occurring. (Brine Spills Associated with Unconventional Oil 
Development in North Dakota, N. E. Lauer, J.S. Harkness, and A.*Vengosh, Environ. 
Sci.Technol., 2016, 50 (10), pp 5389–539) 
 

 The greatest risks are the storage and transport of the produced and 
flowback water as well as residues from the treatment processes, which have 
occurred regularly and can have long-term negative impacts on the environment.    
The extreme salinity of fracking water can result in both soil sterilization, as well as 
contributing to a contaminating source of runoff into surface and groundwater.   
 

In general, there is no compelling reason to site a CWT in a sensitive river 
basin such as the Delaware River Basin.  If the discharge is to a surface water that 
has domestic uses, it will contribute to damaging the uses and quality of that water.  
If the discharge of inadequately treated water into a saline basin that drains into a 
marine system is proposed, one of the most important considerations is how the 
biological integrity of the marine/estuary ecosystem will be affected in a cumulative 
sense. \   It will also require very careful regulatory scrutiny to determine all 
aspects of the discharge water, and not limited simply to the salt discharges.   New 
regulations would be necessary to determine the number of complete analyses of 
the waters to be discharged.  To do this, the total load of contaminants that would be 
discharged needs to be projected, studied and capped to assure that the cumulative 
effect of discharges does not degrade the marine/estuary system.   

 
Some additional points to consider from the report: 
 The Executive Summary of the Study is 4 pages long and summarizes the 

report quite well. 
 While regulations exist for management of oil and gas aqueous wastes, they 

need to be updated, since the HF wastes are generally unprecedented in 

https://pubs.acs.org/author/Lauer%2C+Nancy+E
https://pubs.acs.org/author/Harkness%2C+Jennifer+S
https://pubs.acs.org/author/Vengosh%2C+Avner
https://pubs.acs.org/author/Vengosh%2C+Avner
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terms of contaminant load and volume.   This definitely complicates 
management of these wastes.  (See section 3) 

 While this Study is useful and provides some very good information, it also 
notes the limitations on information of where these wastes are being 
managed, and what individual waste treatment facilities actually treat, and 
how much and how they treat the wastes.   The report notes the difficulty in 
obtaining all of this information, since many/most of these facilities are 
permitted by the individual states.  Water is not the only waste that is being 
treated, and other solid wastes are also managed from HF sites. 

 “EPA identified 223 CWT facilities (U.S. EPA, 2000) as part of the 2000 
rulemaking (65 FR 81267). Of these 223 facilities, 14 were identified as 
direct dischargers to waters of the U.S., 151 were indirect dischargers (e.g. 
discharge to a municipal waste treatment facility) and 58 were zero or 
alternative dischargers.

 
 

 Figure 4-1 shows a map of the CWT facilities that were identified in the 
public record for the 2000 rulemaking.    

 Other CWT facilities have been identified in the current Study as accepting 
HF wastes, although the number is still low.  Of the 198 facilities identified as 
accepting oil and gas extraction wastes, 98 discharge wastewater from waste 
treatment activities (also called process wastewater); 100 facilities do not 
discharge process wastewater (but may have other discharges, such as storm 
water or sanitary waste); and discharge status is not known for 12 facilities.  
Some level of uncertainty exists as to how much waste is being managed and 
how it is being managed at each of these sites.   Most, if not nearly all, do not 
discharge to surface water, although some do discharge directly to surface 
water or to publicly owned water treatment facilities (normal municipal 
waste treatment facilities).   Chapter 4 contains the currently available data 
on many of these facilities and describes in detail several individual facilities.   

 Chapter 5 discusses the contaminants present in HF water, and points out the 
extreme heterogeneity of HF waters.   This heterogeneity also complicates 
treatment of many different waters, since the contaminant load and the 
treatment technology will be variable.   

 Chapter 6 discusses methods (and costs) of various treatment options.  These 
include selective precipitation of various contaminants using the appropriate 
reagents, reverse osmosis, evaporation, and specific techniques to reduce 
concentrations of other constituents.   This chapter also discusses how 
different treatments can be employed for different post-treatment uses, and 
the range of costs for those treatments.   EPA considers deep underground 
disposal to be the choice alternative when disposals wells are available. 

 
Concluding comments: 
 From the EPA Study it is apparent that the technology for treatment of HF 
water is still not fully developed and the use of deep disposal wells is EPA’s method 
of choice for ultimate disposal of HF waters, although these disposal methods have 
land stability issues.   If CWT facilities are to be developed, the EPA Study appears to 
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imply that discharge of HF water from these sites is unlikely to be a common 
method of treatment, simply because removal of the contaminants (particularly the 
salts) is expensive and difficult, and still requires management of the residues, 
which can be up to 30% of the weight of the water.    
 

With the magnitude of water that may need to be treated, and the potential 
for spills of this highly contaminated water, as well as the need to manage the 
residues, it would not make sense to site one of these facilities in a basin that has 
important natural attributes and which is a water supply for large populations 
without alternative sources of drinking water, such as the Delaware River Basin 
which supplies New York City and the Philadelphia region.  
 
 
 


