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Summary 

As the moratorium on high volume hydraulic fracturing in New York State nears an end, 
important environmental and regulatory questions remain. High volume hydraulic fracturing, 
known as fracking, is a process used to coax natural gas from certain geologic formations such as 
shale.  Although more efficient at gas extraction than traditional wells, fracking is a resource 
intensive process that requires large quantities of fresh water.  The water is pumped into the well 
with a variety of chemicals to aid in the fracking process.   After the fracking process is 
completed and throughout the production cycle of the well, a portion of the water/chemical 
mixture is returned to the surface.  This paper will look at the narrow topic of wastewater 
containment after the fracking process.  Two basic methods are used for wastewater 
containment; open-air evaporation pits or a closed loop system consisting of one or more large 
tanks.  An evaluation will be given of each method with a recommendation for best practice as a 
conclusion.1

 Overview of Hydrofracking 

   

 Introduced in 1949 by Standard Oil, Hydraulic Fracturing has opened up gas reserves 
around the world that, prior to fracking technology, would have been uneconomical to pursue.2  
The first step in the process of Hydraulic Fracturing involves drilling a well to the target geologic 
level.  In the case of the northeast United States, particularly New York State and Pennsylvania, 
the geologic target is the Marcellus Shale formation.  Depending on geology and topography, the 
Marcellus Shale formation in New York varies in depth from surface outcroppings down to 
depths of 5,000 feet.3

                                                           
1 This manuscript pre-dates the recent publication of the preliminary revised dSGEIS, which was released on July 8, 
2011.  Among the extensive modifications to the original 2009 dSGEIS are the requirement of closed loop 
containment systems forflowback, the disclosure of fracking chemicals and testing to ensure that pit liners are 
chemically compatable with the substances they hold.   

  The NYS Department of Environmental Conservation states on their 
website that drilling operations in New York will focus on shale at depths below 2,000 feet.  
After the target geologic formation is reached, production casing is inserted into the well and 
encased with cement.  A perforating gun is then inserted inside the production casing and an 
electrical charge is delivered.  Small detonations produce holes that pierce the production casing, 
cement and penetrate the shale formation.  At this stage, large volumes of water, sand and 

2 Montgomery, C. and Smith, M., “Hydrologic Fracturing: History of an Enduring Technology,” Journal of Petroleum 
Technology 62 (December 2010): 27. 
3 New York State Department of Environmental Conservation, Division of Mineral Resources, Draft Supplemental 
Generic EIS: Oil, Gas and Solution Mining Regulatory Program.  Well Permit Issuance for Horizontal Drilling and 
High-Volume Hydraulic Fracturing to Develop the Marcellus Shale and Other Low Permeability Gas Reservoirs 
(September 2009); p. 4-15   



MEMORANDUM: To Erica Levine Powers Esq., Professor APLN585/AGOG530 
Masters in Regional Planning Program, University at Albany (SUNY) 
From Daniel P. Carroll, MRP Candidate; “On-Site Wastewater Containment for Hydraulically Fractured 
Wells” May 7, 2011 © D. Carroll   
              

3 
 

chemicals are pumped into the well at high pressure.  The pressure causes paper-thin fissures in 
the shale that induce the release of natural gas.4

Water Consumption and Wastewater Composition 

     

The amount of water required for hydraulic fracturing is large.  The Susquehanna River 
Basin Commission estimates that, on average, 7 to 9 million gallons of water is used per well.5  
Each well consists of a vertical bore and one horizontal bore.  A drilling site often has several 
wells with 6-8 stated as the average.  As mentioned above, sand and chemicals are also added to 
aid in the fracking process.  Sand is used as a proppant to hold open the thin cracks caused by the 
high pressures and allow the trapped gas to escape more easily.  The chemicals that are used 
serve a variety of purposes including lubrication, acting as a cleaning agent, biocides, and 
corrosion reducers.  The chemical constituents in fracking fluid can number in the hundreds with 
the exact chemicals varying from company to company and potentially receiving the status of a 
proprietary formula.6

The 2009 New York State draft supplemental Generic Environmental Impact Statement 
(NYS dsGEIS) provides a list of chemicals in tables 5-3 and 5-4 (reproduced below) used in the 
fracking process.  According to the 2009 dsGEIS, table 5-3 is a “list of products for which only 
partial chemical composition has been provided to the Department [DEC]” while list 5-4 names 
chemicals where only partial compositions have been provided.

   

7  The lists in tables 5-3 and 5-4 
are extensive but not complete. The lists only include chemical information that was submitted to 
the DEC by drilling companies and leaves out any product that “was not proposed for use in 
fracturing operations at Marcellus shale wells…”8

While fracking fluid is 98% or more fresh water (chemicals comprise between 0.5% and 
2%) the large total volume means that several thousand gallons of chemicals may be needed per 
well.  Using the low estimate from the Susquehanna River Basin Commission, a well that 
requires 7 million gallons of water will consist of 35,000 gallons of chemicals at a 0.5% mixture 
ratio.  A 2% mixture ratio would raise the chemical total to 140,000 gallons total per well.  If the 
average of 6-8 wells per site holds, it would not be difficult to see over 500,000 gallons of 
chemicals use per site.  After fracking has occurred, a percentage of the mixed fluid returns to 
the surface where state and federal agencies require treatment or proper disposal by the drilling 
company.   

   

                                                           
4 Breaking Fuel From the Rock National Geographic Daily (interactive) 
http://news.nationalgeographic.com/news/2010/10/101022-breaking-fuel-from-the-rock/ Accessed March 19, 
2011. 
5 Susquehanna River Basin Commission: Information Sheet Natural GasWell Development in the Susquehanna 
River Basin.  2010 p. 1 
6 At the national level, the Fracturing Responsibility and Awareness of Chemicals (FRAC) Act aims to force the 
disclosure of fracking chemicals.  Introduced in 2009, the FRAC act would require the disclosure of chemicals found 
in the fracking fluid.  The proprietary formula would remain exempt except in cases of medical emergency.  In 
addition, the FRAC act looks to end the exemption for natural gas extraction added to the Safe Drinking Water Act 
in 2005.  As of April, 2011, the FRAC Act had not been passed into law.   
7 dsGEIS, 2009, p. 5-34 
8 Ibid 

http://news.nationalgeographic.com/news/2010/10/101022-breaking-fuel-from-the-rock/�
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Flowback and Containment  

After a high-pressure fracture is performed, the water, sand and chemical mixture begins 
to return to the surface.  Reports from the northern tier of Pennsylvania indicate a flow rate 
between 60-130 gallons per minute returning to the surface without the need to pump.9  The 
industry term for the wastewater that returns to the surface is “produced water” but it is 
commonly called “flowback”.  Of the total amount of fluid that is pumped into wells, typically 
between 10 and 40 percent is retrievable.10

Evaporation Pits 

  State officials from Pennsylvania have stated that 
returns from the Marcellus Shale are around 10%.  Once it reaches the surface, flowback is 
stored either in an open evaporation pit located on the drilling site, or in enclosed tanks.  From 
there, the flowback is supposed to be treated for reuse in the fracking process or taken off site for 
disposal.   

Currently, the most common method of flowback storage is in an open-air evaporation pit 
located on-site.  Some safety and regulatory issues concerning open-air evaporation pits are 
addressed in the 1992 NYS Generic Environmental Impact Statement (GEIS) and 2009 dsGEIS11

Size of Pits 

  
including the grade of the pit walls, fencing, regulations for liners, length of time flowback can 
be stored, and orientation of the flow line to the pit.  Despite the 1992 GEIS and 2009 dsGEIS 
addressing these issues, many questions still remain concerning overall pit size, liner integrity, 
wildlife protection and flowback metering.     

These pits range in size but have a typical volume of 750,000 gallons according to the 
2009 NYS dsGEIS.12  An EPA study released in February, 2011 notes  “In areas of New York 
overlying the Marcellus Shale, regulators are reviewing double-lined centralized impoundments 
ranging in capacity from 1 to 16 million gallons for the storage of flowback that serve well pads 
within a 4-square-mile area.“13  The 2009 dsGEIS does not specifically address practices of this 
magnitude but alludes that operators have proposed it.14

                                                           
9 dsGEIS, 2009, p. 5-98 

  A final report issued by ICF 
International as technical assistance to the 2009 NYS dsGEIS quotes Fortuna Energy as stating 
that pits contain 28,570 bbls (1.2 million gallons [Bbl is a unit of measure equal to one Barrel. 

10 Urbina, Ian, “Regulations Lax as Gas Wells’ Tainted Water Hits Rivers”, New York Times, Feb. 27, 2011, A1 
11 Published in 1992, the original GEIS focuses on “Oil, Gas, and Solution Mining” regulations but does not discuss 
horizontal hydraulic fracturing The dsGEIS (2009) is a supplement to address horizontal drilling and hydraulic 
fracturing.  These two publications are meant to be used in conjunction when looking at gas and oil extraction in 
New York State.      
12dsGEIS, 2009, p. 5-99 
13 United States Environmental Protection Agency, Office of Research and Development, Draft Plans to Study the 
Potential Impacts of Hydraulic Fracturing on Drinking Water Resources, 2011, p. 36 
14dsGEIS, 2009, p. 5-113 
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One barrel is 42 gallons]).15

Strict size and depth regulations for open-air pits are not available.  The 1992 NYS GEIS 
notes that pits “can be as little as 8' wide by 20' long. Most pits have dimensions of 
approximately 25' x 50' though they can be larger. Pit depths range between 3' and 10'.”

  This is in reference to a single pit and not a centralized 
impoundment.   

16

 

  The 
dimensions of the 1.2 million gallon pit described by Fortuna Energy are 150 x 250 feet with a 
depth of 12 feet.  In addition to flowback volumes, excess volume must be required for all pits to 
allow for accumulation of precipitation.  Water added from precipitation will raise the fluid level 
in the pit and could cause an overflow if adequate space has not been allowed.   

The 2009 dsGEIS, under the section entitled Proposed Supplemental Permit Conditions, 
recommends, “Pit volume may not exceed 250,000 gallons, or 500,000 gallons for multiple pits 
on one tract or related tracts of land.”17

   

  Clearly, the 500,000-gallon limit is only a proposal but 
very different from the 16 million gallon centralized impoundment mentioned by the EPA.  To 
have such a wide discrepancy for pit volumes is alarming and should be dealt with in any 
subsequent versions of the sGEIS.   

Pit Construction 

Although it does not have exact recommendations for pit size, the 1992 NYS GEIS does 
make recommendations to the grade of pit walls.  The report recommends a grade no steeper 
than 45 degrees.  The report explains that this grade is optimal to reduce possible collapse of pit 
walls due to erosion. Additionally, a grade steeper than 45 degrees could allow the liner to 
become dislodged and permit groundwater contamination.18

The gradual decline into the pit will take up more area than an abrupt edge.  This added 
surface area will vary depending on the depth of the pit with a deeper pit requiring a longer ramp 
to reach ground level.  Although the 1992 GEIS had much smaller pits in mind then the ones 
mentioned in the 2009 dsGEIS, the grade of the pit wall can still apply. 

  The drawback to pits with a 
relatively low grade is that it will increase the surface area of a pit.   

Once the size has been determined, the construction of the open air pit can begin.  This 
stage has stricter regulations and is addressed in the 1992 NYS GEIS and 2009 dsGEIS.  As 
mentioned previously, a 45 degree grade is recommended for the edges of the pit.  The 1992 
NYS GEIS also recommends that when excavation and flattening out of the bottom of the pit, 
special attention should be paid to clearing “large rocks, vegetation or other debris” that may 
interfere with soil compaction or puncture a liner.  The installation of the liner is of vital 

                                                           
15 ICF International, Technical Assistance for the Draft Supplemental Generic EIS: Oil, Gas and Solution Mining 
Regulatory Program.  Well Permit Issuance for Horizontal Drilling and High-Volume Hydraulic Fracturing to Develop 
the Marcellus Shale and Other Low Permeability Gas Reservoirs. 2009 p. 23 
16New York State Department of Environmental Conservation, Division of Mineral Resources, Final Generic 
Environmental Impact Statement on the Oil, Gas and Solution Mining Regulatory Program (July 1992); p. 9-31 
17 dsGEIS, 2009, p. xcix 
18 GEIS, 1992, p. 9-32 
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importance.  Liners of the size needed are manufactured as separate sheets but should be seamed 
together at the factory.19

Neither the 1992 GEIS nor the 2009 dsGEIS mention any specific regulation concerning 
the construction of a pit.  The 2009 dsGEIS does report that an operator stated the following 
characteristics of their pit construction: 

 

• A liner system with an upper (primary) 60-mil20

• A geocomposite layer between the two geomembrane liners. 

 liner of high density polyethylene 
(HDPE) geomembrane and a lower (secondary) 40-mil liner of HDPE geomembrane with 
a geocomposite layer underneath. 

• A leak detection system installed in the interstitial space between the two liners within a 
trench placed below the impoundment at its lowest point of elevation.21

 
 

A geomembrane composed of HDPE is commonly used as a liner in landfills.  HDPE is “strong, 
resistant to most chemicals, and is considered to be impermeable to water.”22  Although I could 
not find much information on liner corrosion due to fracking flowback, there is some specific 
information on HDPE liner use in landfills.  The Blue Ridge Environmental Defense League 
notes that, “two major classes of chemicals are responsible for HDPE failure”.  Aromatic 
hydrocarbons such as benzene and naphthalene, “permeate excessively and cause package 
deformation,” and halogenated hydrocarbons such as trichlorethylene and methylene chloride 
can permeate HDPE and cause, “softening, swelling, and part deformation.”23  Although not 
listed in tables 5-3 or 5-4, benzene, naphthalene, trichlorethylene and methylene chloride are all 
listed in table 5-6 of the 2009 dsGEIS as “chemical constituents in additives/chemicals” of 
fracking fluid; in other words, they are components of some chemicals listed in tables 5-3 and 5-
4.  Further, a 1989 newsletter by the Remote Access Chemical Hazards Electronic Library 
(RACHEL) cites a report by Phillips Petroleum Company saying benzene is not compatible with 
HDPE liners.24

 Although the levels of benzene may be low (potentially a small portion of the total 
fracking chemicals) analysis should be done to make sure that fracking chemicals do not damage 
or penetrate HDPE liners.  Several chemicals that are known to make up fracking fluid are also 
known to destroy HDPE liners.  This combination has the potential for serious environmental 
and health risks if fracking fluid contaminates drinking water sources by breaching pit liners.   

  The RACHEL newsletter goes on to say that benzene is highly permeable to 
HDPE liners with physical damage resulting. 

                                                           
19 GEIS, 1992, p. 9-32 
20 1 mil is equal to one thousandth of an inch (0.001 inch) 
21 dsGEIS, 2009, p. 5-114 
22 Hughes, K., Christy, A. and Heimlich, J., “Landfill Types and Liner Systems,” Extension Factsheet. The Ohio State 
University Extension (n.d.) p. 4 
23 Blue Ridge Environmental Defense League, Solid Waste Landfill Technology: A Documented Failure, October 
2002. (internal quotes from Marlex Polyethylene TIB 2 Packaging Properties, Plastics Division) 
24 Environmental Research Foundation, “RACHEL’s Hazardous Waste News #117” Electronic Edition, February 21, 
1989.  Retrieved from http://www.ejnet.org/rachel/rhwn117.htm 
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    Concerning liner thickness, the 1992 GEIS states that New York State had no 
regulations but suggested, “minimum standards for liner thickness be required by regulation.”  
Additionally, it stresses that overall liner thickness was not as important as proper installation.25  
In the more recent 2009 dsGEIS, proposed supplementary permit conditions relating to liners 
push for liner thickness 30 mils or greater.26

 Proper liner installation must also allow for slack to “lessen strain at critical points”.  
Attention must be paid to the level and variation of the local water table.  High amounts of 
precipitation can raise the water table and cause the liner to become dislodged from its 
anchoring- this issue is more prevalent in low-lying areas.  The call for increased slack in a liner 
is mentioned in the 2009 dsGEIS section entitled “Proposed Supplementary Permit Conditions”.   

 

 In the 1992 GEIS, liner stability and the threat of liner malfunction while wastewater is 
being pumped at pressure into the pit is addressed.27

A final recommendation from the 1992 GEIS concerning liner integrity would be to 
orient the flowback pipe along the longer axis of a rectangular pit thus reducing fluid pressure on 
the liner.

  An option of submerging the flowback pipe 
under the fluid level to reduce the risk of liner malfunction is proposed but this method also has 
its drawbacks.  A submerged flowback pipe can still cause a rip in the liner and some energy 
companies gauge flowback volume visually based on exposed pipes.  A solution to this would be 
to require drilling companies to use flowmeters.  This would serve the dual purpose of restricting 
flowback pressures as well as accurately monitoring the volume of flowback.   

28

Evaporation 

  This simple regulation is easily implemented and should be required for drilling 
operations in New York State. 

As stated above, the recommendation of pit walls having a 45 degree grade will increase 
the surface area of the pit.  A deeper pit may hold more fluid but it will also need longer inclines 
to reach ground level.  Taking the example of Fortuna Energy, a pit 12 feet deep would require a 
17-foot ramp to be at grade.  Requiring a shallower pit to reduce length of the grade may have its 
downfalls.  Shallow pits increase the rate of evaporation of flowback.  This would ultimately 
mean fewer truck trips to transport flowback to a disposal or treatment facility but the savings in 
truck related air pollution may be offset by added pollution from increased flowback 
evaporation.  Although evaporation of flowback is efficient at separating liquids from solids, 
such as salt, all liquid chemicals have the ability to evaporate.  According to chemicalspill.org, 
“All liquids will evaporate, even thick liquids.”29

Evaporation of chemicals and related air quality is a concern.  The EPA, looking at a 
study from ICF International, notes, “Impoundment pits containing flowback may also be 

   

                                                           
25 GEIS, 1992, pp .9-33 through 9-34 
26 dsGEIS, 2009, p. xcix 
27 GEIS, 1992, pp. 9-32 through 9-33 
28 GEIS, 1992,  p. 9-33 
29 Emergency Planning for Chemical Spills, Understanding the Behavior of Spilled Chemicals, Retrieved from 
http://www.chemicalspill.org/OffSite/behavior.html 
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sources of [Volatile Organic Compound] and hydrogen sulfide emissions.  VOCs found in 
flowback may include acetone, benzene, ammonia, ethylbenzene, phenol, toluene, and methyl 
chloride” 30  The ICF report also addresses the evaporation of chemicals into the atmosphere 
saying “contributions of frac fluids to air emissions is expected to be negligible due to the 
extremely low concentrations of materials of concern in the fluids themselves.”31

Indeed, although the concentration of fracking fluids may be low, the overall amount still 
may be very high.  I am unaware of any study that looks at the actual amount of air pollution 
resulting from open-air evaporation pits versus the amount of air pollution at sites utilizing a 
closed-loop system.  In theory, an equal volume of flowback in a closed-loop system would 
require more truck traffic due to the difference that has not been allowed to evaporate.  A study 
of this nature would be very useful in understanding the air quality externalities associated with 
open pits in relation to a closes system. 

   

Along with larger surface areas, evaporation sprayers are another method that is 
employed by gas companies to increase the rate of evaporation.  An evaporation sprayer is 
basically a pump that sprays flowback into a mist.  This increases the surface area of the 
flowback and speeds up the evaporation process.  The 2009 NYS dsGEIS does not specifically 
address regulations concerning evaporation sprayers but their practice is used elsewhere in the 
country.  Little information about the use of open air evaporation sprayers is available from state 
or industry sources but photographs of their use are available. (fig. 1)  There is also mention of 
their use by the NRDC stating, “evaporation ponds [and] misting systems… are sometimes 
adjacent to or within residential communities, and guidelines vary in each state.”32

   Fencing  

 

The 2009 dsGEIS includes regulations specifically mandating fences around open-air 
evaporation pits for both people and animals.  It recommends that operational pits be made 
unattractive to animals by reducing or eliminating vegetation along the inside slope of open-air 
pits.  This is important because, despite the use of perimeter fencing, birds can access open-air 
pits.  The use of netting over the pits is not required by New York State but is recommended in 
the 2009 dsGEIS. 33

 

  Because several species of birds migrate directly above where the 
Marcellus shale is located, including several species of waterfowl, best practices should include 
the adoption of a regulation requiring netting to be placed above open-air evaporation pits.  
Netting above open pits would have the increased benefit of reducing any debris that may enter 
the pit and cause a breach in the liner. 

                                                           
30 EPA, Potential Impacts of Hydraulic Fracturing on Drinking Water Resources, 2011, p. 55 
31 ICF, Technical Assistance for the dsGEIS, 2009, p. 25 
32 Mall, Amy. Statement to the House, Committee on Oversight and Government Reform.  
 The Applicability of Federal Requirements that Protect Public Health and the Environment to Oil and Gas 
Development. Hearing October 31, 2007. p.19 
33 dsGEIS, 2009, p. 7-97 
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Closure and Reclamation of Pits 

The lifespan of an open air pit ends and reclamation on the site begins 45 days after 
drilling operations have ceased.34  Drilling operations, according to the 1992 GEIS, take on 
average one week.  After this point, the drilling operators have 45 days to remove all of the 
flowback fluid at which point the reclamation of the land begins.  This timeframe is not absolute 
and the 45 day regulation can be increased if the flowback is going to be recycled for use in 
another well or if a single pit is being used as central storage for multiple sites.35  In the scenario 
of one centralized impoundment pit, that pit could be considered to be in “quasi-continuous” use 
for well beyond 45 days.  Allowances are also made for “circumstances beyond the operator’s 
control” that may arise and make a 45 day lifespan unfeasible.36  Regardless of the reason, New 
York State is requiring that any open air pit that is to remain in operation beyond the 45 day limit 
be approved by permit and inspected.  In addition to removal after the completion of drilling, 
flowback fluid is also required to be removed if there is a 45 day lapse in activity on a well site.37

Once a pit has been drained and fracking has ceased on a site, the reclamation of the pit 
can begin.  The 1992 GEIS for New York recommends the stockpiling of excavated topsoil on 
site to use as fill for the pit.

 

38  When a pit has been filled it must also be properly graded. In 
addition, a pit must be seeded with special attention paid to the type of seed.  Seed from non-
invasive plants must be used and re-vegetation must be started as quickly as possible to reduce 
erosion.39

Liner Disposal 

   

The disposal of the liner varies depending on the land use of the site and the use of the 
pit.  Although not in the scope of this paper, some pits are used for the containment of freshwater 
prior to the fracking process.  No chemicals are added to these pits and less stringent standards 
are placed upon them.  Burial of the liner for freshwater pits is permitted with the landowner’s 
permission.  It is recommended that in this instance, the liner be torn or perforations be made to 
allow for proper drainage.  Liners that are used in flowback pits cannot be buried and must be 
removed and property transported and disposed of in a solid waste landfill.40

The 1992 NYS GEIS and 2009 dsGEIS both mention added needs if a reclaimed site is 
located on farmland.  These include removal of the liner, special attention paid to soil 
compaction and grade, and fill of comparable quality topsoil.

   

41

                                                           
34 dsGEIS, 2009, p. 5-28 

  Buried liners can work itself 
toward the surface and interfere with plowing. Fill that has not been properly compacted can 
cause sinkholes and damage farm equipment.   

35 dsGEIS, 2009, p. 6-63 
36 dsGEIS, 2009, p. 7-29 
37 dsGEIS, 2009, p. 7-34 
38 GEIS, 1992, p. 8-26 
39 dsGEIS, 2009, p. 7-77 
40 dsGEIS, 2009, p. 5-119 
41 GEIS, 1992, p. 8-25 
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Flowback Tanks and Closed Loop Systems 

An alternative to storing flowback in an open air evaporation pit is to store the fluid in a 
tank.  This type of system is called a “closed loop system” and can provide several potential 
benefits over an open-air evaporation pit.  A study by Alpha Environmental Consultants for New 
York State Energy Research and Development Authority (NYSERA) recommended the use of 
steel tanks as best practice for NYS.42  The Alpha study states that “potential issues from 
production and flowback fluid leakage can be minimized by requiring that those fluids be 
circulated directly into steel tanks in a closed loop system”.43

The cost of steel tanks and a closed loop system versus an open air pit is open for debate.  
Testimony by Amy Mall of the NRDC to the House Committee on Oversight and Government 
Reform citied several studies that have shown closed loop systems to be cost effective.

 

44

This figure presented by Ms. Mall is taken from a study conducted by Cimarex Energy in 
New Mexico comparing costs associated with a closed loop system versus an open air pit.  In the 
study, figures for the “high cost” scenario show an open pit to cost $447,000 while a closed loop 
would be $267,000.  Although the study was conducted in New Mexico where water availability 
may be of concern and a significant cost, “water delivery, transport and cost” were only $18,000 
of the $447,000.

  The 
savings derive from a lower overall volume of waste due to increased fluid recycling and the 
ability to reuse tanks in subsequent drilling operations.  Ms. Mall admits that initial expenses 
related to purchase of tanks is high but over time, savings of up to $180,000 per well can be seen.  
There is the possibility of corrosion in tanks but well operators can mitigate this with proper 
maintenance and inspection.   

45

By far, the largest savings was in pit closure activities.  Closure and reclamation for a 
closed loop system cost $3,000 compared to $104,000 for an open pit.  In addition to lower 
potential for water contamination and land disturbance, truck trips can be reduced by up to 75%.  
The reduced truck traffic is due to a reduction in waste mud and fluids based on increases in 
flowback recycling.  This reduction has been shown to be as high as 15,625 barrels per site.

   

46  
Other positive effects of a closed loop system include a reduced chance of groundwater 
contamination and thus reduced possibility of company liability.  Public relations and company 
image can also benefit from the use of closed loop systems.47

                                                           
42 dsGEIS, 2009, p. 5-150 

   

43 Alpha Environmental Consultants Inc, Technical Consulting Report Prepared In Support of the Draft Supplemental 
Generic Impact Statement for Natural Gas Production in New York State, September 2009, pp.13-14 
44 Mall, Amy, Statement to House, p. 20 
45 Rogers, D., G. Fout and W.A. Piper, “New Innovative Process Allows Drilling Without Pits in New Mexico,”  13th 

Annual International Petroleum Environmental Conference, (17-20 October 2006) p. 9-10. 
46 Sumi, Lisa, “Pit Pollution: Backgrounder on the Issues, With a New Mexico Case Study” Oil and Gas 
Accountability Project, p. 16 
47 Sumi, p. 14  
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The 2009 dsGEIS mentions the use of closed loop systems in floodplains and areas of 
critical biodiversity.  After reviewing the material on the benefits of closed loop systems, I 
recommend that it be standard practice in New York, regardless of location.     

Recommendations for Best Practice 

As noted above, I believe that mandating closed loop systems is best practice if high 
pressure hydraulic fracturing is to become a reality in New York.  The benefits highly outweigh 
the initial cost and over time would pay for itself.  Taking into account the 45 day timeframe for 
open air pits, closed loop systems may be even more attractive in New York.  Regulations still 
need to be put in place for a closed loop system to ensure proper installation and maintenance but 
the oversight requirement seems far less than that of an open-air evaporation pit.  Based on 
research and studies done by the energy industry itself, the positives of a closed loop system far 
outweigh the negatives.   

If closed loop pits are not mandated by NYS, strict regulations for open air evaporation 
pits need to be put in place.  Appendix 10 of the 2009 NYS dsGEIS puts forth proposals for 
“Supplementary Permit Conditions”.  Item 12 deals with the construction of open air evaporation 
pits and states: 

 Any reserve pit, drilling pit or mud pit on the well pad which will be used for more than one 
well must be constructed as follows: 

 
a) Surface water and stormwater runoff must be diverted away from the pit,  
b) Pit volume may not exceed 250,000 gallons, or 500,000 gallons for multiple pits 

on one tract or related tracts of land, 
c) Pit sidewalls and bottoms must adequately cushioned and free of objects capable 

of puncturing and ripping the liner, 
d) Pits constructed in unconsolidated sediments must have beveled walls (45 degrees 

or less), 
e) The pit liner must be sized and placed with sufficient slack to accommodate 

stretching, 
f) Liner thickness must be at least 30 mils, and 
g) Seams must be factory installed or field seamed in accordance with the 

manufacturer’s recommendations. 48

 
 

These closely resemble the findings of Alpha Environmental Consultants.  After conducting my 
research, I feel that additions to these recommendations should include: 
 

a) A study looking at flowback chemicals and any potential chemical reactions or 
permeability issues with HDPE liners, paying special attention to benzene levels 

b) Requirement of a dual lined system with a leak detection system between liners, 
c) Netting above pits to prevent migratory or local birds, 

                                                           
48 dsGEIS, 2009, p. xcix 
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d) A minimum buffer between the lowest point in a pit and the highest point of the water 
table at peak season, 

e) Regulations precluding evaporation sprayers or misters of any type. 
f) Metered flowback pipes to record volume of flowback and regulate pressure 

 
Any violation of these regulations should result in fines that not only cover the cost of 
contamination but also are punitive in nature. 

Conclusion 

The 2009 dsGEIS is a draft that has received considerable public comment since its 
publication.  Hopefully, the strong public sentiments on either side of the debate push the 
Department of Environmental Conservation and the State of New York to be thorough in their 
study and thoughtful in their decision.  As the technology of horizontal high volume hydraulic 
fracturing becomes more mature, New York can learn from the mistakes of other states and 
unintended or unforeseen issues that have arisen elsewhere in the country.  Although opening up 
New York to drilling now could bring a much needed local economic boom to some areas of the 
state, waiting for studies and weighing the pros and cons that natural gas extraction brings is 
important.  The environmental and socioeconomic consequences of rushing into drilling are too 
high to be made based on gut instinct or bad information.  Time, patience, and trust in science 
are needed to ensure safety for our us as well as our environment.     
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Figure 1-  Evaporation Sprayer 

 
Figure 2- Aerial view of evaporation sprayers.  Washington County, PA.  Google Maps.  Note: using measuring tools available 
on Google, this pit, including the perimeter liner, measures approximately 490' x 380' (4.27 acres) 
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Figure 3- Part of a closed loop system.  San Juan City, NM.  Photo by San Juan Citizens Alliance. 

 

 
Figure 4- Part of a Closed loop system.  Photo by U.S. Fish and Wildlife 
Services 

 

 
Figure 5- Leaking tank.  Although a better option than an open-air pit, closed loop systems must still be maintained and 
should be surrounded by a secondary protective barrier.  San Juan City, NM.  Photo by San Juan Citizens Alliance 

 



MEMORANDUM: To Erica Levine Powers Esq., Professor APLN585/AGOG530 
Masters in Regional Planning Program, University at Albany (SUNY) 
From Daniel P. Carroll, MRP Candidate; “On-Site Wastewater Containment for Hydraulically Fractured 
Wells” May 7, 2011 © D. Carroll   
              

15 
 

 
 

 
Figure 6- A schematic of a closed-loop system used in New Mexico.  Picture from WorldOil.com 

 

 
Figure 7- A picture of the closed loop system represented in fig. 6.  Picture from Worldoil.com 
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Figure 8- Design of a dual lined system typical of landfills.  A similar design would be followed for open air evaporation pits.    
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Table 5-3 Fracturing Additive Products – Full Composition Disclosure 

Made to the Department  
Product Name 

 
 

ABF 
Acetic Acid 0.1-10% 
Acid Pensurf / Pensurf 
Activator W 
AGA 150 / Super Acid Gell 150 
AI-2 
Aldacide G 
Alpha 125 
Ammonium Persulfate/OB 
Breaker 
APB-1, Ammonium Persulfate 
Breaker 
AQF-2 
ASP-820 
B315 / Friction Reducer B315 
B317 / Scale Inhibitor B317 
B859 / EZEFLO Surfactant 
B859 / EZEFLO F103 
Surfactant 
B867 / Breaker B867 / Breaker 
J218 
B868 / EB-CLEAN B868 LT 
Encapsulated Breaker / EB-
Clean J479 LT Encapsulated 
Breaker 
B869 / Corrosion Inhibitor B869 
/ Corrosion Inhibitor A262 
B875 / Borate Crosslinker B875 
/ Borate Crosslinker J532 
B880 / EB-CLEAN B880 
Breaker / EB-CLEAN J475 
Breaker 
B890 / EZEFLO Surfactant 
B890 / EZEFLO F100 
Surfactant 
B900 / EZEFLO Surfactant 
B900/ EZEFLO F108 Surfactant 
B910 / Corrosion Inhibitor B910 
/ Corrosion Inhibitor A264 
B916 / Gelling Agent 
ClearFRAC XT B916 / Gelling 
Agent ClearFRAC XT J590 
BA-2 
BA-20 
BA-40L 
BA-40LM 
BC-140 
BC-140 X2 

BE-3S 
BE-6 
BE-7 
BE-9 
Bentone A-140 
BF-1 
BF-7 / BF-7L 
BioClear 1000 / Unicide 1000 
Bio-Clear 200 / Unicide 2000 
Breaker FR 
BXL-2, Crosslinker/ Buffer 
BXL-STD / XL-300MB 
Carbon Dioxide 
CL-31 
CLA-CHEK LP 
CLA-STA XP 
Clay Treat PP 
Clay Treat TS 
Clay Treat-3C 
Clayfix II 
Clayfix II plus 
Cronox 245 ES/ CI-14 
CS-250 SI 
CS-650 OS, Oxygen Scavenger 
CS-Polybreak 210 
CS-Polybreak 210 Winterized 
EB-4L 
Enzyme G-NE 
FE-1A 
FE-2 
FE-2A 
FE-5A 
Ferchek 
Ferchek A 
Ferrotrol 300L 
Flomax 50 
Flomax 70 / VX9173 
FLOPAM DR-6000 / DR-6000 
FLOPAM DR-7000 / DR-7000 
Formic Acid 
FR-46 
FR-48W 
FR-56 
FRP-121 
FRW-14 
GasPerm 1000 
GBL-8X / LEB-10X / GB-L / 
En-breaker 

GBW-20C 
GBW-30 Breaker 
Green-Cide 25G / B244 / 
B244A 
H015 / Hydrochloric Acid 15% 
H15 
HAI-OS Acid Inhibitor 
HC-2 
High Perm SW-LB 
HPH Breaker 
HPH foamer 
Hydrochloric Acid 
Hydrochloric Acid (HCl) 
HYG-3 
IC 100L 
ICA-720 / IC-250 
ICA-8 / IC-200 
ICI-3240 
Inflo-250 
InFlo-250W / InFlo-250 
Winterized 
Iron Check / Iron Chek 
Iron Sta IIC / Iron Sta II 
Isopropyl Alcohol 
J313 / Water Friction-Reducing 
Agen J313 
J534 / Urea Ammonium Nitrate 
Solution J534 
J580 / Water Gelling Agent J580 
K-34 
K-35 
KCI 
L058 / Iron Stabilizer L58 
L064 / Temporary Clay 
Stabilizer L64 
LGC-35 CBM 
LGC-36 UC 
LGC-VI UC 
Losurf 300M 
M003 / Soda Ash M3 
MA-844W 
Methanol 
MO-67 
Morflo III 
MSA-II 
Muriatic Acid 36% 
Musol A 
N002 / Nitrogen N2 
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NCL-100 
Nitrogen 
Para Clear D290 / ParaClean II 
Paragon 100 E+ 
PLURADYNE TDA 6 
PSA-2L 
PSI-720 
PSI-7208 
SAS-2 
Scalechek LP-55 
Scalechek LP-65 
Scalehib 100 / Super Scale 
Inhibitor / Scale Clear SI-112 
SGA II 

Shale Surf 1000 
Shale Surf 1000 Winterized 
Sodium Citrate 
SP Breaker 
STIM-50 / LT-32 
Super OW 3 
Super Pen 2000 
SuperGel 15 
U042 / Chelating Agent U42 
U066 / Mutual Solvent U66 
Unicide 100 / EC6116A 
Unifoam 
Unigel 5F 
UniHibA / SP-43X 

UnihibG / S-11 
Unislik ST 50 / Stim Lube 
Vicon NF 
WG-11 
WG-17 
WG-18 
WG-35 
WG-36 
WLC-6 
XL-1 
XL-8 
XLW-32 
Xylene 

 
 

 
 

 
 
 

Table 5-4 Fracturing Additive Products – Partial Composition Disclosure to 
the Department 

Product Name 
 
 
 
 
20 Degree Baume Muriatic Acid 
AcTivator / 78-ACTW 
AMB-100 
B885 / ClearFRAC LT B885 / 
ClearFRAC LT J551A 
B892 / EZEFLO B892 / 
EZEFLO F110 Surfactant 
CL-22UC 
Clay Master 5C 
Corrosion Inhibitor A261 
FAW- 5 
FDP-S798-05 
FDP-S819-05 
FE ACID 
FR-48 
FRW-16 
FRW-18 
FRW-25M 

GA 8713 
GBW-15C 
GBW-15L 
GW-3LDF 
HVG-1, Fast Hydrating Guar 
Slurry 
ICA 400 
Inflo-102 
J134L / Enzyme Breaker J134L 
KCLS-2, KCL Substitute 
L065 / Scale Inhibitor L065 
LP-65 
Magnacide 575 Microbiocide 
MSA ACID 
Multifunctional Surfactant F105 
Nitrogen, Refrigerated Liquid 
OptiKleen-WF 
Parasperse Cleaner 
Product 239 

S-150 
SandWedge WF 
Scalechek SCP-2 
SilkWater FR-A 
Super Sol 10/20/30 
Unislick 30 / Cyanaflo 105L 
WC-5584 
WCS 5177 Corrosion Scale 
Inhibitor 
WCW219 Combination 
Inhibitor 
WF-12B Foamer 
WF-12B Salt Inhibitor Stix 
WF-12B SI Foamer/Salt 
Inhibitor 
WF12BH Foamer 
WFR-C 
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Chemicals Present in Additives 
Note: not all chemicals are present in all additives, not all additives are used in each well.  

Table 5-8 - Parameters present in a limited set of flowback analytical results 
CAS# Parameters Detected in Flowback from PA and WV Operations 

 
00056-57-5 4-Nitroquinoline-1 -oxide 
00067-64-1 Acetone 
07439-90-5 Aluminum 
07440-36-0 Antimony 
07664-41-7 Aqueous ammonia 
07440-38-2 Arsenic 
07440-39-3 Barium 
00071-43-2 Benzene 
00117-81-7 Bis(2-ethylhexyl)phthalate 
07440-42-8 Boron 
24959-67-9 Bromide 
00075-25-2 Bromoform 
07440-43-9 Cadmium 
07440-70-2 Calcium 
00124-48-1 Chlorodibromomethane 
07440-47-3 Chromium 
07440-48-4 Cobalt 
07440-50-8 Copper 
00057-12-5 Cyanide 
00075-27-4 Dichlorobromomethane 
00100-41-4 Ethyl Benzene 
16984-48-8 Fluoride 
07439-89-6 Iron 
07439-92-1 Lead 
07439-93-2 Lithium 
07439-95-4 Magnesium 
07439-96-5 Manganese 
00074-83-9 Methyl Bromide 
00074-87-3 Methyl Chloride 
07439-98-7 Molybdenum 
00091-20-3 Naphthalene 
07440-02-0 Nickel 
00108-95-2 Phenol 
57723-14-0 Phosphorus 
07440-09-7 Potassium 
07782-49-2 Selenium 
07440-22-4 Silver 
07440-23-5 Sodium 
07440-24-6 Strontium 
14808-79-8 Sulfate 
14265-45-3 Sulfite 
00127-18-4 Tetrachloroethylene 
07440-28-0 Thallium 
07440-32-6 Titanium 
00108-88-3 Toluene 
07440-66-6 Zinc 
1,1,1-Trifluorotoluene 
1,4-Dichlorobutane 
2,4,6-Tribromophenol 
2,5-Dibromotoluene 
2-Fluorobiphenyl 
2-Fluorophenol 
4-Terphenyl-d14 
Alkalinity 

Alkalinity, Carbonate, as CaCO3 
Alpha radiation 
Aluminum, Dissolved 
Barium Strontium P.S. 
Barium, Dissolved 
Beta radiation 
Bicarbonates 
Biochemical Oxygen Demand 
Cadmium, Dissolved 
Calcium, Dissolved 
Chemical Oxygen Demand 
Chloride 
Chromium (VI) 
Chromium (VI), dissolved 
Chromium, (III) 
Chromium, Dissolved 
Cobalt, dissolved 
Color 
Conductivity 
Hardness 
Iron, Dissolved 
Lithium, Dissolved 
Magnesium, Dissolved 
Manganese, Dissolved 
Nickel, Dissolved 
Nitrobenzene-d5 
Nitrogen, Total as N 
Oil and Grease 
o-Terphenyl 
Petroleum hydrocarbons 
pH 
Phenols 
Potassium, Dissolved 
Radium 
Radium 226 
Radium 228 
Salt 
Scale Inhibitor 
Selenium, Dissolved 
Silver, Dissolved 
Sodium, Dissolved 
Strontium, Dissolved 
Sulfide 
Surfactants 
Total Alkalinity 
Total Dissolved Solids 
Total Kjeldahl Nitrogen 
Total Organic Carbon 
Total Suspended Solids 
Xylenes 
Zinc, Dissolved 
Zirconium        
 


