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Preface 

To understand how new potential and proposed regulations will influence the natural gas market 

in the United States in the coming decades, we utilize the Rice World Gas Trade Model 

(RWGTM) to examine scenarios in which domestic natural gas development is stressed in a 

variety of ways. Namely, we consider a range of possible policy actions from the federal to the 

local level. These include supply-side actions, such as local regulations to limit gas flaring, 

localized bans on hydraulic fracturing motivated by grassroots movements founded in concerns 

over water quality and availability, and a federal ban on hydraulic fracturing perhaps due to 

heightened concerns related to water quality, water scarcity, and seismic activity. Local 

examples of varying restrictiveness are already evident; the federal example can be viewed as an 

extreme outcome that sets a boundary on the range of possible policy interventions.  

Interestingly, as will be expounded upon herein, local policy interventions—such as mandated 

reductions in upstream activity and any accompanying declines in local incomes and 

employment—may have substantial local implications, but they have little impact on the broader 

US natural gas market. The research herein suggests that even local tax adjustments—for 

example, the introduction of new severance taxes—appear to have little impact on the broader 

market because it is relatively easy to supplant the affected supplies with different US and other 

North American upstream opportunities.1 Of course, the magnitude of market impact varies with 

the breadth and severity of the policy intervention; as policy renders more supplies either 

unprofitable or off-limits, the market impact grows from local to regional to continental. 

                                                
1 The incidence of tax changes is another issue here. In particular, the burden of the tax may fall on the landowner, 
with little impact on the producer as the tax is effectively negotiated into lower payments to the landowner. The 
effects on the location of upstream activity would be even less than calculated herein under such a scenario. 
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Noting that policies other than those directed specifically at upstream activities can impact the 

future evolution of the US natural gas market, we also consider actions that have indirect effects 

on shale. These scenarios include an aggressive federal environmental policy that targets coal use 

in power generation, thus favoring greater natural gas use, as well as a new restrictive policy 

direction regarding US LNG exports. These scenarios highlight the fact that demand-side 

policies are equally important when considering the long-term evolution of the domestic natural 

gas market, and have clear implications for shale gas development. 

Perhaps the single most important result from this study is that the efficiency of the US natural 

gas market—owing to deep market liquidity, robust existing natural gas infrastructure, relative 

ease of infrastructure development, and significant connections to Canada—renders local 

policies largely irrelevant to the broader US natural gas market. If a region where shale 

development is prolific sees a dramatic policy intervention, the broader market impacts grow. 

However, as the research herein indicates, severe policy-motivated restrictions on very prolific 

and profitable supply opportunities seem very unlikely. That said, sweeping, national-level 

policies tend to have a larger impact because they affect the market in a much broader and 

substantive manner, but the deep interconnectedness to Canadian natural gas supplies tends to 

push greater reliance in the US on imports and offset the price impacts of even substantial policy 

interventions. 

Any policy that substantively alters the US supply opportunity also has implications for global 

natural gas markets. With the US emerging as a supplier to global LNG markets, if shale gas 

production is limited by domestic policy intervention, the impact the US ultimately has on global 

markets is also diminished. This includes lower export volumes and a reduced presence of gas-
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indexed supplies in the LNG market—factors that have been attributed to increasing global 

market liquidity and a reduced impetus for market participants to seek alternative, non-oil-

indexed pricing structures for supplies. This, in turn, has implications for any geopolitical 

leverage that the US may have in both Asia and Europe. Altogether, the research herein indicates 

that federal action to limit shale gas production may carry a high cost and thus be unlikely. By 

contrast, local policies do not carry the same burden, and thus may be more likely. In fact, the 

cost-benefit at the local level is likely quite different, weighing only the fiscal and economic 

benefits at the local level against the perceived environmental costs, which are borne primarily at 

the local level.   

This study is by no means comprehensive, nor is it intended to be. But, by addressing a variety of 

issues related to the US natural gas market, this study should improve public, scholarly, and 

policy communities’ understanding of the market consequences of potential policies—both 

supply-side and demand-side. New regulations, especially at the federal level, aimed at the 

wellhead and/or the downstream will impact shale gas operations in the US natural gas market. 

Understanding the nature of these effects is important for a more informed and effective debate 

around regulatory and legislative oversight of the US natural gas market. 
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Introduction 

In perhaps the most transformative development in energy markets in recent history, the United 

States is increasingly relying on natural gas extracted from shale formations. The scale of the 

shale gas resource is game-changing, carrying broad economic, geopolitical, and national 

security benefits. However, controversy surrounding various elements of the extraction 

process—for example, hydraulic fracturing, water use and disposal, land use, and traffic 

associated with increased upstream activity—is calling into question whether the benefits 

outweigh the environmental and social costs. To be sure, environmental issues and community 

concerns about the rapid scale-up of local shale gas production activity are influencing the policy 

debate regarding appropriate regulation of the shale industry, and have even resulted in local 

bans on shale development activity in various places around the country.  

Access restrictions could slow natural gas development in some parts of the United States. But 

outright bans are not the only policy actions that could impact resource development. A 

comprehensive survey of state regulatory trends published by Resources for the Future (RFF) 

showed that there are currently more than 20 types of state-level regulations covering hydraulic 

fracturing. Indeed, as will be outlined below, the pace of legislative action at the state and local 

level has intensified in recent years.  

Higher taxes imposed by federal, state, and local governments can also adversely affect the 

commercial viability of resource development. Severance taxes have been proposed in several 

states, in part to cover the costs of bolstering the staffing and capabilities of local regulatory 

offices. For example, Act 13 in Pennsylvania implemented a state impact fee. The full effect of 

new taxes on upstream activity will also be expounded upon below.  
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In the United States, the impact of shale gas is already apparent, as it has developed in less than a 

decade to comprise about one-half of US domestic production. The rapid expansion of shale 

production has had significant implications for domestic fuel use in power generation, namely 

the substitution of natural gas for coal, which has some touting the benefits of natural gas as a 

bridge to a low-carbon future. The impacts extend beyond US borders as well, with the prospect 

of US LNG exports—unthinkable just a decade ago—having ripple effects around the world, 

with implications for natural gas pricing (see Medlock 2014a and Hartley 2014) and important 

geopolitical consequences (see Medlock, Jaffe, and Hartley 2011). It has, for instance, already 

played a critical role in weakening Russia’s ability to wield an “energy weapon” over its 

European customers.  

Finally, shale gas production has already tangibly lowered the price of natural gas for domestic 

consumers. This has a number of potential benefits. First, it lowers the cost of addressing various 

environmental matters in the power generation sector, including a move away from coal that has 

contributed to a significant reduction in US carbon dioxide emissions in the last couple of years. 

In addition, lower prices for natural gas, in particular against the backdrop of higher oil prices, 

raise the prospect that natural gas could provide a commercially attractive alternative to oil in 

transportation, which could provide tangible energy security benefits. Finally, low-price natural 

gas is also revitalizing the industrial base in the United States, with ongoing and planned 

expansion in the petrochemical and manufacturing sectors. This has already provided, and 

promises to provide, substantial macroeconomic benefits.    

The importance of shale gas in realizing such gains, however, is dependent on the investment 

climate remaining attractive to shale investors. Increasingly, the environmental and social 

impacts of shale drilling are coming up against public opposition and calls for greater sector 
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regulation and taxation. Disentangling policy actions that have significant effects from those that 

do not is not necessarily straightforward, as demand and supply responses can be non-linear, 

dynamic, and highly varied. Thus, we utilize the Rice World Gas Trade Model (RWGTM) to 

assess how the North American natural gas market might evolve under different policy 

frameworks.  

The study is organized as follows. We first review some of the relevant literature on the so-called 

“US shale gas revolution,” address recent developments regarding local regulations, and examine 

important economic considerations for evaluating new taxes on upstream activity. Then, we 

describe the RWGTM, with attention given to characterization of resources, demand by end-use 

sector, and infrastructure. This is followed by a discussion of the Status Quo scenario, which is 

the case to which all subsequent scenarios are compared. We then outline the various scenarios 

that we considered and discuss the key results of those cases. Note, we only detail seven of the 

cases explicitly, as the results highlight the key points of every scenario that was considered. 

Finally, we conclude with a summary of the principal findings and a discussion of the 

implications of various policy actions. 
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Related Research 

Political factors have already influenced drilling activity by limiting access to acreage where 

shale resources are believed to exist. The type of policy intervention varies across the country in 

both scale and scope, ranging from outright bans at the state level to de facto moratoria at a local 

level to increases in tax rates on producing assets. The various policy measures might be 

expected to have disparate impacts on US energy markets and pricing, but there is little analysis 

to date. Most published studies have tended to focus on specific macroeconomic variables, such 

as employment, or on the broader energy market impacts of US shale gas development. 

However, no studies have extensively considered the regional market impacts of policies or the 

effects of regional policies collectively. Moreover, the range of possible policy interventions that 

have impacts on shale gas development extends beyond just those directed at the wellhead—for 

example, environmental and transportation policies that promote greater natural gas demand or 

policies directed at LNG exports. In sum, there is no literature that accounts for a range of 

potential policies that may impact shale gas development in the US.  

Several studies have evaluated regional impacts of shale development and discussed potential 

policy remedies, but these studies generally fall short of evaluating the market impacts of the 

policies they propose. For example, Rahm and Riha (2012) evaluate the regional impacts of shale 

development on water resources in the state of New York. They find, under a hypothetical 

scenario for water withdrawals, that existing policies in the region are not sufficient to ensure 

efficient use of water resources, and argue that evaluation of existing regulations and policies 

should be done on a regional basis given the heterogeneity that exists in multiple dimensions 

across regions. Litovitz et al. (2013) evaluate the air quality implications of shale gas extraction 
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in Pennsylvania and provide a statewide monetary estimate of damages. They also note that the 

air quality impacts are highly varied across the state, with greater impairment where activity is 

most robust, but that the overall estimated monetary cost of emissions is a small fraction of the 

cost of emissions from coal-fired power generation, let alone all emissions in the entire state. 

Christopherson and Rightor (2012) argue that although shale gas development has positive 

effects on employment and local tax revenue in the regions where it occurs, it is important to also 

understand the boom-bust cycle that characterizes natural gas development so that potential 

longer-term costs can be understood. Again, this requires a focused study of local areas where 

shale development occurs. Mauter et al. (2014) consider the regional variations in water issues 

across the US and the various approaches used in the regional patchwork of regulations. They 

argue that other regions, particularly international locales, should learn from the diversity of 

approaches undertaken in the US as they develop their own policies and regulations aimed at 

mitigating any negative impacts of shale development on water quality and availability.  

While these studies, and others like them, are valuable for understanding and even quantifying 

environmental and social costs associated with shale gas production, they are not aimed at 

evaluating the consequent impact of proposed policy mechanisms on natural gas production and 

pricing. Rather, they suggest a market failure (or some non-priced negative externality) 

associated with shale development, and then propose a corrective policy mechanism. However, it 

is also important for the policymaker to evaluate the market consequences of a policy action in 

order to assess its overall contribution to welfare, including any unintended consequences. 

Other authors have considered the more global implications of shale gas development, focusing 

on economy, environment, and geopolitics. Jacoby, O’Sullivan, and Paltsev (2011), for example, 

evaluated the broader implications for climate change policy in the US. Medlock, Jaffe, and 



The Market Impacts of New Natural Gas-Directed Policies in the United States 

6 
 

Hartley (2011) and Medlock (2012) consider the broader ramifications of the so-called “shale 

revolution” on global gas markets, international pricing, and geopolitics, with a focus on US 

foreign policy and its intersection with domestic energy policy. However, these types of studies, 

understandably given their nature, do not evaluate local impacts or local policies. 

Notable studies that have investigated the impact of shale gas on the US market, but at a macro 

level, include the Resources for the Future (RFF) study “Natural Gas: A Bridge to a Low-Carbon 

Future?” published in December 2009, the MIT study “The Future of Natural Gas” published in 

June 2011, and the Center for Energy Studies (CES) at Rice University’s Baker Institute for 

Public Policy study “Shale Gas and US National Security” published in July 2011. In fact, both 

RFF and CES have addressed a number of related issues, including (i) environmental concerns 

related to the emergence of shale gas, (ii) the possible effect of shale gas abundance on the use of 

natural gas in new end-use sectors, (iii) the role of natural gas in reducing carbon dioxide 

emissions in a global policy framework, and (iv) the economic and geopolitical implications of 

shale gas development in the US and other nations with identified shale potential. But none of 

these studies addressed the possible effects of policy changes on the domestic natural gas market. 

Although the above referenced literature has not detailed the market impacts of policies aimed at 

shale gas development, either in a local or collectively regional manner, the studies are useful for 

constructing an analysis that does. In particular, the literature points to policy actions that may be 

undertaken on a local, regional, or federal level to address the externalities that exist to varying 

extents as a result of shale gas production. Several studies in progress that we are aware of are 

attempting to understand factors that trigger policy intervention and identify the signs that a 

policy intervention may be forthcoming.  
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One such study, by researchers at the University of Colorado-Denver, focuses on identifying 

participants in the political discourse surrounding shale gas development, understanding their 

interests and concerns, and discovering how they are organized within coalitions across local, 

regional, and national levels.2 The researchers then examine actions and strategies of the political 

coalitions to ascertain their influence on policy or regulation at the local, regional, and national 

level. Another study conducted by researchers at Rice University measures the frequency with 

which certain issues are raised in the print news media. By applying punctuated equilibrium 

theory, the authors are determining if particular issues are gaining momentum to the point that 

public sentiment begins to drive a policy response. Their model does not appear to explain policy 

at the national level, but it has performed quite well at the local level, such as explaining the 

recent ban on hydraulic fracturing in Denton, Texas.3  

In sum, while the analyses discussed above have not specifically investigated the implications of 

policy interventions aimed at domestic shale gas operations, they have evaluated the policy 

frameworks that currently exist, and those for which momentum may be developing. As a result, 

they have laid the groundwork for evaluating what new regulatory and policy frameworks might 

mean for the US domestic natural gas market.4  

  

                                                
2 This research, funded by the Alfred P. Sloan Foundation, was presented at the conference “The Shale Revolution: 
What Do We Know and Where Are We Going?” held at Rice University’s Baker Institute for Public Policy on 
October 30, 2014. The proceedings are available at http://bakerinstitute.org/events/1677/.  
3 This research, supported by the Center for Energy Studies, was also presented at the conference “The Shale 
Revolution: What Do We Know and Where Are We Going?” 
4 The analyses discussed herein are not exhaustive of ongoing research. In fact, several other analyses are ongoing 
with a very specific local fiscal or environmental focus. A summary of this work can be found in “The Shale 
Revolution: What Do We Know and Where Are We Going? A Conference Report,” which is available online at 
http://bakerinstitute.org/research/north-american-energy/.  
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Some Recent Developments on the Regulatory Front 

A staggering number of policies directed at shale gas development have been enacted largely at 

the local community level in the past few years. Table 1 summarizes the regions in the US that 

currently ban hydraulic fracturing. The sheer scale of bans and other types of policies being 

supported around the country (see Appendix Table A1, which indicates policies in effect as of 

2013 [shaded in gray] and policies either adopted or proposed in 2014 [no shading]) is a strong 

indication of the rapidity with which shale development has occurred. Even if the environmental 

and social concerns associated with this development are either invalid or can be dealt with in a 

relatively easy manner, many local communities have become convinced that drastic measures 

are warranted to ensure their welfare is not compromised. 

In evaluating the various measures indicated in Table A1, an interesting generalization emerges. 

The regions where extreme action has been taken tend not to be regions where significant shale 

development is possible. Moreover, where development has already occurred, the policy actions 

are largely (but not exclusively) in regions tangential to the affected area. The one exception is 

the ban in the state of New York, but it occurred prior to the rapid scale-up of shale-directed 

activity and the associated economic windfall to communities in neighboring Pennsylvania. This 

indicates that timing might be a very important factor when considering the scale and scope of 

the impact of shale-directed policy.  
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Table 1. Regional Bans on Hydraulic Fracturing  

STATE MUNICIPALITY COUNTY/OTHER 
California Berkeley Culver City Oakland San Francisco Marin County Mendocino County San Benito County 
  Beverly Hills Fairfax San Luis Obispo Sebastopol Cambria Community  Los Angeles CC Mar Vista Community, LA 
  Carson Los Angeles Santa Cruz Sonoma Rampart Village, LA    
  Compton             
Colorado Boulder City Erie Lafayette Loveland Boulder County    
  Broomfield Fort Collins Longmont Nederland     
  Colorado Springs             
Connecticut Statewide             
District of Columbia Entire region             
Florida Coconut Creek Hallandale Beach           
Hawaii         Hawai‘i County     

Illinois Alto Pass Anna Carbondale Murphysboro Jackson County Johnson County Pope County 
Indiana Terre Haute             
Iowa         Allamakee County     
Maryland Baltimore College Park Mountain Lake Park Washington Grove       
Massachusetts Chesterfield             
Michigan Burleigh Detroit Scio Wayne County Ingham County     
  Cannon Ferndale Shelby West Bloomfield     
  Courtland Heath Southfield Yankee Springs     
  Cross Village Orangeville Thornapple Ypsilanti     
  Dearborn Heights Reno Waterford         
Minnesota         Goodhue County Houston County   
New Jersey Bethlehem Fair Lawn Lebanon Red Bank Passaic County Somerset County   
  Bloomingdale Franklin Middlesex County Rumson Rutgers University Assembly    
  Bordentown Glassboro Monmouth Beach Secaucus Musconetcong Riv Mgmt    
  Byram Greenwich New Brunswick Stillwater      
  Clinton Highland Park Paramus Stockton      
  Clinton Hillsdale Point Pleasant Trenton      
  Closter Holland Princeton Union Beach      
  Delaware Howell Princeton Borough        
  Elizabeth Lambertville Readington         
New Mexico Las Vegas       Mora County San Miguel County   
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Table 1 (continued) 

STATE MUNICIPALITY COUNTY/OTHER 
New York Statewide             
North Carolina Butner Durham Hayesville Southern Shores Anson County Durham County Pasquotank County 
  Carrboro Elizabeth City Kill Devil Hills Stokes County Bertie County Granville County Perquimans County 
  Carteret County Forest Hills Marshall Sunset Beach Camden County Haywood County Swain County 
  Chapel Hill Franklin Pittsboro Sylva Currituck County Jones County Tyrrell County 
  Creedmoor Greenville Raleigh Webster Dare County Orange County   
  Duck             
Ohio Amesville Cincinnati Mansfield Randolph Athens County    
  Athens Columbiana Medina Sharon     
  Bowling Green Garrettsville Meyers Lake South Russell     
  Broadview Heights Girard Montville Stow     
  Brunswick Hartville Munroe Falls Summit County     
  Burton Heath Niles Weathersfield     
  Canal Fulton Hinckley North Canton Yellow Springs     
  Canton Lake Erie Oberlin Youngstown     
  Chester Madison Plain York       
Pennsylvania Baldwin Forest Hills Murrysville Pittsburgh Buckingham Township CA    
  Easton Harveys Lake New Hope State College     
  Emsworth Lanesboro Philadelphia West Homestead     
  Ferguson Media Phoenixville Wilkinsburg       
Texas Bartonville Denton Dish Flower Mound       
Vermont Statewide             
Virginia Falls Church Roanoke Rockbridge County Staunton Bath County Botetourt County Shenandoah County 
  Lynchburg       Fairfax County Authority Soil & Water Cons. District   
West Virginia Lewisburg Morgantown Wellsburg   Pocahontas County     
Wisconsin Ellsworth Town Holland Oak Grove Rock Elm Eau Claire County La Crosse County Pierce County 
Wyoming         Bridger-Teton Nat. Forest     
Indigenous Lands      Eastern Band of Cherokee Haudenosaunee Task Force   
       Turtle Mountain Chippewa     
               

 



The Market Impacts of New Natural Gas-Directed Policies in the United States 

11 
 

To expand on this idea, if shale development has already generated wealth in a local community, 

it may be considerably more difficult to adopt policies that hinder further development. 

However, if shale development has not yet occurred, then new policies to inhibit development 

could find traction through so-called “grassroots” movements—the case of the bans in the state 

of New York is one such example, where initial movements occurred in local communities and 

expanded to the state level. Another important factor appears to be whether oil and gas industry 

activity has previously occurred in the locality under consideration. For instance, proponents of 

policies aimed at stemming shale development found it more difficult to gain a majority in 

Colorado, which has a long history of oil and gas activity. Nevertheless, even localities where the 

oil and gas industry is integral to the region’s economy—such as Denton, Texas—have banned 

shale activity. However, the latter types of regions largely fall into the “tangential” category with 

regard to their vicinity to prolific shale resource opportunity.  

Figure 1 is a stylized representation of this thesis. Moving from the bottom to the top of the 

figure increases the distance from a known and highly productive shale resource. Moving from 

left to right in the figure changes the timing of a policy proposal—farther to the left indicates the 

proposed policy action occurs well before any shale-directed activity in the region, while farther 

to the right indicates the proposed policy action occurs well after any shale-directed activity in 

the region. Therefore, the “window” for a successful prohibitive policy intervention increases as 

we move from bottom to top and right to left in Figure 1. So, the farther we are from a known, 

highly productive shale resource and the less shale-directed activity there has been in a region, 

the more likely it becomes for a shale-inhibiting policy to be adopted.     
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Figure 1. Stylized Representation of Shale-Directed Policy 

 

Other policies, such as those instituted to reduce gas flaring at oil production sites, do not 

necessarily fit into the stylized representation in Figure 1. In fact, while reducing flaring may 

raise costs for producers, it will increase natural gas volumes delivered to the North American 

gas market. This touches on an important point. Namely, policy actions aimed at flaring are 

targeting oil-directed production activities. Gas-flaring does not generally occur at a natural gas 

production operation.  

Vented gas, often referred to in the category of “fugitive” methane, does not fall into the same 

category as flared gas, although it is often discussed in the same context. Policies aimed at 

reducing methane escape are likely to be more effective if instituted downstream of the wellhead. 
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According to research being conducted by the Environmental Defense Fund,5 the majority of 

methane escape in the field occurs in large volumes at a few uncontrolled sites, rather than in 

small volumes across all sites. Thus, more effective monitoring of the sites with the more 

egregious problems could significantly reduce methane emissions at the upstream end at a 

relatively low cost, not to mention it could improve operator profitability. Research is still 

ongoing into the sources and magnitudes of escaped methane, so it is difficult to pinpoint where 

the most egregious violations along the entire value chain are occurring. For example, 

downstream infrastructure, particularly in utility areas in major cities on the East Coast that have 

more extensive and older distribution infrastructure, is getting increased scrutiny as a potential 

source of methane escape. While this is not directly related to shale activity, any regulatory 

measures that raise distribution costs to consumers would affect demand, which has an impact on 

wholesale price and production. However, the magnitude is near impossible to determine at this 

point, largely because the depth of the problem is unknown, leaving the matter to future (and 

ongoing) research.  

  

                                                
5 This research, funded by the Alfred P. Sloan Foundation, was presented at the Center for Energy Studies 
conference “The Shale Revolution: What Do We Know and Where Are We Going?” The proceedings are available 
at http://bakerinstitute.org/events/1677/.  
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Considering New Taxes Levied on Production 

The ex post effect of new taxes levied on oil and natural gas production on the profitability of the 

production venture is not clear-cut. On the one hand, it may seem that a tax would raise 

production costs and diminish profitability, and hence reduce production at the margin. 

However, by altering product or input prices, the tax can be shifted forward to consumers or back 

to suppliers. The party or parties who ultimately bear the burden is known as the incidence of the 

tax. This, in turn, depends on the relative elasticity of supply and demand for natural gas, as well 

as the elasticity of supply of the production inputs, particularly land. 

To demonstrate this principle, consider Figure 2. Case 1 is the classic approach often used to 

demonstrate the impacts of a tax on price and production. There, we see that as the tax is levied, 

the marginal cost of production increases, hence the supply curve is shifted up. This, in turn, will 

result in less production, to the extent the demand curve is downward sloping. In the extreme 

case of perfectly inelastic demand (demand is a vertical line, thus not responsive to price), 

production does not change and the full impact of the tax is borne by consumers—in other 

words, the tax on production is completely passed through to consumers. In the case where 

demand is perfectly elastic (demand is a horizontal line, thus perfectly responsive to price), 

production declines dramatically, price does not change, and the burden of the tax is fully borne 

by the producer.  

While the classic approach to explaining the incidence of the tax on production is very useful, it 

is far from complete. Just as the elasticity of demand for the product impacts how the burden of 

the tax is borne, the demand for inputs into the production of natural gas—land, rigs and other 

equipment, labor, etc.—is also responsive to the price of those inputs.  



The Market Impacts of New Natural Gas-Directed Policies in the United States 

15 
 

Figure 2. The Incidence of a Tax on Production 

Case 1 

 

Case 2 

 

Accordingly, we must account for the manner in which a change in the tax on production 

impacts the demand for inputs to production, and hence their price. In particular, as the tax on 
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production is levied in a particular region, the producer may opt to reduce acreage purchases 

(leases) and/or reduce overall lease development activity in the affected region. In this way, the 

impact is much like that of a declining price of natural gas, only the effects can be much more 

localized, particularly if the tax is levied at a local level. In other words, if the tax is large enough 

to change the profitability of production in the region relative to other opportunities, capital 

might move to alternative locations. In this way, as indicated in Figure 3, local taxes shift the 

position of a particular production asset within the market supply curve. To the extent this 

happens, and the more elastic (or flatter) the supply curve is, the lower the overall impact of a 

local tax on the broader market. Indeed, as will be referenced below, we see this herein. 

Figure 3. Illustrative Impact of a Local Tax on the Market Supply Curve 

 

Importantly, the above argument refers to taxes at the local level, such as state severance taxes. 

However, some tax changes have been proposed but not passed at the federal level in the US. 

This raises the question of how a change in the federal tax code, such as changes to the 
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intangible drilling cost (IDC) expensing rules, would impact the domestic market. The answer is 

not entirely clear. For one, the US is closely integrated with Canada, which also is well endowed 

with low-cost natural gas resources. And two, as discussed above, changes in the US tax code 

might trigger pricing responses by providers of inputs to production, in particular landowners. 

Therefore, even the impacts of proposed changes in the federal tax code might be minimal to the 

extent that trade with neighboring markets (such as Canada) is possible, or to the extent that 

providers of inputs to production bear the brunt of the tax by adjusting their prices. Indeed, 

landowners, as providers of the most inelastic input to production, would likely share a 

significant burden of changes in the local or federal tax code. 
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Modeling Approach – The Rice World Gas Trade Model  

The Rice World Gas Trade Model (RWGTM)6 is a dynamic spatial partial equilibrium model in 

which all spatial and temporal arbitrage opportunities in natural gas markets are captured. As 

such, each point of infrastructure in the gas delivery value chain—field development, pipelines, 

LNG regasification, LNG shipping, and LNG liquefaction—is modeled as an independent, 

intertemporal, profit-maximizing entity. Thus, in addition to a host of fixed parameters such as 

the upfront fixed cost, interest rate on debt, required return on equity, debt-equity ratio, income 

tax rate, sales tax rate, and royalty, the optimal investment path for field development is 

dependent on the wellhead price and for transportation infrastructure on the tariff collected. In 

this manner, the model is solving a classic intertemporal optimization problem for investment in 

fixed capital infrastructure.7  

Put another way, the RWGTM proves and develops resources, constructs and utilizes 

transportation infrastructure, and calculates prices to equate demands and supplies while 

maximizing the present value of producer profits within a competitive framework. New capital 

investments in production and delivery infrastructure thus must earn a minimum return for 

development to occur. The debt-equity ratio is allowed to differ across different categories of 

investment, such as proving resources, developing wellhead delivery capability, constructing 

pipelines, and developing LNG infrastructure. By developing supplies, pipelines, and LNG 

                                                
6 The Baker Institute’s RWGTM was developed by Kenneth B. Medlock III and Peter Hartley at Rice University 
using the MarketBuilder software platform, provided through a research license with Deloitte MarketPoint, Inc. The 
architecture of the RWGTM, the data inputs, and modeled political dimensions are distinct to Rice and its 
researchers.  
7 The initial conditions are calibrated to recent historical data. The terminal value condition must also be specified in 
order to find an optimal investment path in natural gas production and delivery infrastructure. As such, the 
transversality condition is modeled by assuming a competing technology, such as solar, becomes available at a 
specified delivered price to consumers in unlimited quantities. The RWGTM reference case assumes the competing 
price is $14 per mcf equivalent in 2020, declining to $9 per mcf equivalent by 2070. We have run scenarios where 
the adoption of the backstop is accelerated through cost reductions, but that is not germane to this proposed study. 
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delivery infrastructure, the RWGTM provides a framework for examining the effects of different 

economic and political influences on the global natural gas market within a framework grounded 

in geologic data and economic theory. In fact, the RWGTM has been used to this end in multiple 

studies and published works.8 

In this study, we utilize the RWGTM to investigate how various policies being considered in the 

US—both those targeted directly at shale gas production and others that have indirect market 

impacts—could influence the US natural gas market over the coming decades. In doing so, we 

first construct a Status Quo case that serves as a baseline against which all other scenarios are 

compared. The Status Quo is not meant to represent a “most likely” scenario; rather, it is meant 

only to represent a case in which existing policies remain in place. We then consider several 

scenarios that introduce perturbations to the Status Quo that influence supply and demand, with a 

specific aim of understanding the magnitude of the impacts of those perturbations. Specifically, 

we examine: 

• A scenario in which federal action is taken to ban hydraulic fracturing across the US. 

This case sees existing wells move into terminal decline and no new shale production 

assets brought online.   

• A set of scenarios involving regional policies implemented at the behest of grassroots 

movements and targeted specifically at shale activity. We report the results from three 

specific cases as they highlight the broader set of outcomes. Namely we discuss: 
                                                
8 For example, see Kenneth B. Medlock III, “Modeling the Implications of Expanded US Shale Gas Production,” 
Energy Strategies Review No. 1, (2012); Peter Hartley and Kenneth B. Medlock III, “Potential Futures for Russian 
Natural Gas,” Energy Journal, Special Issue, “World Natural Gas Markets and Trade: A Multi Modeling 
Perspective” (2009); Peter Hartley and Kenneth B. Medlock III, “The Baker Institute World Gas Trade Model,” in 
Natural Gas and Geopolitics: 1970-2040, edited by David Victor, Amy Jaffe, and Mark Hayes, Cambridge 
University Press (2006); Peter Hartley and Kenneth B. Medlock III, “Political and Economic Influences on the 
Future World Market for Natural Gas,” in Natural Gas and Geopolitics: 1970-2040, edited by David Victor, Amy 
Jaffe, and Mark Hayes, Cambridge University Press (2006). 
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o A case where there is widespread regional adoption of policies that inhibit shale 

production in new areas, 

o A case where shale production is banned in the state of Colorado, and 

o A case where the existing moratorium on hydraulic fracturing is lifted in the state 

of New York, thereby allowing shale production to commence. 

• A scenario in which all natural gas flaring is banned across the US, regardless of 

economic considerations that are currently allowed in many places when issuing a 

“license to flare.” Note that this scenario largely impacts oil-directed production activity 

where natural gas flaring is prevalent, notably in the Bakken, Eagle Ford, and Permian 

Basins.9 

• A scenario where the federal government reverses course on LNG exports from the US 

and cancels all licenses granted to export LNG. 

• A scenario in which the US Environmental Protection Agency (EPA) moves ahead with 

rule-makings that further diminish the commercial viability of coal, thus promoting 

greater use of natural gas in the US. Note that this is already assumed to occur to some 

extent in the Status Quo case, based on existing rule-makings, but this case sees 90 GWs 

of coal retired, which is a 50% increase over the Status Quo case. 

We also considered a number of scenarios that were focused specifically on local regulations. In 

all of those cases, the broader market impacts were virtually nonexistent. Hence, we have 

focused on reporting the cases presented above to highlight the main points.  

Since geopolitical and technological influences can alter market outcomes in many different 

ways, the non-stochastic nature of the RWGTM facilitates analysis of multiple scenarios and 
                                                
9 We do not consider the impact of stricter regulations on fugitive methane. That matter is left for future research. 
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allows the model to characterize how events alter previous, current, and future investment 

decisions. In this way, the intertemporal nature of the RWGTM allows a complete analysis of the 

impact on investment decision pathways of specific scenarios. This follows from the fact that 

capacity and reserve expansions are determined by current and future prices along with capital 

costs of expansion, operating and maintenance costs of new and existing capacity, and revenues 

resulting from future outputs and prices.  

We provide analysis of how different policy pathways could influence shale gas development in 

the United States. To varying extents, data derived from other ongoing studies, namely those at 

The University of Texas Bureau of Economic Geology (Shale Resources and Reserve Study), 

Resource for the Future (Managing the Risks of Shale Gas Development), and the University of 

Colorado-Denver (Understanding the Politics of Shale Gas Development: A Focus on Colorado, 

New York, and Texas) have been used to inform different inputs and case construction.10 More 

specifically, the data being developed through the study at the UT Bureau of Economic Geology 

has provided critical benchmarking for the decline profiles and production costs used in this 

study. The studies ongoing at RFF and UC-Denver have provided indications of the likely policy 

direction that federal and state governments might take relative to existing policies and 

regulations, which was critical for defining our scenarios. Therefore, other research has been 

actively consulted to provide critical insights into the effects of regional domestic policies on the 

evolution of the North American natural gas market.  
                                                
10 Details for each of these studies can be found at the study teams’ respective websites: 

• http://www.beg.utexas.edu/shale  
• http://www.rff.org/centers/energy_and_climate_economics/Pages/default.aspx 
• http://www.ucdenver.edu/academics/colleges/SPA/natgasdev/Pages/Understanding-the-Politics-of-Shale-

Gas-Development.aspx  
Each of these studies is funded by the Alfred P. Sloan Foundation, and our use of the findings from those other 
study groups was a critical path in developing this analysis, as multiple workshops were held over the course of this 
research program to facilitate better understanding of what each research group was doing. All of the results inputs 
used and results herein are the sole responsibility of the Rice team. 
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In general, the RWGTM is used to consider possible paths for natural gas investments, 

production, consumption, and prices—both regional and global—incorporating various 

geopolitical or policy-driven barriers and incentives, thus allowing a direct assessment of the 

effects of these factors on natural gas market development. The RWGTM is also used to 

understand the effects of changes in core economic variables—such as fiscal terms, limits to 

resource access, development costs, constraints on rigs, equipment and personnel, and 

technology. Economic and political influences are not necessarily mutually exclusive, since 

policy can initiate changes in the economic parameters. The scenario analysis used in this study 

focuses on the market impacts of specific potential policies adopted at a local or national level. 

Moreover, the analysis allows an assessment of the effects of the various policies on US energy 

and national security.  

Demand in the RWGTM 

Regions in the RWGTM are defined at the country and sub-country level, with extensive 

representation of transportation infrastructure. The exact extent of detail in each region is largely 

based on data availability, and is incorporated so that demand sinks are situated along 

transportation networks to simulate actual flows. Large consuming and producing countries with 

well-developed infrastructure, such as the United States, have extensive sub-regional detail. This 

allows a better understanding of the effects that intra-regional capacity constraints and 

differences in policy across regions could have on current and future gas market developments. 

Globally, demand is characterized for 290 regions. In the United States, demand is modeled at 

the state and sub-state level for the residential, commercial, industrial, and power generation end-

use sectors.  
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In US, sub-state demand detail is substantial and is based on data from the Economic Census and 

the location of power plants. For example, there are 10 regions in Texas, four regions in 

Louisiana, two regions in Massachusetts, four regions in Pennsylvania, and five regions in 

California. Table 2 below details the sub-regional characterization of demand for the US in the 

RWGTM.  

Table 2. Example of Regional Detail in the RWGTM (US Lower 48) 

  

In the rest of the world, sub-national detail varies based on infrastructure and data availability. 

For example, there are six regions in India, eight regions in China, six regions in Germany, four 

regions in the UK, six regions in France, 10 regions in Australia, six regions in Spain, one region 

in Bangladesh, two regions in Thailand, etc.11 Outside the US, regional distribution of non-power 

                                                
11 A more extensive detail is available upon request. 

State
# of 

Regions State
# of 

Regions State
# of 

Regions

Alabama 2 Maine 1 Ohio 3
Arizona 2 Maryland* 3 Oklahoma 1
Arkansas 1 Massachesetts 2 Oregon 2
California 5 Michigan 2 Pennsylvania 4
Colorado 1 Minnesota 1 Rhode Island 1
Connecticut 2 Mississippi 4 South Carolina 2
Delaware 1 Missouri 1 South Dakota 1
Florida 4 Montana 1 Tennessee 2
Georgia 3 Nebraska 1 Texas 10
Idaho 1 Nevada 2 Utah 1
Illinois 2 New Hampshire 1 Vermont 1
Indiana 2 New Jersey 4 Virginia 3
Iowa 1 New Mexico 2 Washington 2
Kansas 1 New York 5 West Virginia 1
Kentucky 2 North Carolina 2 Wisconsin 1
Louisiana 4 North Dakota 1 Wyoming 3

* - includes Washington DC
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demands is based on regional populations obtained from the website City Population 

(http://www.citypopulation.de/). Power demands are generally regionalized using the location of 

natural gas power plants, which is obtained from several sources, including Platts and the Oil and 

Gas Journal. 

In order to forecast demand for natural gas, we use an approach that incorporates all energy 

sources. We begin by forecasting total primary energy requirement (TPER) for every country 

around the world. This is done by econometrically estimating the relationship between energy 

intensity (defined as TPER divided by GDP) and real (purchasing power parity adjusted) per 

capita income using a panel of 67 countries covering 1980-2010. This follows a large literature 

on the subject that has found energy to exhibit similar characteristics as other raw materials with 

regard to intensity of use. Namely, energy intensity declines as per capita income rises, after 

rising to a peak generally associated with industrialization of an economy (see, for example, 

Medlock and Soligo 2001). Then, as changes in economic structure persist with continued 

economic development, and as improvements in end-use energy efficiency occur, energy 

intensity declines. This has implications for the income elasticity of energy demand; namely, it 

declines as per capita income rises.     

Figure 4 indicates data for TPER per capita plotted against GDP per capita for 67 countries (in 

$US 2010). This is the data used to estimate the energy intensity-income relationship. We have 

highlighted a few select countries for illustrative purposes. As can be seen in Figure 4, energy 

use increases with GDP, but, perhaps not as obvious, the rate of increase declines as economic 

development continues. As referenced above, this is driven by both structural and technical 

change, and it leads to declining energy intensity. Medlock (2009) expands on this point in great 

detail.  
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Although the number of countries included in the estimation of the energy intensity-income 

relationship is far from a complete representation of all countries, they collectively accounted for 

about 93% of global energy demand in 2010. We use the estimated relationship to forecast TPER 

for all countries. This step requires us to multiply the forecast for energy intensity by the forecast 

for GDP. Thus, we also need forecasts for both GDP per capita and population. The former is 

taken from the International Monetary Fund’s Short Term Economic Outlook through 2018, with 

years after 2018 projected using a conditional convergence model.  

Figure 4. Total Primary Energy Requirement across 67 countries from 1980-2010 

 

Source: International Energy Agency 

The conditional convergence model allows countries to converge to a common long-run rate of 

economic growth. The reference long-run growth path is taken as the path traversed by the US 

and UK since the mid-1800s. Specifically, the per capita growth rate is fit to the per capita 

income level using a spline knot regression. The procedure reduces to three distinct growth rates: 

1.2% for incomes below $6,000 (in $US 2010 with foreign currencies converted at PPP rates), 
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rising linearly to 8.3% as incomes increase to $9,000, falling to 2.5% as incomes fall to $12,000, 

and remaining at 2.5% thereafter. Convergence of growth rates for individual countries to the 

estimated long-run growth path was then econometrically estimated to be fairly slow—at 7% per 

year—but statistically significant. Thus, for a country such as China, the forecasted per capita 

GDP growth rate slowly declines from over 8.0% per year to about 4.5% per year by 2030.12  

Finally, population growth rates are adopted from the United Nations mid-trend growth 

projections. These rates of growth, of course, vary significantly across countries. We do not 

consider scenarios with alternative population growth rates in the analysis conducted herein. 

TPER is then disaggregated into demand by end-use sector designations—transport, other direct 

uses, and electric generation—and by component fuel shares—coal, gas, oil, nuclear, hydro, and 

other renewables. Sector demands are allowed to evolve according to econometrically fit 

relationships between electricity intensity of TPER and income and transport energy intensity of 

TPER and income. Other direct uses are modeled as the remainder of TPER.13 We then 

incorporate announced policy dictating various forms of energy—such as nuclear, renewables, 

and hydro—and allow an econometric fit of the residual component shares (all of which are 

fossil fuels) to determine the mix of crude oil, natural gas, and coal in TPER by sector. The fuel 

shares are fit using a simultaneous equations framework where relative fuel prices play a key 

role. In addition, income levels also matter, as higher incomes reveal an increasing preference for 

natural gas versus coal. The results of this exercise are depicted for the US in Figure 5. 

                                                
12 More projected growth rates are available upon request. 
13 So, we fit the share of electric generation in TPER against per capita income and the share of transportation 
energy in TPER against per capita income. The residual share is classified as other direct uses. The relationships are 
all non-linear, and the results generally indicate increasing electrification and transport orientation. Note these are 
shares, not absolute values. 
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Figure 5. Illustration of US Demand (1992-2040) Estimation by Step 
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We generate forecasts for every country in the world in a similar manner. Aggregating across all 

countries yields the global TPER forecast seen in Figure 6.  

Figure 6. Global TPER by Source 

 

In addition, we generate forecasts by fuel source for every country in the world. Figure 7 

illustrates the forecast by country for natural gas. Only demands of selected larger consuming 

countries are labeled for illustrative purposes. Similar forecasts for crude oil, coal, nuclear, 

hydro, and renewables, as well as CO2 emissions, are also available but not reported here. 

It is important to point out that the forecast methodology as described is specific to a set of 

prices. As such, the demands in any given year are just one point along a demand curve. Thus, 

we call this our “reference demand” because it is the demand that is associated with a specific 

reference price. We also allow for price-responsive demand in the RWGTM such that if the 

model-solved price deviates from the reference price, the demand in each end-use sector deviates 

from the reference demand according to estimated country and sector-specific price elasticity.  
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Figure 7. Global Natural Gas Demand by Country (1992-2040) 

 

This raises another important point. As a result of the manner in which natural gas demand is 

estimated as a share of TPER, the price elasticity will vary with the share of natural gas in total 

energy. Specifically, as the share of natural gas in total energy approaches zero, the price 

elasticity rises in absolute value, all else equal. In other words, the natural gas price elasticity of 

demand is high if a country/region is not currently invested in natural gas-consuming capital. 

One interpretation of this result from the data analysis is that future demand growth in regions 

where natural gas use is not prevalent would require investment in natural gas-using capital 

equipment, which would be slow to come if the price is high. Moreover, in regions where the 

natural gas share is already high, natural gas demand has relatively little ability to respond to 

price because other types of energy-using capital are not prevalent. Table 3 details the short-run 

price elasticities used in this study, where by short run we are gauging the one-year response 

given the estimates based on estimation of annual data. The mid-point elasticities in Table 3 are 

implied by the estimated equations for the procedure explained above.  
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Table 3. Implied Price Elasticity of Demand by Country/Region and Sector 

 

Region Countries Direct Use Power Gen
East Africa (Sudan/Ethiopia/Somalia/Kenya/Uganda/Tanzania) -3.2811 -3.0875

Algeria -0.0945 -0.0332
Egypt -0.1403 -0.0354
Libya -0.2020 -0.0522

Morocco -0.5861 -0.1761
Tunisia -0.2383 -0.0339

Southern Africa (South Africa/Namibia/Mozambique/Botswana) -0.4050 -0.3418
Angola -0.1809 -0.4728
Nigeria -0.1512 -0.0327

Northwest Africa -0.4324 -1.1198
West Central Coast Africa (Cameroon/Eq Guinea/Gabon/Congo) -0.8257 -1.4507

Afghanistan -1.1321 -0.1994
Bangladesh -0.1449 -0.0400

China -0.5872 -0.2632
Hong Kong -2.9761 -0.1080

India -0.5816 -0.1572
Myanmar -0.1411 -0.0581

Nepal -3.4637 -4.8156
Pakistan -0.1492 -0.0598
Sri Lanka -0.7934 -0.3116
Thailand -0.4131 -0.0479

Vietnam/Laos/Cambodia -0.5665 -0.0560
Brunei -0.0954 -0.0360

Indonesia -0.1877 -0.1150
Japan -0.7368 -0.0910

Malaysia -0.1492 -0.0465
North Korea -3.7623 -4.4502
Philippines -1.3388 -0.0949
Singapore -0.5043 -0.0363

South Korea -0.5342 -0.1613
Taiwan -1.1917 -0.1456

Australia -0.2593 -0.1379
New Zealand -0.3012 -0.1133

Papua New Guinea -1.2936 -0.2313
Argentina -0.1012 -0.0443

Bolivia -0.1358 -0.0373
Brazil -0.3258 -0.2105

Central America -3.5509 -3.7979
Cuba -0.5989 -0.1214

Other Caribbean -1.1636 -0.1052
Chile -0.2773 -0.0779

Colombia -0.1459 -0.0766
Ecuador -0.6186 -0.0900

Paraguay -3.4812 -4.0898
Peru -0.2777 -0.0493

Suriname/Guyana/French Guiana -0.8787 -0.0587
Trinidad & Tobago -0.0498 -0.0328

Uruguay -0.8240 -0.3858
Venezuela -0.0964 -0.0695

ASIA and 
PACIFIC

AFRICA

CENTRAL 
AND SO UTH 

AMERICA
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Region Countries Direct Use Power Gen
Austria -0.2209 -0.0987

Balkans (Slovenia, Croatia, and Bosnia Herzegovina) -0.1734 -0.0746
Balkans (Albania, Macedonia, Serbia, Montenegro) -0.2881 -0.4974

Belgium -0.1835 -0.0825
Bulgaria -0.3358 -0.2082

Czech Republic -0.2427 -0.3458
Denmark -0.2881 -0.1044
Finland -0.6130 -0.1504
France -0.3137 -0.4616

Germany -0.2153 -0.1528
Greece -0.6979 -0.1301

Hungary -0.1310 -0.0871
Ireland -0.2807 -0.0465
Italy -0.1386 -0.0495

Luxembourg -0.2442 -0.0419
Netherlands -0.1201 -0.0487

Norway -0.1886 -0.3947
Poland -0.2415 -0.4678

Portugal -0.3785 -0.0675
Romania -0.1430 -0.1049
Slovakia -0.1375 -0.2216

Spain -0.2352 -0.0682
Sweden -1.4161 -0.9198

Switzerland -0.3711 -0.9357
United Kingdom -0.1373 -0.0714

Armenia -0.1415 -0.0869
Azerbaijan -0.1337 -0.0362

Belarus -0.1408 -0.0388
Estonia -0.3546 -0.1936
Latvia -0.1765 -0.0465

Lithuania -0.2329 -0.0943
Georgia -0.1455 -0.0597

Kazakhstan -0.1431 -0.1458
Kyrgyzstan -0.3291 -0.0839

Moldova -0.1322 -0.0387
Russia -0.1178 -0.0492

Tajikistan -0.3059 -0.1023
Turkmenistan -0.0820 -0.0352

Ukraine -0.1206 -0.1414
Uzbekistan -0.0645 -0.0367

Bahrain -0.0693 -0.0311
Iran -0.0825 -0.0348
Iraq -0.3125 -0.1564

Israel -0.6918 -0.0691
Jordan -0.7776 -0.0319
Kuwait -0.1150 -0.0630

Lebanon -1.6106 -0.2203
Oman -0.0764 -0.0329
Qatar -0.0560 -0.0310

Saudi Arabia -0.1317 -0.0394
Syria -0.2573 -0.0410

Turkey -0.2536 -0.0511
UAE -0.0783 -0.0313

Yemen -3.7623 -3.8558
Canada -0.1133 -0.1864
Mexico -0.2271 -0.0517

-0.1475   Residential
-0.1218   Commercial
-0.2201   Industrial

United States

NO RTH 
AMERICA -0.1186

EURO PE

FO RMER 
SO VIET 
UNIO N

MIDDLE 
EAST
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Modeling demand in this manner provides flexibility to analyze how different policies will 

impact the demand for natural gas. For example, a strict renewable portfolio standard will raise 

the adoption of renewables and shrink the demand available for fossil fuels to supply. In turn, 

this may negatively impact the demand for natural gas, which will reduce the price, all else 

equal. However, the reduction in price may serve to mitigate the degree to which natural gas is 

crowded out. Capturing these types of issues affords the flexibility to examine the impacts of 

specific fuels-directed policies. 

Resources and Production in the RWGTM 

Because the RWGTM proves and develops resources, the characterization of finding and 

development costs and quantities assessed are critical inputs. Both conventional and 

unconventional resources are characterized across 140 regions into three primary categories: (1) 

proved reserves, (2) growth in existing fields, and (3) undiscovered resources. Proved reserves 

and geologic assessments of unproven resources are taken from sources such as the Oil and Gas 

Journal, U.S. Geological Survey, National Petroleum Council (NPC), Australian Bureau of 

Agriculture and Resource Economics, and Baker Institute research on unconventional resources 

in North America and globally.  

Production in the RWGTM is predicated on the development of resources, but resources must be 

appropriately characterized to carry any economic meaning. In particular, even if resources in-

place are assessed to be very large, commercially viable resources are a subset of resources in-

place. More specifically, technically recoverable resources define the boundary of those 

resources that can be recovered with existing technology regardless of cost, whereas 

economically recoverable resources define the boundary of what is commercially accessible. In 
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addition, resources that are “proved” are a subset of what is commercially viable, because proved 

reserves typically refer to resources that can be produced in a relatively short period of time. In 

sum, large resource in-place estimates do not imply large-scale production will be forthcoming. 

Productivity improvements, cost reductions, and the price environment all play an important role 

in defining what is technically recoverable and what is economically recoverable relative to the 

total resource endowment. Figure 8 illustrates this principle. 

Figure 8. Resources Defined14 

 

North America finding and development (F&D) costs for non-shale resources are based on 

estimates developed by the NPC in its 2003 report and have been adjusted using data from their 

1998-2000 reference point, using the Bureau of Economic Analysis (BEA) KLEMS database to 

account for changes in upstream costs. This is an important point because the upstream cost 

environment has changed dramatically through the years. As we explain in greater detail below, 

these cost changes have a very close connection to the crude oil and natural gas price 

environment. The F&D cost curves are developed by linking data on well development costs to 

                                                
14 Modified from V.E. McKelvey, “Mineral Resource Estimates and Public Policy,” American Scientist 60, no. 1 
(1972): 32–40. 
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the geologic characteristics of each play in areas where such information is known. The NPC 

report in 2003 aimed at assessing the future of the North American natural gas market and 

detailed costs for over 900 geologic provinces in North America. That data was utilized to 

develop an econometric relationship between costs and geology in non-shale resources. Then, the 

statistically derived information was used to generate costs (via an “out of sample” fit) in regions 

where geologic characteristics are known, but costs are not. In other words, costs have been 

econometrically related to play-level geologic characteristics and applied globally to generate 

costs for all regions of the world. The methodology employed for non-shale gas resources is 

outlined in detail in Hartley and Medlock (2006).15  

A note on how we handle the long-run cost environment is important here. In general, upstream 

costs rise and fall over time. The RWGTM reference case assumes the cost environment drifts to 

a long-run average level. Analyzing data available from the KLEMS database from the BEA on 

the real cost of oil and gas extraction, we are able to differentiate a long-run average cost from 

short-term peaks and valleys. Of course, there are uncertainties regarding this approach, and 

although not explicitly addressed in this study, we have executed scenarios in the RWGTM 

assuming different cost levels persist indefinitely. If, for example, the long-run cost of upstream 

activity is assumed to persist at levels seen in the past few years, prices are generally higher 

everywhere, a result that conforms more generally with consensus expectations about future 

market conditions, although the consensus view is currently, yet again, changing. More 

                                                
15 Peter Hartley and Kenneth B. Medlock III, “The Baker Institute World Gas Trade Model” in Natural Gas and 
Geopolitics: 1970-2040, ed. David Victor, Amy Jaffe, and Mark Hayes, Cambridge University Press (2006). 
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generally, an underlying assumption that costs do not change may actually cement the myopia 

that is often present in forecasting.16  

Figure 9. Real Development Costs and the Real Price of Oil (1968-2013) 

 

Source: US Bureau of Economic Analysis; US Energy Information Administration 

Figure 9 graphs an index of development costs and the price of oil, each in real 2010 values 

having been adjusted using the GDP deflator. Notably, the two indices generally move together, 

but neither is a clear leading indicator of the other. This general pattern supports the notion that 

in some periods costs rise due to “demand pull” occurring when high energy prices encourage 

greater upstream investment activity, while in other periods price rises due to “cost push” when 

                                                
16 Based on unpublished analysis as part of a sponsored research protocol titled the QP-Rice International Natural 
Gas Program.  
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scarcity of raw materials and qualified personnel drive up development costs.17 In either case, the 

cost environment is germane to market conditions, so what one assumes going forward will be 

very important for the projected time horizon.  

While the average long-run cost is assumed to be the average of the cost levels over the last 40 

years, which is generally consistent with a real oil price (in 2010$) of just under $80 per barrel 

(see Figure 9), we allow short-run pressures to increase costs above the long-run level. These so-

called “short-run adjustment costs” tend to raise F&D costs above the long-run level as 

development activity rises within a period. Thus, if a particular scenario in the RWGTM pushes 

price up due to, for instance, an unexpected demand shock, the short-run costs will also rise as 

development activity ramps up to respond.  

The RWGTM also contains detailed estimates of resource quantities and development costs for 

shale resources around the world. The initial assessments of technically recoverable shale 

resources are taken from the report “Technically Recoverable Shale Oil and Gas Resources: An 

Assessment of 137 Shale Formations in 41 Countries Outside the United States,” which was 

generated by Advanced Resources International for the US Energy Information Administration 

in June 2013.18 In developing F&D curves for shale, we also used data from the report “Review 

of Emerging Resources: U.S. Shale Gas and Shale Oil Plays” prepared by INTEK, Inc. for the 

EIA in July 2011,19 as well as shale gas well production data across regions in the US collected 

from DrillingInfo.com.  

                                                
17 Certainly, the latter point has been a concern in the oil and gas industry for the better part of the last two decades.  
Often referred to as “the great crew change,” a graying industry has seen a diminishing availability of qualified 
individuals to operate technically complex oil and gas mining operations. 
18 Available at http://www.eia.gov/analysis/studies/usshalegas/pdf/usshaleplays.pdf.  
19 Available at http://www.eia.gov/analysis/studies/usshalegas/pdf/usshaleplays.pdf. 
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Geophysical data and well performance data are used to generate finding and development cost 

curves for an average shale gas well in every assessed basin. Specifically, the average expected 

ultimate recovery (EUR) for play i is found using the following relationship 

! ( )
2 2
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where the relevant data are taken from the aforementioned ARI report for international locations. 

For domestic shales the average EUR, and the distribution of EURs, is known from the INTEK 

report. The distribution of EURs is fit to the INTEK data for each shale play by estimating  

( ), lni pEUR a p b= +  

where p is the probability of a well’s EUR being less than EURi,p. For example, in the Barnett 

shale we estimate the relationship above to find 

( ), 0.9520ln 0.8501Barnett pEUR p= ! +  

with 2 0.9118R = .20 This equation then allows us to “sample” at any p to obtain an EUR. Figure 

10 illustrates this procedure. 

Next, we determine the cost per unit at each EUR as 

. 

                                                
20 The regressions for the other shales in the US also fit the data very well, with R2 ranging between 0.9101 and 
0.9963.  
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Specifically, we determine the average per unit cost for each 20th percentile by: (1) assuming 

wells can be drilled uniformly in available acreage across the areal extent of the shale, (2) 

sampling from the EUR distribution and determining the total resource in each percentile of the 

distribution, then (3) taking a volume weighted average of the per unit costs at each percentile in 

the distribution. Similar steps were taken for every shale play in the US. Then, the parameters 

describing the distribution of shale gas well performance for plays in the US are used to derive 

EUR distributions for shales around the world. This allows us to “tier” the resources according to 

cost for every shale in the world.  

Figure 10. Estimating EURs for Known Shale Plays 

 

Where available, we use published data on full cycle finding and development costs. However, 

this is not available for every location in the world. As such, we estimate drilling costs (F&Di) as 

a function of depth and pressure 
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with 2 0.9016R = . Thus, for example, a horizontal well with total vertical depth of 4,000 feet 

and pressure gradient of 0.5801 psi/ft2 is estimated to cost $4.19 million. If EUR is 2.5 bcf/well, 

then the cost per mcf is estimated to be $1.67/mcf. Of course, a return must be earned on capital, 

and operating costs must also be covered, which is how we would arrive at an estimated 

breakeven cost for the average well in this example. Of course, the income tax rate, severance 

tax, royalties and other relevant parameters also come into the calculation when determining the 

breakeven. If any of these values change, then the breakeven will be higher or lower. Thus, we 

can evaluate the relative competitiveness of shale resources as a whole and across regions under 

different tax regimes. Using the average set of values for these parameters in the RWGTM for 

the US would put the breakeven price for this example at $5.96/mcf.  

As noted above, we honor “above ground” constraints, such as frac’ing moratoria in places like 

France. Other issues also present impediments to development. In China, for example, water 

availability for hydraulic fracturing may considerably diminish the potential for domestic shale 

development in certain regions. Such constraints will raise costs and may even severely restrict 

the shale gas potential to varying extents in basins across China. Despite the constraints faced in 

some regions due to water scarcity, it is possible that breakthroughs in the use of briny water 

from deep-source aquifers, top-side water recycling capability, and/or the use of super-critical 

nitrogen or liquefied petroleum gas (LPGs) to fracture shale will make much of the resource 

more viable at some point in the future. Such technologies could also deliver some 

environmental benefits. In the RWGTM, we do not assume any technological breakthroughs on 

this front, unless otherwise stated in a particular scenario, so the development costs for shale 

resources are typically higher in the regions affected by water shortages as a result.  
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Figures 11 and 12 indicate the breakeven curves, inclusive of fiscal terms and return to capital, 

for shale in North America and around the world. The data are also presented in a table in the 

appendix. Importantly, we do not interpret the graphs in Figures 11 and 12 as classical supply 

curves. For one, with regard to both international and domestic shale opportunities, unless 

otherwise stated for a particular scenario, we honor “above ground” constraints, such as frac’ing 

moratoria in places like New York state and France. Thus, those resources would need to be 

removed from the figures if one wished to interpret them as classical supply curves.  

Figure 11. Shale Breakeven Curves for North America by Country 

 

Another reason we should only interpret Figures 11 and 12 as being illustrative of cost is that 

resources are geographically dispersed across a region. Aggregating them ignores transportation 

costs, which are heterogeneous across resources. A prime example is highlighted in the graph for 

“EUROPE and the FSU” in Figure 12. Here, Russian shale is identified (tiers 1 through 4 of the 

Bazhenov Shale to be specific; tier 5 breakeven exceeds $20 so is not illustrated). In order for 
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this resource to be commercially viable in Western Europe, it would need to be transported a 

long distance via pipeline, which would carry significant cost. Therefore, to a consumer in 

Germany or the UK, the breakeven of just under $5 per mcf is not very relevant. In fact, given 

transport costs, Russian shale is not competitive with Tier 1 shales in the UK in Western Europe. 

Figure 12. Shale Breakeven Curves for Regions outside North America 

 

 

Many factors influence development cost and overall productivity, which is why there is so 

much heterogeneity in the estimated development costs. For example, shale that is clay-rich is 

generally not prone to high production rates, which in turn tends to reduce its attractiveness 

commercially, even if the technically recoverable resource assessment is large. Other factors, 

such as total organic carbon, natural fracturation, isopach, permeability, porosity, and other 
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features are also critical. In short, the degree of complexity involved in developing cost curves 

for undeveloped shale resources is high and involves a significant degree of uncertainty. 

We must also recognize that estimates of shale gas resources will change over time as more is 

learned about each play. In addition, as new imaging technologies and new extraction processes 

are developed, assessments for economically recoverable shale gas in all parts of the world could 

increase, particularly as technical advances drive improvements in productivity. As such, 

estimates of productivity improvement can be important and have significant impacts on 

upstream activity and price. We allow technical improvements in shale extraction throughout the 

model time horizon, approaching an overall cost reduction of 10% at a rate of 2% per year.   

Factors apart from technical advances can drive development costs down. Of course, this pushes 

us into the realm of understanding how various regulatory, policy, and market factors can 

contribute to heterogeneity in costs. As outlined in Medlock (2014b), geology is a necessary 

condition for successful upstream development, but it is far from sufficient. Indeed, the success 

in the US over the past decade owes to a very unique set of circumstances that ultimately 

facilitated the so-called “shale revolution.” In particular, the US enjoys: 

• A regulatory and legal apparatus in which upstream firms can negotiate directly with 

landowners for access to mineral rights on privately owned lands; 

• A market where liquid pricing locations, or hubs, are easily accessed due to liberalized 

transport services that dictate pipeline capacity is unbundled from pipeline ownership; 

• A well-developed pipeline network that can facilitate new production volumes as they are 

brought online; 
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• A market in which interstate pipeline development is relatively seamless due to a well-

established governing body, a.k.a. the Federal Energy Regulatory Commission (FERC), 

and a comparatively straightforward regulatory approval process; 

• A market in which demand pull is sufficient, and can materialize with minimal regulatory 

impediment, to provide the opportunity for new supplies to compete against other 

supplies or energy sources for market share; 

• A market where a well-developed service sector already exists that can facilitate fast-

paced drilling activity and provide rapid response to demands in the field; 

• A service sector that strives to lower costs and advance technologies in order to gain a 

competitive advantage; 

• A rig fleet that is capable of responding to upstream demands without constraint; and 

• A deep set of upstream actors—independent producers—that behave as “entrepreneurs” 

in the upstream, thereby facilitating a flow of capital into the field toward smaller-scale, 

riskier ventures than those typically engaged by vertically integrated majors.  

Many of these factors simply do not exist elsewhere in the world, and as a result can serve to 

raise the cost of developing shale resources. For example, in the absence of a robust upstream 

sector capable of handling the large-scale demands of shale gas development, scarcity constraints 

(on labor, rigs, and equipment) can become binding. This has been evidenced in places like 

Poland, for example, where drilling costs are roughly double those seen for shale production 

targets at similar depths in the US. However, if upstream activity ramps up in these regions, the 

availability of rigs, personnel, and equipment should increase, thereby bringing costs down. In 

order to capture this in the RWGTM, we allow current costs around the world to approach the 

costs currently seen in the US. The transition is parameterized by a learning function that allows 
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costs to fall asymptotically to costs that would be representative of similar activities in the US. 

Thus, for instance, if shale-directed activity in Poland were to increase significantly, the cost to 

drill a well with vertical depth of 8,500 feet that cost just over $16 million would decline over 

the course of a decade toward $9 million. Absent development, however, the costs remain at 

their initial higher levels. 

The performance of shale gas wells, namely characterizing their production decline, is a very 

important matter when modeling potential shale gas supply. This was the focus of an ongoing 

study being conducted at The University of Texas at Austin Bureau of Economic Geology.  In 

particular, the models of physical flow through porous media that are the basis for the classically 

accepted Arps’ equations were re-examined, largely because Arps’ equations do not fit observed 

production data for shale gas wells. Patzek, Male, and Marder (2014) developed an alternative 

descriptor of decline curves for shale based on the physics of fluid flow in ultra-low 

permeability, ultra-low porosity rock media, such as shale. Their analysis resulted in a hypothesis 

that shale gas wells should decline so that production is inversely proportional to the square root 

of time. Medlock and Seitlheko (2014) subsequently tested this hypothesis by linearizing their 

postulated decline curve and econometrically fitting it to a panel of over 16,000 wells in the 

Barnett shale. They could not reject the hypothesis of Patzek, Male, and Marder at a very high 

level of significance. Accordingly, this allows for the construction of “type” curves describing 

well performance. Moreover, it allows a characterization of the distribution of well 

performances, which is depicted below in Figure 13 for the Barnett shale.  

Of particular note in Figure 13 is the fact that the expected ultimate recovery (EUR) can vary 

substantially within the play, which has implications for the economic viability (i.e., return to 

capital) of each well. However, when assessing the long-term potential of a play, individual well 
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economics are not the full story. Every operator has a portfolio of acreage, and the performance 

of the portfolio is what drives commercial success. As information is gathered about the areas of 

the play that have a greater proportion of high-performing wells—the so-called “sweet spots”— 

operators will focus their efforts increasingly in those regions, especially if the price is expected 

to remain low. Notice, this means that fewer wells are needed to maintain a given level of 

production, precisely because each well is more productive. So, as operators focus on higher 

productivity acreage within a shale play, there will be an observed play-level productivity 

improvement, largely through learning-by-doing that occurs regardless of technical innovations.   

Figure 13. Barnett Shale “Type” Well Decline 

 

Source: Reproduced from Medlock and Seitlheko (2014) 

Other Model Attributes 

In the RWGTM, events in one region of the world influence all other regions because 

transportation links connect markets and transmit both physical commodity volumes and price 

signals. Thus, political influences in one part of the world generally impact natural gas market 
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development throughout the world. The costs of constructing new pipelines and LNG facilities in 

the RWGTM are estimated using data from previous and potential projects available from the 

Energy Information Administration, International Energy Agency (IEA), and various industry 

reports. Within the United States, Federal Energy Regulatory Commission (FERC)-filed tariff 

rates determine pipeline transportation costs. Infrastructure costs for regions outside the United 

States are determined by a rate-of-return calculation or are based on information obtained from 

various industry reports. 

The transportation infrastructure is characterized to a fine level of detail, reflecting the 

geographic detail in supply and demand represented in the model. For the US in particular, such 

detail allows us to examine the impacts of various policies and market interventions on a state-

by-state basis, and even within a state in some cases. The infrastructure representation in the 

RWGTM for the US natural gas market replicates interstate and intrastate pipeline networks with 

great detail. In fact, as noted above, in the lower 48 states there are over 100 demand regions 

characterized by industrial, power generation, residential, commercial, and transportation 

demand, with each of these demands connected to supply sources by a highly detailed 

representation of the North American pipeline network. The degree of regional detail varies 

according to the density of pipeline infrastructure and the size of local demand centers.  

The RWGTM balances supply and demand through spatial optimization along a given 

transportation network within a time period, while using intertemporal dynamic optimization to 

prove resources and develop infrastructure across time periods. This, as noted earlier, allows the 

model to eliminate all spatial and intertemporal arbitrage opportunities. This allows us to 

consider the spatial and temporal effects of various constraints. For example, if we introduce a 
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constraint—through a local or federal ban on hydraulic fracturing or a change in LNG export 

policy—the patterns of trade and investment will be altered geographically and over time.   
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Scenario Analysis – Status Quo Case 

In this section, we describe the Status Quo case developed for this report. We focus here and in 

subsequent discussion of the various scenarios on the aspects of each scenario that are distinct 

from the general discussion of the RWGTM above. So, unless otherwise stated, the general 

model description above applies. Importantly, a few key model attributes—such as assumptions 

on coal fired generation retirements and US LNG export capacity—are discussed in more detail 

in subsequent sections on the various scenarios. 

The Status Quo case is the case against which we compare each of the subsequent scenarios, so it 

is the “reference” case for this report. The Status Quo case assumes current policies in various 

places around the world—including those setting domestic prices, dictating exports/imports, 

and/or addressing the environment (for example renewables targets in US states and 

internationally)—are held as they are today throughout the model time horizon, unless there is 

already action being undertaken. So, the Status Quo case captures geopolitical, contractual, and 

regulatory constraints that currently exist in the global natural gas market and are not already 

known to be different into the future. This includes: 

• Current domestic pricing policies and export/import policies remain as they are today 

throughout the model time horizon, unless there is already concerted action being 

undertaken to change the internal market. So, for instance, Saudi Arabian policy 

regarding gas field development does not change. Russia, on the other hand, is assumed 

to proceed with restructuring of its internal market. 

• The construction of new LNG and pipeline infrastructure is generally allowed to occur 

according to commercial viability. However, in those countries where investments are 
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hampered by geopolitical considerations, it will be assumed that those burdens are carried 

forward through the model time horizon. Thus, for example, current sanctions on Iran are 

carried forward. In addition, the investment risks associated with developments in 

Venezuela and Bolivia will also be assumed to persist.  

• Current assumptions regarding the availability and competitiveness of emerging energy 

technologies are held fixed. So, there is no effort to accelerate through policy or cost 

reductions adoption of technologies that compete with natural gas. 

• Current environmental policies are assumed to remain in place throughout the model time 

horizon. So, for example, it is assumed that the EU will have an active CO2 trading 

market while the US will not. But, the price of carbon is carried forward at $15 per tonne. 

• Known resources, including shale, are developed according to commercial viability in 

North America and elsewhere. Regions where bans exist on shale-directed activity are 

assumed to carry the ban forward throughout the model time horizon  

The Status Quo case reveals several interesting insights into how the North American, and 

global, gas market may evolve over the coming decades. Of course, this should not be viewed as 

a forecast, or even considered a “most likely” outcome. Rather, we construct this case to serve as 

a benchmark for comparison of the other cases; it allows a comparative statics assessment in that 

we hold all assumptions the same except the deviation indicated in the specific scenario. Finally, 

some of the Status Quo case assumptions are highlighted in following sections discussing the 

scenarios. This is done to juxtapose the key perturbations in the scenarios relative to the Status 

Quo case. 
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To begin, the Status Quo case indicates the North American market will remain a low cost 

supplier of natural gas for the foreseeable future. This has implications for regional 

competitiveness, demand, and international trade. In fact, as will be detailed through the 

scenarios examined herein, the production of natural gas from shale in the US is the primary 

driver of these developments.  

Figure 14. Select Global Prices (Status Quo) 

 

As indicated in Figure 14, the price at Henry Hub remains below the prices in Asia (JKM) and 

Europe (NBP and German-Austrian Border), although the premium that emerged following the 

disaster at Fukushima in 2011 is predicted to dissipate. In fact, the longer-term differential 

reflects the cost of arbitrage between the three regional locations, a result consistent with 

Medlock (2014a). Moreover, the emergence of new LNG supplies from Australia and the US 

drive the volume of LNG trade to almost double current levels (see Figures 15 and 16). Much of 

this trade is facilitated by global demand growth (see Figure 17) that is largely occurring in 
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regions with resource deficits, thus spawning supply growth in regions that can, through trade, 

accommodate those new demands.21 

Figure 15. Global LNG Exports by Country/Region (Status Quo) 

 

Figure 16. Global LNG Imports by Country/Region (Status Quo) 

 

                                                
21 In the Status Quo case and all scenarios discussed herein, we aggregate countries into geographically defined 
regions in order to clearly present the results in a coherent manner. 
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As indicated in Figure 17, global demand is expected to grow largely in the growing, high 

population economies of China and India. Europe is not expected to contribute much to the 

overall global demand picture, which, in turn, sheds some light on the emerging patterns of trade. 

In particular, we see increased flow of LNG to Asia (see Figure 16) as well as pipeline gas from 

Russia to Asia (not pictured). In the longer term, the international natural gas map is effectively 

redrawn with a shift increasingly toward Asia, which carries geopolitical implications.  

Figure 17. Global Demand by Super Region (Status Quo) 

 

LNG becomes an important part of the global supply portfolio over the next five or six years. In 

fact, as indicted in Figure 18, LNG rises from 31% of total internationally traded gas in 2013 to 

39% in 2020. Then, it falls (in share) to 36% in 2030, but is still a larger share of international 

trade at that time than it is today. The absolute volume of LNG trade accelerates from 2014 

through 2020 then slows, but continues growing, through 2030. This is largely the result of 

rapidly growing demands in Asia with relatively few near term pipeline options from 

neighboring resource rich counties. One important emerging LNG importer is India, which is 
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forced to access international supplies primarily through LNG due to an inability to import 

natural gas from Iran via pipeline.22 

Figure 18. LNG versus Pipeline in International Trade (Status Quo) 

 

The near term increases in LNG trade in Figure 18 primarily reflect the amount of LNG export 

capacity under construction in Australia and the US, as also seen in Figure 15. However, the 

consequent decrease in Asian LNG prices in particular discourages further LNG expansion not 

only in Australia and the US, but also in Canada. Pipeline trade begins to look relatively more 

attractive for meeting longer-term demand growth, in particular because much of that growth can 

be sated through the development of pipelines between Russia and China. In fact, the persistent 

relatively robust Russian production seen in Figure 19 is largely facilitated by its larger scale 

entry in the Asian market. The flat to declining outlook for European demand (see Figure 17) is 

insufficient to propel expanding Russian production.    
                                                
22 We have investigated the impact of allowing Iranian exports of natural gas via pipeline to India. It has significant 
impacts on LNG flows and carries significant international gas trade and geopolitical implications. However, we do 
not expand herein as such a scenario is outside the scope of this study. 
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Figure 19. Global Supply (Status Quo) 

 

Also evident from Figure 19 is that Canadian supply expands to almost twice its levels of the 

early 2000s by the late 2020s, fueled primarily by shale gas developments in Western Canada. 

This, in turn, considerably alters the trade situation for the US. In particular, the growth in US 

natural gas production supports exports of LNG from the US of 6.5 billion cubic feet per day 

(bcfd), as indicated in Figures 15 and 20, but US LNG exports are also supported by 

developments in the broader North American market. As noted above, narrowing international 

price differentials (see Figure 14) limits the expansion of LNG infrastructure post-2020. This 

drives marginal supply developments to utilize pipeline outlets more intensively. Given the deep 

interconnectedness of the US and Canada, this allows Canadian gas to begin to capture market 

share from US-sourced gas. In other words, low-cost Canadian shale that was disadvantaged due 

to weak prices in Western Canada and strong growth from low-cost shale in the US through 2020 

begins to backfill for US production as higher-cost resources are tapped to meet new demands 

after 2020.   
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As indicated in Figure 20, Canadian exports via pipeline to the US increase, rising to near 7 

trillion cubic feet (tcf) by 2030 (or 18.5 bcfd), which is 75% greater than the historical peak seen 

in the early 2000s. Moreover, the rise follows a reversal of declining Canadian exports to the US 

through 2015. The majority of Canadian exports are to western states and the Midwest. Exports 

to the Mid-Atlantic continue to decline and never recover to any significance, which reflects 

strong supply growth in the Marcellus shale.  

Figure 20. US Market Balance (Status Quo) 

 

Exports of natural gas from the US to Mexico increase as well, rising to about 5.5 bcfd in the 

early 2020s then holding at that level through 2030. The increased connectedness within the 

North American natural gas market that emerges in the Status Quo case reflects a general result 

that carries significant implications. Namely, Canada, the US, and Mexico are poised to 

increasingly become more intimately linked through natural gas trade, and, as a result, the 

geopolitical fortunes of the US should be considered in the context of North America more 

generally.  
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Figure 21 indicates US domestic production by source through 2030. Shale gas production 

comprises a rising share of US supply, approaching 80% of domestic production. The rise in 

shale production accompanies declines in production from other natural gas resources, both 

onshore and offshore. The largest producing basin is the Marcellus shale, rising to just over 20 

bcfd in the late 2020s before beginning to decline. Production from the Haynesville shale is 

projected to recover in the 2020s due to higher prices and the emergence of an outlet for supply 

via gulf coast LNG export facilities, which attracts upstream capital back into northern 

Louisiana.  

Figure 21. US Supply by Resource and Play (Status Quo) 

 

The projected growth in Canadian production drives an increase in exports via pipeline to the 

US, and this occurs as growth in US domestic production slows. But, notably, US production 

does not decline.  Moreover, Mexican natural gas production begins to increase in the 2020s, 

meaning total North American supply is robust throughout the time horizon.   
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Strong North American production facilitates demand growth in the US, in particular, that is 

driven by demand in the industrial and power generation sectors in the near term, and continued 

growth in power generation longer term. In fact, the share of natural gas in power generation in 

the Status Quo case is projected to approach 37% by 2030, largely driven by emerging 

environmental policies that target the use of coal. (We expand below on the effects of policy in 

greater detail when discussing the Emissions Control Demand case.)     

Figure 22. US Demand by End-Use Sector (Status Quo) 

 

Figure 22 details natural gas demand in the US in the Status Quo case. The power generation 

sector is projected to be the most rapidly growing source of domestic demand, rising at an 

average annual rate of 2.2% from 2011 through 2030. Industrial demand increases at an average 

annual rate of 1.5%, but the majority of the projected growth occurs before 2020, as growth after 

2020 drops to 0.8% per year. This contrasts to the power sector where growth remains robust 

throughout the time horizon.  
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Natural gas in transportation is the third fastest growing source of demand, rising at an average 

annual rate of 0.7% through 2030. In aggregate, this does not materially impact total demand 

nationwide as the growth is on a relatively small base. However, the majority of the incremental 

gain of natural gas in transportation occurs in California (not pictured), so the majority of its 

impact on demand is west of the Rockies, which, in turn, has an influence on natural gas flows in 

North America.  

Figure 23. Select North American Basis to Henry Hub (Status Quo) 

 

The changing landscape of US demand and supply has implications for regional prices. In fact, 

we see a structural shift in the basis at a variety of locations as historical basis premiums soften 

and eventually reverse. The emerging pattern changing regional price relationships reflects 

sustained higher levels of production in the Middle Atlantic and Canada longer term, and 

regional patterns of new sources of demand, such as LNG exports and industrial demands, which 

primarily impact the Gulf Coast. While growth in power generation demand is strong across the 
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nation, it is strongest in regions where coal capacity is retired, which occurs most heavily in the 

Southeast (we expand on this development with greater specificity below).23 

Longer-term growth in Canadian production weakens the AECO price relative to Henry Hub, 

although price is generally strengthening over time. Canadian production is largely exported to 

the western US, which also impacts prices in California and the Rocky Mountains. While this 

development may not be great news for producers in the Rockies, it is welcome to consumers in 

the West. Moreover, it is a result brought about by the deep interconnectedness of the North 

American natural gas market and consequent high degree of fungibility of different sources of 

natural gas. 

  

                                                
23 Note, this occurs even with pipeline flow reversals on Columbia Gulf and Transco, which serve to limit the depth 
to which basis in the Mid-Atlantic dives longer term. 
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Scenario Analysis – Frac’ing Bans Cases 

Given the concerns that have mounted with regard to shale gas developments and the existing 

bans on hydraulic fracturing that have already been enacted in places such as the state of New 

York, we construct scenarios in which certain areas are banned from shale gas development. The 

results reported here reflect  

• A ban at the federal level, so that no new shale gas development may commence, 

• A collection of bans in regions tangential to prolific shale developments, reflecting the 

notions discussed above and referenced in Figure 1, 

• A statewide ban in Colorado, and  

• A reversal of the ban in the state of New York. 

Each of these scenarios highlights differing levels of success for advocates of policies aimed at 

prohibiting the development of shale through hydraulic fracturing and horizontal drilling. While 

not exhaustive, the scenarios do highlight several main themes that followed from various other 

scenarios we considered as well. Namely, a prohibitive policy action, such as a frac’ing ban, has 

a larger effect on the broader US gas market if it is more widespread. In fact, local bans have 

little impact on the broader market, although they can have significant impacts on the local 

regions affected. Even here there is heterogeneity as some regions have more prolific potential 

than others. But, if the thesis outlined in Figure 1 is accurate, the likelihood of binding policy 

intervention in areas with highly prolific production potential is very low. 

The level of concern about hydraulic fracturing has risen dramatically in the past few years, 

coincident with increased activity in regions not generally accustomed to seeing upstream 
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activity. This is clearly visible in the United States. Hydraulic fracturing technology has been 

used since the late 1940’s in over 1 million wells in the United States. Though not new to the 

energy industry, hydraulic fracturing is new to the public. News coverage in The New York 

Times on the topic of hydraulic fracturing was scant before 2010. After 2010, however, there was 

both a dramatic rise in news coverage and a shift in the manner in which shale was being 

characterized. For example, by the end of 2011, New York Times headlines included “With Gas 

Drilling Next Door, County in New York Gets an Economic Lift,” “EPA Links Tainted Water in 

Wyoming to Hydraulic Fracturing for Natural Gas,” “As Gas Drilling Spreads, Towns Stand 

Ground Over Control,” and “Add Quakes to Rumblings Over Gas Rush.” In fact, by the end of 

2011, reference to terms such as “hydraulic fracturing” or “fracking” occurred on average once 

every four days (see Figure 24), which is a clear indicator of the rising intensity of media 

coverage that has occurred since 2010. 

Figure 24. Print Media Instances of “Fracking” and “Hydraulic Fracturing” 

 

In the past few years, shale gas activity in the United States has expanded rapidly in regions of 

the country unaccustomed to large-scale oil and gas drilling operations. Greater publicity of 

problems associated with frac’ing came to the fore after one community in particular was 

affected negatively. Dimock, Pennsylvania, was reported to have spills of 800 gallons of diesel 
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fuel and up to 8,000 gallons of frac’ing fluid, as well as a water well that exploded due to the 

presence of methane.24 Moreover, a number of residents could no longer use their well water and 

had to rely on bottled water.  

As a result of the opposition to frac’ing that stems from fears related to the experience in 

Dimock, several US localities have passed bans or temporary moratoria on shale gas drilling. In 

New York, a one-year moratorium passed in the state senate in August 2010 and in the assembly 

in December 2010. Then, in July 2011, a large number of consumer, religious, food, and 

environmental advocacy organizations called for a permanent ban on frac’ing in New York after 

it appeared Governor Cuomo would decide, consistent with recommendations from the New 

York Department of Environmental Conservation (DEC), to allow a resumption of hydraulic 

fracturing activity on 85 percent of New York lands excluding only the New York City and 

Syracuse watersheds. Companies lobbying to actively develop the shale resources in New York 

have since been unsuccessful, and there is currently a statewide moratorium on hydraulic 

fracturing. 

Other concerns related to shale gas development have arisen. Seismic activity in Arkansas 

resulted in an order that gas companies Chesapeake and Clarita Operating LLC cease operations 

at two injection disposal wells for 60 days starting in March 2011. Twenty-five earthquakes had 

occurred in the previous week, including a magnitude 4.7 quake. In the six months prior to the 

middle of February 2011, more than 700 earthquakes had occurred, and experts were unsure if it 

was like another naturally occurring “swarm” that had occurred in the early 1980s or related to 

natural gas exploration. While this concern is not directly related to shale gas production, if 

                                                
24 Although the source of the methane—naturally occurring or due to frac’ing activity—was a source of debate, its 
presence was a trigger for policy action. 
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disposal wells are either not allowed or operators are forced to ship produced water longer 

distances to alternative disposal sites, the costs of development will be higher. In any case, a six-

month moratorium was established in January 2011 on the drilling of new injection wells. 

One of the earliest groups to oppose hydraulic fracturing and advocate a ban on the practice was 

Damascus Citizens for Sustainability (DCS), founded in February 2008. DCS began after the 

American gas company Chesapeake drilled an exploratory well in their county in Pennsylvania, 

and there were reports of dying trees and vegetation near the well site. By August 2011, DCS 

was one of 68 organizations advocating a national frac’ing moratorium in a letter to President 

Obama. But, other larger environmental groups are not calling for a moratorium; rather, they are 

calling for increased regulation, with only limited bans in areas deemed to be particularly 

sensitive. Despite the local pressure, which has been successful in certain circumstances, such 

pressure has not been as successful at the federal level. In fact, President Obama, in his annual 

State of the Union address in 2015, specifically mentioned the positive impact of rising US 

natural gas production on the US economy and energy security. This signals that it is unlikely 

that a nationwide ban of hydraulic fracturing will occur, particularly given that Republicans and 

Democrats alike have seen positive economic impacts in their constituencies. Nevertheless, as 

events described above suggest, it is not unreasonable to see more limited, local and regional 

bans adopted as local movements garner greater support. But, as noted above and referenced in 

the construction of Figure 1, the propensity for more recent bans to be adopted has not been in 

core shale gas producing regions. 

Outside the United States, many governments have been intently watching the experiences in the 

US with an eye to averting any potential social, political, and environmental problems that may 
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be attributed to shale gas development. In some cases, outright bans have already been 

implemented, noting concerns for regional water quality. 

Given the above noted developments, as well as others not mentioned, we construct scenarios to 

evaluate the impact of bans of varying scope on the US natural gas market. In the most expansive 

scenario, the so-called Federal Ban case, we consider a federal ban on hydraulic fracturing. As 

noted above, although we do not consider this scenario very likely, it represents the most binding 

constraint on US shale gas development that one could imagine. The next most expansive 

scenario, the so-called Widespread Local Ban case, assumes widespread success by local groups 

seeking to limit shale activity in their vicinities. Consistent with the notions advanced in Figure 

1, we assume the bans primarily affect shales where development is absent or very limited. 

Specifically, the bans are assumed to cover areas of the Utica, Marcellus, Big Sandy, Tuscaloosa, 

Woodford Groups, Mississippi Lime, Barnett and Woodford, Niobrara, Mancos, Green River 

Basin, and Lewis shale formations in the states of Pennsylvania, Ohio, Virginia, Alabama, 

Louisiana, Indiana, Oklahoma, Kansas, Colorado, Utah, Texas, and Wyoming. Despite the 

widespread implementation of restrictive policy, the bans implemented in this case do not occur 

in the most prolific regions of shale already under development.  

In both the Federal Ban case and the Widespread Local Ban case, policy interventions are also 

assumed to occur internationally. In the Federal Ban case, the concerted action at the federal 

level in the US triggers similar actions abroad. Shale activity is prohibited in Australia, Europe, 

Canada, Mexico, Brazil, and Chile, effectively stymying shale gas development around the 

globe. The one exception is China, which is unique among regions with current or projected 

large demands around the world.  
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In the Widespread Local Ban case, policy prohibits shale development in many of the same 

locations around the world as in the Federal Ban case. However, we generally allow those shale 

formations with the highest potential productivity in areas where there has already been some 

exploratory drilling and initial development to be produced. Notable locations where we allow 

development to occur in this case are the Eagle Ford shale in Mexico, the Horn River, Duvernay 

and Liard shale in Canada, all shales in Poland, and the Cooper shale in Australia. Table 4 

summarizes the impacts of the bans on the availability of technically recoverable shale resources. 

Table 4. Technically Recoverable Shale Gas Resources across Select Cases (units: tcf)* 

 

*The TRR assessments do not indicate cost. More information is available regarding costs in the Appendix. 

The final two cases in which the implications of policies that ban shale development are 

considered are much more local. In one, we assume a ban on hydraulic fracturing is instituted in 

the state of Colorado in 2016—the “Colorado Ban” case. In the other, we assume the existing 

Status Quo
Widespread 
Local Ban Federal Ban

US 827.1 555.0 0.0
Canada 637.3 434.6 0.0
Mexico 654.4 516.0 0.0
South America 1785.5 1785.5 1274.5
Australia 529.1 87.7 0.0
China 1285.3 1285.3 1285.3
Other Asia & Pacific 303.2 303.2 303.2
Africa 1918.2 1918.2 1918.2
Middle East 11.6 11.6 0.0
Russia 175.0 175.0 175.0
Other FSU 116.5 112.4 112.4
Europe 444.0 226.2 0.0

Global Total 8687.2 7410.7 5068.5
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ban on shale development in the state of New York is reversed—the “New York Ban Lifted” 

case. Each of these cases reveals the impact of local prohibitive policies on the US natural gas 

market. In the Colorado Ban case, 27.6 tcf of technically recoverable shale is made off-limits. As 

will be discussed below, this has implications locally, but very little impact on the overall US 

market. In the New York Ban Lifted case, we evaluate the impact of a ban in the state of New 

York by lifting the existing policy. This makes available a total of 63.5 tcf of technically 

recoverable shale resource across the Marcellus and Utica shales. As will be explained below, 

this has little impact on the overall US natural gas market, but it does have regional implications.  

Federal Frac’ing Ban 

In the case where a federal ban on hydraulic fracturing in shale-directed activity is implemented, 

the natural gas future of the US is significantly altered. In fact, this case reveals the most 

profound change in natural gas market developments. Importantly, the results of this and all 

other scenarios are reported as changes relative to the Status Quo case in order to highlight the 

delta impact of each scenario.  

To begin, the price at Henry Hub is substantially higher, as indicated in Figure 25, so much so 

that the US gas market is no longer a low price region with Henry Hub moving into parity with 

European locations. This yields a Henry Hub price that rises to $8/mcf by 2020 and just over 

$10/mcf by 2030 (all prices in real 2010 dollars). Prices in Asia and Europe are also slightly 

higher due to the net reduction in overall supply that is partially offset by production from higher 

cost regions (see Figure 26).  
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Figure 25. Select Global Prices and Changes Relative to the Status Quo 

Prices in Federal 

Frac’ing Ban Scenario 

 

Changes in Prices 

Relative to the Status 

Quo Case 

 

 

As indicated in Figure 26, we see net production in this case is lower in the US and Europe. 

However, stronger global prices result in production increases in Canada in the near term and 

several countries longer term—notably Russia, former Soviet Union Caspian nations, and China. 

While Canadian production growth serves the North American market with growth in exports to 

the US, the growth seen in other countries tends to occur in regions with a logistical advantage to 

providing supply to the Asia-Pacific region.  
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Figure 26. Change in Global Supply Relative to the Status Quo 

 

Figure 27. Change in US Supply by Resource and Play Relative to the Status Quo 

 

While net production in the US is lower, there are distributional impacts on domestic production, 

as indicated in Figure 27.25 Specifically, by construction, shale production is taken offline, but 

offshore production and non-shale onshore production responds to the significantly higher price 

environment. One region in the Lower 48 states that sees growth in this case is the Rocky 

                                                
25 This is true in other countries as well, but our primary focus in this study is the US. 



The Market Impacts of New Natural Gas-Directed Policies in the United States 

69 
 

Mountains—the Uinta and Piceance basins in particular—which indicates a renewed interest in a 

region that was seeing very strong upstream investment prior to the emergence of shale. Despite 

this, net production in the US is lower relative to the Status Quo, and, in absolute terms, natural 

gas production is reduced as shale assets drilled prior to the introduction of the ban move into 

terminal decline. 

Figure 28. Change in Global Demand Relative to the Status Quo 

 

As indicated in Figure 28, higher global prices have a dampening impact on demand. Demand in 

every region is lower, with the largest impacts seen in regions where price is most impacted. As 

such, demands in North America are most negatively affected, with demand in the US falling 

relative to the Status Quo most significantly, followed by Canada and Mexico. European demand 

also sees notable declines. In China, however, where limits on shale development are not directly 

felt, demand declines only marginally as a result of price increases.    
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Figure 29. Change in US Demand by Sector Relative to the Status Quo 

 

Figure 29 indicates the reduction in US demand by source. The industrial sector sees the largest 

reduction in demand relative to the Status Quo, but all sectors are negatively impacted. In fact, 

US demand only increases to 26.3 tcf by 2030, representing a reduction of more than 10% 

relative to the Status Quo case. Despite higher prices, the power generation sector sees positive 

demand growth through 2030, rising at 2.0% per annum, driven primarily by domestic policy.  

(We expand below on the effects of policy in greater detail when discussing the CO2 Emissions 

Control Demand case.) In absolute terms, all other sectors see flat to declining growth on an 

average annual basis through 2030.  
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Figure 30. Change in Global LNG Exports by Country/Region Relative to the Status Quo 

 

Figure 31. Change in Global LNG Imports by Country/Region Relative to the Status Quo 

 

As indicated in Figures 30 and 31, US LNG exports in the Federal Frac’ing Ban scenario never 

occur. With all shale gas production disallowed, rather than becoming a net exporter, the US sees 

net imports of LNG that approach 3.5 bcfd by 2030. Thus, the Federal Frac’ing Ban case 

represents a case where the US presence in the global natural gas market is effectively flipped 

relative to the Status Quo case. The rise in LNG imports to the US is tempered by stronger 
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production in western Canada, in particular the Montney tight gas formation.26 Notably, the 

dependence on LNG imports would be much higher absent this development. 

Figure 32. US Market Balance and Change Relative to Status Quo Case 

US Market Balance in 

Federal Frac’ing Ban 

Case 

 

Change in US Market 

Balance relative to the 

Status Quo Case 

 

 

As indicated in Figure 32, the balance of the US market is quite different in this case relative to 

the Status Quo case. The reduction in US domestic supply is accommodated by reduced demand, 

increased imports (or “more negative” net exports) from Canada, reduced exports to Mexico, and 

reduced exports of LNG (in fact a reversal of flow to one of net imports). More specifically, 
                                                
26 We recognize that similar techniques may be used to produce from both shale and tight formations, but we keep 
things relatively simple and only remove shale from the resource mix. 
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relative to the Status Quo case, US domestic production is lower by just over 9 tcf by 2030, 

which is accommodated (roughly) by a 3 tcf reduction in demand by 2030, an acceleration of 

Canadian imports that approaches 3 tcf in 2020 tapering to an increase of 0.2 tcf by 2030, a 

reduction in exports to Mexico of about 2 tcf by 2030, and a net shift in LNG trade (from 

exporter to importer) of almost 4 tcf by 2030.  

Figure 33. Change in Select Basis to Henry Hub Relative to the Status Quo 

 

Finally, an absence of shale gas production in the US has dramatic implications for regional 

pricing relative to the Status Quo. As indicated in Figure 33, prices in the Northeast and Middle 

Atlantic are stronger than in the Status Quo case, while the prices in the Western US and Canada 

are weaker relative to Henry Hub. Of course, prices everywhere are higher due to the extreme 

movement in Henry Hub, but regional basis also shifts. We see a return of the historical 

premiums that have characterized prices in the Middle Atlantic region. As existing shale ventures 

are allowed to terminally decline without an offsetting investment in new shale production, 

natural gas flows from the Gulf Coast to the Northeast increase. Moreover, Canadian gas exports 
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to the Middle Atlantic region begin to return to historical norms. In essence, by prohibiting shale 

gas production, the basis relationships that previously characterized the North American market 

once again become the norm. 

Widespread Local Bans Case 

The case where we assume widespread success by local opponents of shale gas development 

represents a more modest change than the Federal Frac’ing Bans scenario. We see in Figure 34 

that prices around the world are higher than in the Status Quo case, but the magnitudes are small 

when compared to the more extreme Federal Frac’ing Ban case. Moreover, differences in 

regional prices are not significantly impacted relative to the Status Quo case because prices 

everywhere rise by between $0.15 and $0.45 per mcf. 

Figure 34. Change in Select Global Prices Relative to the Status Quo 

 

As indicated in Figure 35, production is lower in the US and Europe. However, more than three-

quarters of the total loss in production from these regions is offset by productions gains in 
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Canada and Mexico, which primarily serves to rebalance the North American market. In fact, the 

production losses in the US are almost exactly offset by the gains in Canada and Mexico in this 

scenario. This result highlights the importance of a seamless ability to grow the 

interconnectedness between the US and its neighbors. European production declines are offset by 

production growth in other regions, such as China and Argentina, with the global market 

rebalancing through a shift of waterborne supplies—namely, LNG trade patterns are altered.  

Figure 35. Change in Global Supply Relative to the Status Quo 

 

As indicated in Figure 36, shale production is affected negatively in aggregate, but some of the 

lost production is offset by gains in areas where bans on shale development are not implemented 

and from non-shale onshore basins (largely tight gas plays). Specifically, the Fayetteville, 

Haynesville, Barnett, and Eagle Ford shales all see modest production increases. Consistent with 

the notions illustrated in Figure 1, these are shales in regions where significant activity has 

already occurred. As in the Federal Frac’ing Bans case, the non-shale Uinta and Piceance basins 

in Utah and Colorado show the strongest growth in the Lower 48 states. In all, net production in 

the US is lower relative to the Status Quo, although, unlike in the more extreme Federal Frac’ing 
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Bans case, the absolute level of US production continues to grow through 2030, only at a slower 

rate than in the Status Quo case, and never reaches the same absolute level. 

Figure 36. Change in US Supply by Resource and Play Relative to the Status Quo 

 

Figure 37. Change in Global Demand Relative to the Status Quo 

 

Figure 37 looks very similar to Figure 28, although the magnitudes are much smaller. This 

follows from the fact that prices are higher everywhere, but much less so than in the more 



The Market Impacts of New Natural Gas-Directed Policies in the United States 

77 
 

extreme Federal Frac’ing Bans case. As before, the largest impacts occur in regions where price 

is most impacted, led by North America. Even in the US, where the impact is the largest, demand 

only declines by 0.31 tcf, or just over 850 bcfd, relative to the Status Quo by 2030. European 

demand also declines, but to a much lesser extent, with even smaller impacts in other regions.    

Figure 38. Change in US Demand by Sector Relative to the Status Quo 

 

Figure 38 indicates with more detail the reduction in US demand by source and is similar to 

Figure 29, only with much smaller magnitudes of demand reduction indicated. As in the Federal 

Frac’ing Bans case, the industrial sector sees the largest reduction in demand relative to the 

Status Quo case, representing almost half of the total reduction. But the drop in industrial 

demand relative to the Status Quo case is also quite small, only reaching about 0.15 tcf in total, 

or just over 0.4 bcfd. In sum, total US demand in 2030 in the Widespread Local Bans scenario is 

about 29.1 tcf, meaning the total demand reduction by 2030 relative to the Status Quo case 

represents only about 1.0% of total domestic demand.  
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Figure 39. Change in Global LNG Exports by Country/Region Relative to the Status Quo 

 

Figure 40. Change in Global LNG Imports by Country/Region Relative to the Status Quo 

 

As indicated in Figures 39 and 40, US LNG exports are reduced relative to the Status Quo case, 

but they are not eliminated. While the US still emerges as an exporter of LNG in this scenario, 

production gains in Canada and Mexico are critical to this outcome (see Figure 35). As a result, 

the LNG export facilities that are developed in the Lower 48 still see throughput, but US LNG 

exports are reduced by up to 0.55 tcf (1.5 bcfd) at end of this decade relative to the Status Quo. 



The Market Impacts of New Natural Gas-Directed Policies in the United States 

79 
 

By 2030, however, US LNG exports rise to about 6 bcfd, meaning the ascension to levels 

approaching those in the Status Quo case is much more protracted. On a global scale, even with 

lower LNG exports from the US, supply responses around the world leave little change in total 

LNG trade relative to the Status Quo case after 2025. There are positive supply responses seen in 

Australia and North and West Africa. However, as can be inferred from Figure 40, patterns of 

trade are altered, with more LNG to Europe and less LNG to China through 2030.     

Figure 41. US Market Balance and Change Relative to Status Quo Case 

US Market Balance in 

Widespread Local Ban 

Case 

 

Change in US Market 

Balance Relative to the 

Status Quo Case 
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As indicated in Figure 41, the balance of the US market is altered in this case relative to the 

Status Quo case. In fact, the result is very similar to what happened in the Federal Frac’ing Bans 

case, but with smaller magnitudes. One notable outcome is that the reduction in US supply is 

largely offset by imports from Canada and Mexico. As noted above, this result once again 

highlights the importance of integrated pipeline networks across the three countries. Namely, the 

integration creates continental fungibility that mitigates the market impacts of policy 

interventions, and likely any other disruptive occurrence in the upstream.       

Figure 42. Change in Selected Basis to Henry Hub Relative to the Status Quo 

 

Finally, as indicated in Figure 42, the effects on regional prices within North America are quite 

small. Even in locations directly affected by stronger Canadian production—AECO, Chicago, 

California—the basis impacts relative to the Status Quo case are less than $0.10/mcf, which is 

actually within the range of seasonally driven variability. This result owes to the overall 

fungibility of the North American natural gas market, where regional supply cuts can be 

overcome by increases in other places, provided a supply response is not politically barred from 
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occurring. Moreover, the absolute value of the change in basis across locations is smaller than 

the change in the price at Henry Hub, meaning prices everywhere are generally higher in this 

case than in the Status Quo.  

Colorado Ban Case 

In the next scenario, we simulate the impacts of a singular intervention at the regional/local level. 

The specific example we consider is a policy intervention in the State of Colorado—perhaps 

through ballot measures—banning the use of hydraulic fracturing for natural gas production from 

shale. The effects of the Colorado Ban are generally very small. The impact on prices around the 

world is generally less than 1 cent through 2030, and the change is approximately uniform across 

regions. As such, the scenario reveals virtually no impacts on global demand, global supply, and 

global trade patterns. The effects of this scenario are almost exclusively limited to the region 

where the ban is implemented. 

Figure 43. Change in US Supply by Resource and Play Relative to the Status Quo 
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As indicated in Figure 43, annual shale gas production is reduced by as much as 0.5 tcf (or 1.3 

bcfd) in the Rocky Mountain region, but about half of the lost production is offset by output 

gains from the Permian basin, the Haynesville shale, and a handful of other shale basins, as well 

as non-shale onshore basins (largely tight gas plays).  

Figure 44. US Market Balance and Change Relative to Status Quo Case 
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Demand in the US is largely unaffected in the Colorado Bans scenario, falling by a mere 0.05 tcf 

by 2030, almost exclusively in the state of Colorado. As indicated in Figure 44, the net reduction 

in supply is offset almost entirely by increased imports of natural gas from Canada. The impact 
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on US LNG exports is effectively zero by 2030, with some modest reductions prior to the mid-

2020s. In any case, the deltas in domestic supply and imports from Canada are quite small, with 

a decline in net domestic production of only 0.29 tcf, or just under 0.8 bcfd, by 2030. The 

increase in imports from Canada is about 0.25 tcf (0.68 bcfd), meaning all other sources combine 

for a very small contribution of just over 0.04 tcf (0.11 bcfd) toward rebalancing the US market.    

Figure 45. Change in Selected Basis to Henry Hub Relative to the Status Quo 

 

As in the previous scenarios, the growth in imports from Canada, and the muted impacts on price 

outside of Colorado, highlights the interconnectedness and fungibility of the North American 

market.  Indeed, as indicated in Figure 45, the effects on regional prices within North America 

are very small, generally remaining less than $0.02/mcf. Even in the Rocky Mountains, where 

the regional ban has direct impacts and the deltas relative to the Status Quo case are larger than 

in other locations, the basis differentials at Opal in western Wyoming and at the SoCal Border 

move very little. The impact on price at the Cheyenne Hub, not pictured, is slightly larger with 

basis increasing relative to the Status Quo by $0.05/mcf by 2030. This is why the demand 
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impacts are primarily felt locally rather than nationwide. In general, the lack of a significant 

price impact highlights the relatively benign impacts on the broader North American market of 

local/regional policy interventions. This result owes to the overall fungibility of the North 

American natural gas market because regional supply reductions can be overcome by increases 

in other locations.  

New York Ban Lifted Case 

The case where the current ban on hydraulic fracturing in the state of New York is lifted 

highlights the effect of a regional ban in a region with relatively strong production potential. 

Even with a larger technically and economically recoverable resource made available in this 

case, the global price impacts are relatively small. Among the global marker prices reported in 

Figure 14—Henry Hub, JKM, NBP, and the German Austrian Border—the price at Henry Hub is 

affected the most, but the impact is never more than $0.06/mcf.  

Figure 46. Change in US Supply by Resource and Play Relative to the Status Quo 
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In the New York Ban Lifted scenario, production is up to 0.55 tcf greater in the US by 2030 as 

more shale resources are available for development. Canadian natural gas production feels the 

impact most heavily, declining by 0.36 tcf (or about 1 bcfd) relative to the Status Quo case by 

2030. In sum, North American supply is generally greater.  

Figure 46 indicates the impact on US domestic production of lifting the ban on hydraulic 

fracturing in the state of New York. Production gains in the Marcellus and Utica shales relative 

to the Status Quo case are significant, with production generally being negatively impacted in 

other regions, although the effect is widely distributed. 

Figure 47. Change in US Demand by Sector Relative to the Status Quo 

 

Figure 47 reveals that demand increases across all sectors relative to the Status Quo scenario. 

This follows from the fact that prices are lower, especially in the Middle Atlantic and Northeast 

regions. In fact, prices are as much as $0.56/mcf lower in the immediate vicinity of the 

production gains that are realized as a result from lifting the ban in the state of New York. This is 

much greater than the price decline seen at Henry Hub. In fact, the impacts on prices in other 
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parts of North America are minimal, so the demand impacts are greatest in the locality of the 

policy change.   

Figure 48. US Market Balance and Change Relative to Status Quo Case 
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Figure 48 depicts the change in the US market balance relative to the Status Quo case. US LNG 

exports are slightly higher than in the Status Quo case, although the change is relatively small, 

reaching about 0.05 tcf (0.14 bcfd) in the early 2020s. The increase relative to the Status Quo 

case also is temporary, with stronger exports dissipating by the mid-2020s. The growth in overall 

domestic production is accommodated by a slight increase in demand, a small increase in LNG 



The Market Impacts of New Natural Gas-Directed Policies in the United States 

87 
 

exports through the mid-2020s, and a reduction in imports from Canada. Thus, this scenario 

highlights (just as the scenarios presented above) the importance of the deep interconnectedness 

between the US, Canada, and Mexico. Perturbations in one region of one country will result in 

responses at multiple margins in many regions across more than one country.    

Figure 49. Change in Selected Basis to Henry Hub Relative to the Status Quo 

 

Finally, as indicated in Figure 49 and alluded to above, the effects on regional prices in the 

Middle Atlantic and Northeast are quite substantial. Indeed the basis at Transco Z6 NY and 

Algonquin City Gate both decline significantly if the shales in New York are developed. 

Production growth in the state of New York directly impacts these locations by displacing 

marginal supplies coming from neighboring regions, thereby lowering the cost of natural gas to 

consumers in New York and New England. Indeed, the local impact of the ban on hydraulic 

fracturing on local price in the state of New York is significant. However, although the local 

price impacts are large, the impact on prices in other regions is minimal. As highlighted in the 
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other scenarios examined herein, this owes to the overall fungibility of the North American 

natural gas market.  

Other Restrictive Cases Considered 

We also examined restrictions on shale gas production in parts of northeast Texas and central 

Pennsylvania. In both cases, the impacts were again limited and very local. The prolific nature of 

supply across each state and the density of the pipeline network allows for a near zero cost 

impact of any specific localized bans. We reported the results for the Colorado Ban case to 

highlight the implications of a ban on a local/regional scale where the amount of low cost 

resource removed from the supply portfolio was not that large.  

For reasons related to the discussion highlighted in Figure 1, we did not analyze a case where a 

local ban was implemented in a highly productive shale gas region where upstream activity is 

already underway. The effects of such bans would be between the cases discussed above, but 

closer to those of a federal ban. Accordingly, the results herein capture the range of potential 

impacts related to outright bans on shale gas production.  
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Scenario Analysis – Flaring Prohibited Case 

Another policy motivated by environmental concerns that we considered involves direct action to 

eliminate gas flaring, the Flaring Prohibited case. As discussed above, gas flaring is associated 

with oil production, not natural gas production. As such, we typically see gas flaring in regions 

where oil production activity is prevalent, but there is a lack of infrastructure to gather and 

market the associated gas production, along with regulations that do not disallow gas flaring. 

Thus, not surprisingly, the majority of gas flaring in the US occurs in two states: North Dakota 

and Texas. 

Figure 50 indicates natural gas flaring in the Status Quo case, with history indicated for context. 

When natural gas is produced and flared, it is effectively lost. In many ways, flaring is a source 

of demand directly associated with oil production, but it serves no purpose other than allowing 

firms to avoid the cost of installing gathering infrastructure. Arguably, this is necessary in some 

cases to ensure that oil production can occur profitably. However, flaring has risen substantially 

since 2004, and there is increasing pressure from environmental groups in particular to reduce 

flaring. Moreover, state governments are taking steps to reduce gas flaring. For example, in 

North Dakota, where flaring has increased dramatically in the last few years along with growth 

in shale oil production, the state is taking steps to lower gas flaring with percentage of total 

production targets declining through 2020 (see Appendix Table A1). 

In Texas, gas flaring is largely associated with oil production in the Eagle Ford shale and 

Permian basin. Given the pace of oil-directed exploration and development activity over the last 

two years in the Permian basin, the Status Quo case sees a rise in gas flaring through 2017 
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concomitant with an expected increase in oil production. Gas flaring peaks in 2017, however, 

and declines continuously thereafter.  

Figure 50. Gas Flaring in the Status Quo Case  

 

Source: Historical data from the US Energy Information Administration 

In the Flaring Prohibited case, we assume that policies eliminate gas flaring by 2018 (see Figure 

51). While the rapidity with which this is assumed to occur may be unrealistic, the outcomes 

under more moderate policies will be a mix between this extreme case and the Status Quo case. 

The reduction in flaring could add just short of one billion cubic feet per day back to the supply 

portfolio in the US prior to 2020, declining to about 600,000 cubic feet per day. 

Opponents of strict regulatory action to reduce gas flaring have cited its cost to support their 

position. For example, the American Petroleum Institute (API) has voiced concerns over the cost 

of eliminating gas flaring—and instituting full “green completions”—indicating it could be as 

much as $180,000 per well. Thus, well productivity is important for determining the cost per 

thousand cubic feet of gas produced. In addition, the return on the natural gas that is sold rather 
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than flared offsets the additional cost by an amount that depends on the wellhead price (not the 

Henry Hub price). Assuming an additional cost of $180,000 per well, we adjust the cost at the 

wellhead for oil-directed activity in each of the affected basins, which raises cost by between 

$0.04/mcf and $0.32/mcf, depending on the average EUR in the affected play.  

Figure 51. Gas Flaring in the Flaring Prohibited Case 

 

Source: Historical data from the US Energy Information Administration 

The Flaring Prohibited case reveals that although wellhead costs are slightly higher in oil-

directed upstream ventures, the overall impact on the gas market is relatively small. In particular, 

the impact on price is rather muted, with the majority of the impact occurring in the very near 

term. Even then, however, the impact averages less than $0.04/mcf through 2020, remaining 

negligible beyond this. The price impact that is observed arises because anti-flaring regulations 

serve as an effective “tax” at the wellhead. As discussed above, this reshuffles the cost ranking of 

marketed supplies in the North American supply curve (see Figure 3), with a larger impact in the 

near than in the longer term. The impacts on regional prices are also small, with no more than a 

$0.02/mcf change in the average decadal basis anywhere across the market.  
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In all, the price impacts are small because the producing regions that are forced to bear the higher 

costs are generally infra-marginal to the broader North American market, largely because they 

are oil-producing shales. So, the flaring reduction serves to force more infra-marginal supply into 

the market, but it also raises costs. So, domestic marketed production is slightly higher in many 

locations, but there is an offsetting impact in others.   

Figure 52. Change in US Supply by Resource and Play Relative to the Status Quo 

 

The sum of the effects on domestic production can be seen in Figure 52. To begin, marketed 

natural gas production is slightly higher relative to Status Quo case. This occurs because the anti-

flaring regulations, although they raise costs, result in more gas production reaching the market 

from oil-directed shale opportunities such as the Bakken, Eagle Ford, and Permian basins in 

particular. Slightly higher costs in areas where flaring occurs in the Status Quo case also 

encourage a positive supply response from areas where it does not—such as the Haynesville 

shale, which is a dry gas play—because costs in those shale plays are unchanged relative to the 

Status Quo case. There are also some rather small intertemporal shifts in production seen in the 
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Barnett, Fayetteville, and Marcellus shales. In other areas where production is generally higher 

cost—such as the Utica, Rockies, and other shales, as well as other non-shale conventional 

onshore resources—production is crowded out. Overall, the impact of the anti-flaring regulation 

is distributed broadly, and in every location the changes are small relative to the overall 

production levels in the Status Quo case. 

The shift in US domestic production is accommodated primarily by decreased imports from 

Canada. Exports to Mexico are not really impacted, largely because the Permian and Eagle Ford 

basins see modest increases in overall marketed production, which is counterbalanced by slightly 

higher costs to market. US LNG exports are virtually unchanged.  

These results once again highlight a recurring theme. Namely, the deep interconnectedness of the 

North American market tends to mute the macro-level impacts of local perturbations. In fact, the 

reshuffling of supplies and the responses involving Canada, Mexico, and LNG, all of which are 

modest, limit the overall impact on price across the US. Effectively, as highlighted in Figure 3, 

the prohibition of gas flaring in liquids-directed production activity, ceteris paribus, re-orders the 

position of various resources. Moreover, to the extent it raises costs at the wellhead, the 

regulation acts in much the same manner as a local tax.  
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Scenario Analysis – US LNG Export Ban Case 

We also consider a case, the US LNG Export Ban case, where federal policy on LNG exports 

from the US shifts dramatically, restricting US natural gas to be sold to North American 

consumers only. Specifically, we assume that the US government suddenly suspends all LNG 

export licenses indefinitely beginning in 2020, perhaps due to an event that presents a serious 

challenge to the national interest provision in the initial granting of existing licenses. Of course, 

this also extends to countries where there is already a free trade agreement to which LNG exports 

have been considered.  While we do not think this to be a likely scenario, it serves as an extreme 

case to illustrate the directional effects of more moderate policies. Moreover, it allows us to 

consider the implications for the US natural gas market, and shale development in particular, of a 

sudden and dramatic shift in policy that redefines the market for domestically produced gas.  

Figure 53. Status Quo Case LNG Export Capacity Additions through 2020 

 

Note: Capacity data is based on final approvals of exports licenses granted by the US DOE. 

The scenario proceeds in the initial years similarly to the Status Quo case. Namely, it assumes 

LNG export facilities that have received final approval as of December 2014 or are already under 
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construction move forward. Figure 53 outlines the Status Quo assumptions regarding capacity 

additions through 2020. After 2020, the RWGTM endogenously determines capacity additions. 

In the US LNG Export Ban case, in 2020 all export capacity is idled by federal mandate, which 

results in the elimination of almost 7 bcfd of potential exports. Moreover, no investment in LNG 

liquefaction capacity is allowed as it is assumed that no export licenses will be granted. 

In the case where exports are disallowed, the natural gas future of the US is substantially altered. 

The price at Henry Hub is reduced relative to the Status Quo case, as indicated in Figure 54, by 

up to $0.35/mcf by 2030. Notably, the effect on price in Asia is actually larger, rising by more 

than $0.50 by the end of the time horizon. The elimination of the US as a global supplier also 

raises prices in Europe, but not nearly to the same extent. This overall result is indicative of 

increased competition for fewer waterborne supplies, which tends to hit Asian markets hardest 

given the array of pipeline options available to Europe. 

Figure 54. Change in Select Global Prices Relative to the Status Quo 
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The higher price environment outside North America increases production in various countries 

around the world, allowing them to partially offset the loss of the US as a supplier in global 

markets.  In North America, however, supply is negatively impacted in both the US and Canada. 

Figure 55 highlights these points. The removal of LNG export capability in 2020 lowers prices in 

North America and effectively bottlenecks supplies, meaning the same resources must compete 

for a smaller potential market defined by domestic consumption.  

Figure 55. Change in Global Supply Relative to the Status Quo 

 

The negative impact on US domestic production is distributed across many basins. Figure 56 

indicates the impact on US natural gas production by supply source. We see that longer term the 

impacts are felt across both shale and non-shale resources. Although the ban is implemented in 

2020, the model assumes that producers know about it in advance. Hence, impacts tend to build 

due to the intertemporal nature of investment decisions in the upstream sector. In particular, US 

production begins to falter in 2019 because the implementation of the ban in 2020 is anticipated 

and producers begin to slow their drilling programs in response. 
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Figure 56. Change in US Supply by Resource and Play Relative to the Status Quo 

 

In Figure 57, we see the impact of higher prices outside of North America as well as lower prices 

in North America. Namely, demand is higher in North America while it is lower virtually 

everywhere else. The magnitude of the changes in each region reflects the degree to which price 

changes relative to the Status Quo case.   

Figure 57. Change in Global Demand Relative to the Status Quo 
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Demand is impacted most positively in the US, and the impacts build after the export policy 

reversal. Figure 58 shows that the largest impacts accrue to the industrial and power generation 

sectors. However, the total amount by which demand increases relative to the Status Quo 

approaches only 0.14 tcf (or about 0.4 bcfd) by 2030, with almost half of the increase coming 

from the industrial sector. Thus, while demand increases, as would be expected with a lower 

domestic price, the change is a small fraction of total natural gas use in each sector. 

Figure 58. Change in US Demand by Sector Relative to the Status Quo 

 

Comparing the magnitudes in Figures 56 and 58, we can see that the policy shift to disallow 

LNG exports impacts US supply much more than US demand. This is consistent with a situation 

where the elasticity of supply is higher than the elasticity of demand. Figure 59 illustrates this 

point. In general, as the elasticity of supply rises relative to the elasticity of demand, the burden 

of a trade restriction will be felt more by suppliers as the market rebalances. This occurs because 

exports act as a source of demand for domestically produced natural gas, and, when reduced, 

even small changes in price will cause a large move along the domestic supply curve. Thus, the 
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majority of the rebalancing effect in the market falls to domestic producers as supply falls by 

more than 10 times the increase in demand. 

Figure 59. Impact of Export Restrictions When Domestic Supply is Relatively Elastic 

 

Figures 60 and 61 reveal the impact of the US export policy reversal on global LNG trade. 

Specifically, we see in Figure 61 that only a fraction of the lost US LNG is offset by greater 

LNG exports from other countries, with North and West Africa accounting for the majority of 

the relatively small increase. The net reduction in global LNG supply results in fewer LNG 

imports in both Europe and Asia, with the Pacific basin seeing the majority of the impact.   
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Figure 60. Change in Global LNG Exports by Country/Region Relative to the Status Quo 

 

Figure 61. Change in Global LNG Imports by Country/Region Relative to the Status Quo 

 

Figure 62 indicates the change in the balance of the US market relative to the Status Quo case. In 

particular, the change in US LNG exports is simply the sum of the parts highlighted in Figure 62. 

We see that the reduction in US LNG exports is accommodated by a small increase in demand 

and a more substantial reduction in imports from Canada. But, the US market is rebalanced 
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primarily through a reduction in US production, as noted above and highlighted in Figure 59. 

The impact on US-Mexico trade is negligible.      

Figure 62. US Market Balance and Change Relative to Status Quo Case 
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Finally, as indicated in Figure 63, the price reduction at Henry Hub in the wake of the US policy 

shift on exports does not translate to a similar price softening around the country. In particular, 

the basis at most locations rises relative to the Status Quo case. This indicates the extent to which 

LNG exports proxy a source of demand in the Gulf Coast. Disallowing them effectively cuts off 

a source of demand in the Gulf Coast (actually, the consumers are international, but the ports of 
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loading for exports are primarily in the Gulf Coast), and hence Gulf Coast prices are impacted 

most heavily. With the Henry Hub price falling, the basis at the listed locations rises. But the 

increase in basis does not fully offset the decline in Henry Hub price, meaning the absolute 

prices in these locations have actually fallen relative to the Status Quo case.  

Figure 63. Change in Selected Basis to Henry Hub Relative to the Status Quo 
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Scenario Analysis – Emissions Control Demand Case 

We also consider a case—the Emissions Control Demand case—in which demand for natural gas 

is influenced by environmentally motivated policies in the power generation sector. This case, 

while hinging on environmental considerations, differs from those discussed above because the 

policy intervention is explicitly not in the upstream or midstream sectors. Moreover, the case 

allows us to assess the potential impacts of the various actions that have been taken in the last 

few years at the federal level to reduce emissions of conventional pollutants (SOx, NOx, 

particulates, etc.) and address air quality concerns. Indeed, many different environmental 

regulations from the US Environmental Protection Agency (EPA) that will negatively impact 

coal and promote increased use of natural gas in power generation have recently been proposed 

or finalized. In fact, if all the rules are implemented, various estimates indicate that up to one-

quarter of coal plants in the US could retire. Moreover, it may become near impossible to build a 

new coal-fired unit. Given current and projected prices for natural gas, the high thermal 

efficiency of combined cycle power plants, and the relatively low emissions from gas-fired 

plants, natural gas is a likely energy source to displace coal. 

The pace of implementation of newly proposed rules may be slow, and it is possible that some 

will never come into effect. Legal challenges are responsible for most of the slowdown. Nearly 

every finalized regulation coming from the EPA over the past few years has been contested in 

the US Court of Appeals for the District of Columbia Circuit. If regulations are ruled to be 

invalid as currently written, they must be redrafted. This process can take years, which ultimately 
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delays implementation. It can even result in a much less binding regulatory framework than 

initially conceived.27  

We outline a few of the several EPA rulemakings that have been proposed in the last few years, 

noting that not all have been upheld. We give particular attention to their impacts on natural gas 

demand in the US. 

Mercury and Air Toxics Standards (MATS): The MATS Rule from the Environmental Protection 

Agency (EPA), also known as the Utility Maximum Available Control Technology (Utility 

MACT) rule, places a limit on the amount of mercury, acid gases, and non-mercury metallic 

toxic pollutants that a power plant can emit. The MACT standards are fairly strict and clearly 

defined—existing power plants must match the average of the top 12% of power plants, and new 

plants must match the emissions control of the “best-controlled similar source.” By 2015, most 

utilities must comply, but in some cases there are one to two year extensions.  

Cross-State Air Pollution Rule (CSAPR): CSAPR called for reductions of SO2 by 73% from 

2005 levels, and for NOx emissions to be cut by 54%. Nationwide, pollution levels have already 

                                                
27 The approval of new environmental regulations can be encumbered by political leanings. For example, in a 2-1 
decision, the DC Circuit ruled against the Cross-State Air Pollution Rule (CSAPR) designed to limit emissions of 
SO2 and NOx. The two judges who ruled against CSAPR were appointed by Republican George W. Bush, while 
Democrat Bill Clinton appointed the judge who upheld it. Environmental regulation is also burdened by other 
factors. For example, the president can appoint people to lead the EPA who have a predilection for particular types 
of regulatory oversight, which can impact agency funding. For example, a deal between President Obama and 
Congressional Republicans to prevent a government shutdown in April 2011 cut the EPA’s budget by 16%. In 
addition, President Obama lowered the EPA’s budget from $10.3 billion in fiscal year 2010 to a proposed $8.3 
billion for fiscal year 2013. Congress can also exert substantial influence by limiting the budget of the EPA or by 
adopting a disapproval resolution that invalidates individual EPA regulations. While legislative action is difficult 
and seems unlikely in today’s political climate, House Republicans have nonetheless introduced pieces of legislation 
such as the “Stop the War on Coal Act” (H.R. 3409). Political conditions could become more or less favorable to 
environmental regulations, and public attitudes can change quickly. In a yearly Gallup poll of Americans about 
whether environmental concerns should be given priority over economic growth, responses have swung from one 
extreme to the other over the past couple of decades. In the 1980s, Americans consistently responded that the 
environment should be given priority, but since 2009 Americans have favored boosting the economy rather than 
protecting the environment, a trend likely the result of the economic malaise beginning in 2008. 
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fallen substantially since 2008, which coincides with the implementation of rules from the Clean 

Air Interstate Rule (CAIR). But, delineating the causal impact of CAIR is complicated by the 

fact that falling natural gas prices have also encouraged substitution against coal in the power 

sector. From 2005 to 2010, SO2 emissions fell by 49% while NOx emissions dropped 42%. The 

implementation of the EPA’s initial regulation was affected by court action, with a stay issued in 

December 2011. The US Supreme Court issued an opinion in August 2012 that resulted in a 

remand of the case. The stay was ultimately lifted and CSAPR is to be implemented in two 

phases, one in 2015 followed by a second in 2017.   

Coal Combustion Residuals: In June 2010, the EPA proposed regulating coal combustion 

residuals, also known as coal ash, as hazardous (Subtitle C) or non-hazardous (Subtitle D) waste 

under the Resource Conservation and Recovery Act. There was broad support for this, 

particularly after the Tennessee Valley Authority incident in which a levee at a retention pond 

burst, allowing coal ash laden water to inundate a nearby town. In 2014, a final rule known as the 

Disposal of Coal Combustion Residuals from Electric Utilities was issued.28  

Clean Power Plan: In June 2014, the EPA proposed a plan to reduce carbon dioxide emissions 

under the Clean Air Act sections 111(b) and 111(d) for new and existing power plants, 

respectively.29 The proposal sets forth emission reduction targets, but affords individual states 

the flexibility to propose how they meet the proposed reductions. Final rules are to be issued in 

summer 2015 with states to submit compliance plans by summer 2016. The Clean Power Plan 

could have significant impacts on natural gas demand.  

                                                
28 See http://www2.epa.gov/coalash/coal-ash-rule for more information. 
29 See http://www2.epa.gov/carbon-pollution-standards/fact-sheet-clean-power-plan-carbon-pollution-standards-
key-dates for more information. 
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Given the above discussion, for the Emissions Control Demand case we consider the impact of 

the EPA imposing strict limits on air emissions from electricity generation. Analyses of the 

effects of various proposed regulations have indicated retirements of coal-fired generation 

capacity of varying amounts. Table 5 briefly summarizes the conclusions from various analyses.  

Table 5. Impact of EPA Regulations on US Coal Capacity  

Study Author Regulation studied Capacity Loss 
(GW) 

Edison Electric Institute30 
CSAPR, MATS, NAAQS (Ozone rule), 

CO2 rule, Cooling water intake, clean water 
effluent guidelines, coal ash 

76 

Energy Information Administration31 ” 27 

North American Electric Reliability 
Corporation32 MATS 6-10 

Committee for a Constructive Tomorrow33 ” 17-60 
Brattle Group34 ” 40-55 

ALEC35 ” 15 
Department of Energy36 MATS, CSAPR 21 

Institute for Energy Research37 ” 34 
EPA38 ” 9 

 

                                                
30 J. E. McCarthy, and C. Copeland, “EPA’s Regulation of Coal-Fired Power: Is a “Train Wreck” Coming?” 
Congressional Research Service, August 8, 2011. 
31 “27 Gigawatts of Coal-Fired Capacity to Retire Over Next Five Years,” Energy Information Administration, 
Department of Energy, July 27, 2012.  
32 J.E. McCarthy, “EPA’s Utility MACT: Will the Lights Go Out?” Congressional Research Service, January 9, 
2012.  
33 P. Driessen, “The EPA’s Unrelenting Power Grab,” Committee for a Constructive Tomorrow, 2011.  
34 S. Levine, “Natural Gas Demand and Environmental Policies,” The Brattle Group (prepared for the Northeast Gas 
Association Regional Market Trends Forum), April 13, 2011.  
35 “Economy Derailed: State-by-State Impacts of the EPA Regulatory Train Wreck,” American Legislative 
Exchange Council, April 2012.  
36 “Resource Adequacy Implications of Forthcoming EPA Air Quality Regulations,” Department of Energy, 
December 2011.  
37 “Impact of EPA’s Regulatory Assault on Power Plants: New Regulations to Take 34GW of Electricity Generation 
Offline and the Plant Closing Announcements Keep Coming” Institute for Energy Research, June 12, 2012.  
38 M. Bastasch, “GAO Estimate May Lowball Effect of Coal Plant Regulations,” Daily Caller, August 21, 2012.  
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The Status Quo case assumes that 60 GWs of coal capacity are retired as already actionable 

policies are fully implemented. Figure 64 details these retirements by region and state. Figure 65 

indicates the fuel mix in power generation for the US in the Status Quo case. Natural gas 

approaches 37% of the total power generation mix by the mid-2020s, up from about 25% in 

2011. This occurs largely at the expense of coal, which declines to about 25% of the generation 

mix by 2030, down from about 42% in 2011.  

Figure 64. Status Quo Case Coal Retirements by State and RTO 

 

Also evident in Figure 65 is the evolution of other fuel sources in power generation in the Status 

Quo case. Non-hydro renewables rise from less than 5% to about 15% of the generation mix over 

the same time period, while nuclear and hydro each see declining shares to 16% and just under 

5% by 2030, respectively. While nuclear and hydro see declining shares, as sources of power 

generation they have very different projected fortunes, with the absolute quantity of nuclear 

generation rising very slightly while hydro declines.    
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Figure 65. Status Quo Case Electricity Generation Share by Fuel Source 

 

The Emissions Control Demand case doubles coal retirements relative to the Status Quo case to 

120 GWs (see Figure 66). The additional retirements are scheduled based on the heat rates of the 

facilities, with the least efficient facilities being retired first. Similar to each of the studies listed 

in Table 5, the retirements affect primarily older, less-efficient coal generators. Moreover, many 

of these facilities were grandfathered under previous rule-makings, meaning under past rule-

makings they were exempt from implementing control mechanisms. The new rule-makings, as 

currently prescribed, do not generally allow older plants to be grandfathered. Hence, they would 

have to incur substantial capital expense to be brought into compliance. Thus, the number of 

closures can vary substantially across studies depending on the stringency, the cost of 

compliance, and the availability of competing sources of supply. The modeled retirements affect 

primarily units with heat rates greater than 12,000 BTU/kWh. Because some states in the US are 

more traditionally coal-dependent, the distribution of retirements is uneven. Accordingly, the 

distribution of the effects on natural gas demand is also uneven. 
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Figure 66. Emissions Control Demand Case Coal Retirements by State and RTO 

 

The Emissions Control Demand case differs from the Status Quo case because it stimulates 

additional demand for natural gas. In fact, the share of natural gas in power generation rises to 

just over 40% by 2030 in this case, while coal’s share declines to just under 22%. Other 

generation sources are only marginally affected, with renewable share slightly rising and the 

shares of nuclear and hydro remaining virtually unchanged. The impact on natural gas demand 

has implications for regional pricing, domestic production, and trade flows in the US and North 

America more generally. 

In the case where environmental policies targeting emissions in the power generation sector are 

adopted at the federal level, natural gas demand in the US accelerates in the power sector, 

stimulating responses on many margins. To begin, the price at Henry Hub is higher than in the 

Status Quo case, as indicated in Figure 67, by up to $0.20/mcf through 2030. The price impact is 
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relatively small primarily due to the high elasticity of domestic supply. The ripple effects into 

Asian and European prices are even smaller.   

Figure 67. Change in Select Global Prices Relative to the Status Quo 

 

Figure 68. Change in US Demand by Sector Relative to the Status Quo 

 

Figure 68 shows there is substantially stronger domestic demand in power generation, which 

largely follows from the scenario construction. Greater demand in the power generation sector 
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crowds out demand in other sectors, with the largest impact falling on industrial demand, but all 

respond to higher prices with reduced natural gas use. However, the crowding out effect is small 

relative to the increase in demand from the power generation sector.  

As already noted, the high elasticity of domestic supply mitigates the price impact of policy-

stimulated domestic demand. Increased domestic production is supplemented by more imports 

from Canada and fewer exports to Mexico. Thus, the Canadian energy sector benefits in this 

case, while Mexican consumers must turn to higher cost resources in Mexico. Figure 69 indicates 

the impact by supply source on US natural gas production. The impacts on the upstream in the 

US are felt across both shale and non-shale resources.  

Figure 69. Change in US Supply by Resource and Play Relative to the Status Quo 

 

Figure 70 highlights the cumulative effect of this scenario on the US market balance relative to 

the Status Quo case. The surge in demand for natural gas in power generation is accommodated 

through reduced demand in other sectors, growth in domestic production, increased import from 

Canada, and decreased exports to Mexico. Hence, there are responses on multiple margins. It is 
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worth noting that the largest response to accommodating higher demand is higher domestic 

production, which is spread across multiple supply sources.       

Figure 70. US Market Balance and Change Relative to Status Quo Case 

US Market Balance in 

the Emissions Control 

Demand Case 

 

Change in US Market 

Balance Relative to the 

Status Quo Case 

 

 

This scenario highlights the implications of domestic supply being elastic relative to domestic 

demand. The outward shift of the domestic demand curve increases prices only slightly as the 

supply curve is relatively flat (or elastic), meaning there is a robust increase in domestic supply 

resulting from the demand stimulus, which is augmented by shifting international trade patterns. 

In effect, this case simulates the reverse of what is diagramed in Figure 59.  
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Finally, the effect on price in the wake of the US environmental policy shift is not evenly 

distributed across the country. This reflects the uneven nature of the demand stimulus in different 

regions and the distribution of coal capacity retirements indicated in Figure 66. In particular, as 

indicated in Figure 71, the basis in the Northeast and Middle Atlantic tends to strengthen, while 

it weakens in other locations. 

Figure 71. Change in Selected Basis to Henry Hub Relative to the Status Quo 
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Concluding Remarks 

The analysis herein compares the market outcomes resulting from scenarios involving various 

policy interventions of different scale and scope. Namely, we considered policies at the local, 

regional, and federal levels. The discussion focused on the impacts on market prices, demand, 

production, and the flow of trade. Understanding the effects of various policies on market 

outcomes is important for policy formulation because it provides a quantifiable metric of the 

costs associated with a particular policy. Typically, if there is some environmental externality in 

the extraction and sale of natural gas that is not “priced,” then a market failure is said to exist. In 

these cases, a policy intervention may be justified.39 However, policies that incur costs greater 

than the cost associated with the original externality should not generally be adopted.  

The scenarios involving the implementation of bans—at the federal level down to the local 

level—revealed interesting and varied impacts on the North American market. At one extreme, 

the federal ban has significant ramifications for domestic production, demand, and pricing. It 

also has ripple effects around the world, as the US is then no longer a net supplier to the global 

market. At the other extreme, the institution of a ban in the state of Colorado alone reveals very 

little impact on the North American market. In fact, as also seen in the case where the ban in the 

state of New York was lifted, the impacts tend to be localized. In the case where widespread 

local movements result in bans at a variety of locations simultaneously, the impacts are larger 

                                                
39 There may also be cases where existing policies have already effectively internalized an externality so that 
additional policies may have a marginal cost that exceeds their marginal benefit. In other cases, even though a 
particular policy could deliver marginal benefits in excess of the marginal costs it imposes, there may be alternative 
policies that have an even better marginal benefit/marginal cost ratio, so they should be implemented instead. In 
summary, a market failure is a necessary condition for a policy to be able to improve efficiency, but it is not a 
sufficient one. 
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than in the cases where only a single, local ban is implemented, but they are nowhere near as 

substantial as the case with the federal ban.    

The Flaring Prohibited case proxies the impact of local tax changes because it raises costs at 

various locations, but in a non-uniform way. The Flaring Prohibited case reveals little impact on 

the overall North American market. Effectively, the result highlighted in Figure 52 reveals that 

localized policy changes alter costs in a very specific and targeted manner, resulting in a 

reordering of the myriad sources of supply, as discussed in Figure 3. This, in turn, tends to limit 

the broader impacts of the local policy interventions. Moreover, as described by Figure 2, even 

this impact is uncertain. The incidence of changes in costs to the producer—through, for 

example, a tax increase or a new regulatory burden at the wellhead—is uncertain because the 

manner in which other costs may respond, such the cost of land, is uncertain. As such, this matter 

is left for future research.40  

Two additional scenarios were presented to highlight the point that shale activity is sensitive to 

policies that are not necessarily directly targeted at shale. In the US LNG Export Ban case, we 

simulate the implications of a policy shift in the US—perhaps due to a challenge to the national 

interest of exports—that revokes all licenses to export LNG.41 This scenario reveals that the 

largest impacts are felt by US producers. The price in the US is lower, which also stimulates 

demand, but the relative elasticity of demand and supply push the impact into the upstream. 

                                                
40 In particular, this requires one to model factor supply markets—land, rigs, labor, etc.—in a general equilibrium 
framework. Although beyond the scope of this study, we are examining these issues presently. 
41 The scenario does not target pipeline exports to Canada or Mexico. This is done to keep the analysis relatively 
simple. Effectively, we are interested in the comparative static analysis of the impact of specifically disallowing 
LNG exports. Moreover, this has been the focus of the debate in policy circles for the past few years. 
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A more or less reverse impact is seen in the case where environmental policy targeting coal use 

in power generation stimulates natural gas demand. In particular, we see, by construction, a large 

increase in demand from the power sector. This, in turn, raises the price, reduces demand in other 

sectors, and increases supply. However, the impact on price is limited, not quite reaching 

$0.20/mcf by 2030, which is a direct result of the relatively high elasticity of supply in North 

America. 

According to the analysis herein, a general set of outcomes can be observed regarding the North 

American market, each of which has implications for policy.  

1. Localized policy interventions—such as prohibitions on drilling activity or the 

introduction of new local taxes—do not have large, broad impacts across the North 

American market. There is a discernible impact on local production, local price, and local 

demand, but the broader impact across the entire market is small. This result follows from 

the fact that different regions across North America are well connected by robust pipeline 

infrastructure in a market with significant trading capability and hence very deep 

liquidity.  

2. The relatively large shale resource base in North America has effectively stretched the 

North American supply curve, rendering it more elastic (recall Figure 11). As illustrated 

in Figure 59, this tends to imply that policy interventions at all levels have a robust 

impact on domestic supply with little impact on domestic price. A major exception, of 

course, is the case where shale is removed from the supply portfolio because it renders 

the supply curve much more inelastic. 
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3. Local policy interventions do not, in isolation, carry significant impacts outside of North 

America. Only in the case of concerted action at the federal level do we see any impact 

on US presence as a supplier in the international market. The substantial effects in the 

latter case imply, however, that any federal action ought to weigh the international 

economic and geopolitical implications of the policy before being enacted. 

4. The ability to develop pipeline infrastructure and allow unimpeded trade among Canada, 

Mexico, and the US conveys significant benefits. Specifically, it allows additional 

arbitrage opportunities that limit the impacts of various policy interventions. We see this 

in each of the scenarios, as trade between the US and Canada is a significant factor in 

rebalancing the market in response to various policy interventions. Unimpeded trade 

allows environmental goals to be achieved at a lower cost than would otherwise be 

possible. Trade provides fungibility and physical liquidity to the North American market, 

thereby mitigating the potential impacts of policy interventions (or other market 

perturbations) on available supplies and price in any one region. It also highlights that US 

policy should be considered in the context of the North American market.     

The international economic and geopolitical impacts of the scenarios considered herein can be 

significant, depending on the scenario. This, in turn, carries important considerations for federal 

policy. Namely, any policy that substantively alters US production can shift the US position from 

one of a net exporter in the global market to one of a net importer. More generally, if US 

supplies to the global market are impeded, the impact the US has on global market evolution is 

diminished. In fact, as implied by Hartley (2014), a diminished US presence in the global market 

will reduce liquidity and lessen the propensity for the market to move away from being 
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dominated by oil-indexed contracts, ceteris paribus. In addition, any geopolitical leverage 

associated with a greater US supply presence in both Asia and Europe would be foregone.  

In sum, federal policy action must account for a larger number of potential costs that accrue at 

the national level, while perceived benefits are largely local, unless the policy is specifically a 

change in the federal tax code. In any case, local policy intervention does not carry the same 

burden, and, as a result, may be more likely to occur. Indeed, if the local fiscal and economic 

impacts are not sufficiently large, any perceived local environmental risks may carry more 

weight in discussions to intervene in shale gas-directed activity, particularly if the broader 

national and geopolitical costs are not considered in the local policy dimension.  

Importantly, even local policy impacts can accumulate to the point that they have implications 

for foreign policy. For instance, in the Widespread Local Bans case, US LNG exports are lower 

by up to 1.5 bcfd, which alters trade patterns in the global gas market. Relative to the Status Quo 

case, LNG dependence in Europe is higher, driven by deeper connections with North and West 

Africa, while Russia deepens its trade ties with China. Such an outcome could negatively affect 

US efforts to stem any hegemonic tendencies by Russia toward Europe via its ability to use 

natural gas supplies to gain leverage in economic and foreign policy matters. Through greater 

diversification of its market outlets, Russia can reduce the relative economic importance of the 

European market for the health of the Russian energy sector.42     

There are several issues not addressed herein and left for future research. To begin, there is 

momentum building to intercede through the use of policy—via the Clean Power Plan—to 

                                                
42 For more on this and other matters, the RWGTM was used to investigate scenarios involving international 
markets and the associated geopolitical implications as part of the joint study The Geopolitics of Natural Gas, which 
can be found online at http://bakerinstitute.org/research/geopolitics-natural-gas/. Moreover, the study leads recently 
expanded on the shifting geopolitical presence of the US due to shale (see Medlock, Jaffe, and O’Sullivan 2014).  
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reduce carbon dioxide emissions in the US. To the extent that this results in the closure of coal 

facilities and/or the adoption of sequestration technologies, the outcomes could be profound for 

the US natural gas market.  

Another matter that deserves attention pertains to the underlying cost environment. A changing 

oil price environment—due to shifts in demand, supply, currency values, geopolitical events, and 

more—has implications for the cost associated with oil and gas extraction. To the extent that 

costs change, the supply curves in various parts of the world will shift. Moreover, since costs are 

often denominated in the currency of the country where they are incurred, shifts in currency 

values can play a role in the regional competitiveness of supplies around the world. The cost 

environment is important when simulating long-term market outcomes, as the position of the 

supply curve effectively determines the cost of the marginal thousand cubic foot of natural gas. 

In the study, we hold a long-term view of oil price that is consistent with a price of just below 

$80/barrel (real 2010$), which puts long-run costs, in inflation-adjusted terms, at their 25-year 

historical average. Understanding the implications of different long-term cost environments was 

not explored herein, and is left to future research.  

We also did not investigate the impact of new regulations on fugitive methane. This is a 

relatively recent development, and there is still research ongoing into fully understanding the 

sources of methane leakage in the natural gas value chain. The appropriate policy should 

examine where leakage occurs and evaluate the cost of mitigation. For example, if the leak rates 

are highest at the distribution end, then that point in the value chain might be best for mitigating 

fugitive methane. However, if the cost associated with doing so is exceedingly high, a different 

course of action may be justified. This matter is left for future research. 
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There should also be further research into the tax incidence associated with oil and gas 

production. In particular, there is a dearth of literature on the impacts of local taxes on oil and 

gas production. As highlighted in Figure 2, the impact of a new tax on local costs, such as for 

access and/or acreage, is underappreciated and deserves further examination.  

To wrap up, this study highlights a fundamental point that is germane to any policy discussion 

regarding domestic energy markets. Namely, allowing unimpeded trade and limiting prohibitive 

actions in the upstream to those of a local nature (so not intervening in a major way at the federal 

level as long as the cost-benefit is supportive) facilitates a relatively seamless response to 

perturbations in the market.  
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Appendix 

Table A1. Summary of Upstream Regulations – Existing as of 2013 and Proposed in 2014 

State Category Subcategory Specifications Status 
Alabama Site development & preparation Water withdrawals (kgal/day) 100: Registration and reporting required In effect 

Setback restrictions from buildings (ft) 200 In effect 
Well drilling & production Cement type requirements Yes In effect 

Casing and cement depth Specified casing and cement depth In effect 

Surface casing cement circulation regulations 
Yes In effect 

Intermediate casing cement circulation regulations Performance-based requirements In effect 

Production casing cement circulation regulations 
Require cementing 500 feet above shoe/true vertical depth/uppermost 
hydrocarbon zone  In effect 

Venting/flaring regulations Specific venting and flaring restrictions In effect 
Flowback/wastewater storage and 
disposal 

Fluid storage options Pits and tanks In effect 
Freeboard requirements (ft) 2 In effect 
Pit liner requirements Conditional liner requirements In effect 

Flowback/wastewater transportation tracking Permit or approval and recordkeeping required In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 6 In effect 
Temporary abandonment (months) 12 In effect 
Accident reporting requirements (hours) 0 In effect 

Hydraulic fracturing: Fracking 
Proposal Requirements 400-1-9-
.04 

Fees $250 per proposal - max $750 In effect 
Casing and cementing program    
Geophysical and cement bond logs    
Program describing proposed fracturing operations    

Inventory of fresh water supply  Within 1/4 mile radius if the well 
Statement of no adverse effects no fresh water 
supply  

  

Diesel oil prohibited   
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Description of the fracture fluid identified by 
additive and name of chemical compound and 
Chemical Abstracts Service Registry number  

Post the information to Frac Focus website within 30 days after the 
fracturing  

Hydraulic fracturing of coalbeds Fees (400-3-8-.03(2)) $175 per proposal - max $525 In effect 
400-3-8-.03(4) water well protection The operator of CBM wells with proposed fracturing operations in the 

depth interval of four hundred (400) to six hundred (600) feet shall 
prepare an inventory of fresh water supply wells within a one-quarter 
mile radius of the well to be fractured. Fracturing operations shall not be 
conducted if it is determined that any fresh water resources or any fresh 
water supply well located within a one-quarter mile radius of the CBM 
well could be adversely impacted as a result of the fracturing operation. 

400-3-8-.03(10): Description of the fracture fluid 
identified by additive and name of chemical 
compound and Chemical Abstracts Service Registry 
number  

Post the information to Frac Focus website within 30 days after the 
fracturing  

Alaska Site development & preparation Pre-drilling water well testing Required within 0.25 miles from well Proposed 

Water withdrawals (kgal/day) Permit required In effect 
Well drilling & production 

Surface casing cement circulation regulations Yes In effect 

Intermediate casing cement circulation regulations Require cementing 500 feet above shoe In effect 

Production casing cement circulation regulations 
Require 500 feet cementing above shoe/true vertical depth/uppermost 
hydrocarbon zone In effect 

Venting/flaring regulations Specific venting restrictions and flaring regulations In effect 
Flowback/wastewater storage and 
disposal 

Fluid storage options Pits and tanks In effect 
Freeboard requirements (ft) 1 In effect 
Pit liner requirements Requires 30mils in liner thickness In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Temporary abandonment (months) 12 In effect 
Accident reporting requirements (hours) “Immediately” In effect 
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Well control requirement The Alaska Oil and Gas Conservation Commission 
has amended its regulations dealing with 20 AAC 
25.287 which modifies the well control 
requirements for maintenance, testing, and pressures 
for wireline operations, 20 AAC 25.990 was 
amended to clarify “well branch” and “primary 
wellbore,” and 20 AAC 25.040 was amended to 
clarify wellhead signage requirements. 

November 3, 2013 In effect 

Proposed hydraulic fracturing 
regulations 

Permit requirements Separate proposal to perform hydraulic fracturing (application for 
Sundry Approvals) with the info below specified: 

Proposed 

Pre-fracking landowner notification Within 1/2 mile radius 
Water testing Identification of freshwater aquifers within 1/2 mile radius and plan for 

baseline water sampling, including specific rules on methane 
concentration above 5.0mg/l and 10mg/l 

Construction standards Detailed casing and cementing information, testing requirements, 
pressure relief valve, detailed plan for post-fracture cleanup and fluid 
recovery through production operation  

Fracking fluid specifications Must be provided in the plan including pumping procedures, estimated 
volumes, names of chemicals used, weight and volume of inert 
substances, max treating pressure anticipated, height and length of the 
desired fracture 

Arkansas 

Site development & preparation Water withdrawals (kgal/day) Permit required In effect 
Well drilling & production Casing and cement depth Specified casing and cement depth: 100ft below water table In effect 

Surface casing cement circulation regulations Yes In effect 

Production casing cement circulation regulations Require cementing to surface In effect 

Venting/flaring regulations No evidence of regulation in terms of both venting and flaring   
Flowback/wastewater storage and 
disposal 

Fluid storage options Pits and tanks In effect 
Freeboard requirements (ft) 2 In effect 
Pit liner requirements Requires 20mils in liner thickness In effect 
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Flowback/wastewater transportation tracking Permit or approval and 3-year recordkeeping required In effect 

Underground injection wells for 
flowback/wastewater and produced water Local moratoria In effect 

Well plugging and abandonment Well idle time (months) 24 In effect 
Temporary abandonment (months) 36 In effect 
Accident reporting requirements (hours) 24 In effect 

Rule B-43: establishment of 
drilling units for unconventional 
and conventional gas production 
in prospective areas not covered 
by field rules  

Exploratory vs. established drilling units  Single governmental section approx. 640 acres  In effect 
Filing integration application and operator criteria     

Well spacing (unconventional sources) Each well location at least 560 feet from any drilling unit boundary line; 
and 560/448 from any other well in the same common source of supply 
(unless all owners consent in writing); depending whether the well 
encroaches on unit boundaries 

  

No more than 16 wells per 640 acres   
Reporting requirements  Highest 24-hour production rate during first 40 days of production, filed 

within first 60 days  
  

Approval of wells that extend across or encroach 
upon drilling unit boundaries  

Jurisdiction: the Oil and Gas Commission   

Rule B-44 : Establishment of 
Drilling Units for Gas production 
from all sources of supply 
occuring in certain production 
areas in Franklin Logan Scott, 
Sebastian and Yell Counties 

Filing of application approx. area 640 acres;      
Also application to integrate separately owned tracts 
within an exploratory drilling unit  

    

Well spacing (unconventional sources) 560 feet from any drilling unit boundary line and/or other well locations 
within an established drilling unit, within common sources of supply  

  

Special rules for Middle Atoka   
Special Rules for Upper Atoka    

Establishing jurisdiction of the Commission for 
consider drilling applications etc.  

    

Rule D-21 Procedures for determining the production 
allowable for dry natural gas production wells  

    

Rule D-16 Backpressure test requirements IOPT or production testing requirements   
Testing methodology   

California Site development & preparation Pre-drilling water well testing Required within 0.28 miles from well Proposed 
Water withdrawals (kgal/day) Permit required In effect 
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Well drilling & production Cement type requirements Addressed in permit In effect 
Casing and cement depth Addressed in permit In effect 

Surface casing cement circulation regulations Yes In effect 

Intermediate casing cement circulation regulations Require cementing 500 feet above shoe In effect 

Production casing cement circulation regulations 
Require cementing 500 feet above shoe/true vertical depth/uppermost 
hydrocarbon zone  In effect 

Flowback/wastewater storage and 
disposal 

Fluid storage options Tanks only In effect 

Underground injection wells for 
flowback/wastewater and produced water Yes In effect 

Well plugging and abandonment Well idle time (months) 300 In effect 
Accident reporting requirements (hours) “Promptly” In effect 

SB well stimulation treatment 
regulations 

General well stimulation treatment requirements Casing (special emphasis) and surface equipment integrity testing 
requirement, including the fracking fluid concentration safety for the 
well (and casing integrity during treatment process); devising Spill 
Contingency Plan   

Initially 
effective 
01/01/2014 as 
emergency 
regulatory 
action, 
readopted 
07/01/2014; 
scheduled to 
expire July1, 
2015, unless 
revised earlier 
by the Director 
of the 
Department of 
Conservation 

Written notice of well stimulation treatment  At least 10 days in advance of the treatment Well Simulation Treatment 
Notice (includes operator and project information); needs approval by 
the Division for the treatment to commence  

Notification requirement to property owners and 
tenants of land situated within a 1500f radius of the 
wellhead or 500f of the horizontal projection of the 
subsurface parts of the well 

30 days before commencement of the treatment; includes: copy of the 
well simulation notice as approved by the Division, notice of availability 
of water sampling and testing of any well or any surface water suitable 
for drinking or irrigation (if well/water located on the parcel)  

Duty to hire independent third party to provide copy 
of permit, notice of water testing, sampling  

  



The Market Impacts of New Natural Gas-Directed Policies in the United States 

130 
 

Model groundwater monitoring criteria for 
groundwater sampling, testing, and monitoring 
(interim criteria until model criteria developed by 
the State Water Resources Control Board) 

What a well-specific or area-specific groundwater monitoring plan shall 
include: map of the well, including its name, planned fracture, 
stratigraphic depths of protected waters, and low-permeability zones that 
will function to slow the migration of fluids towards protected waters or 
the surface; complete well construction details and all new and existing 
groundwater wells that will be used for monitoring; map of all existing 
groundwater supply wells as well abandoned and inactive wells in the 
1500f/500f are; contingency plan for reporting info. In case of well 
failure, design well-specific and area-specific groundwater monitoring 
system  

Required public disclosure  Within 60 days after the cessation of a well simulation treatment; 
includes information about the operator, location of the well, date of 
treatment, true vertical depth of the well, name and vertical depth of the 
productive horizon; information on the fracking fluid additives, its total 
volume used; information on wastewater- source, volume, specific 
composition and disposition, any reuse of treated or untreated water for 
well stimulation, composition and disposition of other waste fluids, 
radiological components or tracers injected, radioactivity; estimated 
volume of all fluid recovered; complete list of the names and detailed 
info of each chemical constituent - post information on the website to 
Chemical Disclosure Registry  and provide the info to the Division 
(form available) special handling of trade secrets; submit groundwater 
quality data  to State Water Resources Control Board in electronic 
format  

Colorado Site development & preparation Pre-drilling water well testing Required within 0.5 miles from well In effect 
Water withdrawals (kgal/day) Permit required In effect 
Setback restrictions from buildings (ft) 150-350 In effect 

Setback restrictions from buildings (ft) 500-1,000 Adopted 
Well drilling & production 

Casing and cement depth Specified casing and cement depth: 50 feet below water table In effect 

Surface casing cement circulation regulations Yes In effect 

Intermediate casing cement circulation regulations Require cementing 500 feet above shoe In effect 
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Production casing cement circulation regulations 
Require cementing 200 feet above shoe/true vertical depth/uppermost 
hydrocarbon zone In effect 

Venting/flaring regulations Notice and approval required for both venting and flaring In effect 
Flowback/wastewater storage and 
disposal 

Pit liner requirements Requires 24mils in liner thickness In effect 

Flowback/wastewater transportation tracking Recordkeeping required: 5 years In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 6 In effect 
Temporary abandonment (months) 6 In effect 
Accident reporting requirements (hours) 24 In effect 

Groundwater rules Requires pre-and post-drilling groundwater 
sampling  

All data to be made publically available  In effect since 
May 1, 2013 

New Setback rules adopted by 
COGGC on Feb 11, 2013 

Increased the existing setback distances  From 350f in High Density Areas and 150f elsewhere to 500f statewide  In effect since 
August 1, 
2013 New technically advanced best management practices and protective 

measures to eliminate, minimize or mitigate nuisances and other adverse 
impacts for all Oil and Gas Locations within 1,000f of occupied 
buildings ; also those locations cannot be locate in 1,000 f from High 
Occupancy Buildings such as day cares, hospitals, nursing homes, etc. 
without COGGC approval following a public hearing  

Enhance notice and communication with Building Unit owners  

Spill and Release Reporting 
Rules 

To implement House Bill 13-1278 relating to the 
reporting of spills  

The rules require oil and gas operators to report any spill or releases of 
one barrel or more of exploration and production waste within 24 hours 
after the discovery. The operator is required to make a report to the 
COGCC as well as to either the municipality or county (and/or surface 
owner) where the spill occurs. Also report to Environmental 
Release/Incident Report Hotline if spill threatens/impacts any surface 
water supply area. The report must include any information available to 
the operator concerning the type of waste involved in the spill. 
Remediation of spills/releases.   

In effect since 
12/20/2013 
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Prevention - secondary containment structures must be sufficiently 
impervious to contain discharged material (around all tanks containing 
oil, condensate, or produced water with greater than 3,500 milligrams 
per liter total dissolved solids and shall be sufficient to contain the 
contents of the largest single tank and sufficient freeboard to contain 
precipitation. Operators determine and document the cause of the spill to 
prevent similar spills in the future 

Buffer Zone Move-In, Rig-Up 
Notice Policy  

Element of Setback rules  Therefore, in order to provide this important notice, the Operator will 
provide Move-In, Rig-Up (hereafter “MIRU”) Notice to all Building 
Unit owners within the Buffer Zone when more than 1 year has elapsed 
since previous notice or since drilling activity last occurred if no notice 
had previously been required. The Buffer Zone MIRU Notice shall be 
sent at least 30 days, but no more than 90 days, prior to the Move-In, 
Rig-Up of the drilling rig.  

Effective 
02/01/2014 
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Revisions to Colorado Air 
Quality Control Commission's 
Regulations  

Regulate methane leaks from oil and gas- THE 
FIRST STATE to do so in the US. Oil and gas 
operators will now be subject to: (1) Monthly 
inspections for large emission sources; (2) Methane 
leak detection and repair (“LDAR”) programs for 
pipelines, tanks and other drilling and production 
processes;(3) Aggressive timelines for leakage 
repairs; (4) Stricter limits on emissions from drilling 
operations located near residential and recreational 
areas; (5) Requirements for retrofitting high-
emitting existing sources; and (6) Controlling 
emissions from well maintenance activities.  

(1) Expands requirements to use good air pollution practices to 
minimize hydrocarbon emissions from collection, storage, processing, 
and handling (2) expands requirements to use auto0igniter after 
installation (3) from 01/2015 open ended valves or lines be sealed or 
become subject to leak detection and repair (LDAR) requirements, 
centrifugal compressors reduce hydrocarbon emissions by 95% and 
reciprocating compressors at natural gas compressors stations replace 
rod packing every 26,000 h of operation or every 36 months (4) storage 
tanks must comply with federal control requirements (NSPS OOOO) (5) 
storage tanks with uncontrolled actual VOC emissions >=6 tons per year 
need to control hydrocarbon emission by 95% and meet 98 design 
control efficiency ; all tanks except temporary fac tanks, in the first 90 
days to control emissions by 95% and meet 98% design control 
efficiently unless projected emissions in that period are <1.5 tons (6) 
storage tanks with VOC emission to develop and employ Storage Tank 
Emission Management (STEM) to operate without venting standard 
(including Approved Instrument Monitor in Method (AIMM) 
inspections (7) owners/operators must inspect components at natural gas 
compressor stations and well production facilities for leaks (frequency 
of inspections determined based on EPA Protocol for Equipment Leak 
Emission Estimates) (7) established thresholds for leaks (8) beginning 
August, 2014 gas from newly constructed fracked or completed well 
must be routed to a gas gathering line or controlled by 95% (or 98% if 
using combustion device) (9) May, 2014 best management practices to 
minimize hydrocarbon emissions and the need for well venting during 
maintenance and liquids unloading , records need to be kept for 2 yrs; 
(10) low-bleed pneumatic controller requirement state wide  

Effective 
04/04/2014 
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House Bill 14-1356  Amends the current rules strengthening penalty 
authority of the COGGC 

(1) Eliminate the penalty cap of 10,000 per violation (2) increase daily 
penalty amount from 1,000 to 15,000 per each violation (3) modify how 
Commission assesses penalties (3) requires commission to publish a 
quarterly report with info on each penalty assessed (4) requires 
commission to hold hearing in two situations if an operator was grossly 
negligent or knowing and willful and that conduct caused an egregious 
violation or if an operator's conduct demonstrates a pattern of violations 
- if the hearing leads to conclusion  of violation omission can issue an 
order prohibiting the operator from receiving new permits, suspending 
certificates of compliance or both  

Effective 
06/06/2014 

Wildlife map update Update of maps adopted for protection of wildlife 
resources pursuant rules adopted by COGGC during 
2007-2008 rule making process 

To avoid adverse impacts from oil and gas operations on wildlife 
resources; The Commission reiterates that SWH maps are used solely to 
trigger consultation between CPW, COGCC, operators, and the surface 
owner to determine whether conditions of approval are necessary to 
“minimize adverse impacts,”§ 34-60-103(5.5),C.R.S., from the proposed 
oil and gas operations in the identified sensitive wildlife habitat area. 
Sensitive Wildlife Habitat mapped areas do not depict areas in which oil 
and gas development is restricted or prohibited 

In effect since 
09/2013 

Well log submittal  Copies of all logs run, open-hole and cased-hole, 
electric, mechanical, mud, cement bond log or other  

In electronic format, no more paper copies required In effect 

Use of modular large column 
tanks  

To store fresh water for well completion purposes- 
not waste water  

Not allowed 500f from building or 1,000 ft from high occupancy 
building (some exceptions may apply); design package certified and 
sealed by a Licensed Professional Engineer stating that the design is 
adequate to withstand the loads resulting from using the tank;  

In effect (since 
06/13/2014) 

Site preparation and installation 75ft from a wellhead, fired vessel. Heater-treater or a compressor 
(200horse power or more); 50f from a separator, well test unit, other 
non-fired equipment; liners up to applicable ASTM international 
standards   
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Operations and contingency planning  Testing and inspections SOPs must be implemented at least every 50 set 
ups  and records maintained for at least 5 yrs ; sign on MLVT to indicate 
the content (fresh water) and that no waste fluid allowed , also operator's 
information, tank capacity, contents ; minimum 1f freeboard at all times 
; access limited to personnel and authorized regulatory agents; daily 
visual inspections of the exterior and surrounding area to check on 
integrity, any deficiencies must be repaired as soon as practicable ; 
operator must develop contingency plan for leaks and catastrophic 
failure (accident report within 10 days of discovery, root cause analysis, 
Sundry Notice within 30 days to COGCC. Best Management Practices 
must be employed  

Land application plan -checklist 
for water-based bentonitic 
drilling fluids and Associated 
cuttings  

To assist operators in preparing a plan for land 
application of allowable drilling fluids and/or 
associated cuttings generated  

Checklist on : recommended information, disposal location information, 
material volume and handling, post-application sampling and closure 
requirements 

In effect since 
09/15/2014 

Drill cuttings management policy Defines appropriate management options for drill 
cuttings treatment, disposal or land application as a 
beneficial soil amendment; applicable to cutting 
generated from drilling water-based drilling fluids 
ONLY: 

5 different options defined: In effect since 
09/15/2014 Drying and burial in pits on location (in accordance with Rule 1003.d 

and concentration levels Table 910-1) 

Disposal at a commercial solid waste disposal facility 
Land treatment or land application at a centralized E&P waste 
management facility 

Private land application as a beneficial soil amendment to native soil 
subject to specific requirement (waste management plan approved by the 
Director required - prepared according to land application plan 
checklist); authorization from the owner, thickness no more than 3 
inches; waste applied to prevent erosion and incorporated within 10 days 
of application, concentrations acc. to Table 910-1, for a period of no 
longer than 3 years; record keeping (source, volume, location); request 
for closure- documentation sampling confirming compliance with Table 
910-1 and summary of volumes and sources  

Another alternative method proposed in waste management plan 
approved by the Director prior to implementation 
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Practices and procedures for 
stimulation at Depths 2,000 Feet 
or Less  

To ensure that oil and gas drilling and completion 
activities  (incl. hydraulic fracturing) do not impact 
groundwater resources 

COGCC may establish increased cementing criteria based on local 
geology and cementing standards 9in excess of the 50f ad 200f casing 
and cementing standards stated in Rule 317 for aquifer and carbon 
isolation; 

In effect since 
10/24/2014 

COGCC may also restrict the stimulation of certain pay zones  

Operator should meet with COGCC engineering staff to discuss: 
geology and aquifer assessment, engineering assessment, 1,500f offset 
well review and assessments 

Georgia Site development & preparation Water withdrawals (kgal/day) 100: permit required In effect 
Setback restrictions from buildings (ft) 330 In effect 

Well drilling & production Cement type requirements Addressed in permit In effect 
Casing and cement depth Well-specific casing and cementing depth In effect 

Surface casing cement circulation regulations Yes In effect 

Production casing cement circulation regulations 
Require cementing 500 feet above shoe/true vertical depth/uppermost 
hydrocarbon zone  In effect 

Flowback/wastewater storage and 
disposal 

Fluid storage options Pits and tanks In effect 
Freeboard requirements (ft) Yes In effect 
Pit liner requirements Addressed in permit In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 6 In effect 

Well inspection and enforcement Accident reporting requirements (hours) 0 In effect 
Illinois Site development & preparation Pre-drilling water well testing Required within 0.28 miles from well In effect 

Water withdrawals (kgal/day) 100: permit, registration, and reporting required In effect 
Setback restrictions from buildings (ft) 200 In effect 
Setback restrictions from buildings (ft) 500 In effect 
Setback restrictions from water sources (ft) 300-1,500 In effect 

Well drilling & production 

Casing and cement depth 
Specified casing and cementing depth of 200 feet, or 100 feet below 
water table In effect 

Surface casing cement circulation regulations Yes In effect 

Intermediate casing cement circulation regulations Requires cementing 600 feet above shoe In effect 

Production casing cement circulation regulations Requires cementing 500 feet above the top perforated zone In effect 
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Venting/flaring regulations Venting regulations, specific flaring restrictions In effect 
Flowback/wastewater storage and 
disposal 

Fluid storage options Pits (temporary storage) and tanks In effect 
Pit liner requirements Requires 24mils in liner thickness In effect 

Flowback/wastewater transportation tracking Permit or approval and recordkeeping required (3 years) In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 24 In effect 
Temporary abandonment (months) 24 In effect 

Well inspection and enforcement Accident reporting requirements (hours) 0 In effect 
Hydraulic Fracturing Regulatory 
Act  June 17, 2013 

June 2013, gov. Pat Quinn proposed and signed into 
law the strictest rules for high-volume oil and gas 
drilling in the nation. After that the Department of 
Nat. Resources was required to develop its own 
regulations to be able to enforce that law, 3rd draft 
from November 2014 approves fracking 

The bill also requires the state to maintain a centralized online repository 
of all information related to fracking operations in the state, which 
would provide the public with easy access to information about 
operations in specific locations.   

In effect 

Chemical disclosure  In addition to requiring reporting of chemicals planned to be used before 
drilling, the Illinois bill requires drillers to report detailed information 
on the chemicals actually used after the well is completed and is 
operating. The required information includes unique chemical 
identification numbers, concentrations and quantities, and total volume 
of water or the type and total volume of base fluid used (if not water). 
The bill also bans the use of diesel fuel (commonly found in fracking 
fluids) because it contains carcinogenic compounds.  

Permit  Permit required  
Well preparation construction and drilling  Requirements as to the distance from building and high occupancy 

buildings and water sources between 300 and 1,500f)  

  All topsoil stockpiled, stabilized and remain on site for use in partial or 
final reclamation 

  Piping, conveyances, valves and tanks constructed form material 
compatible with the composition of frac fluid  

  Secondary containment required for all fueling tanks  
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  Casing and cement conforms with current American Petroleum Institute 
standards  

  Blowup prevention standards: equipment  
Wastewater treatment and storage Stored in above the ground tanks / reserve pit only if lack of capacity to 

store  

  Liner 24 mils with high puncture and tear strength, impervious, resistant 
to deterioration/ pit liner at least 12 inch deep anchor trench around the 
pit parameter  

Fresh water storage Either in pits or tanks depending on free choice of the operator  

Flowback Must be tested for chemicals and radioactivity (also the ground around 
tanks and pits), removed within 60 days from completion 

May only be disposed of by injection into a class II injection well that is 
below interface between fresh water and naturally occurring Class IV 
groundwater  

Prohibit discharge of frac fluids, flowback, and produced water or water 
drainage 

Drill cuttings, drilling fluids and drilling wastes must be stored in tanks 
or pits (not containing oil-based mud or polymer-based mud) 

Must clean up immediately and remediated any release of the frac fluid, 
flowback or additive 

Flaring  Allowed only after all other options are explored and the permittee 
establishes that it is not technically feasible or economically reasonable 
to : capture to a completion combustion device, routing into storage 
vessels, gas into gas gathering line or generator for onsite energy 
generation or using other method than venting or flaring 

Uncontrolled emissions exceeding 6 tons per year from storage tanks 
shall be recovered and routed to a flare with reliable continuous ignition 
source  

Exemptions may be approved  
After July 1, 2015 all flares must operate with a combustion efficiency 
of at least 98% and in accordance with 40 CFR 60.18 and be certified by 
the manufacturer  

Record and report annually the amount of gas flared or vented from each 
well  

Completion report within 60 days after completion of operations  



The Market Impacts of New Natural Gas-Directed Policies in the United States 

139 
 

Water quality monitoring  Testing and sampling by independent party of all water sources within 
1,500 f pf the well prior to fracking activities , and 6, 18, and 30 months 
after activities started  

Pollution or dimunition Presumption of pollution or dimunition of a water source  
Plugging and restoration Permittee bears the cost, plug all previously unplugged wellbores with 

750f from the new well that will be drilled,  

Seismicity Calls for the Department to adopt rules - "traffic light" control system  

Administrative Code Nov 14, 
2014 on Fracking 

Specifies details of the above act   In effect 

Illinois Oil and Gas Act - as 
specified by administrative code 
developed by the Department of 
Natural Resources 

Operating requirements  Wells equipped with a flow meter capable of monitoring the rate of flow 
of fluids injected down on a per day basis consistent with the permit 
issued by the Department  

In effect 

Record and maintain pressure and flow data  on a monthly basis 

Consult Department and ISGS to develop plan for seismic monitoring if 
well suspected of triggering induced seismic activity  

Induced seismicity reporting  Yellow light alert issued if earthquake within a 6 mile radius  

After 3rd yellow light alert well permittee must immediately reduce 
injection volume and consult with the Department and ISGS  

Any red light will be reported by the Department to permittees within 10 
mile radius from an earthquake epicenter  

Cessation orders  If 3 yellow alerts and notice of violation for the well's flow, pressure or 
mechanical integrity within a year 

Any number of yellow alerts plus property damage as a result of an 
earthquake  

5th yellow light alert 
Red light alert and within 6 miles from earthquakes epicenter 

Induced seismicity mitigation requirements Meeting with the Department to be held within 30 days after issuance of 
the cessation order - provide 6 months of well data, determine ways to 
mitigate the seismicity, an agreement how to test becomes a settlement 
before Hearing Officer for the cessation order hearing  

Penalties  For specified administrative or operating violations 
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Indiana 

Site development & preparation Water withdrawals (kgal/day) 10: Registration and reporting required In effect 
Well drilling & production Cement type requirements Yes In effect 

Casing and cement depth Addressed in permit In effect 

Surface casing cement circulation regulations Yes In effect 

Intermediate casing cement circulation regulations Require cementing to surface In effect 

Production casing cement circulation regulations Addressed in permit In effect 
Flowback/wastewater storage and 
disposal 

Fluid storage options Pits only In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 12 In effect 
Temporary abandonment (months) 60 In effect 

Well inspection and enforcement Accident reporting requirements (hours) Feb-48 In effect 
Indiana Code- Title 14, Article 
37: Oil and Gas, Chapter 4 - 
Violations (IC 14-37) added 
07/01/2014 

Civil penalty up to $10K, knowingly and 
intentionally violating permit requirements - Level 
6 felony if operation relates to Class II well (3) 
penalty should be deposited to the oil and gas 
environmental fund / In addition to civil penalty, the 
department may bring an action to enjoin the 
violator from continuing the violation 
(INJUNCTION)  

Those who drill, deepen, operate, or convert a well for oil and gas 
purposes without a permit or those who do not comply with the permit 
or do not correct adverse environmental impact that results from 
noncompliance with a permit, does not provide proper operation and 
maintenance facilities systems of treatment and control to comply with a 
permit  

In effect  

With regard to failing to proper plug and abandon of the well 
requirement; each day constitutes separate violation 

If not : (1) well plugged as a dry hole: sealed and capped the well at the 
casinghead until the plugging operations begin (2) plug immediately 
after completion, 12 h notice to the inspector. (3) oil and gas inspector 
must be present at the plugging (unless inspector gives verbal approval 
after being notified) (4) when well not a dry hole- 10 day notice to the 
department with a plan for plugging identifying method and 
demonstrating compliance with plugging requirements, 48 h notice for 
the inspector  

Waste of water  



The Market Impacts of New Natural Gas-Directed Policies in the United States 

141 
 

Civil penalty up to 10K deposited to the oil and gas 
environmental fund  

Whoever fails to: (1) file a written application for a permit and receive a 
permit from commission to drill one test hole and submit a fee of $100 
(2) give oral or written notice to the commission before plugging (3) 
plug and abandon the hole in a manner that confines all fluids and 
materials in the separate strata originally confining the fluids or 
materials by use of mud-laden fluid, cement, or plugs used singly or in 
combinations approved by the commission 

Kansas Site development & preparation Pre-drilling water well testing Required within 0.19 miles from well Proposed 
Water withdrawals (kgal/day) Permit required In effect 
Setback restrictions from buildings (ft) 1,000 Proposed 
Setback restrictions from water sources (ft) 660 In effect 
Setback restrictions from water sources (ft) 660-1,000 Proposed 

Well drilling & production Cement type requirements Yes In effect 

Casing and cement depth Specified casing and cement depth of 300 feet below water table Proposed 

Surface casing cement circulation regulations Yes In effect 

Intermediate casing cement circulation regulations Addressed in permit In effect 

Production casing cement circulation regulations Addressed in permit In effect 
Venting/flaring regulations Specific venting and flaring restrictions In effect 

Flowback/wastewater storage and 
disposal 

Fluid storage options Pits and tanks In effect 
Freeboard requirements (ft) 1 In effect 
Pit liner requirements Yes In effect 

Flowback/wastewater transportation tracking Recordkeeping required: 3 years In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 3 In effect 
Temporary abandonment (months) 12 In effect 

Well inspection and enforcement Accident reporting requirements (hours) 24 In effect 
Amendment to K.S.A. 2013/ Bill 
HB 2332 

Oil and gas drilling waste Dispose in acc. With best management practices and max loading rates 
as developed by secretary and published on the department website 

Proposed 
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Each drilling location: application to land-spread drilling waste  

$250 fee to state corporation commission with each application, credited 
to conservation fee fund 

Amendment to K.S.A. 2013/ Bill 
SB 319 

Surface owner's property rights protection  Application needs to include a map showing the location and relative 
distances of all proposed wells, structures and water wells as well as 
right to enter, including but not limited to documentation that lease it 
still viable  

Proposed 

Commission shall adopt rules and regulations with regard to occupied 
buildings within 1,000 ft. from wells to ensure safety and protection of 
persons and property and that rights of surface owners using such 
buildings are not abridged including: procedures to capture gases and 
odors; limit noise, dust, light; protect from spills 

Provide notice to any person residing within 1,000 from the proposed 
well, at least 1 meeting with any person 

Commission shall adopt rules on minimum setback, insurance bonding 
and indemnification requirements  

No well should be drilled within 500 ft. from any structure constructed 
prior to drilling without consent of the owner  

No more than 1 well may be drilled within 10 acre area without consent 
of surface owner(s)  

Substitute BG 2262,  Deposit amount into the oil and gas valuation 
deplation trust fund  

Decreasing it from 12.41 to 8.25 % Proposed 

Oil and Gas Valuation Depletion 
Fund SB 245 

Severance taxes distribution Credit 12.41 % of FY 2013, 2014m and 2015 in counties with 
receipts>$100,000 to the Oil and Gas Valuation Depletion Trust Fund 
(OGVDTF) for distribution in following respective years 

In effect since 
May 22, 2014 

Abolish the OGVDTF July 1, 2016 
Create Mineral Production Education Fund (MPEF) on July 2016 and 
starting July 1, 2016 crediting 20% of mineral severance taxes collected 
in previous years in counties with receipts over $100,000 to State School 
District Finance Fund  

Mandatory school district general fund property tax levy (20 mils) be 
remitted to the State Treasurer for deposit in SSDFF (under previous 
law the money was distributed to school district general funds) 

Kentucky Site development & preparation Water withdrawals (kgal/day) Exempt In effect 
Setback restrictions from buildings (ft) 150 In effect 
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Well drilling & production 

Casing and cement depth Specified casing and cement depth of 30 feet below water table In effect 

Surface casing cement circulation regulations Yes In effect 

Intermediate casing cement circulation regulations Require cementing to surface In effect 
Venting/flaring regulations Aspirational standards for both venting and flaring In effect 

Flowback/wastewater storage and 
disposal 

Fluid storage options Pits only In effect 
Freeboard requirements (ft) 1 In effect 
Pit liner requirements Requires 20mils in liner thickness In effect 

Flowback/wastewater transportation tracking Permit or approval required In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Temporary abandonment (months) 24 In effect 

Well inspection and enforcement Accident reporting requirements (hours) 2 In effect 
Louisiana Site development & preparation Water withdrawals (kgal/day) Registration and reporting required In effect 

Setback restrictions from buildings (ft) 500 In effect 
Well drilling & production Casing and cement depth Specified casing and cement depth In effect 

Surface casing cement circulation regulations Yes In effect 

Intermediate casing cement circulation regulations Requires cementing 500 feet above shoe In effect 

Production casing cement circulation regulations 
Requires cementing 500 feet above shoe/true vertical depth/uppermost 
hydrocarbon zone In effect 

Venting/flaring regulations No venting allowed, specific flaring restrictions In effect 
Flowback/wastewater storage and 
disposal 

Fluid storage options Pits and tanks In effect 
Freeboard requirements (ft) 2 In effect 
Pit liner requirements Yes In effect 

Flowback/wastewater transportation tracking Permit or approval and recordkeeping required (3 years) In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 6 In effect 
Temporary abandonment (months) 3 In effect 

Well inspection and enforcement Accident reporting requirements (hours) 1-24 In effect 
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Act no. 691 (reenacting R.S. 
30:4(m)(6)(b) and 
R.S.30(M)(6)© _permits for 
solution mining injection wells 
and solution mined caverns  

Reimbursement in case of mandatory or forced 
evacuation  

Permits must include reimbursement to any owner of noncommercial 
residential immovable property located within an area under mandatory 
or forced evacuation for a period over 180 days due to violation of a 
rule, regulation, or order issued by the commissioner 

In effect 

Reimbursement must be for the replacement value of the property (prior 
to the incident resulting in the declaration of the disaster or emergency) 

Made to owner within 30 days after notice by the property owner to the 
permittee indicating acceptance of the offer 

Act no. 394  Created Cross-Unit Well Study Commission within 
Department of Natural Resources 

To study the legal implication of the prescription of nonuse in relation to 
the drilling of any well located closer than 330 ft. from the property 
boundary of a drilling unit or lease  

In effect 

House Bill No. 957 Plugging and abandoning wells  Requires the commissioner to require the plugging of abandoned wells 
and wells that are of mo further use and require surety bond associated 
with such activities (current law “may”; proposed law “shall”)  

Proposed  

Alters the membership of the Oilfield Site Restoration Commission 

House Bill No. 1204 Alternate unit well permits  Increases well density within drilling units of stratigraphic zones in the 
Haynesville Shale - upon application if approved by the commissioner, 
after notice and public hearing, if the commissioner finds that the area 
cannot be efficiently and economically drained by the current unit well 
or wells  

Proposed  

Maryland Site development & preparation Water withdrawals (kgal/day) 10 In effect 
Setback restrictions from buildings (ft) 1,000 In effect 
Setback restrictions from water sources (ft) 1,000 In effect 

Well drilling & production Cement type requirements Yes In effect 

Casing and cement depth Specified casing and cement depth of 100 feet below water table In effect 

Surface casing cement circulation regulations Yes In effect 

Intermediate casing cement circulation regulations Addressed in permit In effect 

Production casing cement circulation regulations Addressed in permit In effect 
Flowback/wastewater storage and Fluid storage options Pits and tanks In effect 
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disposal Freeboard requirements (ft) 2 In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 12 In effect 
Temporary abandonment (months) Yes In effect 

Well inspection and enforcement Accident reporting requirements (hours) 2 In effect 
HB 0292: Fracking ban Definition of hydraulic fracturing Proposed earlier in 2013, reintroduced 01/20/2014, supposed to take 

effect October 1, 2014 
Proposed; 
status “In 
House” but 
unfavorable 
report 
03/10/2014 by 
Environmental 
Matters 
Committee 

Prohibits any person from engaging in hydraulic 
fracturing  

HB0409: Hydraulic Fracturing 
Wastewater- Prohibited Acts  

Prohibiting a person from storing, treating, 
discharging, or disposing of, in the State, 
wastewater resulting from hydraulic fracturing 

Proposed earlier in 2013, reintroduced January 24, 2014, supposed to 
take effect October 1, 2014 

Proposed; 
status “In 
House” but 
unfavorable 
report 
03/10/2014 by 
Environmental 
Matters 
Committee 

Defines: “flowback” and “hydraulic frac’ing” 
(fracking, hydrofracking and hydrofracturing)  

HB 0865: Natural Gas - 
Hydraulic Fracturing - Rural 
Residential Drinking Water 
Protection Act 

Prohibiting the Department of the Environment 
from issuing a permit for the hydraulic fracturing of 
a well for the exploration or production of natural 
gas within a radius of 3,280 feet from a drinking 
water well or within 3,280 feet of a drinking water 
supply reservoir or a surface water intake on a 
flowing stream. 

Proposed February 5, 2014, to take effect October 1, 2014 Proposed; In-
House; last 
hearing 
2/28/2014 

HB1030: Public Health- 
Hydraulic Fracturing Chemicals- 
Information and Fund 

Requiring an applicant for a specified permit for the 
hydraulic fracturing of a well for the exploration or 
production of natural gas to submit specified 
information to the Department of Health and Mental 
Hygiene in a specified manner 

Information on the chemicals: name, service number, unique identifier, 
max. concentration, location of the well, extent of fractures anticipated, 
health and safety data related to the chemicals 

Proposed 
2/6/2014, In 
House; last 
hearing 
2/28/2014 

Establishing the Hydraulic Fracturing Chemical 
Education and Impact Fund for specified purposes 

Revenue: fees, penalties, state budget appropriations, investment 
earnings; Purpose: educational program for health care providers on the 
potential risks associated with chemicals used in fracking 
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Requiring the Department to establish a specified 
fee by regulation 

  

Establishing a specified civil penalty for specified 
violations; etc. 

Not exceeding 10,000 for each violation 

HB1122: Shale Gas Drilling 
Safety Review Act of 2014 

Prohibiting the Department of the Environment 
from issuing a permit for the hydraulic fracturing of 
a well for the exploration or production of natural 
gas until specified conditions are met; 

Satisfied requirements under study specified in executive order 
01.01.2011.11 issued June 6, 2011 by the governor, 18 months passed 
after the study, and department adopted regulations in accordance with 
this act  

Proposed; 
status “In 
House” but 
unfavorable 
report 
03/13/2014 by 
Environmental 
Matters 
Committee, 
withdrawn as a 
SB 

Requiring the Department of the Environment and 
the Department of Natural Resources to issue a 
specified risk assessment at the same time a 
specified report is issued 

Environmental hazard classification: slight, minor, moderate, major, 
catastrophic, insufficient data available, hazard occurring probability 
from rare to frequent  

Authorizing the Department of the Environment to 
establish and collect a specified fee under specified 
circumstances; etc. 

  

Natural gas definition Now includes 'natural gas liquids' specification 
Includes new definitions for: Gas interest, Marcellus shale, natural gas liquids, specifies that oil does 

not include natural gas liquids, “person,” comprehensive gas 
development plan, 

SB0360 Prohibits any person from engaging in hydraulic 
fracturing  

  Proposed 
1/22/2014, 
unfavorable 
report by 
Education, 
Health, 
Environmental 
committees 
2/10/2014 

SB0535: Natural Gas Severance 
Tax and Impact Account 

Imposing a tax on the production of natural gas 
from specified wells in the State;  

Setting the rate of the tax at 2.5% of the gross fair market value of 
natural gas produced at the wellhead;  

Proposed 
1/29/2014, last 
hearing 2/19: 
status: IN 
Senate 

Providing for the administration of the tax by the 
Comptroller; providing for the distribution of 
revenue from the tax;  

  

Establishing the Natural Gas Impact Account as a 
special, non-lapsing fund in the Oil and Gas Fund; 
requiring the Department of the Environment to 
administer the Account; specifying the contents of 
the Account; 
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SB0745: Shale Gas Drilling 
Safety Review Act of 2014 

The same as above HB 1122   Proposed 
1/31/2014. In 
the Senate - 
Unfavorable 
Report by 
Education, 
Health, and 
Environmental 
Affairs; 
Withdrawn 
3/17/2014 

Marcellus Shale Safe Drilling 
Initiative Study by Marcellus 
Shale Safe Drilling Initiative 
established by Governor on June 
6, 2011 

Permit requirements Two-year baseline surface and groundwater monitoring before drilling 
can occur as part of permit  

Proposed: 
Final Draft 
10/25/2014 

Monitoring of selected locations to ensure identification of any 
deviations from baseline conditions due to drilling 

Mandatory Comprehensive Gas Development Plan - once approved 
remains in effect for 10 years with one 10 year renewal possible, one 
exploratory well may be permitted without the Plan if meets all other 
regulatory requirements within 2.5 miles radius  

Reduce truck traffic Centralized fresh water storage facilities, weight limits, safety 
regulations, and sound limits  

Adopt new regulations  For oil and gas development (current- outdated)  
Enact legislation:  Higher fines than currently (now- 50,000 per willful violation) and 

additional administrative and civil penalty provisions  

Introduce severance tax deposited into a Shale Gas Impact Fund to be 
used to continuing regional monitoring and address impacts  

Adopt an act to protect right of surface owners  
Best practices identified Mandatory Comprehensive Gas Development Plan  (see above) 

Setback limits  2,000f separation between the target formation and the deepest fresh 
water aquifer  

No well pad on slope, before grading, of greater than 15% 
No well pad within watersheds of reservoirs: Broadford Lake, Piney 
Reservoir, Savage Reservoir 

1,000f from boundary of the property on which well is drilled 

1,000 from any occupied building, school or church 
1,000f of wellhead protection area or a source water assessment area  

2,000f from private drinking water well 
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1,320f from any historic oil or gas well  
Similar setbacks for all activities that could impact aquatic habitat, 
special conservation areas etc. 

Permit requirements Environmental Assessment must be submitted with application (2 year 
baseline monitoring included) 

Geological investigation of the area to identify underground features 
such as fractures or faults 

Plan for construction and operation to meet or exceed all relevant API 
Standards or Guidance documents 

No discharge from the pad / VENTING Impermeable liner (max hydraulic conductivity 10^-7 cm/sec) capable 
of containing min 25 yr-24 hour precipitation event  

Storm water used for fracking must be stored in tanks not pits or ponds 

All liquid except water stored in closed tanks or containers with 
secondary containment  

If tanks may emit methane or VOCs and are vented - must have 
pollution control equipment to destroy or capture the pollutants 

Only fresh water may be stored in ponds that must be properly 
constructed and lined 

Drinking water aquifers  Must be protected from contamination during drilling  
All drilled at the depth less than 100 ft below the deepest fresh water 
source- must be drilled with air, fresh water or freshwater based drilling 
fluid 

  Only additives approved under SNF/ANSI standard 60: Drinking Water 
Chemicals may be used for drilling through fresh water aquifers  

Drilling, casing, and cementing plan  Adherence will be a condition of a the permit  
Conductor casing cemented to surface 
Surface casing from surface to at least 100 ft below lowest drinking 
water source 

Intermediate casing throughout 
Production casing 500 ft above the highest formation where fracking 
performed or to the base of intermediate casing whichever shallower   

All casing installed in the well- STEEL, consistent with standard by 
American Petroleum Institute  

And many specific features of cement (pressure etc.) 



The Market Impacts of New Natural Gas-Directed Policies in the United States 

149 
 

Integrity testing required  Integrity and pressure testing of the cased hole for approval by MDE  

Top-down BAT on all air pollution emission 
sources 

Leak Detection and Repair Plan prepared (permit) 
Must include EPA's Natural Gas STAR Program's Recommended 
Technologies and Practices  

Methane emissions  Estimating the remaining methane emission (after implementation Top-
down BAT) and repot annually to MDE converted into CO2 emissions 

Methane emissions must be offset; MDE will establish a GHG offset 
program for methane  

Flaring  Allowed only if flammable gas is very low or when required for safety 

Not justifying flaring: inadequate water disposal capacity, undersized 
flowback equipment, lack of pipeline connection (except when 
bifurcated permit) 

No pit flaring permitted  
When flaring permitted: use elevated flares on combustion device with 
at least 98% destruction of methane; for no more than 30 days on any 
exploratory or extension wells, operated with no visible emissions 
except for period up to 5 minutes during any two consecutive hours 

Pits No reserve pits allowed for fluids or cuttings- all of them must be 
managed on the well pad in a closed loop system 

Waste and wastewater Keep record of treatment, volumes, shipments off site  
Tracks transporting waste must have GPS 
Must be tested for radioactivity, if no radioactivity MDE may permit on-
site disposal of cuttings 

Flowback and produced water must be recycled to max extent 
practicable (no less than 90%) and recycling must be on site of 
generation 

Disclosure of chemicals  Name, CAS number, concentration 
After fracturing: list, weight, concentration in fracturing fluid  

Made public unless trade secret 
Gathering lines  Constructed to prevent any leaks  

For at least the greatest anticipated operating pressure or the max. 
Regulated relief pressure in acc. with best practices  

Made public, unless trade secret 
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Blowouts  Well equipped with blowout prevention equipment with 2 or more 
redundant mechanisms  

  This equipment tested at a pressure 1.2 times higher than highest 
pressure normally expected; and tested weekly 

  Perform tiltmeter or microseismic survey for the first well fractured on 
the pad  

Diesel fuel Not allowed 
Invasive species management plan Must submit  
Spills of oil and hazardous substances Emergency response plan submitted in permit  

Michigan Site development & preparation Water withdrawals (kgal/day) 100 In effect 
Setback restrictions from buildings (ft) 300 In effect 
Setback restrictions from water sources (ft) 300 In effect 

Well drilling & production Cement type requirements Yes In effect 

Casing and cement depth Specified casing and cement depth of 100 feet below water table In effect 

Surface casing cement circulation regulations Yes In effect 

Intermediate casing cement circulation regulations Addressed in permit In effect 

Production casing cement circulation regulations Addressed in permit In effect 
Venting/flaring regulations Specific venting and flaring restrictions In effect 

Flowback/wastewater storage and 
disposal 

Fluid storage options Pits and tanks In effect 
Pit liner requirements Requires 20 mils in liner thickness In effect 

Flowback/wastewater transportation tracking Permit or approval and recordkeeping required: 2 years In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 12 In effect 
Temporary abandonment (months) 12 In effect 

Well inspection and enforcement Accident reporting requirements (hours) 8 In effect 
Township of Mayfield Excavating, mining, and filling proposal that 

complies with the requirement of Public act 112 of 
2011 (regulates fracking) and complies with the 
Zoning Ordinance can be approved if demonstrates: 

There are valuable resources to be extracted  In effect 
There are not any very serious consequences which would result from 
the extraction of natural resources (related to land use, property values, 
pedestrian and traffic safety, health, safety, and welfare interest of the 
Township, overall public interest in the extraction of the specified 
natural resources on the property 
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Rules on hydraulic fracturing by 
Department of Environmental 
Quality, Office of Oil, Gas and 
Minerals 

Water withdrawal  Written request for approval for large volume water withdrawal (Over 
100,000 per day when average over 30 days) at least 30 days before the 
intended withdrawal (may be together or separate from the permit to 
drill)   

Proposed Draft 
June 11, 2014 

Application must include among other things: proposed volume and 
number of withdrawals, pumping rate and schedule, well logs of all 
fresh water wells within 1,320 ft from withdrawal location, proposed 
location of withdrawal well, proposed fresh water pit impoundment, 
containment, location, dimensions, contingency plan for potential loss of 
water availability 

 Monitoring, reporting  Install monitor well if 1 or more fresh water well within 1,320 ft from 
the withdrawal site 

Measure and record the water level in the monitor well daily during 
water withdrawal and weekly thereafter after water level stabilizes  

Fresh water storage Pits and impoundments constructed - minimum requirements  

Prevent washouts and failures 
Pits with rounded corners and side slopes not less than 20 degrees from 
vertical 

Pits shall adhere to control measures and may require fencing 

Pits, impoundments, or tanks on site no longer than 6 months after final 
completion of the well(s) for which the storage was designed   

Baseline groundwater sampling, for high volume 
fracking 

Permit applicant to collect baseline samples from all available water 
sources up to max 10 (closest) within 1/4 -mile radius of the well 
location 

Initial sampling not later than 7 days before and not earlier than 6 
months before initiation of drilling  

Initial sampling satisfies sampling requirements for 3 years 
At the expense of the permittee by professional and analyzed by lab 
certified by the department  

Sampled for benzene, toluene, ethylbenzene, xylene, dissolved solids, 
chloride, methane 

If free gas or dissolved methane in concentration > 1.0 milligram per 
liter, gas compositional analysis and stable isotope analysis of methane 
shall be performed to identify origin 
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Notify immediately if other substances detected 
Provide copies of results to supervisor, well owner, landowner within 45 
days of collecting the samples 

HIGH VOLUME FRACTURING REQUIREMENTS  
Completion of the well 48 hours prior notification to the supervisor (author. Rep), also to local 

emergency preparedness if it is H2S well  

Monitor and record injection pressure at the surface, 
annulus pressure between the injection string and 
next string of casing, intermediate casing (if 
appropriate) 

Submit record within 60 days of competing operations 
Cease activity if well integrity is jeopardized, provide plan of action as 
well report on details within 60 days of completing operations 

Flowback fluid In tanks or receptacles approved by the supervisor  
Not used for ice or dust control or road stabilization 
Within 60 days from completing operations submit copy of service 
company records on flowback fluid (volume, pressure) as well as total 
volume of water utilized  

Chemical additive disclosure  Use internet-based Frac Focus Chemical Disclosure Registry or if not 
available on a form provided by supervisor or any other means  

Within 30 days after completion 
List of all chemical additives 
Specific trade name and supplier of chemical additive 
List of chemicals with CAS numbers except where trade secret  

Max concentration 
SB 12026 amending part 615 if 
the Natural Resources and 
Environmental Protection Act 

Permitting Well located in a city or township with 70,000 population or more Placed for 
immediate 
passage 
12/11/2014 , 
retroactively 
from 1/1/2014- 
last action 
defeated roll 
call 
12/11/2014 

DEQ now CAN grant a waiver from requirement that well be located at 
least 450f from a residential building (if EITHER owner(s) consent, OR 
public hearing and determination that no waste and no alternative 
location available) - proposed bill would authorize DEQ to grant waiver 
from either location requirements and would eliminate the need that 
owners of all residential buildings need to consent, retains second 
condition but need for 2 hearings  
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SB 1076 introduced 9/17/2014 Role of local government Allows township with population of at least 70,000 to regulate or control 
oil and gas wells within its boundaries 

Placed for 
immediate 
passage 
12/11/2014 , 
retroactively 
from 1/1/2014- 
last action 
defeated roll 
call 
12/11/2014 

HB 4885 Reduces severance tax on oil and gas production 
achieved through carbon dioxide secondary or 
enhanced recovery projects  

From 6.6 % pf the gross cash market value for oil (4% if from a stripper 
oil well) and 5 % of the gross cash market value for NG to 4% of the 
gross cash market value for either oil or natural gas  

In effect 

Accompanying other bills 5254, 5255, 5274 also 
facilitate EOR 

Does not apply to fracking- encourages enhanced oil recovery by CO2 

HB 5677 Mineral rights lease Lease must have a consent of a majority of the votes that members of 
the association of co-owners are entitled to cast 

Proposed 
6/12/2014 

HB 5834 Well permit Prohibits in townships with population of 20,000 or more  Proposed to be 
retroactive 
from 1/1/2014 

Supervisor may grant a waiver if two public hearings held that the 
proposed location will not cause waste and there is no reasonable 
alternative  

Mississippi 

Site development & preparation Water withdrawals (kgal/day) 20 In effect 
Well drilling & production Casing and cement depth Specified casing and cement depth In effect 

Surface casing cement circulation regulations Yes In effect 

Production casing cement circulation regulations 
Requires cementing 500 feet above shoe/true vertical depth/uppermost 
hydrocarbon zone In effect 

Venting/flaring regulations Specific venting and flaring restrictions In effect 
Flowback/wastewater storage and 
disposal 

Fluid storage options Pits only In effect 
Freeboard requirements (ft) 1 In effect 
Pit liner requirements Yes In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 6 In effect 
Temporary abandonment (months) 6 In effect 

Well inspection and enforcement Accident reporting requirements (hours) 0 In effect 
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Amendment to Rule 4  Plugging and abandonment Additional $100 fee for each inactive well which has been permitted and 
drilled but not plugged and reported as plugged paid to Emergency 
Plugging Fund of the Mississippi State Oil and Gas Board  

Proposed 

Amendment to Rule 28  Reporting of inactive wells Deletes the provision that all inactive wells within designated secondary 
and tertiary recovery projects do not have to be reported on the Inactive 
Well Status Report 

Proposed 

New Rule 13 Blowout preventers and well control   Proposed 
Installation On drilling operations, on completion operations, and recompletions and 

production work 

Testing (operations and completion) Upon installation, at least every 14 days, following any repairs after 
disconnecting pressure seal 

Testing (recompletion and production) Additional stump test on location prior to installation of BOPs 

  Notify field inspector prior to allow the test to be witnessed, and record 
it  

  To max pressure rating of BOPs or the burst rating of the casing, 
whichever is less 

Well control Operator representative at location certified in “well control” 

Montana 

Site development & preparation Water withdrawals (kgal/day) 50.4: permit required In effect 
Well drilling & production Cement type requirements Addressed in permit In effect 

Casing and cement depth Well-specific casing and cementing depth In effect 

Surface casing cement circulation regulations Yes In effect 
Venting/flaring regulations Specific venting and flaring restrictions In effect 

Flowback/wastewater storage and 
disposal 

Fluid storage options Pits and tanks In effect 
Freeboard requirements (ft) Conditional freeboard requirement: 3 In effect 
Pit liner requirements Addressed in permit In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 12 In effect 

Well inspection and enforcement Accident reporting requirements (hours) 0 In effect 
Nebraska Site development & preparation Pre-drilling water well testing Requires testing within 1 mile of well In effect 

Water withdrawals (kgal/day) Permit required In effect 
Well drilling & production Cement type requirements Addressed in permit In effect 
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Casing and cement depth Well-specific casing and cementing depth In effect 

Surface casing cement circulation regulations Yes In effect 

Intermediate casing cement circulation regulations Addressed in permit In effect 

Production casing cement circulation regulations Addressed in permit In effect 
Venting/flaring regulations No venting allowed, flaring required In effect 

Flowback/wastewater storage and 
disposal 

Fluid storage options Pits and tanks In effect 
Freeboard requirements (ft) 2 In effect 
Pit liner requirements Yes In effect 

Flowback/wastewater transportation tracking Permit or approval and recordkeeping required (5 years) In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 2 In effect 
Temporary abandonment (months) 12 In effect 

Well inspection and enforcement Accident reporting requirements (hours) 48 In effect 
Amendment to Oil and Gas 
Code; Chapter 3: Drilling 
Development, Producing 
Abandonment 

Permit fee per well $200 instead of $75 In effect since 
June 10, 2014 Notice of intention to drill or re-enter Must be accompanied also by: longitude and latitude (NAD standards, 

decimal degrees) 

Bond prior to commencement of dirt work 
preceding drilling or assuming operation 

$10,000 instead of $5,000 

Blanket bond $100,000 instead of $25,000 
General drilling rules Operator instead of owner designation throughout 

Amount of casing run shall be approved by the Director (instead of 
determined) or authorized agent and sufficient to prevent blowouts and 
uncontrolled flows 

Also at depth approved by the Director (author. Agent) 
Disposal of drilling fluid Possible to obtain written permission from the landowner and submitted 

to the Director to allow land farming or land spreading of fresh water 
based drilling mud  

Redrilling or drilling deeper permit $200 instead of $75 
Produced water Transportation from lease of origin to disposal or used for road building 

only with authorization from the Director or authorized deputy 
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Run ticket required for every person that transports water produced from 
oil or gas, ticket includes information on the origin, destination, 
transport etc. one copy left where the water was loaded, one carried in 
vehicle 

All persons that store possess or dispose of it must retain record of 
complete inventory for at least 5 years 

Abandonment Fee of $100 instead of $25 payable to Nebraska Oil and Gas 
Conservation Commission with each intention to abandon well with 
production casing 

Must commences operations within 1 year or must reapply 
If not plugged and abandoned within 1 year well considered to have a 
status of shut-in 

Well logs and samples Director may release confidential logs to health care professionals, 
emergency responders, and public health regulators if deems it 
necessary to protect public health, safety, and welfare 

  Must include, if taken, tests such as core analysis, water analysis, and 
mud logs- before submitting those was optional 

Seismic tests Director (auth. Agent) approves the method used to plug seismic holes 

Inactive wells Fee introduced for each well inactive for two or more consecutive years: 
$200, collection of fees may be suspended at the discretion of the 
Director if previously collected funds prove sufficient 

Hydraulic fracturing Considered permitted under the drilling permit for the specific well 

Must demonstrate suitable and safe mechanical configurations for the 
stimulation treatment (new and existing wells) 

Test casing (if used) to the max. Anticipated treating pressure, if fails 
test, must be repaired or temporary casing/tubing must be used (must be 
sung into a liner or run on a packer set >=100 feet below the cement tio 
of the production or intermediate casing and must be tested) 

Testing considered successful if pressure held for 10 minutes with no 
more than a 10% pressure loss 

Surface casing valve must remain open while operations in progress  
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Monitor annular space between the fracturing string and production 
casing, not to exceed rating of the lowest rated component 

Chemical disclosure Within 60 days from stimulation on Frac Focus Chemical Disclosure 
Registry 

  Proprietary chemicals and trade secrets NOT NEED TO disclose to the 
Director or staff unless necessary for spill response, to health 
professionals for diagnosis or treatment, medical emergency 

Hearing notice to the adjacent operator  1/2 mile of each new injection well  
EOR wells Monitor and record actual injection pressure and each annulus pressure 

at least each month and report monthly 

Class II injection Well permit Class II permits expire once applicant applied for a transition for Class 
II to Class VI injection well  

Must obtain a Class VI geologic sequestration permit 
New Jersey 

Site development & preparation Water withdrawals (kgal/day) 100: Permit required In effect 
Well drilling & production Casing and cement depth Well-specific casing and cementing depth In effect 

Flowback/wastewater storage and 
disposal 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well inspection and enforcement Accident reporting requirements (hours) 2-24 In effect 
Bill A1136  Ban on hydraulic fracturing for the purpose of 

natural gas exploration UNITL certain conditions 
are met 

Moratorium until the United States Environmental Protection Agency 
concludes its study and issues findings on that practice and the 
Department of Environmental Protection determines that findings 
warrant an end to moratorium 

Proposed 

S1041 Sca (1R)  Hydraulic fracturing waste Prohibits treatment, discharge, disposal, application to roadway, or 
storage of wastewater, wastewater solids, sludge, drill cuttings or other 
byproducts from natural gas exploration or production using hydraulic 
fracturing 

Proposed 

S1376 Ban on hydraulic fracturing for purpose of NG 
production or exploration until certain federal laws 
are changed 

Until laws that exempt the underground injection of hazardous materials 
from coverage and Department of Environmental Protection certifies to 
that fact- prohibition should end 60 days after this certification 

Proposed 

Laws: Safe Drinking Water Act, Clean Air Act, Water Pollution Control 
Act Amendments of 1972 as per Clean Water Act of 1977, 
Comprehensive Environmental Response, Compensation, and Liability 
Act of 1980 
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Prohibits drilling technique of hydraulic fracturing For purpose of natural gas production or exploration Proposed 

New Mexico Site development & preparation Pre-drilling water well testing Requires testing within 1.24 miles of well Proposed 
Water withdrawals (kgal/day) Permit required In effect 

Well drilling & production Casing and cement depth Addressed in permit In effect 

Surface casing cement circulation regulations Yes In effect 

Intermediate casing cement circulation regulations Addressed in permit In effect 

Production casing cement circulation regulations Addressed in permit In effect 
Venting/flaring regulations Specific venting and flaring restrictions In effect 

Flowback/wastewater storage and 
disposal 

Fluid storage options Pits and tanks In effect 
Freeboard requirements (ft) 3-Feb In effect 
Pit liner requirements Requires 20mils in liner thickness In effect 

Flowback/wastewater transportation tracking Permit or approval and recordkeeping required (5 years) In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 12 In effect 
Temporary abandonment (months) 60 In effect 

Well inspection and enforcement Accident reporting requirements (hours) 24 In effect 
State agencies Reporting 
requirements  

Minerals and Natural Resources Department to 
POST certain info relating to oil and gas industry 
(also given that there is a concern that drilling may 
cause water contamination) 

For each year 2008 through 2014 and thereafter Proposed  
Number of: wells, violations, gas well inspectors; categorization of 
violations, list of violators, actions in response to violation, cash balance 
of the fund, and expenditures of thereof 

Amendment of 19.15.17.26c Concerning injection Includes acid gas disposal Proposed 
Regulates disposition of nondomestic wastes resulting from the 
exploration and production of crude or natural gas 

Technical area of review Double of the affected reservoir volume but no less than 1/2 mile radius 
of the cylindrical area 

Begin injection No later than 2 years after permit issued (may request extension) 
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Permit requirements specified Map, description of injection zone, schematic for all wells, well 
diagram, proposed avg. daily rate and volume of injected liquids, open 
or closed system, sources and analysis of injection fluid and 
compatibility, description of proposed stimulation program, no evidence 
of open faults, or other connection with underground sources of drinking 
water  

  Additional info per request 
Notice of intention to drill In a newspaper of general circulation in the county  

To the owner of property, for directional or horizontal wells all affected 
persons in any tract wholly or partially contained in the 1/2 mile radius 
from the wellbore 

Mailed notice  
Repeal and replace 19.15.34 
relating to produced water 

Change definition of produced water Simplified to: water that is an incidental byproduct from drilling for the 
production of oil and gas 

Proposed 

To encourage recycling or disposition of produced 
water to protect against contamination of fresh 
water  

Any disposition of produced water other than for drilling, completion, 
producing, maintenance or plugging of wells, requires approval 

Manner consistent with sulfide gas provisions  
Disposal manner: (1) no hazard to fresh water, public health, 
environment (2) delivery to permitted salt water disposal well/facility 
(3) secondary recover and pressure maintenance injection facility (4) 
surface waste management facility (5) permanent pit (as regulated by 
other parts of NMAC) (6) to drill site to use in drilling fluid 

Specific rules for recycling containments related to ground (not less than 
50 f below) and fresh water (500f) and residential locations (1000f), 
within 100-year flood plan 

Recycling containment technical specs At least primary (upper and secondary (lower) liner with leak detection 
system 

Upper: impervious, synthetic material resistant to UV light, petroleum 
hydrocarbons, salts and acidic and alkaline solutions 

Closure and site reclamation for recycling 
containments 

Remove all fluids within 60 days and close the containment within 6 
months from date at which operations ceased (extension no longer than 
2 months) 

Financial assurance Amount of the recycling containment's estimated closure and post-
closure cost or 25,000 whichever is greater 

Transportation Must have approved form C-133 
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Authorization to move produced water, drilling fluids or liquid field 
waste by motor vehicle granted upon division's approval of form C-133 

Disposal prohibited:  On or below the surface ground, in a pit or in a pond, lake depression or 
watercourse 

In a another place if hazard to fresh water, public health, environment 

In a permitted pit to registered surface management facility without 
permission of the owner of operator of that pit/facility 

,New York Site development & preparation Pre-drilling water well testing Requires testing within 0.19 miles of well In effect 
Water withdrawals (kgal/day) 100: permit registration, and reporting required In effect 
Setback restrictions from buildings (ft) 100-150 In effect 
Setback restrictions from water sources (ft) 50-2,000 In effect 
Setback restrictions from water sources (ft) 50-2,000 Proposed 

Well drilling & production Cement type requirements Yes In effect 

Casing and cement depth Specified casing and cement depth of 75 feet below water table In effect 

Surface casing cement circulation regulations Yes In effect 

Intermediate casing cement circulation regulations Require cementing to surface In effect 

Production casing cement circulation regulations 

Require cementing 500 feet above shoe/true vertical depth/uppermost 
hydrocarbon zone  Proposed 

Venting/flaring regulations Specific venting and flaring restrictions In effect 
Flowback/wastewater storage and 
disposal 

Fluid storage options Pits and tanks In effect 
Freeboard requirements (ft) 2 In effect 
Pit liner requirements Requires 30 mils in liner thickness In effect 

Flowback/wastewater transportation tracking Permit or approval required In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 12 In effect 
Temporary abandonment (months) 3 In effect 

Well inspection and enforcement Accident reporting requirements (hours) 2 In effect 
Bill No. A00037 amends the 
Environmental 
Conservation Law (ECL)   

Prohibits the transportation of hydraulic fracturing 
fluids and waste, for any purpose 

Within the city of New York or within 25 miles of such city. Proposed 
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Bill A01363:  
Add Art 23 Title 15 SS23-1501 - 
23-1511 & Title 16 SS23-1601 - 
23-1607, amd 
S8-0109, rpld & add S23-0303 
sub 2, En Con L 

Regulation of the conducting of hydraulic fracturing   Proposed 

Chemical disclosure requirement  To department of environmental conservation 
Producers using fracking strictly liable for any and 
all damages arising, provides for damage 

  

Bill A01685: Amd SS23-0501 & 
23-0305, add S17-0513, En Con 
L 

Fracking and fracking fluids ban  Prohibit the Department of Environmental Conservation from issuing 
any permit when hydraulic fracturing is proposed for the extraction of 
gas or /and oil  

Proposed 

Prohibits acceptance, disposal and /or processing of any fluid (incl, drill 
cutting) used in a fracking process 

A02872 Amends environmental conservation law Set-aside pf 10% of well oil and natural gas produced as the result of 
fracking to be contributed to state reserve as established by this bill 

Proposed 

A02908 Fracking fluid Prohibits use of fracking solutions  Proposed 

A04559 & S04656 Wastewater Prohibits use for road spreading or dust control or de-icing Proposed 

A05132 Moratorium on fracking Until every aquifer in the state is mapped and classified by US 
geological Survey and/or NY state geological survey and regulations to 
protect the aquifers are adopted 

Proposed 

A05653 Moratorium on fracking Until 120 days after federal EPA issues a report on effects of fracking on 
water quality and public health 

Proposed 

A05833 Fracking ban Prohibits on land operated by the office parks, recreation, and historic 
preservation and within 1 mile thereof 

Proposed 

  Moratorium on fracking 5 years on high volume (and investigation)   

A05975 Wastewater Screen to determine if it is appropriate for treatment by any sewage 
treatment works 

Proposed 

A06099 Permitting Assessment by a geologist required prior to issuance Proposed 

A07270 Wastewater Prohibits publicly owned treatment works from accepting wastewater 
from high-volume fracking 

Proposed 

A07503 Wastewater Prohibits transportation of any waste water product of byproduct of 
hydraulic fracturing operations 

Proposed  

A08463 Wastewater Prohibits publicly owned treatment works from accepting wastewater 
from high-volume fracking 

Proposed 

A08678 Action settlement Non-disclosure agreements prohibited when evidence of threat to public 
health or safety 

Proposed 
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A04559 Wastewater Prohibits use for road spreading or dust control or de-icing Proposed 

A09955 Liquid waste Prohibits purchase, sale, or use  Proposed 
Department of environmental conservation to establish rules and 
regulations concerning proper disposal of waste 

S00336 Moratorium on fracking Pending adoption and implementation of the final health impact 
assessment that this bill requires 

Proposed 

S00448 Moratorium on the acceptance, disposal, and/or 
processing of any fluid used in drill cuttings 
performed OUTSIDE the STATE 

Until 120 days after federal EPA issues a report on effects of fracking on 
water quality and public health and submission of proof to the 
government and legislature that department of environmental 
conservation is capable of effectively regulating fracturing drilling 
fluids, cuttings and disposal 

Proposed 

S00673 Ban (prohibits) On fracking Proposed 
On acceptance, disposal and or processing of any fluid used in fracking 

S00734 To ensure rights of local government to regulate Environmental conservation law that states that this article supersedes 
all local laws or ordinances relating to regulation of the oil, gas, and 
solution mining industries - HERE proposal to add that local 
government cannot be preventing from legislating (general applicability 
law and ordinances (2) of local roads (3) real property tax law (4) 
enforcing requirements as issued by the state (5) zoning districts and 
whether oil and gas facilities permissible there (6) setback requirements 
(7) barriers to restrict access from oil and gas facilities (8) dust, noise, 
vibration, light, hours of operation limitations 

Proposed 

(5), (6), (7), and (8) do not constitute regulation of oil and gas operations 
regulated by state statute 

Each municipality will be provided with permit of each well located or 
permitted within its boundaries 

Reimbursement to municipality  To prevent or remedy any act resulting in environmental damage 
(specified in the act)  

Chemical disclosure No permit issued until complete list of chemicals provided with 
application 

Department should promulgate if medical emergency exists or necessary 
for emergency or first-aid treatment (also confidential)  

Notify about any changes 
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Safety  Notice of release of chemicals to the Department, local health 
department and emergency agencies, immediately 

Liability Owner, operator, contractor, whoever accepts any hazardous substance 

All costs of removal or remedial action incurred by state (or subdivision) 
damages for injury to , destruction, loss of natural resources , all direct 
costs  

No limitations to liability 
No liability if operating within the terms of permit or license  

Liability bond or liability insurance coverage for each well owned or 
operated  

Bond/insurance from $5,000 to 12,500 depending on depth (the 12,500 
deeper than 6thousand feet and when frac fluid used) 

Additional bond to cover remediation costs associated with 
contamination of the environment 

Bond held for the duration of operation 
Minimum setbacks 2,000f from any surface water, groundwater well, home or private 

residence, school church, day care, health care facility 

Containment If within 1/2 mile from surface water well must be surrounded by a 
protective berm with a water detention capacity of min. 2,500 gallons 
(up to 5,000 if necessary) 

Analysis required for all potential pathways and receiving waters for 
spills  

Permitting/groundwater Development of groundwater contour and vertical gradient maps of 
geological foundation 

Monitoring  Must have monitoring device  
Not less often than quarterly 

Baseline water monitoring At or near proposed well site - 356 days before drilling  
For 5 years after ceasing of operations or after well plugged/abandoned  

Where wells, activity, storage prohibited New York city area and watershed, area around any water system, area 
overlying sole source of aquifer, for protection of drinking water, area - 
critical habitat for threatened or endangered species, bird conservation 
area, all flood plans, New York State Park areas, Forest Preserve, State 
Forest, Wildlife refuge, wildlife management area or wilderness area  
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Storage Pits not allowed (and other impoundments) 
Closed-loop systems required  

Citizen lawsuits Any person can commence a civil action in a court against other person 
to be in violation of this statute, regulation, ordinance designed to 
prevent or control pollution, impairment or destruction of the 
environment  

Action injunctive or other equitable relief  
Not frivolous  

Health assessment No permit issued until health assessment completed and info on impact 
on public health, identify measures to implement  

Air quality monitoring  Department should within 6 months prepare a draft plan incorporating 

(1) Mandatory baseline testing for air quality and pollutant emissions 

Deployment of monitoring devices 
Delineation of gas and oil development based on the air sheds for each 
regulated pollutant 

Procedures for monitoring and reporting  
Mandatory posting of reports on Dept. website 
Procedures for responses: emergency, violations, etc. 
No permit issued until 30 day notice of the final plan is published in 
environmental notice bulletin 

Water use standards Department to adopt rules establishing them to protect aquatic life and 
establish criteria for watersheds most at risk from cumulative water use 

Water withdrawal fee: $50 per system with capacity of one million 
gallons or less per day; $125 if 1-9.999 million gallons per day, $250 if 
over 10 million, all the way to $10,000 if capacity 50 million gallons per 
day or more for any or all uses which are not for agricultural purposes or 
public water supply 

S01201 Suspends hydraulic fracturing/ water and air quality 
concerns 

Suspend issuance of new permits to afford opportunity to state and 
residents to continue review and analysis of the effects of fracking on 
water and air quality 

Proposed 

S01477 Chemical disclosure Department should require disclosure of hydraulic fluid's components  Proposed 
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Prohibit use those that contain chemical identified as toxic or known 
mutagen (fed. Toxic substances control act)  

No permit shall be issued until the Department adopted respective rules 
and regulations 

S02284 Chemical disclosure  Through Department's website Proposed 
Unless trade secret (need to submit special form to qualify) 
Disclosure of all base fluids and additives, all chemicals with CAS 
numbers  

Following the completion: report by operator with max pump pressure 
and chemical disclosure 

Also after well completion 
Liability Every operator needs to submit concession of liability and waiver of all 

defenses related to hydraulic fracturing conducted by them 

Copy of this and a similar concession also needs to be executed in favor 
of property owner (if applicable) 

Before agreement for leader, license, grant- independent appraisal of the 
value of real property at the expense of the producer  

No above agreement until Department conducts water and soil 
contamination testing  

Each producer needs to include in every such agreement: statement of 
financial, health, environmental risks (updated periodically), of soil and 
water contamination; of the health risks caused by spills and 
contamination by hydraulic fluids; statement of producer's strict liability  

Specifies the damages producer will be liable for in case of 
contamination of soil/water 

Local government This law should not prevent local government from enacting zoning 
ordinances related to transport, setbacks, right of way, man-made 
barriers, dust control, road standards 

S03397 adds new section to 
environmental law 

Industrial waste Commissioner shall promulgate regulations how to treat it, to cause tests 
on water discharged  

Proposed 

No waste from outside the state should be accepted, treated, or 
discharged 
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S04046 High-volume horizontal hydraulic fracturing Requires the commissioner of environmental conservation not to 
proceed to finalize and publish revised supplemental generic 
environmental impact statement prior to expiration of 24 month period 
flowing the effective date of this act or until the commissioner of health 
determines that EPA and other studies provide enough data to make 
recommendation to DEC regarding permitting  

Proposed 

S04657 Waste tracking program Commissioner of environment required to track generation, 
transportation, and receipt of liquid and solid waste  

Proposed 

proposed express terms 6 
NYCRR Parts 52 and 190 
(Regulation by the Department of 
Environmental Conservation 

Ban on drilling natural gas wells on State owned 
lands 

No permit shall be issued Proposed 
Applies to pre-existing and new leases issued for oil and gas 
development  

proposed express terms 6 
NYCRR Parts 550 through 556 
and 560: (Regulation by the 
Department of Environmental 
Conservation 

New definitions: Hydraulic fracturing, hydraulic fracturing fluids, true measured depth, 
true vertical depth, well spud, workover 

Proposed 

Financial security in amount of anticipated costs of 
plugging and abandoning  

Besides the owner of an oil, gas, solution mining - added owner of 
storage, stratigraphic, geothermal, or disposal well  

Changed from up to $250,000 to up to $2,000,000 
Permit  Additionally for constructing the well pad or access road, drill deepen, 

plug back or convert a well for disposal, for geothermal or stratigraphic 
purposes to any depth more than vertical depth of 500f ; for drilling a 
new horizontal well exclusively within the producing horizon of a pool 

Transfer to new owner or operator for the same location - specific 
regulations 

Can be suspended prior to commencement by the department upon good 
cause shown; if reinstated the time will not be charged towards the 2 
year calendar year permit term 

Spacing/setback Depending on depth of gas pools between 165f to 1,500 feet (below 
8,000f) from any unit boundary 

Apply to infill wells 
The department shall issue a permit to drill, deepen, plug back or 
convert a well, if all applicable requirements are met and the proposed 
spacing unit conforms to statewide spacing 

Variance may be granted (application, public comment period)  
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Drilling practices Owner or operator must submit and receive approval for a plan for the 
environmentally safe and proper ultimate disposition and/or disposal of 
[such] used drilling mud, flowback water, and production brine 

Must state in its plan that it will maximize the reuse and/or recycling of 
the above to the maximum extent feasible 

Contingency plan if the primary plan is unsafe or impracticable at the 
time of disposition or disposal 

The owner or operator must submit and receive approval of a plan for 
the environmentally safe and proper disposal or beneficial re-use of drill 
cuttings on-site or off-site 

Maximum point at which a well penetrates a producing formation shall 
not vary unreasonably from the vertical drawn from the center of the 
hole at the surface 

The well path from the top of the target interval to the bottom of the 
target interval and the bottomhole location itself shall not vary 
unreasonably from the well path and locations specified on the 
application 

If deviation, must be reported with a reason, description, and well info 

Reporting  Well drilling and completion report to be filed 
An interim completion report shall be filed upon request of the 
department at any time and within ninety days of any discontinuance in 
operations on a well lasting longer than thirty days, with the ninety day 
timeframe measured from the first day following discontinuance in 
operations. 

Max confidentiality of the report changed for 5 to 2 years 
Plugging and abandonment Change from 15 to 50 feet above the shallowest formation for filling the 

cement 

Change from 15 to 100 feet for cement plug length 50f below and 50 f 
above (for any casing) 

Cement plug of at least 50 (before 15) feet in length shall be placed in 
the open hole at a position approximately 50 feet below the deepest 
potable fresh water level. 

The interval between all plugs mentioned in paragraphs (1) through (4) 
of this subdivision shall be filled with [a heavy mud-laden] gelled fluid 
with a minimum density equal to 8.65 pounds per gallon with a 10 
minute gel-shear strength of 15.3 to 23.5 pounds per hundred square feet 
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Flaring  Performed in accordance with a flare approval issued by the department. 
Application to the department for a flare approval, extension of an 
approved flaring period or for an extension of the time periods specified 
in subdivision (b) of this section shall be made on the Sundry Well 
Notice and Report form 

Sundry notice and report on wells  Notice submitted 5 days to commencement  
Includes when request for approval to fracture or re-fracture a well after 
initial completion or perform a subsequent re-fracturing operation (15 
days before  

New part 560 on high-volume 
hydraulic fracturing 

Permitting/application requirements Additional info on: min. depth of the top of the objective formation for 
the proposed length of the wellbore; estimated max depth and elevation 
of bottom of potential fresh water; proposed volume of water-based 
fluid; proposed sources of fresh-water and other water-based fluids; 
distance to water sources; from primary or principal aquifer boundary, 
stream, latke etc., to inhabited dwelling or places of assembly within 
1,320 feet; info on reserve PIT, closed-loop tank system (if applicable), 
fluid and cuttings disposal plans (WASTE); test pressures, system of 
recording etc.  

List of invasive species found at well site 
Partial reclamation plan 
Transportation plan (water, flowback water) 
Safety data sheet and material safety data sheet 

Plat and mapping requirements A plan view of the wellbore including surface and bottom hole locations 
and a vertical section of the wellbore 

A topographic map of the area within at least 2,640 feet of the proposed 
surface location 

Chemical disclosure  Volume, additives, weight of base fluid and additives, all chemical 
constituents, max concentrations, proposed service company, documents 
that proposed additives of reduced toxicity and pose low potential risk to 
water and environment  

Info will be disclosed unless trade secret 
Setbacks  No well pad or its portion located: 

Within 500 feet from a residential water well, domestic supply spring or 
water well or spring used as a water supply for livestock or crops 
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Within 500 feet from an inhabited dwelling or place of assembly 

Within a primary aquifer and a 500-foot buffer from the boundary of a 
primary aquifer 

Within a 100-year flood plan 
Within 2,000 feet of any public water supply 
May obtain variance from the above  

Reporting requirements Emergency response plan required  
Notification required (1) prior to spudding, (2) first flaring, (3) pumping 
the first stage, (4) first flare for well clean-up 

Any non-routine incident must be reported within 2 hours with a written 
report to follow within 24 hours  

Water well and spring testing  All wells, springs as supply for livestock of crops within 1000 f  

If none available- 2000f radius 
Must provide results to owners within 30 days  
Must test at intervals when well is in operation and report any deviations 
within 5 days  

Copies of tests etc. to NY State Department of Health within 45 days of 
the receipt of the results  

Maintain record 5 years after well abandoned/plugged 
Blowout preventer testing  Maintain record 5 years after well abandoned/plugged 
Waste  Drilling and Production Waste Tracking Form must be completed and 

such completed forms shall be retained for three years by the owner or 
operator, transporter and destination facility for any used drilling mud, 
flowback water, production brine and drill cuttings removed from the 
well site 

SITE PREPARATION 
  New access roads if practical 
  All topsoil remain on site  
Pits (reserve, mud, drilling) In a leak-free condition  

Up to 250,000 gallons, or 500,000 if multiple pits  
In unconsolidated sediments must have beveled walls (45 degrees or 
less) 

Pit liner at least 30 mils and compatible with the contents 
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The pit liner must be ripped and perforated prior to any department-
approved burial on-site and to the extent practical, excess pit liner 
material must be removed and disposed of properly 

  
Seams factory installed or in accordance with manufacturer's 
specifications 

Tanks Secondary containment necessary  
Fueling tanks >500f from water sources (stream, pond, etc.) 
Troughs, drip pads, drip pans required beneath the fill port of a fueling 
tank  

Fluids removal Prior to 45 day gap in use and the pit must be inspected before resuming 
use 

Gas shows  Must be documented including methane and hydrogen sulfide  

Closed-loop tank system instead of pit Horizontal drilling in Marcellus shale, if requires cuttings to be disposed 
off-site 

Casing  New, no welded connections 
At least two centralizers (middle and top of the first joint)  
Cement- minimize free water content and contain gas-block additive 

Surface casing must be set a minimum of 75 feet below the base of 
potable fresh water, or 75 feet into competent bedrock, whichever is 
deeper. 

Diesel fuel Prohibited  
Flowback water Prohibited from being directed to or stored in any on-site pit or 

impoundment 

Covered watertight steel tanks or covered watertight tanks 
Venting/flaring Venting through a flare stack at least 30f high, must be ignited whenever 

possible 

A reduced emissions completion, with minimal venting and flaring (if 
any), must be performed whenever gas is capable of being transported or 
marketed by connection of an available commercial sales line, 
interconnecting gathering line and any necessary compressor station 

Waste management  Burial of any other solid waste on-site is specifically prohibited and all 
such waste must be removed from the site and disposed of properly 
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Well pads and access roads constructed for drilling and production 
operations must be scarified or ripped to alleviate compaction prior to 
replacement of topsoil 

Flowback water recovered after high-volume hydraulic fracturing 
operations must be tested for naturally occurring radioactive material 

North Carolina Site development & preparation Pre-drilling water well testing Presumptive testing within 0.95 miles of well In effect 
Water withdrawals (kgal/day) 100: Registration and reporting required In effect 

Well drilling & production Casing and cement depth Specified casing and cementing 50 feet below water table In effect 

Surface casing cement circulation regulations Yes In effect 

Production casing cement circulation regulations 
Require cementing 500 feet above shoe/true vertical depth/uppermost 
hydrocarbon zone  In effect 

Flowback/wastewater storage and 
disposal 

Fluid storage options Pits only In effect 

Underground injection wells for 
flowback/wastewater and produced water Local moratoria In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed Proposed 

Well plugging and abandonment Well idle time (months) 1 In effect 
Energy Modernization Act 
amendment (generally, here and 
in another acts from mid-2013, 
there is a prevalent move to unify 
regulations on oil and gas across 
the state) 

Lifts fracking ban instituted 2012   In effect 
New criminal penalties New Class I misdemeanor for knowingly disclosing confidential 

information, trade secrets, etc. 

Determination of trade secret and confidential information, protection, 
retention, disclosure to emergency personnel determined 

New Class 3 misdemeanor for conducting seismic or geophysical 
collection activities through physical entry without the landowner's 
written consent (written notice to the owner 30 days before)  

Permitting Used to be $3,000 per each well fee; now $3,000 for the first well and 
$1,500 thereafter (same pad) 

Liability for water contamination Presumptive  
For all water supplies within 1/2 mile radius (was 5,000 feet)  

Financial security for surface reclamation Bond to cover any potential damage must be provided in amount no less 
than $1,000,000 or higher if the Commission determines that sited in 
environmentally sensitive area 
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Liability Joint and several liability for any damages, cleanup costs, civil penalties  

Baseline water monitoring Within 1/2 mile (was 5,000 feet)  
At least 5 (was 2) follow up tests at 6, 12, 18, 24 months after 
production commenced (was: within 24 month period)  

Test within 30 days after completion 
Use certified third party 
Provide to the Department within 30 days from testing 
Constitutes public record  
Department will post on website within 30 days of receipt 

Local government All local ordinances prohibiting oil and gas exploration, development, 
production activities invalid (including ban on fracking) 

No local taxation 
Waste Prohibited subsurface injection 

Subsurface injection is a Class 1 misdemeanor 
Severance tax For oil and condensates-2% change to 3.5% changed to 5% 

For gas 0.9% changed to 09.%-2.9 depending on volume sold; changed 
to 0.9-5%; changed to 0.9-9% depending on the volume  

On-site use exempt but up to the value of $1,200 a year 
Permit may be suspended for failure to report  
No local taxation 

Pursuant to session law 2012-143 
- Mining and Energy 
Commission to develop and 
adopt regulatory program for the 
management of oil and gas 
exploration and development 
including horizontal drilling and 
hydraulic fracturing / 126 new 
rules and 10 rules repealed  

NEW DEFINITIONS In effect 
Recordkeeping and reporting  Department- collect, retain records, and produce reports 

Permittee- keep for 5 years following drilling, completion, production, 
plugging, and abandonment  

Well spacing for resources in unconventional 
reservoirs 

No portion of wellbore less than 500 horizontal feet from the boundary 
of the unit  (variance may be granted) 

In conventional 200 horizontal feet  (variance may be granted) 
PERMITTING 
Application for hearing No later than 60 days before next regularly scheduled Commission 

meeting  

Includes: intent, mineral rights, information about notification of all 
mineral rights owners, statement that would result in optimal and 
efficient recovery of hydrocarbons, geological map 
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Notification Public notice of application at least 30 days before Commission's 
meeting (1X county newspaper, direct notice to all mineral rights 
owners) 

Permit application To include info on: the applicant, location of the well, equipment 

Maps that show: property lines, location, distances from buildings, 
public roads, railroad, private water supply wells, surface water bodies, 
utility right of way, other wells 

Signed and sealed by a Professional Land Surveyor 
Estimated true vertical and measured depths of the wellbore and 
proposed well path  

Well construction design, including method of stimulation 

Well Site Development Plan 
Water Management Plan 
Waste Management Plan 
Well Site Reclamation Plan 
Among others: statement that describes if methane emissions are 
detected at the period during which the permittee intends the repair any 
leaks discovered  

Emergency planning including catastrophic scenarios: spill onsite, spill 
on other property, loss of well control involving explosion, fire, etc. 

Non-refundable fee 
Approval may be conditional on Additional erosion measures to be taken 

Natural buffer left between any stream and the disturbed land 

Screening to be installed between natural vegetation, tree plantings, etc. 

Erosion measures taken with regards to roads  
Expiration 12 months to spud an oil and gas well 

One-time 1 year renewal possible  
Financial assurance  File and maintain in force a bond in favor of the State of NC or surface 

owner  

After permit complete  
Irrevocable Letter of Standby Credit  
Surety Bond  
Savings Account  
Cash Deposit  
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Amount determined by the Commission  
Plugging and abandonment bond: $5,000+1 per linear foot of the 
permitted well 

Disturbed land bond: sufficient to cover the cost of completing the 
requirements of the approved Reclamation plan 

Environmental damage bond: if proximity to environmentally sensitive 
area 

INFRACTRUCTURE  
Access roads  To minimize environmental impact and meet requirement of the NC 

Erosion and Sediment Control Planning and Design Manual , Storm 
Water Best Management Practices Manual, Standard Specs for Roads 
and Structures 

Pits Pits located in cut material to the fullest extent possible, if not - at least 
50% of the pit below ground level to prevent failure of the pit dikes  

Adjacent to high wall for sloping well sites  
Minimum 2 feet of freeboard  
Pits with E&P waste: lower and upper synthetic liner, at least 30 mils 
thick (Polyvinyl chloride) or 40 mils for high density polyethylene  

Adjoining sections sealed to prevent leakage  
Trenched and anchored into the top of the berm  
Leak detection zone 
2 feet in width perimeter berm to prevent storm water runoff  

Bottom of pit at least 4 f above seasonal high groundwater table and 
bedrock 

Tanks Not buried  
With activated charcoal filters on vent stacks  
Low pressure relied valves on vent stacks  
Hatch lids with functioning seal, secured  
Lightning arrestors 

Safety around pits and tanks Fencing around  
Screened, netted, or otherwise rendered non hazardous to wildlife  

Inspect after rain 
WELL CONSTRUCTION and COMPLETION 
Well setbacks  650 from occupied dwellings and high occupancy buildings  
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100 f from edge of public road, highway, utility road, railroad track 

200 f from stream, river, watercourse, pond, wetlands, trout streams  

100 f from stream 
650 f from water well  
100 f from oil and gas wellhead, tank, tank battery, or pit to the edge of 
100-year floodplain and floodway 

Production facility setbacks  75 f pit/tank from wellhead 
5f tank from another tank 
Mechanical separator- 50 f from wellhead and 75 f from a tank, all 
equipment that contents may be heated – 75 f from a tank or a wellhead 

Diesel fuel Prohibited  
Casing  Steel, steel alloy, or other according to API standards  

Designed to withstand pressure 20% greater than the max anticipated 
pressure  

If no info assume 0.433 pound per square inch (psi) per foot  
Very detailed technical specifications for testing and type of 
casing/cement 

Security Blowout preventer needs to be installed  
Servicing between hours 6 a.m. and 9 p.m. 
Fencing of 3 f or more around outer boundary of the well pas 

Permanent fence around wellhead, tank battery, separator, and all 
associated production equipment  

Blowout, defensive casing or cementing - notify within 24 h after 
discovery  

VISUAL IMPACT MITIGATION Visual screening including existing natural vegetation, three plantings 
staggered spacing between disturbed land and adjoining property  

Closure  All lost holes, dry holes, etc. must be plugged and abandoned according 
to API standards  

30 days prior submit intent to plug and abandon 
72 hours before by phone or email notify Department about 
commencement of plugging and abandonment 

No later than 90 days after submit form 14- Plugging and Abandonment 
confirming the operations were conducted according with the approved 
plan 
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Well drilling report 30 days after drilling an oil or gas well  
Well stimulation report 30 days after stimulation includes info on drilling fluid, max fracture 

height and length  

Chemical disclosure Information to be posted to the Chemical Disclosure Registry (frac 
focus) no later than 15 days after the conclusion of stimulations 

Notify local emergency management office of hazardous chemicals that 
may be used no later than 30 days prior 

Complete list of all base fluids and additives, 30 days prior unless trade 
secret (including names <CAS numbers, anticipated concentration, 
purpose of each mixture) 

Confidential information Anyone requesting it shall request certification by the State Geologist  

Disclosure to any officer, employee, or authorized rep. of State agency if 
necessary for proper functioning of the agency, treating healthcare 
provider upon request, fire chief upon request  

ENVIRONMENTAL TESTING  
Baseline water testing Within 1/2 mile radius  

Initial testing no earlier than 12 months and no later than 30 days prior 
commencement of drilling  

Subsequent tests 6, 12, 18, 24 months after production has commenced  
Test 5-30 days after completion  
Pursuant to EPA - Operating Procedure for Groundwater sampling  

If concentration of dissolved methane 1.0 milligram per liter - then gas 
compositional analysis and stable isotope analysis of the methane shall 
be conducted to determine gas type  

Investigation of water supply On request of surface owner or owner of water supply who suspects 
contamination from drilling  

Permittee must conduct test and submit results within 30 days  
Tracer technology May be approved if can be used without chemical or radiological 

impacts to groundwater or other adverse impacts to public health, 
welfare and environment 

WATER  Water management plan required with permit  
Surface water source documentation  
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Groundwater source documentation (pre-existing wells, groundwater 
wells constructed for the purposes of this application, area of influence)  

Cease withdrawal from sources if water levels are at or below the 5th 
percentile of historic water level measurements until designation 
upgraded to 10th percentile  

Purchased water source documentation  
Review of potential alternative water sources, including option for using 
flowback or produced water 

All records retained for 5 period after reclamation of the last oil or gas 
well 

Waste management  E&P Waste Management Plan required prior to generation the waste  

Test produced water and flowback fluids for parameters as specified in 
the proposal 

Management: reuse, disposal at a plant installed for this purpose, 
disposal facility in another state 

Solid waste characterized according to toxicity and transported to 
certified solid waste disposal facility 

Waste fluids may be transported to other drilling sites for reuse as long 
as are transported and stored in a matter that does not constitute a hazard 
to water resources, public health, safety and environment 

PIT CLOSURE Notify 48 h prior  
Spills and release of E&P waste Must report  

Responsible for controlling  
Specific reporting requirements depending on size of spill and location 
(buildings, etc.) 

Well site reclamation Reclaim all disturbed land  
Reclamation Plan required with permit  
Financial assurance  

North Dakota Site development & preparation Pre-drilling water well testing Requires testing within 1 mile of well In effect 
Water withdrawals (kgal/day) Permit required In effect 
Setback restrictions from buildings (ft) 500 In effect 

Well drilling & production Casing and cement depth Addressed in permit In effect 

Surface casing cement circulation regulations Yes In effect 
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Intermediate casing cement circulation regulations Performance-based requirements In effect 

Production casing cement circulation regulations Addressed in permit In effect 
Venting/flaring regulations No venting allowed, flaring required In effect 
Venting/flaring regulations No venting allowed, specific flaring restrictions Adopted 

Flowback/wastewater storage and 
disposal 

Fluid storage options Pits and tanks In effect 
Pit liner requirements Yes In effect 

Flowback/wastewater transportation tracking Permit or approval required In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 12 In effect 
Temporary abandonment (months) 12 In effect 

Well inspection and enforcement Accident reporting requirements (hours) 24 In effect 
Oil and Gas Administrative Code 
Rule Changes - new rules 
primarily focused on technology 
improvements and environmental 
protection beneath the surface 

Organization reports Now also required from those engaged in disposal of produced water, or 
engaged in treating plant operations  

In effect 

Permitting  Plat should also include ground elevation, confirmation of legal street 
address for well site and facility (if separate and the proposed road 
access to the nearest existing public road 

For wells built after July 31, 2013 Permit may require the location of all flares; tanks and treaters to be 
located at a greater distance from the occupied dwelling than the oil and 
gas wellhead (upon request of owner of permanently occupied dwelling) 

Pits Added: reserve pit may be allowed for drilling mud and drill cuttings 
from shallow wells - provided it can be constructed, used and reclaimed 
in a manner that will prevent pollution of the land surface and 
freshwaters - in Bakken and Three Forks, must be removed immediately 
after completion of operations  

Hydraulic fracture stimulation  Must utilize remote operated frac valve at a location on the Christmas 
tree that provides isolation of the well from treating line, operated from 
the edge of the allocation or other safe distance  

  Operator shall give prior written notice- up to 7 days and no less than 3 
business days, to any completed well in the same pool if aware that the 
completion intervals are within 1,320 f of one another 
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Underground gathering pipelines Devoid of leads and from materials resistant to corrosion and the effects 
of transported liquids 

To minimalize interference with agriculture, road and utility 
construction  

Tracer wire need to be installed  
Operator of pipeline placed into service August 1, 2011, to June 30, 
2013; file by January 1, 2015, geogr. Info. System shape file showing 
location of pipeline's centerline; if pipeline after June 30, 2013- 180 
days from the day of placing into service  

The above needs to be accompanied by affidavit with info on the pipe 
specification and type of fluid transported, leak detection and 
monitoring methods  

If abandoned - leave in safe condition: disconnect and isolate, cut off 
below surface, purge to remove all fluid, remove cathodic protection, 
plug and cap all open ends ; file shape file of the centerline and 
statement of abandonment and type of fluid used to purge within 180 
days after abandonment   

Requirement to submit geographical info system layer not required on 
buried piping utilized to connect flares, tanks, treaters, or other 
equipment within the well site or production facility 

Notification of fires, leaks, spills, or blowouts Notify the director -added: immediately and follow up utilizing the on-
line initial notification report within 24 hours after discovery  

Report must include reporting party, date and time of incident, location, 
type and cause of incident, estimated volume release, containment 
status, waterways involved, immediate potential threat, and action taken  

TREATING PLANT  
Treating plant  Revised definition adds that such a plant will include those for purposes 

of drilling mud, waste from drilling operations, produced water, and 
other wastes 

Permits requirements added  Name, address of operator  
Location (latitude, longitude etc) outside perimeter  
That it is at least 500 feet from an occupied dwelling 
Drawing of proposed treating plant site, proposed road access to the 
nearest existing public road  

Cut and fill diagrams  
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Affidavit of mailing each owner of a permanently occupied dwelling 
within 1/4 mile; certify that each has been notified 

Geological data and surface geology 
Schematic drawing of diking and containment including all areas 
underlain by a synthetic liner 

Monitoring plans and leak detection for all buried or partially buried 
structures 

Capacity and operational capacity 
Permit expires 1 year after issue unless dirtwork operations have 
commenced to construct the site; if abandoned, permit expires  

Siting Not in a geologically or hydrologically sensitive area  
Construction and operation requirements  Surety bond filed before construction conditioned upon compliance with 

all laws, rules regulations etc.  

Fenced if required by the director - fences must promote emergency 
ingress and egress 

Storage tanks must be kept free of leaks and in good condition  

Dikes must be erected to contain the total capacity of the max. volume 
stored around all storage and processing tanks  

Processing equipment underlain by a synthetic impermeable material  

Perimeter of impermeable material to be erected and maintained around 
the plant  

All accidentally discharged fluids and wastes shall be promptly and 
properly removed and not allowed to stand in the diked area or on 
premises  

Report incidents to the director  
Notify commission immediately after commencement of treatment 
operations 

Continuing surveillance, monitoring and sampling  
Storage pits, waste pits and other earthen storage prohibited unless 
authorized by appropriate regulatory agency 

Burial of waste prohibited  
Minimize residual waste and no stockpiling solid waste on site 

Should not endanger surface or subsurface water  
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Reporting Inventory, amount of waste, balance, etc. - monthly  
Annual report due June 1 of each year  including: schematic drawing of 
plant, inventory of fluids and solids, future plans for next year 

Changes Must be approved by the commission based on schematics furnished 
within 30 days following any changed  

Abandonment and reclamation Notice of intention to abandon needs to be approved by director prior to 
commencement of abandonment 

Within 30 days detailed report  
Reclaim site pursuant to earlier provisions  

FLARING  
Flaring exemption In addition to other (previous) requirements now in order to get 

exemption an application must, at minimum, present evidence: 
documentation that it is economically infeasible to equip the well with 
(1) an electrical generator to produce electricity from gas and (2) a 
system that intakes 75% of the gas and natural gas liquids volume from 
well for beneficial consumption by means of compression to liquid for 
use as fuel, transport to a processing facility, production of 
petrochemicals or fertilizer, conversion to liquid fuels, and separating 
and collecting over 50% of the propane and heavier hydrocarbons  

Certifying well for temporary gas tax exemption Tax incentive - an application for certification as an oil and gas well 
employing a system to avoid flaring  

Permit requirements for underground injection  Schematic drawings of the injection system, including current and 
proposed well bore construction, and proposed well bore and surface 
facility construction including the size, location, and purpose of all 
tanks, the height and location of all dikes and containment including all 
areas underlain by a synthetic liner, and the location of all flow lines. It 
shall also include the proposed road access to the nearest existing public 
road and the authority to build such access.  

New requirement: traffic flow diagram of the site, depicting sufficient  
area to contain all anticipated traffic 

New: review of the surficial aquifers with 1 mile of the proposed 
injection well  

New: any permit may be suspended by the director for a good cause 
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Plugging and abandonment New: only dry cuttings shall be utilized when plugging the shot hole 

ND Industrial Commission order 
amending the current Bakken, 
Bakken/Three Forks, and/or 
Three Forks Pool field rules to 
restrict oil production and/or 
impose such provisions as 
deemed appropriate to reduce the 
amount of flared gas.  

Wells allowed to produce at a max, efficient rate First horizontal well completed in Bakken, Bakken/Three Forks, and or 
Three Forks pool non overlapping spacing unit 

In effect since 
July 1, 2014, 
producers 
must abide as 
of September 
1, 2014 

All wells completed in the area that have received an exemption to ND 
Century Code Section 38-08-06.4  

All infill horizontal wells in the area for a period of 90 days 
commencing on the first day pol is produced, after this period if well or 
operator meets or exceeds the Commission approved gas capture goals  

Gas capture percentage  Monthly gas sold + monthly gas used on lease + monthly gas 
processed/total monthly volume of associated gas produced by the 
operator  

Operator allowed to remove the initial 14 days of flowback gas in the 
total monthly volume calculation 

If gas capture not attained at max. efficient rate, the well shall be 
restricted to 200 barrels of oil per day if at least 60% of the monthly 
volume of associated gas produced from the well is captured 

If less than 60% of associated gas captured oil production shall not 
exceed 100 barrels per day  

Considered as surplus gas being utilized in a 
beneficial manner  

Electrical generator that consumes surplus from the well 
System that intakes surplus gas and natural gas liquids volume from the 
well for beneficial consumption by means of compression to liquid to 
use as fuel, transport to a processing facility, production of 
petrochemicals or fertilizer, conversion to liquid fuels, separating and 
collecting the propane and heavier hydrocarbons  

Equipped with other value-added processes as approved by the Director 
which reduce the volume or intensity of the flare by more than 60% 

If flaring determined in violation with ND Air 
Pollution Control Rules  

Production from the respective pool may be further restricted  

TARGETS FOR FLARING 23% for all gas produced by January 2015 
10% of gas produced thereafter by 2020 
Burial of waste prohibited  
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Order of the Industrial 
Commission amending oil 
conditioning standards  

Specifications for all wells completed in Bakken 
Petroleum System  

Gas-liquid separator and/or emulsion heater-treater of ample capacity, 
otherwise due notice and hearing by the Commission (no greater than 
13.7 psi at custody transfer or safe transportation to oil conditioning or 
stabilization plant) 

Effective April 
1, 2015 

if the above but pressure of no more than 50 psi on the final stage of 
preparation prior to the crude oil tanks must heat the produced fluids to 
temperature no less than 110F  

if pressure greater than 50 psi- heat to no less than 110F and install 
vapor recovery system on or immediately upstream of the crude storage 
tanks 

If other than above specifications - need to demonstrate that Vapor 
Pressure of Crude Oil no greater than 13.7 psi or 1 psi less than vapor 
pressure of stabilized crude oil whichever is lower (sundry notice) 

Prohibited blending oil produced from Bakken 
Petroleum System (BPS) with  

Liquids recovered from gas pipelines prior to custody transport 

With natural gas liquids prior to custody transfer 
Industrial Commission of North 
Dakota comment on the EPA's 
advanced notice of proposed 
rulemaking on the information 
that should be reported or 
disclosed for hydraulic fracturing 
chemical substances and 
michsteruse and the mechanisms 
obtaining this information 

Believe this rulemaking is UNNECESSARY in 
North Dakota  

NDIC already promulgated effective regulations and those rules 
properly focus on well construction and testing to prevent fracking 
fluids from entering environment and include requirement that operators 
disclosure chemicals used un HF on Frac Focus within 60 days of 
completion of HF- thus states like ND should be exempted from that 
rule 

  

FracFOcus EPA should encourage use of Frac Focus nationwide  
Trade secrets  Important to allow them as performed within Frac Focus  
Chemical disclosure EPA encouraged to use incentives and recognition programs to support 

development and use of safer chemicals  

EPA should NOT consider reporting of any combination of water and/or 
chemicals introduced or intended to be introduced to maintain or 
improve the function and productivity of the well including recovery 
methods  

Info on this already through EPCRA and CERCLA laws and riles  

Should promote development of best practices in lieu of a new EPA 
mandatory reporting or voluntary disclosure program  

Ohio Site development & preparation Pre-drilling water well testing Requires testing within 0.28 miles of well In effect 
Water withdrawals (kgal/day) 100: permit, registration, and reporting required In effect 
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Setback restrictions from buildings (ft) 100-200 In effect 
Setback restrictions from water sources (ft) 50 In effect 

Well drilling & production Cement type requirements Yes In effect 

Casing and cement depth Specified casing and cement depth of 50 feet below water table In effect 

Surface casing cement circulation regulations Yes In effect 

Intermediate casing cement circulation regulations Requires cementing 500 feet above shoe In effect 

Production casing cement circulation regulations 
Requires cementing 1,000 feet above shoe/true vertical depth/uppermost 
hydrocarbon zone In effect 

Venting/flaring regulations No venting allowed, specific flaring restrictions In effect 
Flowback/wastewater storage and 
disposal 

Fluid storage options Pits and tanks In effect 

Flowback/wastewater transportation tracking Permit or approval and recordkeeping required In effect 
Well plugging and abandonment Well idle time (months) 12 In effect 

Well idle time (months) 12-24 Proposed 
Temporary abandonment (months) 12 In effect 

Ohio Department of Natural 
Resources (ODNR)  

New permitting conditions for earthquake sensitive 
areas  

All new drilling sites within 3 miles of known fault to seismic activity of 
2.0 magnitude or higher need to install seismic -monitoring equipment 
(2) If seismic event of 1.0 magnitude recorded activities need to pause 
and cause investigated (3) if investigation reveals a probable connection 
to fracturing process all operations will be suspended  

In effect 

SB no. 17, code revision Permit application For HF- need to disclose: type, volume, geochemistry of each fluid 
proposed to be used, proposed methods to be used to contain recovered 
fluids, including chemical name, trade name, vendor, description of 
chemicals intended to use , proposed quantity to be used , should not 
include what is designated as trade secret 

Proposed 
February 2013, 
sent to energy 
committee 

Chemical disclosure and designation of trade secret  Submit list of any chemicals brought to the well site 
In addition to what needed to be disclosed before (name, CAS number) 
now need to disclose also: chemical family name, trade name, brief 
description of each chemical, concentration now reported as a 
percentage, name of vendor 

Also in completion report  
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HB 41: to authorized a political 
subdivision to enact and enforce 
health and safety standards for oil 
and gas drilling 

Authority to regulate Crosses out that the division has "sole and exclusive" authority to 
regulate, suggesting other bodies also have authority now to do so 

Proposed 
February 2013 
and directed to 
natural 
resources 
committee  

Adds new areas of regulation besides permitting, location, spacing, now 
also: installation, operation, maintenance, abandonment, plugging, and 
sire restoration, and disposal of waste from and all matters related to oil 
and gas wells within the state 

Added to the above: that are necessary to protect health and safety of the 
public property and the environment  

Crossed out that this "provides a comprehensive plan with respect to 
drilling activities within state" - suggests other legislation may be 
applicable 

Local government This should not be constructed to prevent a municipal corporation, 
county, or township from enacting and enforcing health standards and 
safety standards …provided those are not less restrictive than the rules 
adopted here (so these are minimum regulations) 

Cannot enact any regulations relative to minimum acreage requirements 
for drilling units, setbacks for new well or production facilities from 
tracts, drilling units, other facilities 

Cannot regulate on restoration or plugging of an oil and gas well 

HB 42: chemical disclosure Chemical disclosure requirements added to the code  At the time of application Proposed 
/similar to the 
above SB no. 
17 revision 

When chemical fluid brought to the well site  

SB 46 for violations of the Oil 
and Gas Law relating to improper 
disposal, transport and 
management of brine 

Establish a criminal penalty for a negligent violation 
of certain provisions of the Solid, Hazardous and 
Infections Wastes Law 

Felony  Proposed 
February 2013, 
sent to Energy 
committee 

First violation if knowingly: fine no less than $10,000 and no more than 
$50,000, and imprisonment for 3 years (was 6 months) or both  

If knowingly: each subsequent offense $20,000 to $100,000 fine or 
imprisonment for up to 6 years (was 2 years) - or both 

If negligently: $5,000-$25,000 or up to 1 year imprisonment or both 

If negligent subsequent offenses: $10,000-$50,000 or imprisonment up 
to 2 years or both 
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Plus permanently revoke each permit and 
registration certification issued to the person 

  

Plus deny future application for the above   
SB87 Ban on taking and removal of oil and natural gas 

from and under the bed of Lake Erie  
  Proposed 

March 2013, 
sent to energy 
committee 

HB 148 Brine disposal Prohibit land application and deep well injection of brine- as of now that 
can be done after obtaining a permit from the chief 

Proposed April 
2013, sent to 
ANR 

Prohibit conversion of wells 
HB205  Local government and brine recycling Authorize a fee on recycling of brine from oil and gas operations to 

benefit local government 
Proposed June 
2013, sent to 
ANR 
(committee) Gives it a legislative authority to levy a fee  

HB 212 Severance tax  Severance tax on oil, gas, condensate, natural gas liquids from 
horizontal wells 

Proposed June 
2013, sent to 
ANR 
(committee) Revenue distributed to environmental and oil and gas regulatory 

purposes, local government that is impacted and not impacted, 

Permanent fund to promote economic development 
To provide for administration, investment 

HB375 Industry relocation Encourage (Jobs Ohio) to relocate to the state to take advantage of 
inexpensive energy that is available in counties with active oil and gas 
development; also encourage job creation in those industries 

Proposed both 
in House and 
the Senate, 
both times sent 
to Ways and 
Means 
Committee  

Establishes Ohio shale gas regional commission   

Establishes shale gas infrastructure development 
fund - monies transferred from the local government 
reimbursement fund 

  

Severance tax Change basis, rates and revenue distribution  
2.5% of the severer's gross receipts from the first sale of that oil and gas  

Money created to oil and gas severance tax fund 
Transfers from oil and gas severance tax fund $15 million to the oil and gas well fund, $3 million to the well plugging 

fund, $3 million to geological mapping fund, or reduce proportionately 
if balance lower than the sum of the above 
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Tax exemption First $10 million of wellhead ross receipts after deduction for payments 
to holders of royalty interest from the first sale of oil and gas  

HB 400 Royalty statement Required that the owner of an oil and gas well provide a royalty 
statement to the holder of the royalty interest when the owner makes 
payment to the holder 

Proposed 
January 2014, 
sent to ANR 

HB 685 Replace existing oil and gas severance tax with tax 
on first sale of oil and gas  

  Introduced 
December 16, 
2014; not sent 
to any 
committee yet 

Use the revenue to fund local government   

Draft Horizontal Well Site 
Construction rule establishes the 
design standards and construction 
requirements for horizontal well 
pads in order to protect human 
health and safety and to prevent 
damages to natural resources 

Permitting Prior to construction approval of an application by chief required Proposed; 
review ended 
October 6, 
2014 Any material modification of spudded well requires approval by order of 

the chief 

Application should include well site plans developed, signed and sealed 
by a professional engineer - should include (1)identification and location 
among other information on soil types, springs, wetlands, streams, lakes 
etc., wells within 100f , roads, pipes , ditches, areas with public drinking 
water supplies within 100f of and within the proposed well site (2) 
emergency release conveyance map (including water sources, pipes, 
ditches)  

Sediment and erosion control plan to minimize discharge of construction 
related sediment to any area outside  

Dust control plan  
Geotechnical report 
Storm water hydraulic report  

Site review required  No later than 15 days after the applicant's receipt of notification of 
completeness  

Review procedures No later than 30 days after site review  
    
Construction After approval- no later than 3 years - the person who received approval 

must submit to the chief signed and sealed certification from the 
professional engineer  

Certification No longer valid if (1) well does not perform or is not likely to perform 
as designed (2) does not perform to support safe drilling and production 
operations (3) fails to protect public health and safety (4) fails or is 
likely to fail to prevent substantial damage to natural resources 

Permit expiration 2 years if well not spudded  



The Market Impacts of New Natural Gas-Directed Policies in the United States 

188 
 

Can certify the well site again but if not spudded after two certifications- 
than certification no longer valid 

Oklahoma Site development & preparation Pre-drilling water well testing Requires testing within 1 mile of well In effect 
Water withdrawals (kgal/day) Permit required In effect 

Well drilling & production 

Casing and cement depth Specified casing and cement depths 50 feet below water table In effect 

Surface casing cement circulation regulations Yes In effect 

Intermediate casing cement circulation regulations Requires cementing 200 feet above shoe In effect 

Production casing cement circulation regulations Addressed in permit In effect 
Venting/flaring regulations Specific venting and flaring restrictions In effect 

Flowback/wastewater storage and 
disposal 

Fluid storage options Pits and tanks In effect 
Freeboard requirements (ft) 1.5-3 In effect 
Pit liner requirements Requires 30mils in liner thickness In effect 

Flowback/wastewater transportation tracking Permit or approval and recordkeeping required (3 years) In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 12 In effect 
Temporary abandonment (months) 60 In effect 

Well inspection and enforcement Accident reporting requirements (hours) 24 In effect 
SB78 created Horizontal Well 
Development Act 

Modifies 2011 Shale Reservoir Development Act  Authorizes Oklahoma Corporation Commission to allow multi-unit 
horizontal drilling in targeted reservoirs, in addition to shale  

In effect 

Defines targeted reservoir: any shale reservoir or any portion of the 
Marmaton common source of supply 

Clarifies allocations for multi-unit horizontal wells 
Allows owners to participate in drilling and development of subsequent 
wells that are covered under a pooling order under certain circumstances 

SB1211 Seismic exploration Unlawful to conduct seismic test hole blasting within 200f of any 
habitable dwelling, building or water well without written permission 
from the owner  

Proposed; 
referred to 
Energy 
Committee 
February 4, 
2014 

Surface owner entitled to reasonable damages  
Notice to owner at least 20 days before (was-15) 
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SB1418 Directs Corporation Commission to add to its rules Disposal of oil field waste required in a commercial waste disposal site 
m and include records of the material including who granted it, its 
source, volume of waste and where it was disposed 

In effect 

Records available to public and kept the same way as other records 

Corporation Commission of 
Oklahoma proposed rules for 
underground storage tanks 

Add/amend definitions   Proposed 
October 30, 
2014  

Extend rule applicability to Employees/agents 
Provide certain deadlines   
Licensing established For all persons involved in storage tank/line testing, inventory 

reconciliation and corrosion protection installation/service 

Facility shutdown if tampering with equipment   

Time frame for operator recertification   
Update codes and standards   
Require photos of tank installation   
Strike groundwater/vapor monitoring as means of 
leak detection 

  

Establish minimum depth for product/vent lines    

Set forth ball float testing   
Allow tank owners/operators to record rectifier 
readings 

  

Clarify excavation requirements for submersible 
pumps 

  

Establish penalties for failure to meet minimum 
signage requirements 

  

Clarify repair work to be done by licensee   
Limit tank removal To Monday-Friday  
Require photos of removal   
Allow temporary out of use tanks Up to 36 months 
Require removal of all systems out of service  In excess of 12 months 

Tanks that did not upgrade in 1998 to be removed   

Strike release reporting and establish release 
investigation 

  

Pennsylvania Site development & preparation Pre-drilling water well testing Presumptive testing within 0.19-0.28 miles of well In effect 
Water withdrawals (kgal/day) Permit required In effect 
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Setback restrictions from buildings (ft) 500 In effect 
Setback restrictions from water sources (ft) 300-1,000 In effect 

Well drilling & production Cement type requirements Yes In effect 

Casing and cement depth Specified casing and cement depth of 50 feet below water table In effect 

Surface casing cement circulation regulations Yes In effect 

Intermediate casing cement circulation regulations Require cementing to surface In effect 

Production casing cement circulation regulations 
Require cementing 500 feet above shoe/true vertical depth/uppermost 
hydrocarbon zone  In effect 

Venting/flaring regulations Aspirational standards for both venting and flaring In effect 
Flowback/wastewater storage and 
disposal 

Fluid storage options Pits and tanks In effect 
Freeboard requirements (ft) 2 In effect 
Pit liner requirements Yes In effect 

Flowback/wastewater transportation tracking Recordkeeping (5 years) In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 12 In effect 
Temporary abandonment (months) 60 In effect 

Well inspection and enforcement Accident reporting requirements (hours) 2 In effect 
Act 152 of 2014 (House Bill 
402), also known as the 
“Recording of Surrender 
Documents from Oil and Natural 
Gas Lease Act  

requires lessees to provide a surrender document to 
a lessor within 30 days of the termination, 
expiration or cancellation of an oil and gas lease.   

The legislation is designed to provide a formal method for landowners 
holding oil and gas leases to obtain a release from the lease upon its 
termination or cancellation  

In effect 
November 
2014 

(House Bill 2278), Act 173 of 
2014 or the “Unconventional 
Well Report Act,” -  

reporting requirements for operators of 
unconventional wells  

1 X month (up until now 2Xyear)- designed to have more comparable 
monthly production reports to the monthly royalty payments (supposed 
to help the landowners and royalty owners receive the proper value from 
the oil and gas production 

In effect 
March 31, 
2015 

House Resolution 500 Encourage the Governor and the Secretary of 
Conservation and Natural Resources to prevent 
drilling operations in the Clarence Moore Lands  

To preserve the wild character of the Loyalstock State Forest - in 
response to Anadarko's proposal - development plan that includes sitting 
of 25 well pads, clearing 60 foot-wide swaths of land for pipelines that 
traverse the Old Loggers Pa multiple times, construction of compressor 
stations and impoundment pits  

Referred to 
Committee on 
environmental 
Resources and 
Energy on 
August 13, 
2014 



The Market Impacts of New Natural Gas-Directed Policies in the United States 

191 
 

House Bill 2172 Amending Title 58 (Oil and Gas) of the 
Pennsylvania Consolidated Statutes, in 
development, further providing for air contaminant 
emissions- MONITORING- in unconventional 
formations 

Must install and maintain air quality monitoring system within 300 feet 
of all natural gas operations  

Proposed; 
referred to 
committee on 
environmental 
resources and 
energy on 
April 10, 2014 

Department should develop specifications for the quality monitoring 
systems  

Readings must be publicly available through real-time displays posted at 
the facility's owner or operator Internet website  

Includes centralized impoundment area (pond, pit, trench for use by 
more than one well site and designed to sore hydraulic fracturing fluid, 
produced water, flowback water or freshwater 

House Bill 1721 Chemical disclosure requirements Well operator and service provider must provide the product name and 
manufacturer of each product used in the hydraulic fracturing process  

Referred to 
Committee on 
environmental 
Resources and 
Energy, April 
10, 2014 

Disclosure must be available to public 

HB 2245 Provides for safety training program  For individuals desiring to work in the oil and gas industry  Referred to 
Committee on 
environmental 
Resources and 
Energy, May 
7, 2014 

  
Examination testing knowledge necessary for entry-level work in the oil 
and gas industry  

Certification administered by the department  
A worker at permitted well must possess a certificate  
If worker has more than 1 year experience- must successfully complete 
an abbreviated program to get certification 

If less than 1 year experience- wear a green hat for 1 year following 
completion of the program 

Annual report to the Governor and the general Assembly by the 
department on the program 

HB 2480 amending Title 58 
providing for well reporting 
requirements 

Steel product report Centralized database by department on publically accessible website, no 
subject to fee, including country of origin - US if at least 75% if the cost 
is mined in the US 

Referred to 
Committee on 
environmental 
Resources and 
Energy, 
September 16, 
2014 

HB 1947 amending Title 58 
providing for taxation of natural 
gas drilling and for transfers and 
distributions 

Severance tax  5% of the gross value of units severed at the wellhead during reporting 
period plus 4.6 cents per unit severed  

referred to 
Committee on 
environmental 
Resources and 
Energy, 
January 13, 
2014 

Filed within  15 days following the end of a restarting period  

If not filed or did not pay on time, department may refuse to issue, 
suspend, or revoke registration certificate  
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Registration certification If none- summary offence and can be sentenced to pay a fine of not less 
than $300 nor more than 1,500; if defaults in the payment of the fine, 
sentenced to imprisonment for not less than 5 and no more than 30 days  

Each day = one offence  
Meters Need to maintain discrete wellhead meter where NG severed (digital) 

House Bill    Deduction of post-production costs from unconventional wells may not 
result in royalty payments less than the guaranteed minimum (1/8 
royalty) 

Removed from 
Table October 
6, 2014 

Drilling Tax Proposal too 
Replace Act 13 Impact Fee (on 
unconventional resources) 

Severance tax Prefer to call it "drilling tax" Referred to 
ERE June 19, 
2014 

4.90% 
Current impact fee declines over time for the first 15 years of operation, 
all wells drilled in the same year pay the same fee no matter how much 
gas to they produce , total impact fee over 15 years amounts to less than 
2% of the value of natural gas sold  

Propose to tax the value of produced gas / none for now 

Less than rate in neighboring Virginia 
Tax distribution Tax would provide them local governments where drilling is taking 

place with revenue for replacement and repair of infrastructure and 
environmental initiatives 

Remaining 60% of revenue to invest in education, environment, human 
capital and economic development (detailed distribution provided) 

Create General Fund for the purposes  
HB 2508  Severance tax Provide for severance tax in addition to the current gas well fee    

5% of the value of each 1,000 cubic feet plus 5 cents per 1,000 cubic 
feet  

  

Tax distribution 1/3 -department of education, 1/3 environmental Stewardship Fund, also 
Department of Health, General Fund, Hazardous Sites Cleanup fund, 
State Dam Removal Program- NO LOCAL GOVERNMENT 
MENTIONED  

Referred to 
ERE 
September 22, 
2014 

HB 2015 Severance tax 29 cents per MCF extracted  Referred to 
ERE February 
18, 2014 

Not linked to income but to volume  
Tax distribution Essential funding to public school system 50% 

Also local governments 25% 
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House Resolution 249 Urging the president and the congress to  Support continued and increased production and use of American oil 
and natural gas 

Removed from 
table 
September 24, 
2014 Urge the secretary of state To approve Keystone pipeline project 

House Bill 2474 Provides for health registry- Marcellus Shale Health 
Registry  

For collection of health-related data associated with unconventional gas 
well drilling and imposing duties on the Department of Health 

  

HB 2494 to amend Title 58 of the 
P. Consolidates Statutes  

Definitions   Referred to 
ERE 
September 18, 
2014 

Impact fee  For each unconventional gas well on State land also after 15 years  

Fee=$200,000  
Vertical unconventional gas well fee= 0% of the above 

Distribution Establish a State Drilling Impact Mitigation Fund  
Mitigate damage 
Acquire replacement land and buffers 
Purchase the rights to gas and minerals under state land 
Any other action necessary to avoid, minimize or mitigate the impact of 
gas exploration 

Preserve environmental, recreational, cultural, and aesthetic values of 
the state land  

Permit/application Increased from notice requirement from 3000 to 4,200 feet  

Setbacks 1,200 rather than 500 feet from building or water well existing when the 
copy of the plat is mail without written consent of the owner of the 
building/water well 

3,000 rather than 1,000 feet from existing water well, surface water 
intake, reservoir or other water supply extraction point used by a water 
purveyor without the written consent of the later  

420 instead of 300 feet from the vertical bore or 200 instead of 100 feet 
from the edge of the well site, whichever is greater  

Edge of the disturbed are associated with any unconventional well site 
must maintain 300 foot (was 100 f) setback from the edge of any solid 
blue lined stream, spring, or body of water  

300 f (was 100) from wetlands 
Liability Presumed for pollution of water is water supply is within 4,200f (was 

2,500f) from unconventional vertical bore  
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Bond For wealth with a total well bore length at least 6,000 f : twice as high as 
they were before 

Penalties Increase twice 
HB 1500- amend Title 58 - well 
fee  

Fee distribution Limit use of Oil and Gas Lease Fund revenue for specific conservation, 
recreation, dam and flood control project  

Referred to 
ERE Feb. 4, 
2014 As of now it includes also employees' salaries and general government 

operations of the Department of Conservation and NR 

DCNR would have exclusive authority to make disbursements from the 
oil and Gas Lease Fund 

Replace transfers from the O&G Lease Fund to the Environmental 
Stewardship Fund and the Hazardous Sites Cleanup Fund with transfers 
from the Unconventional Gas Well Fund  

HB 2403 Severance tax Prevent termination of impact fee upon enactment of Severance Tax Referred to 
ERE Aug. 25, 
2014 

Impact fee  

HB 2209 Impact fee distribution 2 year extension of the 3 year Natural Gas Vehicle Program which 
allocated $20 million in grant funds for the purchase and/or conversion 
of vehicles to compressed NG, LNG, or bi-fuel 

Referred to 
ERE April 28, 
204 

$2,5 million for each additional year 
House Resolution Sampling and testing To make full use of available technology to preserve clean drinking 

water, guarantee public safety, and minimize environmental impact 
associated with production of NG 

In effect since 
October 7, 
2014 

House Bill 2350-  PA Conventional Oil and Gas Regulations Act Separate drilling, alteration etc. for unconventional wells from 
conventional ones  

Laid on table 
Sept. 10, 2014 
(House) 

House Bill 2422 Abandoned wells Requires decommissioning of all abandoned wells located on properties 
leased for the production of oil and gas 

Referred to 
ERE July 29, 
2014 

Oil and Gas Surface Regulations-
pursuant Oil and Gas Act of 2012 

Protection of public resources  Streamlined process for considering the potential impacts to public 
resources during the well permitting process  

Proposed by 
PA's 
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(Chapter 32, Act 13 of 2012) that 
direst EQB to adopt new rules for 
certain activities at well sites; and 
to account for new practices 
developed since 2008 (shale)  

Permitting Notify the appropriate public resource agency requirement (i.e. Dept. of 
Conservation and NR) if well is within: 200f from a publicly owned 
park, game land, wildlife area, natural landmark, historical or 
archeological site (Fed or state list of historic places, if in a location that 
will impact critical communities, in or within corridor of a state, national 
scenic river, if 1,000 f of aa water well, surface water intake, reservoir or 
other water supply extraction point used by a water purveyor 
(unconventional wells only) 

Environmental 
Quality Board 
December 14, 
2013 

Abandoned wells Operators to identify any orphan or abandoned wells within 1,000 f of 
the vertical and the horizontal well bores prior to hydraulic fracturing  

Require visual monitoring of the identified wells  
Require plugging by the operator if fracking alters the identified well(s) 

Containment practices (new systems and practices 
for unconventional wells): 

Temporary storage (open pits can only be used for temporary storage, 
production pits banned, pits must have liner of minim. Thickness and be 
compatible with what is stored, pit seams must be tested prior to use, 
pits must be fenced-in completely to prevent vandalism and damage 
from wild life unless 24h security on site 

Longer-term storage: open-top not permitted underground or partially 
buried tanks not permitted to store brine unless approved by DEP, tanks 
protected from unauthorized third parties 

Freshwater impoundments: synthetic impervious liner; must be 
registered with the department, fenced, restored, unless approved by 
landowner 

Secondary containment: necessary, subsurface secondary containment 
an option 

Protection of water resources  Additional requirements for liners of pits and impoundments  
Secondary containments must be used on all unconventional well sites 
and inspected at least weekly (include liners, dykes, berms, double 
walled tanks) 

Rules for operators in response to spills and releases - requires 
remediation to ACT 2 standards  
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Require pipeline construction companies to develop Preparedness, 
Prevention, and Contingency Plans when performing horizontal 
directional drilling under a waterway to minimize impacts on waters in 
the event of an inadvertent return  

Operators requires to restore a well site, including filling pits and 
removing drilling supplies and equipment within 9 months of 
completion of drilling  

South Dakota 

Site development & preparation Water withdrawals (kgal/day) 25.92: permit required In effect 
Well drilling & production Cement type requirements Addressed in permit In effect 

Casing and cement depth Yes In effect 

Surface casing cement circulation regulations Yes In effect 

Intermediate casing cement circulation regulations Addressed in permit In effect 

Production casing cement circulation regulations Addressed in permit In effect 
Venting/flaring regulations No venting allowed, flaring required In effect 

Flowback/wastewater storage and 
disposal 

Fluid storage options Pits and tanks In effect 
Pit liner requirements Requires 12mils in liner thickness In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Temporary abandonment (months) 6 In effect 

Well inspection and enforcement Accident reporting requirements (hours) 0 In effect 
Senate Bill 161 To provide for a process to ensure that surface use 

agreements are entered by mineral developers and 
surface owners by negotiation or default  

Shall specify rights and obligations of parties with respect to surface 
activities conducted by mineral developer  

In effect 
(signed by 
Governor 
3/31/2014) Determine payment of damages  

If agreement not entered within 30 days of the time of notice, the 
mineral developer may enter the surface estate and conduct development 
only after meeting one of conditions specified: (1) provides financial 
assurance such as surety bond, letter of credit, cash or certificate of 
deposit of a surety, (2) posts a blanket surety bond etc in the sum of 
$25,000 

Tennessee Site development & preparation Water withdrawals (kgal/day) 10: Registration and reporting required In effect 
Setback restrictions from buildings (ft) 200 In effect 
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Setback restrictions from water sources (ft) 100 In effect 
Well drilling & production 

Surface casing cement circulation regulations Yes In effect 
Venting/flaring regulations Aspirational standards for both venting and flaring In effect 

Flowback/wastewater storage and 
disposal 

Fluid storage options Pits only In effect 
Pit liner requirements Yes In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 12 In effect 
Temporary abandonment (months) 60 In effect 

Texas Site development & preparation Water withdrawals (kgal/day) Permit required In effect 
Setback restrictions from buildings (ft) 200 In effect 
Setback restrictions from buildings (ft) 500 Proposed 

Well drilling & production Cement type requirements Yes In effect 
Casing and cement depth Well-specific casing and cementing depth In effect 

Surface casing cement circulation regulations Yes In effect 

Intermediate casing cement circulation regulations Requires cementing 600 feet above shoe In effect 

Production casing cement circulation regulations 
Requires cementing 600 feet above shoe/true vertical depth/uppermost 
hydrocarbon zone In effect 

Venting/flaring regulations Specific venting and flaring restrictions In effect 
Flowback/wastewater storage and 
disposal 

Fluid storage options Pits only In effect 

Flowback/wastewater transportation tracking Permit or approval and recordkeeping required In effect 

Underground injection wells for 
flowback/wastewater and produced water Local moratoria In effect 

Well plugging and abandonment Well idle time (months) 12 In effect 
Temporary abandonment (months) Yes In effect 

Amendment to incorporate 
requirements related to seismic 
events for disposal wells 

Seismic events related to disposal wells Applicants required to access the USGS earthquake search tool online to 
retrieve data regarding historic seismic events within specified area (100 
square miles) where disposal well proposed  

In effect 
11/17/2014 

Clarification that the Railroad Commission has the authority to modify, 
suspend, terminate a permit for just cause if injection is likely to be or 
determined to be contributing to seismic activity (after notice and 
hearing) 

Authorize more frequent monitoring and reporting injection pressures 
and injection rates  
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Commission may require additional information with application such 
as logs, geologic cross-sections, etc.,  and to demonstrate that fluids will 
be confined if increased risk of fluids not being confined  including 
situations where complex geology, proximity of basement rock, 
transmissive faults, history of seismic events  

Commission may require more frequent monitoring and monitoring 
reporting of injection pressure and rate if increased risk that fluids will 
be confined to the injection interval  

Utah 

Site development & preparation Water withdrawals (kgal/day) Permit required In effect 
Well drilling & production Cement type requirements Addressed in permit In effect 

Casing and cement depth Addressed in permit In effect 

Surface casing cement circulation regulations Yes In effect 
Venting/flaring regulations Specific venting and flaring restrictions In effect 

Flowback/wastewater storage and 
disposal 

Fluid storage options Pits only In effect 
Freeboard requirements (ft) 2 In effect 
Pit liner requirements Requires 40mils in liner thickness In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 60 In effect 
Temporary abandonment (months) 12 In effect 

Well inspection and enforcement Accident reporting requirements (hours) 24 In effect 
Rule 307 Code - added 
environmental quality/air 
pollution 

General requirement for prevention of emissions 
and use of good air pollution control practices  

Operate and design all intermediate hydrocarbon liquids collection, 
storage, processing and handling operations to minimize emission of 
volatile organic compounds to the atmosphere to the extent 
REASONABLY PRACTICABLE 

In effect 
12/1/2014 

Install and maintain air pollution control equipment at all times  

Also general requirements for air pollution control equipment provided  

Rule 307 Code - added 
environmental quality/air 
pollution 

To reduce emissions of volatile compounds from 
pneumatic controllers  

Existing pneumatic controllers should meet standards established for 
new controllers  

In effect 
12/1/2014 
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Rule 307 Code - added 
environmental quality/air 
pollution 

flares all new flares to be equipped with a self-igniter to relight the pilot if the 
flame extinguished  

In effect 
12/1/2014 

all existing flares in Duchesne and Uintah Counties to be retrofitted with 
self-igniters by 12/1/2015 to provide reductions prior to the 2015/2016 
winter ozone season 

in rest of state flares must be replace prior to 4/1/2017 
Vermont 

Site development & preparation Water withdrawals (kgal/day) 
Reporting: 20 
Permit: 57.6 In effect 

Flowback/wastewater storage and 
disposal 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 24 In effect 
Temporary abandonment (months) Yes In effect 

Senate Bill 238 Natural gas infrastructure tax Taxed different than under the scheme of Vermont's property tax Proposed, read 
first time and 
referred to 
Committee on 
Finance 

Uniform capacity tax 
Nonresidential property tax rate multiplied by the appraised value 

Due before July 1 of each year 
Disposition of tax Funds deposited to Clean Energy Development fund 

Half of the above revenue available only to support clean energy 
resources in towns hosting NG infrastructure  

Virginia Site development & preparation Pre-drilling water well testing Requires testing within 0.09 miles of well In effect 
Water withdrawals (kgal/day) 300: permit required In effect 

Well drilling & production Venting/flaring regulations Specific venting and flaring restrictions In effect 
Flowback/wastewater storage and 
disposal 

Fluid storage options Pits and tanks In effect 
Freeboard requirements (ft) 2 In effect 
Pit liner requirements Requires 10mils in liner thickness In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well inspection and enforcement Accident reporting requirements (hours) 0-24 In effect 
Department of Mines, Minerals, 
and Energy 

Chemical disclosure  To require oil and gas operators to participate in FracFocus website  Proposed 

Department of Mines, Minerals, 
and Energy- Notice of Intended 
Regulatory Action  

Chemical disclosure To review existing gas and oil regulations to determine whether 
ingredients used in fracking fluids should be disclosed, review existing 
best practices, and determine whether additional requirements are 
necessary for drilling in different regions of the Commonwealth 

Proposed/no 
text submitted 
January 2014 
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Recommendations: disclosure of ingredients should be required, 
operators should use Frac Focus, Virginia should maintain separate 
registry 

Operators should provide a list of anticipated ingredients before fracking 
takes place 

Operators should submit all info to DMME which should determine 
what information should be protected as a trade secret 

West Virginia Site development & preparation Pre-drilling water well testing Requires testing within 0.19 miles of well In effect 
Water withdrawals (kgal/day) 25: registration and reporting required In effect 
Setback restrictions from buildings (ft) 625 In effect 
Setback restrictions from water sources (ft) 100-1,000 In effect 

Well drilling & production Cement type requirements Yes In effect 

Casing and cement depth Specified casing and cement depth of 30 feet below water table In effect 

Surface casing cement circulation regulations Yes In effect 

Intermediate casing cement circulation regulations Addressed in permit In effect 

Production casing cement circulation regulations Addressed in permit In effect 
Venting/flaring regulations Aspirational standards for both venting and flaring In effect 

Flowback/wastewater storage and 
disposal 

Fluid storage options Pits only In effect 
Freeboard requirements (ft) 2 In effect 
Pit liner requirements Yes In effect 

Flowback/wastewater transportation tracking Recordkeeping required In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 12 In effect 

Well inspection and enforcement Accident reporting requirements (hours) Yes In effect 
HB 107 amending 22-15-8 and 
11 of West Virginia Code  

Requirements for legal disposal of drill cuttings and 
associated drilling waste from well sired  

(1) Drill cuttings must be stored in a separate cell in a landfill dedicated 
to such waste  (2) monitoring requirements imposed (3) additional fees 
for disposal sites (additional $1 per ton) (4) WVDEO charged with 
presenting horizontal drilling waste disposal study  

In effect 
(04/04/2014) 
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SB 373  Aboveground storage tanks and potential sources of 
significant contamination 

(1) All ASTs required to register with WVDEP and require permit 
(unless exempt) as well as are subject to a fee for registration and 
permitting REQUIREMENTS i.e.: (2) performance standards for design, 
construction, installation, maintenance, corrosion detection, release 
detection and prevention, secondary containment; (3) leak detection 
system, inventory control system and tank testing; (4) maintaining 
records of monitoring and leaks (5) requirements for life-cycle 
management of ASTs  OTHER REQUREMENTS : (6) owners and 
operators demonstrate financial responsibility and submit Spill 
Prevention Response Plan for each ASTs (7) Permitted ASTs must be 
inspected annually  

In effect from 
June 06, 2014 

West Virginia's Water Resources 
Protection and Management Act 
amended in 2014 

Registration and reporting thresholds for water 
withdrawal 

All "Large Quantity Users " (> 300,000 gallons a month 
withdrawal/previously 750,000)  to register annually 

In effect from 
January 1, 
2015 Monthly data collection regarding water use  And report on annual basis to WVDEP  

Penalties Up to 5,000 and additional penalties every 30 days thereafter  

Wyoming Site development & preparation Water withdrawals (kgal/day) Permit required In effect 
Setback restrictions from buildings (ft) 350 In effect 
Setback restrictions from water sources (ft) 350 In effect 

Well drilling & production Cement type requirements Yes In effect 

Casing and cement depth Specified casing and cement depth of 120 feet below water table In effect 

Surface casing cement circulation regulations Yes In effect 

Intermediate casing cement circulation regulations Requires cementing 200 feet above shoe In effect 

Production casing cement circulation regulations 
Requires cementing 200 feet above shoe/true vertical depth/upper 
hydrocarbon zone In effect 

Venting/flaring regulations Specific venting and flaring restrictions In effect 
Flowback/wastewater storage and 
disposal 

Fluid storage options Pits and tanks In effect 
Pit liner requirements Conditional liner requirements In effect 

Underground injection wells for 
flowback/wastewater and produced water Underground disposal allowed In effect 

Well plugging and abandonment Well idle time (months) 12 In effect 
Temporary abandonment (months) 24 In effect 

Well inspection and enforcement Accident reporting requirements (hours) 24 In effect 



The Market Impacts of New Natural Gas-Directed Policies in the United States 

202 
 

Table A2. Shale Breakeven by Tier by Country/Region/Play 

 

Total 
Resource 

(tcf)
Resource 

(tcf)

Average 
Breakeven 

Price 
($/mcf)

Resource 
(tcf)

Average 
Breakeven 

Price 
($/mcf)

Resource 
(tcf)

Average 
Breakeven 

Price 
($/mcf)

Resource 
(tcf)

Average 
Breakeven 

Price 
($/mcf)

Resource 
(tcf)

Average 
Breakeven 

Price 
($/mcf)

Antrim 12.0 4.4 4.67$         2.8 6.56$         2.1 8.98$         1.6 11.85$       1.1 15.46$       

Appalachia Group

Utica 17.4 7.1 3.48$         4.2 4.88$         2.9 6.91$         2.0 9.72$         1.3 14.07$       

Marcellus 282.7 97.7 2.68$         64.8 3.42$         49.9 4.31$         39.7 5.26$         30.6 6.32$         

Cincinatti Arch 1.7 0.8 6.27$         0.4 10.06$       0.2 16.97$       0.1 30.86$       0.0 76.94$       

Devonian Siltstone and Shale 9.5 4.5 6.81$         2.4 10.68$       1.5 17.40$       0.8 29.77$       0.3 62.44$       

Big Sandy 8.5 3.0 6.43$         2.0 8.83$         1.5 11.77$       1.2 15.01$       0.9 18.79$       

Low Thermal Maturity 16.5 7.8 7.73$         4.2 12.15$       2.5 19.81$       1.4 33.91$       0.6 71.00$       

New Albany 8.0 3.7 3.78$         2.0 5.77$         1.2 9.17$         0.7 15.23$       0.3 30.16$       

Floyd/Neal & Conasauga 5.4 1.9 5.27$         1.2 7.15$         0.9 9.43$         0.7 11.96$       0.6 14.90$       

Fayetteville 44.8 20.8 2.48$         11.3 3.65$         6.9 5.64$         4.0 9.17$         1.7 17.77$       

Woodford Arkoma 30.6 14.0 2.75$         7.7 3.87$         4.8 5.72$         2.8 8.89$         1.3 16.03$       

Woodford Ardmore 5.7 2.7 4.96$         1.4 7.44$         0.9 11.66$       0.5 19.16$       0.2 37.37$       

Cana Woodford 7.0 3.3 3.05$         1.8 4.18$         1.1 6.09$         0.6 9.49$         0.3 17.71$       

Mississippi Lime 12.9 6.0 2.66$         3.2 3.75$         2.0 5.60$         1.1 8.89$         0.5 16.88$       

Haynesville 127.7 45.2 4.16$         29.5 5.38$         22.3 6.87$         17.5 8.53$         13.2 10.45$       

Bossier 48.6 21.9 3.20$         12.1 4.42$         7.7 6.41$         4.7 9.69$         2.3 16.55$       

Barnett 57.3 20.3 3.12$         13.2 4.16$         10.0 5.43$         7.9 6.84$         5.9 8.48$         

Barnett & Woodford 37.0 13.1 3.54$         8.5 4.60$         6.5 5.90$         5.1 7.34$         3.8 9.02$         

Permian Basin (Avalon, Bone Springs, Wolfcamp) 24.6 9.3 2.07$         5.8 2.60$         4.2 3.31$         3.1 4.16$         2.2 5.27$         

Eagle Ford 43.7 15.4 1.89$         10.1 2.34$         7.6 2.88$         6.0 3.49$         4.5 4.19$         

Bakken 17.3 7.1 2.78$         4.2 3.70$         2.9 5.04$         2.0 6.87$         1.3 9.68$         

Williston Basin 4.7 2.2 6.70$         1.2 10.48$       0.7 17.11$       0.4 29.54$       0.1 63.92$       

Niobrara (Piceance, DJ, Powder River) 20.6 8.4 4.33$         5.0 6.05$         3.4 8.56$         2.3 12.05$       1.5 17.51$       

Hilliard/Baxter/Mancos (Green River Basin) 10.2 4.9 5.96$         2.6 9.20$         1.6 14.92$       0.8 25.80$       0.3 56.98$       

Mancos (Uinta Basin) 22.2 9.4 4.99$         5.4 7.14$         3.6 10.41$       2.4 15.21$       1.4 23.40$       

Lewis (San Juan Basin) 7.0 2.6 3.81$         1.6 5.19$         1.2 6.97$         0.9 9.07$         0.7 11.70$       

Tuscaloosa Marine 7.2 2.7 2.27$         1.7 2.90$         1.2 3.72$         0.9 4.71$         0.6 6.01$         

Horn River (Muskwa/Otter Park) 115.0 47.8 2.49$         27.9 3.36$         18.9 4.66$         12.7 6.51$         7.8 9.51$         

Horn River (Evie/Klue) 51.4 21.9 3.77$         12.6 5.37$         8.3 7.79$         5.5 11.40$       3.2 17.68$       

Cordova (Muskwa/Otter Park) 26.6 11.3 3.65$         6.5 5.23$         4.3 7.63$         2.8 11.21$       1.6 17.44$       

Liard 155.8 62.3 2.57$         37.3 3.40$         26.0 4.56$         18.3 6.11$         12.0 8.38$         

Deep Basin (Doig Phosphate) 32.5 13.9 4.63$         7.9 6.67$         5.3 9.79$         3.4 14.44$       2.0 22.58$       

Alberta Basin (Banff/Exshaw) (ASSC) 0.3 0.1 11.47$       0.1 17.70$       0.0 27.81$       0.0 44.40$       0.0 78.73$       

Duvernay 111.4 47.5 4.13$         27.2 5.81$         18.0 8.38$         11.8 12.21$       6.8 18.92$       

North Nordegg 11.8 5.1 7.37$         2.9 10.87$       1.9 16.29$       1.2 24.48$       0.7 39.14$       

NW Albertan Muskwa 22.1 9.5 3.46$         5.4 4.98$         3.6 7.31$         2.3 10.82$       1.3 17.07$       

Southern Alberta Basin (Colorado Group) 46.2 19.9 7.64$         11.3 11.46$       7.4 17.38$       4.8 26.41$       2.7 42.77$       

Williston Basin (Bakken) (ASSC) 1.1 0.5 6.01$         0.3 8.94$         0.2 13.55$       0.1 20.71$       0.1 34.15$       

Appalachia Fold Belt (Utica) 57.3 24.4 3.04$         14.0 4.25$         9.3 6.11$         6.0 8.87$         3.5 13.72$       

Windsor Basin (Horton Bluff) 6.1 2.6 3.86$         1.5 5.62$         1.0 8.34$         0.6 12.45$       0.4 19.78$       

Eagle Ford Shale (Burgos Basin) 389.8 160.7 5.02$         94.2 7.10$         64.1 10.16$       43.6 14.51$       27.1 21.72$       

T ithonian Shale (Burgos Basin) 68.7 29.3 6.79$         16.8 10.06$       11.1 15.07$       7.2 22.55$       4.2 35.69$       

Eagle Ford Shale (Sabinas Basin) 126.3 50.6 4.62$         30.2 6.49$         21.0 9.13$         14.8 12.66$       9.7 17.87$       

T ithonian La Casita (Sabinas Basin) 40.1 17.2 5.45$         9.8 8.05$         6.5 12.05$       4.2 18.09$       2.4 28.86$       

Tampico Pimienta 24.5 10.5 7.21$         6.0 10.71$       4.0 16.08$       2.6 24.16$       1.5 38.46$       

Tuxpan (Tamaulipas) (ASSC) 0.1 0.0 7.42$         0.0 11.06$       0.0 16.72$       0.0 25.37$       0.0 41.15$       

Tuxpan (Pimienta) (ASSC) 0.1 0.1 7.79$         0.0 11.57$       0.0 17.44$       0.0 26.41$       0.0 42.70$       

Maltrata 4.9 2.1 5.89$         1.2 8.68$         0.8 12.96$       0.5 19.36$       0.3 30.64$       
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Middle Magdalena Valley/Llanos (La Luna/Tablazo/Gacheta) 4.5 1.9 5.78$         1.1 8.44$         0.7 12.53$       0.5 18.63$       0.3 29.37$       

Maracaibo/Catatumbo Basin (La Luna/Capacho) 227.5 96.8 4.72$         55.6 6.80$         36.9 9.97$         24.2 14.66$       14.1 22.80$       

Neuquen Basin (Los Molles) 307.8 132.3 5.43$         75.5 7.81$         49.7 11.49$       32.1 17.04$       18.2 26.99$       

Neuquen Basin (Vaca Muerta) 263.8 113.2 2.92$         64.6 4.08$         42.6 5.85$         27.6 8.52$         15.7 13.28$       

San Jorge Basin (Aguada Bandera/Pozo D-129) 139.2 59.5 8.34$         34.1 12.36$       22.5 18.52$       14.7 27.74$       8.4 44.00$       

Austral-Magallanes Basin (L. Inoceramus-Magnas Verdes) 123.0 52.3 6.79$         30.0 9.91$         19.9 14.65$       13.1 21.69$       7.6 33.89$       

Parana Basin (Ponta Grossa) 6.4 2.8 10.11$       1.6 15.14$       1.0 22.91$       0.7 34.67$       0.4 55.74$       

Parana Basin (Ponta Grossa) 133.4 57.3 11.04$       32.7 16.51$       21.5 24.95$       13.9 37.71$       7.9 60.51$       

Solimoes Basin (Jandiatuba) 130.6 56.2 14.45$       32.0 21.81$       21.1 33.17$       13.6 50.41$       7.7 81.37$       

Amazonas Basin (Barreirinha) 201.9 86.8 9.66$         49.5 14.45$       32.6 21.84$       21.1 33.01$       12.0 52.96$       

Parana Basin (Ponta Grossa/Cordobes) 14.4 6.2 10.82$       3.5 16.23$       2.3 24.58$       1.5 37.24$       0.9 59.98$       

Chaco Basin (Los Monos) 187.8 80.5 8.15$         46.0 12.06$       30.3 18.08$       19.7 27.12$       11.3 43.15$       

Chile Austral-Magallanes Basin (Estratos con Favrella) 45.0 19.2 6.14$         11.0 8.90$         7.3 13.12$       4.8 19.37$       2.8 30.21$       

Columbia and Venezuela
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Cooper Basin (Nappamerri) 87.7 37.2 6.63$         21.4 9.70$         14.3 14.35$       9.4 21.21$       5.5 32.94$       

Cooper Basin (Patchawarra/Tenappera) 2.4 1.0 12.90$       0.6 19.47$       0.4 29.60$       0.2 44.90$       0.1 72.25$       

Maryborough Shale 26.3 11.2 7.34$         6.4 10.81$       4.3 16.10$       2.8 23.98$       1.6 37.72$       

Perth Basin (Carynginia/Kockatea) 34.4 14.6 8.36$         8.4 12.40$       5.6 18.56$       3.6 27.74$       2.1 43.72$       

Canning Basin (Goldwyer) 321.5 137.6 9.80$         78.7 14.60$       52.0 21.95$       33.8 32.99$       19.4 52.44$       

Georgina Basin (Dulcie Trough) 8.7 3.7 10.12$       2.1 15.28$       1.4 23.23$       0.9 35.27$       0.5 56.82$       

Georgina Basin (Toko Trough) 4.2 1.8 10.68$       1.0 16.15$       0.7 24.59$       0.4 37.42$       0.2 60.53$       

Beetaloo Basin (M Velkerri Shale) 24.0 10.3 9.71$         5.9 14.54$       3.9 21.95$       2.5 33.08$       1.4 52.76$       

Beetaloo Basin (L Kyalla Shale) 19.9 8.5 8.46$         4.9 12.63$       3.2 19.03$       2.1 28.63$       1.2 45.54$       

Sichuan Basin (Qiongzhusi/Longmaxi/Permian) 739.9 314.4 7.49$         180.7 11.00$       120.1 16.35$       78.8 24.29$       46.0 38.01$       

Yangtze Platform (L. Cambrian/L. Silurian) 162.5 68.9 8.45$         39.6 12.46$       26.4 18.56$       17.3 27.57$       10.2 43.06$       

Jianghan Basin (Qixia/Maokou/Niutitang/Shuijintuo/Longmaxi) 42.3 18.1 11.04$       10.4 16.51$       6.8 24.92$       4.4 37.55$       2.6 59.89$       

Greater Subei (Wufeng/Gaobiajian/Mufushan/U. Permian) 84.1 36.1 11.76$       20.6 17.60$       13.6 26.60$       8.8 40.19$       5.0 64.41$       

Tarim Basin (L. Ordovician/L. Cambrian/Ordovician/Ketuer) 231.4 99.0 15.60$       56.6 23.50$       37.4 35.62$       24.4 53.77$       14.0 85.75$       

Junggar Basin (Pingdiquan/Lucaogou/Triassic) 4.6 2.0 6.97$         1.1 10.24$       0.7 15.30$       0.5 22.94$       0.3 36.60$       

Songliao Basin (Qingshankou) 20.6 8.8 12.73$       5.0 19.25$       3.3 29.31$       2.1 44.51$       1.2 71.68$       

Mongolia East Gobi/Tamtsag (Tsagaantsav) 0.8 0.3 11.37$       0.2 17.24$       0.1 26.40$       0.1 40.54$       0.0 66.71$       

C. Sumatra (Brown Shale) 5.9 2.6 19.47$       1.5 29.76$       1.0 45.82$       0.6 70.54$       0.3 116.14$     

S. Sumatra (Talang Akar) 15.6 6.8 19.70$       3.8 30.23$       2.5 46.76$       1.6 72.41$       0.9 120.39$     

Tarakan (Naintupo/Meliat/Tabul) 10.0 4.3 10.05$       2.4 15.02$       1.6 22.66$       1.0 34.12$       0.6 54.36$       

Kutei (Balikpapan) 2.7 1.2 17.17$       0.7 26.30$       0.4 40.79$       0.3 63.67$       0.1 107.79$     

Bintuni (Aifam Group) 47.8 20.4 7.25$         11.7 10.71$       7.7 16.00$       5.0 23.92$       2.9 37.81$       

Thailand Khorat Basin: Nam Duk Fm 11.3 4.9 8.94$         2.8 13.34$       1.8 20.11$       1.2 30.32$       0.7 48.48$       

Cambay Basin 29.3 12.4 6.76$         7.1 9.82$         4.8 14.47$       3.1 21.32$       1.8 33.07$       

Krishna-Godavari (Permian-Triassic) 60.5 25.8 11.63$       14.8 17.37$       9.8 26.14$       6.4 39.19$       3.7 61.88$       

Cauvery Basin (Sattapadi-Andimadam) 6.1 2.6 15.86$       1.5 23.99$       1.0 36.47$       0.6 55.21$       0.4 88.35$       

Damodar Valley (Barren Measure) 7.3 3.1 10.57$       1.8 15.92$       1.2 24.14$       0.8 36.46$       0.4 58.23$       

Pakistan Lower Indus (Sembar/Ranikot) 172.6 74.2 14.84$       42.3 22.42$       27.9 34.11$       18.0 51.80$       10.2 83.46$       

Australia
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Ghadames/Berkine (Frasnian/Tannezuft) 340.4 145.3 8.88$         83.2 13.14$       55.1 19.66$       36.0 29.40$       20.8 46.50$       

Illizi (Tannezuft) 80.9 34.7 9.47$         19.8 14.23$       13.1 21.56$       8.5 32.64$       4.8 52.41$       

Mouydir (Tannezuft) 16.2 7.0 17.74$       4.0 27.02$       2.6 41.39$       1.7 63.32$       0.9 103.08$     

Anhet (Frasnian/Tannezuft) 95.9 41.1 9.16$         23.5 13.69$       15.5 20.66$       10.1 31.17$       5.7 49.83$       

T imimoun (Frasnian/Tannezuft) 246.8 106.0 10.10$       60.5 15.17$       39.8 22.97$       25.8 34.77$       14.7 55.83$       

Reggane (Frasnian/Tannezuft) 185.8 79.7 11.48$       45.5 17.20$       30.0 26.00$       19.5 39.24$       11.1 62.74$       

T indouf (Tannezuft) 40.9 17.6 16.87$       10.0 25.59$       6.6 39.09$       4.2 59.62$       2.4 96.70$       

Morocco Tindouf/Tadla (L. Silurian) 29.7 12.8 15.83$       7.3 24.00$       4.8 36.64$       3.1 55.82$       1.7 90.37$       

Tunisia Ghadames (Tannezuft/Frasnian) 18.1 7.7 8.99$         4.4 13.33$       2.9 19.94$       1.9 29.80$       1.1 46.96$       

Ghadames (Tannezuft/Frasnian) 39.7 17.0 10.14$       9.7 15.11$       6.4 22.73$       4.2 34.16$       2.4 54.31$       

Sirte (Sirte/Rachmat Fms/Etel Fm) 37.4 16.1 11.41$       9.2 17.08$       6.0 25.85$       3.9 39.10$       2.2 62.81$       

Murzuq (Tannezuft) 7.6 3.3 16.82$       1.9 25.73$       1.2 39.72$       0.8 61.47$       0.4 102.25$     

Egypt Shoushan/Matruh/AbuGharadig/Alamein/Natrun (Khatatba) 64.3 27.4 7.52$         15.7 11.07$       10.4 16.51$       6.8 24.61$       3.9 38.78$       

South Africa Karoo Basin (Prince Albert/Whitehill/Collingham) 714.6 306.9 10.06$       175.1 15.09$       115.4 22.84$       74.7 34.55$       42.5 55.46$       

Jordan Wadi Sirhan/Hamad (Batra) 10.9 4.7 12.31$       2.7 18.59$       1.8 28.27$       1.1 42.91$       0.6 69.09$       

SE Anatolian (Dadas) 4.8 2.1 7.63$         1.2 11.34$       0.8 17.08$       0.5 25.80$       0.3 41.55$       

Thrace (Hamitabat) 6.8 2.9 15.69$       1.7 23.57$       1.1 35.62$       0.7 53.61$       0.4 85.14$       
Turkey
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Russia West Siberia (Bazhenov North) 175.0 75.1 4.72$         42.9 6.75$         28.3 9.87$         18.3 14.58$       10.5 22.94$       

Lithuania Baltic Basin (Llandovery) 4.1 1.8 21.65$       1.0 33.04$       0.7 50.69$       0.4 77.58$       0.2 126.27$     

Ukraine Dniepr-Donets (L. Carboniferous) 112.4 48.0 8.10$         27.5 12.01$       18.2 17.98$       11.9 26.91$       6.8 42.57$       

Romania Carpathian Foreland Basin (L. Silurian) 119.1 51.0 11.48$       29.2 17.24$       19.3 26.08$       12.5 39.38$       7.2 62.93$       

Bulgaria Moesian Platform (L. Silurian/Etropole) 73.8 31.6 8.01$         18.1 11.84$       11.9 17.73$       7.7 26.57$       4.4 42.22$       

Baltic Basin/Warsaw Trough (Llandovery) 158.1 67.4 7.11$         38.7 10.42$       25.6 15.48$       16.7 23.03$       9.7 36.19$       

Lublin (Llandovery) 17.1 7.3 13.32$       4.2 20.04$       2.8 30.37$       1.8 45.92$       1.0 73.50$       

Podlasie (Llandovery) 12.6 5.4 11.49$       3.1 17.21$       2.0 25.99$       1.3 39.16$       0.8 62.42$       

Fore Sudetic (Carboniferous) 38.4 16.5 13.84$       9.4 20.85$       6.2 31.65$       4.0 47.96$       2.3 77.07$       

N. UK Carboniferous Shale 46.0 19.7 7.35$         11.3 10.90$       7.4 16.35$       4.8 24.54$       2.8 39.04$       

S. UK Jurassic (Lias Shale) 9.9 4.2 6.89$         2.4 10.27$       1.6 15.48$       1.0 23.32$       0.6 37.24$       

Sweden Alum Shale 13.3 5.7 8.70$         3.3 13.05$       2.2 19.73$       1.4 29.76$       0.8 47.48$       

Denmark Alum Shale 51.6 22.1 9.62$         12.6 14.32$       8.3 21.52$       5.4 32.34$       3.1 51.47$       

Netherlands Epen/Geverik Member/Posidonia 14.7 6.3 7.37$         3.6 10.84$       2.4 16.17$       1.6 24.14$       0.9 38.15$       

Germany Lower Saxony (Posidonia/Wealden) 16.6 7.1 9.93$         4.1 14.72$       2.7 22.06$       1.8 33.01$       1.0 52.21$       

Paris Basin (Lias/Permian-Carboniferous) 166.2 71.3 11.57$       40.7 17.33$       26.9 26.19$       17.4 39.52$       10.0 63.19$       

Southeast Basin (Lias Shale) 15.5 6.6 11.35$       3.8 17.01$       2.5 25.75$       1.6 38.95$       0.9 62.55$       

Spain Cantabrian (Jurassic) 11.6 5.0 15.06$       2.8 22.72$       1.9 34.49$       1.2 52.19$       0.7 83.52$       
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