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Nathan Richardson, Madeline Gottlieb, Alan Krupnick, and Hannah Wiseman1 

1. Introduction 

Production of natural gas from deep shale deposits in the United States by way of horizontal 

drilling and hydraulic fracturing (fracking)  has rapidly increased in recent years. This boom, along 

with estimates of large untapped reserves and predictions of future production increases, has led to 

great optimism. But many are also deeply concerned about the environmental consequences of shale 

gas production, including possible damage to ground and surface water, habitat destruction, and air 

pollution.  

Balancing these risks and opportunities through regulation has been primarily the responsibility of 

states. The result of this balancing, as documented here, is great heterogeneity in shale gas regulation 

across the country. In certain respects, this should not be surprising. After all, states vary in how they 

regulate all sorts of markets and behaviorsɂstates have different income tax rates, speed limits, 

insurance regulations, and so on.  

HÅÔÅÒÏÇÅÎÅÉÔÙ ÉÎ ÁÎÄ ÏÆ ÉÔÓÅÌÆ ÉÓ ÎÏÔ ÇÏÏÄ ÏÒ ÂÁÄȢ ! ÍÁÉÎ ÐÁÒÔ ÏÆ ÇÏÖÅÒÎÍÅÎÔȭÓ ÊÏÂ ÉÓ ÔÏ ÉÎÔÅÒÎÁÌÉÚÅ 

externalities, such as pollution. If the heterogeneity we observed reflects different conditions across 

states that lead to different levels of environmental risks, then that heterogeneity is a good thing. On 

the other hand, if the heterogeneity does not depend on environmental risks but is, perhaps, more 

dependent on politics, regulatory capture, economic concerns about jobs, or simply historical 

evolution or unexamined assumptions, we might question whether this heterogeneity is justified. 

)ÎÄÅÅÄȟ ÅÖÅÎ ÉÆ Á ÓÔÁÔÅȭÓ ÒÅÇÕÌÁÔÉÏÎÓ ÐÅÒÆÅÃÔÌÙ ÉÎÔÅÒÎÁÌÉÚÅÄ in-state externalities, these regulations may 
affect the environment in neighboring or downstream states. Unless the states coordinateðor a river 

basin commission (RBC) has the necessary authorityða problem could still exist.  

The core of this report is a catalog of a range of state regulationsɂ25 regulatory elements in allɂ

relevant to shale gas, across 31 states with actual or potential shale gas production. These data are an 

important new resource for understanding how states are managing the risks of shale gas 

development.  

This review is broad but necessarily incompleteɂÆÕÌÌÙ ÄÅÓÃÒÉÂÉÎÇ ÅÖÅÎ ÏÎÅ ÓÔÁÔÅȭÓ ÓÈÁÌÅ ÇÁÓ-

related regulations would probably take multiple volumes and would need to be updated frequently. 

Our primary aim is to give a broad overview of the similarities and differences among states as of 

March 2013ɂtheir choices about what parts of the development process to regulate, how stringently 

to do so, and what regulatory tools to use. In at least the first two of these respects, we found that the 

heterogeneity among states is great, though not necessarily unexpected. We also found a lack of 

                                                        
1
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Pathway toward Responsible Development. Updated findings are published at www.rff.org/shalegasrisks. Read the executive 
summary and appendices at www.rff.org/shalemaps.  
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transparency in some aspects of regulation in some states, particularly those that use a permitting 

process to regulate case by case, rather than published administrative rules. 

For the 27 states in our study with significant gas development, we do more than simply list and 

describe regulationsɂwe also provide legal and economic tools and nomenclature for comparing 

them and, where possible, offer and test some hypotheses for the observed heterogeneity. We selected 

more than 50 geological, hydrological, demographic, economic, political, environmental, and other 

variables that we hypothesized might be associated with the observed regulatory heterogeneity. We 

found some statistically significant associations, but these together can explain only a small portion of 

the heterogeneity we observed.2 Some of these significant variables include the level of natural gas 

development (as measured by the number of wells), the share of land in a state owned by the federal 

government, and, for groundwater regulations, the fraction of water consumption in a state from 

groundwater. 

These associations may give some readers partial assurance that heterogeneity is justified. They 

may leave others puzzled regarding the sources of heterogeneity and whether it is justified. Others 

may see these results as justification for opening up the largely uncoordinated set of state regulatory 

activities to further scrutiny and reform. And some may believe that our set of variables is too limited 

and inadequate as a basis for any claim. We are the first to admit that explaining why state regulations 

on specific regulatory elements differ is a hugely complicated task of which our analysis has only 

scratched the surface. Our analyses alone cannot identify all the sources of regulatory heterogeneity, 

much less determine the degree to which that heterogeneity is justified. But they may shift the 

rhetorical burden of proof onto those who claim that the status quo (however dynamic) should be 

accepted.  

Although the regulatory data in our analysis do allow us to make some generalizations and 

comparisons among states, they do not make it possible to fully explain regulatory heterogeneity, to 

ÊÕÄÇÅ ÔÈÅ ÑÕÁÌÉÔÙ ÏÆ ÁÎÙ ÓÔÁÔÅȭÓ ÓÈÁÌÅ ÇÁÓ ÒÅÇÕÌÁÔÉÏÎÓȟ ÏÒ ÍÕÃÈ ÌÅÓÓ ÔÏ ÃÏÍÐÁÒÅ ÓÔates and say which are 
ȰÂÅÔÔÅÒȱðhowever that is defined. To do so would require data on enforcement, environmental 

outcomes, and regulatory costsɂnone of which is included in this reportðas well as a more 

comprehensive data-gathering and modeling effort. Nevertheless, knowing what the regulations are 

and how they relate to each other are important first steps. 

This report is structured as follows. Section 2 frames the discussion with an overview of the shale 

ÇÁÓ ÄÅÖÅÌÏÐÍÅÎÔ ÂÏÏÍ ÁÎÄ ÇÏÖÅÒÎÍÅÎÔȭÓ ÒÅÇÕÌÁÔÏÒÙ responses. Section 3 describes what we didɂour 

methodologies and rationale for including and excluding data. Section 4 gives a general overview of 

our findings, including summary statistics and basic comparisons among states. Section 5, the core of 

the report, gives a detailed description of regulations across states for each regulatory element, with 

corresponding maps. In Section 6, we statistically analyze the patterns of regulatory heterogeneity that 

emerge. Section 7 discusses conclusions. Summary tables, extended statistical discussion, and a matrix 

with our full regulatory data and citations are provided in the Appendices, which can be found at 

www.rff.org/shalemaps.

                                                        
2
 .ȅ άŜȄǇƭŀƛƴέ ƛƴ ǘƘƛǎ ǎŜƴǎŜ ǿŜ ƳŜŀƴ ǘƘŜ ŘŜƎǊŜŜ ǘƻ ǿƘƛŎƘ ǘhe statistically significant associations we identify account in a statistical 

sense for variation in the measures of regulatory activity, not the degree to which those variables cause that variation. We make no 
claims here to have identified the causes of heterogeneity, only correlations that may be evidence of causation. 
 



 

 
3     RICHARDSON ET AL. 

2. Shale Gas Development and Regulatory Context 

2.1 The Shale Gas Boom 

Knowledge about where shale gas might be found has been available for decades, but in recent 

years, improved technologies for exploiting these resources have made development economical, 

resulting in a boom in production. The key technologies are horizontal drilling, which allows each well 

to exploit much more of the shale layer; three-dimensional seismic imaging, which provides precise 

knowledge about the location and properties of the source rock; and hydraulic fracturing, which uses 

high-pressure fluids to physically fracture the source rock, increasing gas production.  

Annual total US gas production has grown rapidly even as conventional gas production has 

trended downward (see Figure 1). Projections to 2035 are for more of the same. Shale gas accounted 

for only 1.6 percent of total US natural gas production in 2000, but this percentage had jumped to 4.1 

percent by 2005 and to an astonishing 23.1 percent by 2010. 

Figure 1. US Gas Production, 1990ï2040 (Projected)3 

 
 

2.2 Distribution of Production Activity 

The shale gas boom is a national phenomenon in that many states have development activity. 

Figure 2 gives a rough overview of the level of development by state (note the logarithmic scale). State-

by-state data on shale gas development are limited, however. The number of unconventional wells per 

state is not available in government data, so Figure 2 shows the total number of natural gas wells 

                                                        
3
 Source: EIA (Energy Information Administration), Annual Energy Outlook 2013 Early Release (Washington, DC: EIA, 2012), accessed 

May 7, 2013, http://www.eia.gov/forecasts/aeo/er/pdf/0383er(2013).pdf. 
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(conventional and unconventional) in each state. States-by-state shale gas production data are 

available, but only through 2010. National data (see Figure 1) indicate that shale gas production has 

increased significantly since then. States that had little shale production in 2010 may have since 

become major players. 

Figure 2. Number of Natural Gas Wells and Shale Gas Production by State4 

 

This rapid increase in shale gas development in recent years probably means that the degree of 

state experience with development activity varies greatly. Furthermore, some states have long 

experience with conventional oil and gas development, whereas others do not, although states are 

coming up to speed rapidly and participate increasingly in information-sharing forums and dialogues. 

At a minimum, those states with significant production in 2010 can be assumed to have at least some 

experienceɂor, more accurately given the pace of legislation, to have had an opportunity to draft and 

ÉÍÐÌÅÍÅÎÔ ÓÏÍÅ ÒÅÇÕÌÁÔÉÏÎÓȢ 4ÈÉÓ ÖÁÒÉÁÂÉÌÉÔÙ ÉÎ ÓÔÁÔÅÓȭ ÅØÐÅÒÉÅÎÃÅ ÎÅÖÅÒÔÈÅÌÅÓÓ ÍÁÙ ÂÅ ÁÎ ÉÍÐÏÒÔÁÎÔ 

reason for regulatory differences (this hypothesis is explored in Section 6).  

2.3 Environmental Risks 

Shale gas development is not without risks. Critics claim that drilling and production can 

contaminate groundwater; release air pollution including methane, a potent greenhouse gas (GHG); 

pollute lakes and streams; disrupt wildlife habitats; and negatively impact local communities. There is 

great controversy over the significance of these risks. Other work at Resources for the Future has 

clarified the picture somewhat by identifying a consensus set of risks considered by different classes of 

                                                        
4
 Source: EIA, Annual Energy Outlook 2013 Early Release.  
άbǳƳōŜǊ ƻŦ tǊƻŘǳŎƛƴƎ Dŀǎ ²ŜƭƭǎΣέ 9L!Σ !ǇǊƛƭ олΣ нлмоΣ ŀŎŎŜǎǎŜŘ aŀȅ тΣ нлмоΣ ǿǿǿΦŜƛŀΦƎƻǾκŘƴŀǾκƴƎκƴƎψǇǊƻŘψǿŜƭƭǎψǎмψŀΦƘǘƳΦ 
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stakeholders to be a high priority for industry and/or government action5 and by examining the 

impact of shale gas development activity on surface water quality monitors in Pennsylvania (Olmstead 

et al. 2013). 

Nevertheless, shale gas development remains a contentious political issue. Some states have 

responded by banning hydraulic fracturing or issuing moratoria. Others have moved to regulate it 

beyond existing oil and gas regulations that preceded the shale gas boom, and almost all stakeholders 

agree that effective regulation is essential to sustainable development of shale gas resources and the 

ÐÒÅÓÅÒÖÁÔÉÏÎ ÏÆ ÆÉÒÍÓȭ ÓÏÃÉÁÌ ÌÉÃÅÎÓÅ ÔÏ ÏÐÅÒÁÔÅȢ )Ô ÉÓ ×ÏÒÔÈ ÎÏÔÉÎÇȟ ÈÏ×ÅÖÅÒȟ ÔÈÁÔ ÁÌÔÈÏÕÇÈ ÔÈÅ ÓÈÁÌÅ ÇÁÓ 

boom is a new development, shale gas drilling is similar to conventional drilling in most respects. Most 

related environmental risksɂand most of the regulations aimed at reducing these risksɂare common 

to both conventional and unconventional drilling. 

In this report, we make no effort or claim to determine the relative priority of addressing various 

risks related to development, or even whether given risks are sufficient to warrant regulation.6 

Instead, we aim to catalog and analyze existing regulations intended to address those risks. These 

regulÁÔÉÏÎÓ ÃÁÎ ÂÅ ÆÁÉÒÌÙ ÔÁËÅÎ ÔÏ ÒÅÆÌÅÃÔ ÒÅÇÕÌÁÔÏÒÓȭ ÁÎÄȾÏÒ ÌÅÇÉÓÌÁÔÏÒÓȭ ÖÉÅ×Ó ÏÎ ×ÈÁÔ ÒÉÓËÓ ÓÈÏÕÌÄ ÂÅ 

regulated, and how. 

2.4 Regulatory Background 

Throughout our analysis, we define regulation to include any of the many regulatory tools 

available to statesɂcommand-and-control, case-by-case permitting, performance standards, and other 

tools. Although these tools differ in important ways (discussed in Section 4.2.2), all are valid forms of 

regulation, and none is necessarily less stringent or effective than the others. 

Outside of federal lands and offshore production, mining, oil and gas drilling, and other extractive 

industries have historically been regulated primarily by state governments. This pattern has remained 

consistent throughout the shale gas boomɂstates remain the primary venue for most oil and gas 

regulation, including that for shale gas. States regulate the location and spacing of well sites, the 

methods of drilling, casing (lining), fracking, and plugging wells, the disposal of most oil and gas 

wastes, and site restoration. State common and public law governs the interpretation of lease 

provisions and disputes between surface and mineral owners and mineral lessees about payments and 

surface damage.  

However, federal authority over some parts of shale gas development is significant, particularly 

regarding the protection of air and surface water quality, and endangered species. The federal 

government also plays a direct role in that it issues regulations in its capacity as a landownerɂmany 

states with shale gas deposits include large areas of federally owned land. RBCs also issue relevant 

regulations via the authority they have been delegated by states to protect watersheds. In some cases, 

municipalities, too, have an important role, placing limits on the weight of equipment on roads; 

requiring operators to repair road damage; taxing oil and gas operations; and additionally 

constraining well pad locations, drilling and fracking techniques, and waste disposal methods. See 

                                                        
5
 See the Resources for the Future companion report: Alan Krupnick, Hal Gordon, and Sheila Olmstead, Pathways to Dialogue: What 

the Experts Say about the Environmental Risks of Shale Gas Development (Washington, DC: Resources for the Future, 2013), 
accessed May 7, 2013, http://www.rff.org/centers/energy_economics_and_policy/Pages/Shale-Gas-Expert-Survey.aspx. 
6
 These questions are addressed in Krupnick et al., Pathways to Dialogue, which describes a survey of shale gas development 

experts about their views on high-priority risks. 
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Appendix 2 for a detailed discussion of how regulatory authority is divided among levels of 

government. 

The predominance of states in regulating shale gas development activities allows them to weigh 

their own trade-offs between the costs and benefits of regulation, taking into account history, geology, 

ÄÅÍÏÇÒÁÐÈÉÃÓȟ ÁÎÄ ÏÔÈÅÒ ÆÁÃÔÏÒÓȟ ÁÓ ×ÅÌÌ ÁÓ ÔÈÅ ÐÕÂÌÉÃȭÓ ÔÏÌÅÒÁÎÃÅ ÆÏÒ ÒÉÓËȢ  

But the rapid expansion of shale gas development in recent years (along with tight budgets) has 

challenged state regulators to keep pace. Many states regulate shale gas development primarily or 

exclusively with older regulations written before unconventional drilling became common (though 

this alone does not mean that these regulations are inadequate). Rapid expansion creates a dynamic 

regulatory environment and may be a significant factor in observed heterogeneity among state 

regulations. It also means that any catalog of state regulation is only a snapshot of a moving target. The 

analysis of state shale gas regulation presented in this report is just such a snapshot.  

3. Surveying US State Shale Gas Regulation 

This section describes how the analysis was created. Section 4 gives a broad overview and analysis 

of findings, and Section 5 is a detailed element-by-element description of the results. 

3.1 Scope 

This analysis includes 31 states that have, or appear to have some potential for, shale gas 

development (see Map 1). Shale gas production levels vary greatly among these statesɂTexas alone 

had nearly twice the production of any other state in the most recent year for which data are available 

(2010).7 In that year, the Energy Information Administration (EIA) reported shale gas production in 12 

states (see Figure 2 for more detail on production by state). However, the shale gas boom has 

continued rapidly in the last few years, and anecdotal evidence indicates that many more states have 

active production.  

The top five states by number of gas wellsɂTexas, West Virginia, Pennsylvania, Ohio, and 

Oklahomaɂare outlined in yellow in each regulatory map (though note that this is only a very rough 

proxy for the number of shale gas wells or level of production). The four states without wells as of 

2011 (Georgia, North Carolina, New Jersey, and Vermont) are outlined in red on each map and are 

excluded from our statistical analyses. These states were included in the study despite their relative 

(or absolute) lack of production because at least some evidence suggests potential future development 

(particularly in North Carolina) or industry leasing activity.8 

                                                        
7
 ά{ƘŀƭŜ Dŀǎ tǊƻŘǳŎǘƛƻƴΣέ 9L!Σ !ǳƎǳǎǘ н, 2012, accessed May 7, 2013, http://www.eia.gov/dnav/ng/ng_prod_shalegas_s1_a.htm. 

8 bƻǊǘƘ /ŀǊƻƭƛƴŀΣ ōȅ ǎƻƳŜ ŜǎǘƛƳŀǘŜǎΣ Ƙŀǎ ŜƴƻǳƎƘ ǎƘŀƭŜ Ǝŀǎ ǇƻǘŜƴǘƛŀƭ ǘƻ ǇƻǿŜǊ ǘƘŜ ǎǘŀǘŜ ŦƻǊ пл ȅŜŀǊǎ όaƛŎƘŀŜƭ CǳǘŎƘΣ ά¢ƘŜ {ƘŀƭŜ Gas 
.ƻƻƳΥ 9ƴŜǊƎȅ 9ȄǇƭƻǊŀǘƛƻƴ ƛƴ /ŀǊƻƭƛƴŀΣέ fayobserver.com, May 22, 2011, accessed May 7, 2013, 
http://fayobserver.com/articles/2011/05/22/1084179?sac=home). Leases have already been offered and signed in many parts of 
the state, and the legislature has passed many rules pertaining to the development process (S.B. 76). Georgia was included in the 
survey because the state was known to have potential reserves, land had been leased and test wells were being ŘǊƛƭƭŜŘ όά!ƴ 
Oklahoma-based company that leased 7,500 acres of land outside Dalton has two test wells in place and plans another nearby. 
Seventy miles away, near Cave Spring, a Texas oil, gas and development conglomerate plans a deeper well . . . Drawn by the 
geologic similarities embedded in the Conasauga formation, Spalvieri investigated Georgia in 2007. Within two years Buckeye and a 
ǇŀǊǘƴŜǊ ƘŀŘ ƭŜŀǎŜŘ тΣрлл ŀŎǊŜǎ ƻŦ ƳƛƴŜǊŀƭ ǊƛƎƘǘǎ ŦǊƻƳ мол ƭŀƴŘƻǿƴŜǊǎΦέ Chapman, Dan. "Gas Drillers Turn to Georgia." The Atlanta 
Journal. Online Athens, 10 Mar. 2013.). Both New Jersey and Vermont have potential shale gaǎ ƻƴƭȅ ƛƴ ǎƳŀƭƭ ŀǊŜŀǎ ό!tLΣ ά{ƘŀƭŜ 
!ƴǎǿŜǊǎΣέ aŀǊŎƘ нлмоΥ ǎŜŜ ƳŀǇ ƻƴ ǇŀƎŜ нΣ http://www.api.org/~/media/Files/Policy/Hydraulic_Fracturing/Shale-Answers-
Brochure.pdfύΦ ±ŜǊƳƻƴǘ {ǘŀǘŜ DŜƻƭƻƎƛǎǘ [ŀǿǊŜƴŎŜ .ŜŎƪŜǊ ǎŀȅǎ ά¢ƘŜ ¦ǘƛŎŀ {ƘŀƭŜ ƛƴ vǳŜōŜŎ ŜȄǘŜƴŘǎ ƛƴǘƻ bƻǊǘƘǿŜǎǘŜǊƴ ±ŜǊƳƻƴǘέ 

http://www.api.org/~/media/Files/Policy/Hydraulic_Fracturing/Shale-Answers-Brochure.pdf
http://www.api.org/~/media/Files/Policy/Hydraulic_Fracturing/Shale-Answers-Brochure.pdf
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Some states in our analysis, such as California and North Dakota, are better known for their 

production of shale oil than shale gas, but all of these states have at least some gas production from 

shale deposits, either as a co-product with oil or independently. However, states that to the best of our 

knowledge have hydraulic fracturing activity and regulation only in non-shale formations, such as 

coalbed methane, are not included in the analysisɂIdaho is one such example. 

Because industry best practice guidelines may also influence operator activities, we also compared 

ÏÎÅ ÓÕÃÈ ÓÅÔ ÏÆ ÇÕÉÄÅÌÉÎÅÓȟ ÆÒÏÍ ÔÈÅ !ÍÅÒÉÃÁÎ 0ÅÔÒÏÌÅÕÍ )ÎÓÔÉÔÕÔÅ ɉ!0)Ɋȟ ÔÏ ÔÈÅ ÓÔÁÔÅÓȭ ÒÅÇÕÌÁÔÉÏÎÓȢ9 

!0)ȭÓ ÂÅÓÔ ÐÒÁÃÔÉÃÅÓ ÁÒÅ ÄÅÖÅÌÏÐÅÄ ÂÙ ÉÎÄÕÓÔÒÙ ÅØÐÅÒÔÓ ÉÎ Á ÖÁÒÉÅÔÙ ÏÆ ÆÉÅÌÄÓȟ ÉÎÃÌÕÄÉÎÇ ÔÅÃÈÎÏÌÏÇÙ ÁÎÄ 

operations, and are intended to serve as a guideline for industry operators in the field. According to 

API, the guidelines are designed to meet or exceed federal standards while remaining flexible enough 

to accommodate variations in state regulations and conditions.10  

  

                                                                                                                                                                                        
(Panebaker, Alan. "Fracking in Vermont? Probably Not." VTDigger. N.p., 6 Dec. 2011.), as shown in his presentation at the 
Conference of the Quebec Oil and Gas Association (Becker, Laurence, Marjorie Gale, and Jonathan Kim. Northern Vermont, 
Southern Quebec: Utica Shale Equivalents, Stratigraphic and Structural Relations. Publication. Waterbury, VT: Vermont Geological 
Survey, 2009.). Several studies, including one by the National Energy Technology Laboratory cite Marcellus shale in New Jersey, 
άDǊƻǎǎ ǘƘƛŎƪƴŜǎǎ ƻŦ ǘƘŜ aŀǊŎŜƭƭǳǎ ǊŀƴƎŜǎ ŦǊƻƳ ƳƻǊŜ ǘƘŀƴ нрл Ŧǘ όтсƳύ ƛƴ bƻǊǘƘǿŜǎǘŜǊƴ tŜƴƴǎȅƭǾŀƴƛŀ ŀƴŘ bŜǿ WŜǊǎŜȅΧέ IŀǊŘŀƎŜΣ 
Bob, Engin Alkin, Milo Backus, Michael DeAngelo, Diana Sava, Donald Wagner, and Robert Graebner. Evaluation of Fracture Systems 
and Stress Fields within the Marcellus Shale and Utica Shale and Characterizaiton of Associated Water-Disposal Reservoirs: 
Appalachian Basin. Rep. no. 08122-55. N.p.: Bureau of Economic Geology, University of Texas at Austin, 2013.). 
9
 ²Ŝ ǳǎŜŘ !tL DǳƛŘŀƴŎŜ 5ƻŎǳƳŜƴǘ ICмΣ άIȅŘǊŀǳƭƛŎ CǊŀŎǘǳǊƛƴƎ hǇŜǊŀǘƛƻƴǎ- ²Ŝƭƭ /ƻƴǎǘǊǳŎǘƛƻƴ ŀƴŘ LƴǘŜƎǊƛǘȅ DǳƛŘŜƭƛƴŜǎΣέ CƛǊǎǘ 

Edition, October 2009 (covers well construction and iƴǘŜƎǊƛǘȅ ŦƻǊ ǿŜƭƭǎ ǘƘŀǘ ǿƛƭƭ ōŜ ŦǊŀŎƪŜŘύΣ !tL DǳƛŘŀƴŎŜ 5ƻŎǳƳŜƴǘ ICнΣ ά²ŀǘŜǊ 
aŀƴŀƎŜƳŜƴǘ !ǎǎƻŎƛŀǘŜŘ ǿƛǘƘ IȅŘǊŀǳƭƛŎ CǊŀŎǘǳǊƛƴƎΣέ CƛǊǎǘ 9ŘƛǘƛƻƴΣ WǳƴŜ нлмл όŘŜŀƭǎ ǿƛǘƘ ǘƘŜ ŀŎǉǳƛǎƛǘƛƻƴΣ ǳǎŜΣ ƳŀƴŀƎŜƳŜƴǘΣ 
treatment, and disposal of water and other fluids associateŘ ǿƛǘƘ ŦǊŀŎƪƛƴƎύΣ !tL DǳƛŘŀƴŎŜ 5ƻŎǳƳŜƴǘ ICоΣ άtǊŀŎǘƛŎŜǎ ŦƻǊ aƛǘƛƎŀǘƛƴƎ 
{ǳǊŦŀŎŜ LƳǇŀŎǘǎ !ǎǎƻŎƛŀǘŜŘ ǿƛǘƘ IȅŘǊŀǳƭƛŎ CǊŀŎǘǳǊƛƴƎΣέ CƛǊǎǘ 9ŘƛǘƛƻƴΣ WŀƴǳŀǊȅ нлмм όƳƛƴƛƳƛȊŜǎ ǎǳǊŦŀŎŜ ƛƳǇŀŎǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 
fracking, protects surface water, soil, wildlife, ecosystems, and communities, including frack fluid disclosure), and API 
wŜŎƻƳƳŜƴŘŜŘ tǊŀŎǘƛŎŜ рмwΣ ά9ƴǾƛǊƻƴƳŜƴǘŀƭ tǊƻǘŜŎǘƛƻƴ ŦƻǊ hƴǎƘƻǊŜ hƛƭ ŀƴŘ Dŀǎ tǊƻŘǳŎǘƛƻƴ hǇŜǊŀǘƛƻƴǎ ŀƴŘ [ŜŀǎŜǎΣέ CƛǊǎǘ 9ŘƛǘƛƻƴΣ 
July 2009 (general rules for onshore drilling including fracking deals with life cycle environmental protection practices). This is the 
package that API advertises as being specific to unconventional operations (!ƳŜǊƛŎŀƴ tŜǘǊƻƭŜǳƳ LƴǎǘƛǘǳǘŜΣ άhǾŜǊǾƛŜǿ ƻŦ LƴŘǳǎǘǊȅ 
DǳƛŘŀƴŎŜκ.Ŝǎǘ tǊŀŎǘƛŎŜǎ ƻƴ IȅŘǊŀǳƭƛŎ CǊŀŎǘǳǊƛƴƎ όICύΣέ Wŀƴǳary 2012: 
http://www.api.org/~/media/files/policy/exploration/hydraulic_fracturing_infosheet.ashx). 
10

 !ƳŜǊƛŎŀƴ tŜǘǊƻƭŜǳƳ LƴǎǘƛǘǳǘŜΣ άhǾŜǊǾƛŜǿ ƻŦ LƴŘǳǎǘǊȅ DǳƛŘŀƴŎŜκ.Ŝǎǘ tǊŀŎǘƛŎŜǎ ƻƴ IȅŘǊŀǳƭƛŎ CǊŀŎǘǳǊƛƴƎ όICύΣέ WŀƴǳŀǊȅ нлмнΥ 
http://www.api.org/~/media/files/policy/exploration/hydraulic_fracturing_infosheet.ashx 

http://www.api.org/~/media/files/policy/exploration/hydraulic_fracturing_infosheet.ashx
http://www.api.org/~/media/files/policy/exploration/hydraulic_fracturing_infosheet.ashx
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Map 1. States Surveyed 

 

For each of these 31 states, we surveyed laws and regulations related to 25 elements of the shale 

gas development process (Table 1). This set of regulatory elements is not comprehensiveɂnot all 

state regulations affecting shale gas are described. The elements in the analysis were selected to give 

an overview of common regulations throughout the shale gas development process and are sufficient, 

we believe, to give an accurate general picture of the state of state regulation. It is worth reiterating 

here that our data do not include federal, local, or, for the most part, state-level regulation that does 

not apply state-wide (i.e., field-specific rules). 
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Table 1. Regulatory Elements Surveyed 

Site selection and preparation Excess gas disposal 

 1. General well spacing rulesa  18. Venting regulations 

 2. Building setback requirements  19. Flaring Regulations 

 3. Water setback requirements Production 

 4. Predrilling water well testing requirements  20. Severance taxesa 

Drilling the well Plugging and abandonment 

 5. Casing/cementing depth regulations  21. Well idle time limits 

 6. Cement type regulations  22. Temporary abandonment limits 

 7. Surface casing cement circulation rules Other 

 8. Intermediate casing cement circulation rules  23. Accident reporting requirements 

 9. Production casing cement circulation rules  24. State and local bans and moratoriaa 

Hydraulic fracturing  25. Number of regulatory agenciesa 

 10. Water withdrawal limits  

 11. Fracturing fluid disclosure requirements  

Wastewater storage and disposal  

 12. Fluid storage options  

 13. Freeboard requirements  

 14. Pit liner requirements  

 15. Underground injection regulations  

 16. Fluid disposal optionsa  

 17. Wastewater transportation tracking rules  
aState regulation of this element is described, but the element either does not lend itself to interstate comparisons, or 

is not tracked in sufficient detail to do so, and is therefore excluded from statistical analysis. 

For the most part, the state regulatory elements examined in this report are not subject to 

overlapping federal regulation. This is partly by designɂÆÏÒ ÅØÁÍÐÌÅȟ ×Å ÄÉÄ ÎÏÔ ÉÎÃÌÕÄÅ ÓÔÁÔÅ ȰÇÒÅÅÎ 

ÃÏÍÐÌÅÔÉÏÎȱ ÒÅÑÕÉÒÅÍÅÎÔÓ ÉÎ ÌÁÒÇÅ ÐÁÒÔ ÂÅÃÁÕÓÅ 53 %ÎÖÉÒÏÎÍÅÎÔÁÌ 0ÒÏÔÅÃÔÉÏÎ !ÇÅÎÃÙ ɉ%0!Ɋ 

performance standards now require them nationally.11  
  

                                                        
11

 See EPA, Oil and Natural Gas Sector: New Source Performance Standards and National Emission Standards for Hazardous Air 
Pollutants ReviewsΣ тт CŜŘΦ wŜƎΦ пфпфлΣ пфпфн όнлмнύ όάFor fractured and refractured gas wells, the rule generally requires 
ownŜǊǎκƻǇŜǊŀǘƻǊǎ ǘƻ ǳǎŜ ǊŜŘǳŎŜŘ ŜƳƛǎǎƛƻƴǎ ŎƻƳǇƭŜǘƛƻƴǎΣ ŀƭǎƻ ƪƴƻǿƴ ŀǎ ΨΨw9/ǎΩΩ ƻǊ ΨΨƎǊŜŜƴ ŎƻƳǇƭŜǘƛƻƴǎΣΩΩ ǘƻ ǊŜŘǳŎŜ ±h/ ŜƳƛǎǎƛƻƴǎ 
from well completionsέύΦ 
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3.2 Methodology 

Regulatory data were collected for each state by direct examination and interpretation of state 

legal documents: state codes, legislation, agency regulations, and so on. Because most states regulate 

parts of the development process through case-by-case permitting, we also included permit guidance, 

permit applications, and other relevant documents in our survey. Note, however, that the case-by-case 

character of regulation by permitting makes it very difficult  to evaluate regulatory stringency and 

some other characteristicsɂwe were only able to say whether a state regulates a given area via 

permit. Regulatory data are currentɂto the best of our abilityɂas of March 1, 2013. Changes to state 

rules since that date are not included in this review. 

Our review includes only enacted and in-force regulations, with two exceptions. First, regulations 

for one elementɂfracturing fluid disclosureɂhave undergone rapid change in recent years, and we 

therefore felt it appropriate to note states that have proposed but not yet enacted rules in this area 

(see Section 5.3.2ɊȢ 3ÅÃÏÎÄȟ ×Å ÔÒÅÁÔÅÄ .Å× 9ÏÒËȭÓ ςπρρ ÓÅÔ ÏÆ ÐÒÏÐÏÓÅÄ ÒÅÇÕÌÁÔÉÏÎÓ12 as if it has 

already been enactedɂprimarily  because the New York proposal is relatively comprehensive, and can 

ÔÈÅÒÅÆÏÒÅ ÂÅ ÔÒÅÁÔÅÄ ÁÓ ÒÅÐÒÅÓÅÎÔÁÔÉÖÅ ÏÆ ÔÈÅ ÓÔÁÔÅȭÓ ÐÌÁÎÎÅÄ ÒÅÇÕÌÁÔÏÒÙ ÁÐÐÒÏÁÃÈȢ  

To vet the information found, oil and gas regulators were contacted in each state and asked to 

review the information for accuracy and completeness. Most states responded in some way. For those 

that did not, and for general review purposes, our data were reviewed by industry representatives, 

academic colleagues, and others with relevant experience. Earlier versions of maps based on our 

research were also made available for public comment on the Resources for the Future website. This 

report incorporates revisions based on the input and comment of all these groups. Nevertheless, we 

made all final judgments regarding the interpretation of rules and statutes, and any errors are ours 

alone.  

We have made every effort to find any and all state regulations relevant to each element in our 

study, but errors of either interpretation or omission are possible. In particular, in many cases we 

were unable to find evidence of regulation for some states and elements. Acknowledging the small but 

ÒÅÁÌ ÃÈÁÎÃÅ ÔÈÁÔ ÒÅÇÕÌÁÔÉÏÎÓ ÄÏ ÅØÉÓÔ ÂÕÔ ÔÈÁÔ ×Å ÆÁÉÌÅÄ ÔÏ ÆÉÎÄ ÔÈÅÍȟ ×Å ÄÅÓÃÒÉÂÅ ÓÕÃÈ ÃÁÓÅÓ ÁÓ ȰÎÏ 

ÅÖÉÄÅÎÃÅ ÏÆ ÒÅÇÕÌÁÔÉÏÎ ÆÏÕÎÄȱ ÒÁÔÈÅÒ ÔÈÁÎ ȰÎÏ ÒÅÇÕÌÁÔÉÏÎȢȱ 

4. General Findings 

4.1 What We Know and What We Donôt 

Our analysis reveals important information about state shale gas regulation. We show how widely 

regulated a given element is across states and how states regulate that element. We also show what 

regulatory toolsɂcommand and control, performance standards, case-by-case permitting, and others, 

such as liability rulesɂstates are using for each regulatory element and across all of them. And in some 

cases, we can determine how stringently states regulate. For many elements, such as setback 

restrictions and casing/cementing depth requirements, command-and-control regulations are 

quantitative and clearly stated. This enables basic comparisons among statesɂhow many elements 

                                                        
12

 {ŜŜ άIƛƎƘ ±ƻƭǳƳŜ IȅŘǊŀǳƭƛŎ CǊŀŎǘǳǊƛƴƎ tǊƻǇƻǎŜŘ wŜƎǳƭŀǘƛƻƴǎΣέ bŜǿ ¸ƻǊƪ {ǘŀǘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ Conservation, 
accessed May 7, 2013, http://www.dec.ny.gov/regulations/77353.html, proposing modifications to 6 NYCRR Parts 52, 190, 550ς
556, 560, and 750. 
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are regulated, which tools are used, and, for a subset of elements, how stringently each state is 

regulating. 

But it is equally important to be clear about what we cannot say. First, for many elements and 

states, it is not possible to draw conclusions about regulatory stringency. Some elements, like 

fracturing fluid disclosure requirements or cement type regulations, are not easily quantifiable or 

comparable. Moreover, states may not use command-and-control regulations even for those elements 

that are quantifiable in principle. If a state uses case-by-case permitting, it would be necessary to 

collect data on permit conditions to draw any conclusions about regulatory requirements. This was 

beyond the scope of our work. 

More deeply, this or any analysis of regulations alone is inadequate to draw conclusions about the 

quality, environmental adequacy, or economic justifiability of state regulatory approaches. More 

information would be needed to make such evaluations (see Figure 3). 

Figure 3. Information Needed To Fully Evaluate and Compare State Shale Gas Regulations 

 

One important type of information not included in this analysis is enforcement: states commit 

differing levels of resources to inspections and enforcement of regulations, possibly with varying 

degrees of success. How regulators and inspectors interpret and enforce regulations is as important as 

their stated form and stringency. States with what appear to be low-stringency regulations on the 

books may actually enforce them strictly and comprehensively, giving them more stringent regulation 

in practice than states with ostensibly strict rules but ineffective or inconsistent enforcement. 

Full evaluation of state regulations also requires information on outcomes. Specifically, how 

successful are regulations at reducing environmental and other risks associated with shale gas 

development, and what are the costs of those regulations? Regulating an element or regulating it more 

stringently may or may not appreciably reduce risks, and doing so may or may not be justified given 

the cost of compliance. 
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Judging the absolute or relative quality and/or effectiveness of state regulations requires both 

types of informationɂenforcement and outcomes/costsɂin addition to the understanding of the 

underlying regulations themselves presented here. Moreover, our analysis, as noted, considers only a 

subset of state regulations relevant to shale gas. We therefore refrain from making broad judgments 

ÁÂÏÕÔ ÔÈÅ ÑÕÁÌÉÔÙ ÏÆ ÁÎÙ ÓÔÁÔÅȭÓ ÒÅÇÕÌÁÔÉÏÎÓȟ ÁÎÄ ÎÏÎÅ ÓÈÏÕÌÄ ÂÅ ÉÍÐÌÉÅÄȢ -ÏÒÅ ÐÒÅÃÉÓÅÌÙȟ ÏÕÒ ÁÎÁÌÙÓÉÓ 

reveals large differences amoÎÇ ÓÔÁÔÅÓȭ ÓÈÁÌÅ ÇÁÓ ÒÅÇÕÌÁÔÉÏÎÓȟ ÁÓ ÄÉÓÃÕÓÓÅÄ ÉÎ ÔÈÅ ÆÏÌÌÏ×ÉÎÇ ÓÅÃÔÉÏÎȢ "ÕÔ 

this does not necessarily imply wide differences in outcomes or regulatory quality. Differing local 

conditions may mean that different regulatory approaches yield similar outcomes, or it might even be 

true that environmental outcomes are not greatly influenced by regulatory differences. 

4.2 High-Level Comparisons 

The first and simplest way to look at our regulatory data is to make high-level observations across 

regulatory elements. These observations reflect the basic questions that policymakers consider: what 

activities/elements to regulate, what regulatory tool to use, and how stringently to regulate.  

In the following subsections, findings for each of these three basic questions are discussed. In each 

case, the discussion excludes a small portion of the data for purposes of clarity: 

¶ Of the 25 elements, 5ɂwell spacing rules, fluid disposal options, state/local moratoria, number 

of regulatory agencies, and severance taxesɂare not readily comparable among states, were 

not investigated in sufficient detail to do so, or are not regulations in the same sense as the 

other elements. These were excluded, leaving 20 elements for purposes of state comparisons. 

¶ As noted, four statesɂGeorgia, North Carolina, New Jersey, and Vermontɂhave little or no 

shale gas development and no gas wells at all as recently as 2011. These states have had 

relatively little reason or opportunity to regulate development and were therefore excluded 

from the following comparisons, leaving 27 states in our analysis. 

4.2.1 How Many Elements Does Each State Regulate? 

For each of these 20 elements, we first recorded whether we found any relevant regulation in each 

of the 27 states with significant development, regardless of its form or stringency. Even at this general 

level, we found great heterogeneity among states. Only New York (including its 2011 proposed rules) 

and West Virginia regulate all 20 elements. Three states (Colorado, Michigan, and Pennsylvania) 

regulate 19. All of the top five states by number of gas wells (based on 2011 EIA data) regulate at least 

17 elements. The average number of elements regulated is 15.6. All states (again, excluding the four 

states without significant development) regulate at least 10 of the elements in our analysis, with 

Virginia and California regulating the fewest. Between these extremes, we found relatively smooth 

variation among states (see Figure 4). 

This variation illustrates differences among state regulatory approaches and is a factually accurate 

representation of how broadly each state regulates across the elements in our analysis. But it is at best 

ÁÎ ÅØÔÒÅÍÅÌÙ ÒÏÕÇÈ ÍÅÁÓÕÒÅ ÏÆ ÔÈÅ ÏÖÅÒÁÌÌ ÅØÔÅÎÔ ÏÆ ÁÎÙ ÓÔÁÔÅȭÓ ÓÈÁÌÅ ÇÁÓ ÒÅÇÕÌÁÔÉÏÎȢ One certainly 

should not assume that states that regulate more elements regulate development more tightly, much 

less more effectively. As noted, our analysis includes only a narrow subset of regulations relevant to 

shale gas, and although we believe it is a representative sample, it is only a sample. 
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Figure 4. Elements Regulated by State 

 

 

4.2.2 What Regulatory Tools Do States Use? 

Simply counting elements regulated reveals only superficial differences and permits only the most 

basic comparisons among states, however. Deeper analysis reveals diffÅÒÅÎÃÅÓ ÁÍÏÎÇ ÓÔÁÔÅÓȭ ÃÈÏÉÃÅ ÏÆ 

regulatory tools. 

Economists recognize two broad types of regulatory tools with which to internalize externalities: 

command and control and performance-based approaches, including those using economic incentives 

(though distinctions between the two are not always clear). At the command-and-control end of the 

continuum are highly prescriptive regulations mandating that the regulated entity do a specific thing, 

without regard to special circumstances, economic conditions, and the like. For example, a setback rule 

could prohibit drilling within 500 feet of a stream, or a technology mandate might require use of a 

specific cement type to isolate groundwater from the well.  

Further toward the incentive end are performance standards, which give firms flexibility to choose 

actions sufficient to meet the standards.13 Rather than requiring a specific number of feet of setback or 

a specific casing technology, for example, a performance standard might require that concentrations of 

specified pollutants in streams near drilling sites not exceed a certain level, or that a pressure test on 

the cement casing not exceed a given reading. Compliance costs are generally lower for performance 

standards relative to command-and-control rules. 

For a performance standard to be meaningful, however, it is necessary to base it on something 

measureable. If a standard is too vague, it is not enforceable. For example, requiring firms to limit 

                                                        
13

 At the extreme end of the spectrum are policies that create a price on the externality, like a Pigouvian tax or a cap-and-trade 
program. 
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ÖÅÎÔÉÎÇ ÏÒ ÆÌÁÒÉÎÇ ÔÏ ÃÉÒÃÕÍÓÔÁÎÃÅÓ ×ÈÅÒÅ ÉÔ ÉÓ ȰÅÃÏÎÏÍÉÃÁÌÌÙ ÎÅÃÅÓÓÁÒÙȱ ÏÒ ÔÏ ÁÖÏÉÄ ÓÕÃÈ ÐÒÁÃÔÉÃÅÓ 

×ÈÅÎ ÔÈÅÙ ȰÃÒÅÁÔÅ Á ÒÉÓË ÔÏ ÐÕÂÌÉÃ ÈÅÁÌÔÈȱ ÄÏÅÓ ÎÏÔ ÃÒÅÁÔÅ ÁÎ ÅÎÆÏÒÃÅÁÂÌÅ ÒÕÌÅȢ14 We refer to such 

ȰÒÕÌÅÓȱ ÁÓ ȰÁÓÐÉÒÁÔÉÏÎÁÌȱ ÏÒ ȰÄÉÓÃÒÅÔÉÏÎÁÒÙȱ ÓÔÁÎÄÁÒÄÓ ɉÁÎÄ ÇÒÏÕÐ ÔÈÅÍ ×ÉÔÈ ÏÔÈÅÒ ÔÙÐÅÓ ÏÆ ÒÅÇÕÌÁÔÉÏÎ 

into ÔÈÅ ȰÏÔÈÅÒȱ ÃÁÔÅÇÏÒÙ in Figure 5). 

A third regulatory tool is case-by-case permitting. Instead of being required to meet command-

and-control requirements or satisfy performance standards, operators are required to specifically 

satisfy regulators for each activity. Usually, this involves a formal permit application, followed by 

regulator review. Regulations vary in the degree of discretion left to regulators in reviewing permits, 

but the key distinction is that some ÄÉÓÃÒÅÔÉÏÎ ÒÅÍÁÉÎÓ ÉÎ ÒÅÇÕÌÁÔÏÒÓȭ ÈÁÎÄÓ ɉÏÔÈÅÒ×ÉÓÅ ÔÈÅ ÒÅÇÕÌÁÔion 

would be a command-and-control rule or performance standard, with permit reviewers merely 

checking for compliance).  

Case-by-case permitting has some advantages: it delegates decisionmaking to expert regulators 

and may prevent firms from evading regulation through technical compliance (complying with the 

letter but not the spirit of regulations). But it has drawbacks: it is administratively costly because each 

permit must be reviewed, and it may not be uniformly enforced (though this is possible with any 

regulatory tool). And it lacks transparencyɂit is difficult or impossible to know in advance what is 

necessary for permit approval, or for outside observers to gauge regulatory requirements and 

stringency. 

In our analysis, we note the predominant regulatory tool used by each state for each regulatory 

element (see Figure 5.) Substantial overlap existsɂstates may use a hybrid approach, with more than 

one regulatory tool for an element. For example, states frequently use a command-and-control 

regulation to set a statewide minimum standard but still require case-by-case permit review or allow 

exceptions or variances from the statewide standard upon application and approval. In such hybrid 

cases, we considered command and control to be the primary form of regulation. Only elements for 

which states use case-by-case permitting exclusively are so categorized.  

Among the states and regulatory elements in our analysis, command and control is the 

predominant tool, accounting for 81 percent of observed regulations (and 64 percent of all 

observations, including those for which we found no regulation). This is perhaps not surprising given 

our treatment of command and control as the predominant tool when it is part of a hybrid regulatory 

approach. Primary regulation via case-by-case permitting is also somewhat widely used, at 14 percent 

of regulations overall, and up to 20ɀ25 percent (4 or 5 of 20 elements) in some states. Performance 

standards and other types of regulation, including those we call discretionary standards, are less 

common. No state uses a performance standard for more than one element. 

 
  

                                                        
14

 However, such standards might be enforceable and meaningful to the extent that they are incorporated into a permit processτif 
the state allows venting or flaring only with a permit, inspectors could use these standards to guide their judgment. An alternative, 
ŜƴŦƻǊŎŜŀōƭŜ ǎǘŀƴŘŀǊŘ ŦƻǊ ǾŜƴǘƛƴƎ ŀƴŘ ŦƭŀǊƛƴƎ ƳƛƎƘǘ ƭƛƳƛǘ ŦƛǊƳǎΩ ǇŜǊ-well carbon dioxide-equivalent emissions. 
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Figure 5. Regulatory Tools Used 

 

Based on this analysis alone, it is possible to show only the variation in approaches. We cannot 

draw conclusions about which regulatory tools are best, either on environmental or cost-effectiveness 

grounds, much less which states have chosen a better mix of tools.  

However, economists have considered the relative merits of each tool, using various criteria for 

comparing instruments, all of which should be considered when a regulatory strategy is to be devised 

or analyzed. These criteria include regulatory capacity, the ability to raise revenue, treatment of 

uncertainty, flexibility to changing conditions, transparency, equity and distributional effects, and 

political considerations. 

Based on theory and many studies, economists generally prefer performance standards to 

command-and-control approaches because they afford regulators greater flexibility in meeting 

regulatory goals and allow for more variation in compliance options. Because the cost of different 

compliance options varies, and because lawmakers and regulators often lack good information about 

this variation, the flexibility afforded by performance standards can have a significant impact on the 

cost of regulatory compliance. 

However, the more flexibility granted by regulations, the greater the administrative burden of 

ÅÖÁÌÕÁÔÉÎÇ ÆÉÒÍÓȭ ÃÏÍÐÌÉÁÎÃÅȢ )Æ ÒÅÇÕÌÁÔÏÒÙ ÒÅÓÏÕÒÃÅÓ ÁÒÅ ÃÏÎÓÔÒÁÉÎÅÄȟ ÃÏÍÍÁÎÄ ÁÎÄ ÃÏÎÔÒÏÌ ÍÁÙ ÂÅ 

the preferred approachɂor states (legislators and/or regulators) may prefer the relative simplicity of 

command-and-control approaches. Case-by-case permitting can give operators the greatest flexibility 

but, as noted, may also require the greatest regulatory resources.  
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4.2.3 How Stringently Does Each State Regulate? 

For many elements in our analysis, our data allow us only to say whether a state regulates and, if 

so, what regulatory tool it uses. It is often impossible to determine how stringent state regulations are. 

For example, regulation via case-by-case permitting is generally not transparentɂit is difficult or 

impossible to determine what regulators require, or even whether requirements are consistent. In 

other cases, regulations are qualitative and difficult to evaluate or compareɂmany states, for example, 

limit venting of excess gas to narrow circumstances or phases of development but do not impose 

quantitative limits.  

However, for some elements, many states use quantitative regulationsɂfor example, setback rules 

require wells to be sited a certain number of feet from buildings, or regulations require wells to be 

cased and cemented to a certain number of feet below the water table. In these cases, it is possible to 

measure stringency and make comparisons across states. The 13 elements shown in Table 2 are 

regulated quantitatively by at least some states. 

Table 2. Elements Regulated Quantitatively in at Least Some States 

Site selection and preparation Wastewater storage and disposal 

 1. Building setback requirements  8. Freeboard requirements 

 2. Water setback requirements  9. Pit liner requirements 

 3. Predrilling water well testing requirements  10. Wastewater transportation tracking rules 

Drilling the well Plugging and abandonment 

 4. Casing/cementing depth regulations  11. Well idle time limits 

 5. Intermediate casing cement circulation rules  12. Temporary abandonment limits 

 6. Production casing cement circulation rules Other 

Hydraulic fracturing  13. Accident reporting requirements 

 7. Water withdrawal limits  

  

Furthermore, it is possible to measure stringency across these regulations for each state by 

normalizing the stringency of each regulation to the same scale. This is done by defining a regulatory 

range between the most and least stringent state rule for each element, placing each state on that 
range, then normalizing the range to a 0ï1 (or 0ï100 percent) scale.15 This allows stringency to be 

compared not only between states, but also across otherwise dissimilar regulatory elements. 

No state quantitatively regulates more than 12 elements, and some states regulate as few as 4 or 5 

in this way (see Figure 6ɊȢ .ÏÔÅ ÔÈÁÔ ÔÈÉÓ ÍÅÁÓÕÒÅ ÓÁÙÓ ÎÏÔÈÉÎÇ ÁÂÏÕÔ ÓÔÁÔÅÓȭ ÒÅÌÁÔÉÖÅ ÒÅÇÕÌÁÔÏÒÙ 

stringencyɂit is simply a count of how many elements are regulated quantitatively.  

It is possible to use these data to find an average regulatory stringency for each state across 

ÑÕÁÎÔÉÔÁÔÉÖÅÌÙ ÒÅÇÕÌÁÔÅÄ ÅÌÅÍÅÎÔÓȢ 4ÈÉÓ ÍÅÁÓÕÒÅ ÄÏÅÓ ÓÈÏ× ÔÈÅ ÒÅÌÁÔÉÖÅ ÓÔÒÉÎÇÅÎÃÙ ÏÆ ÓÔÁÔÅÓȭ 

quantitative regulations in our analysis.  

                                                        
15

 For example, if the most stringent state (say, West Virginia) requires wells to be set back 625 feet from buildings, and the least 
stringent state (say, New York) requires a 100-Ŧƻƻǘ ǎŜǘōŀŎƪΣ ǘƘŜƴ bŜǿ ¸ƻǊƪ ǿƻǳƭŘ ōŜ ǘǊŜŀǘŜŘ ŀǎ άлέ ǎǘǊƛƴƎŜƴŎȅ ŀƴŘ ²Ŝǎǘ ±ƛǊƎƛƴƛŀ ŀǎ 
άмΦέ LŦ ŀ ǘƘƛǊŘ ǎǘŀǘŜ όǎŀȅΣ tŜƴƴǎȅƭǾŀƴƛŀύ Ƙŀǎ ŀ рлл-foot setback rule, its stringency would be treated as 0.76. 
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But significant caution is warranted. The limitations of our data discussed aboveɂthe lack of 

information on enforcement, outcomes, and costs, and the limited scope of our chosen regulatory 

elementsɂstill apply. Moreover, this analysis is restricted to quantitative regulationsɂregulations 

that use case-by-case permitting, for example, are excluded. This further limits its scope.  

Figure 6. Number of Elements Regulated Quantitatively 

 

Also, states often use command and control as their primary regulatory tool, setting a uniform 

statewide minimum standard, but allow operators to apply for exceptions. This is effectively a hybrid 

command-and-control/case-by-case permitting approach. In these cases, the stringency of the 

underlying command-and-control rule does not fully conveÙ ÔÈÅ ÓÔÒÉÎÇÅÎÃÙ ÏÆ ÔÈÅ ÓÔÁÔÅȭÓ ÒÅÇÕÌÁÔÏÒÙ 

regime. Some states may allow only small variances in limited circumstances, whereas others may 

allow such significant variance that the underlying rule rarely applies. Our analysis cannot track these 

differences among statesɂÉÔ ÃÁÎ ÏÎÌÙ ÓÈÏ× ÅÁÃÈ ÓÔÁÔÅȭÓ ÕÎÉÆÏÒÍȟ ÂÁÓÅÌÉÎÅ ÒÅÑÕÉÒÅÍÅÎÔÓȢ  

This stringency analysisɂlike our entire studyɂalso makes no effort to measure the relative 

importance of different regulatory elements. It is possible, for example, that regulations on pit liner 

thickness have a much greater impact on environmental outcomes and/or compliance costs than 

regulations on how quickly operators must report accidents. Whether true or not, this would not be 

considered in our stringency measures. This analysis treats all regulatory elements as equally 

significant. 

Moreover, differing conditions among states may justify regulating more or less stringently (or 

indeed, not regulating an element at all, as noted above). We explore the potential relationship 

between some such possible justifications and the heterogeneity we observed in Section 6 below, but 

the following analysis does notɂand cannotɂconsider whether different levels of average stringency 

are justified or appropriate. Instead, it is simply an effort to identify those differences. 
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These limitations mean that the following tables and analyses should not be used to evaluate the 

general ÓÔÒÉÎÇÅÎÃÙ ÏÒ ÐÒÏÐÒÉÅÔÙ ÏÆ ÅÁÃÈ ÓÔÁÔÅȭÓ ÓÈÁÌÅ ÇÁÓ ÒÅÇÕÌÁÔÉÏÎÓȢ )Ô ÏÎÌÙ ÓÈÏ×Ó ÓÔÁÔÅÓȭ ÒÅÌÁÔÉÖÅ 

stringency across the eleÍÅÎÔÓ ÉÎ ÏÕÒ ÓÕÒÖÅÙ ÔÈÁÔ ÔÈÅÙ ÈÁÖÅ ÒÅÇÕÌÁÔÅÄ ÑÕÁÎÔÉÔÁÔÉÖÅÌÙȢ 7Å ÄÏÎȭÔ ËÎÏ× 

whether the stringency of these regulations corresponds to the stringency of other regulationsɂeither 

those that cannot be quantified or those that can but are not in our data. 

Given these caveats, the simplest approach to analyzing this stringency data is to rank states by the 

normalized stringency of their regulations for elements they regulate in a quantifiable way (see Figure 
7). Recall that stringency is normalized to a 0ï100 percent scaleɂa state at 100 percent stringency by 

this measure would have the most stringent regulations across all elements that it quantitatively 

regulates. Recall also that any element not regulated quantitatively by a state is excluded from that 

ÓÔÁÔÅȭÓ average stringency.16 

Figure 7. Average Stringency of Quantitatively Regulated Elements 

 

Ranking by stringency reveals significant differences among states. Montana regulates most 

stringently across these elements, with an average stringency of 96 percent, and Virginia regulates 

them least stringently, with an average stringency of 19 percent. But Montana regulates only five 

elements quantitatively, and neither Montana nor Virginia is a major shale gas producer. Among the 

                                                        
16

 With one exception: one element in our analysis, temporary abandonment time, refers to a regulator-created status. States that 
allow this status are treated as more stringent the lower the maximum time they allow wells to be temporarily abandoned. In this 
case, the stringency of states that do not allow the status at all can be measuredτthey all effectively allow no time in this status 
and are therefore treated as the most stringent states. 
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top five states (by gas wells in 2011), Texas is the most stringent across these elements (with an 

average 80 percent stringency), with the remaining four clustered between 49 and 58 percent 

stringency (recall that the four states in our study without any gas wells in 2011 were excluded from 

this and other statistical analyses). 

When stringency is evaluated based on so few regulatory observations for each state, it is possible 

for one especially stringent (or not-so-ÓÔÒÉÎÇÅÎÔɊ ÒÅÇÕÌÁÔÉÏÎ ÔÏ ÄÉÓÔÏÒÔ Á ÓÔÁÔÅȭÓ ÁÖÅÒÁÇÅ ÓÔÒÉÎÇÅÎÃÙȢ  

The above data consider stringency only for those elements that each state has regulated 

quantitatively. As noted, our data provide no way to measure stringency in cases where a state 

regulates with case-by-case permitting or uses some other unquantifiable approach. But some states 

appear to have no regulation at all for some quantifiable elements. For example, California appears not 

to regulate thickness of pit liners. It is arguably accurate to treat these cases as minimally stringent, 

rather than ignoring them as in the above analysis.  

Figure 8 lists the count of quantitative regulations and instances where we found no evidence of 

regulation across the 13 elements in our analysis quantitatively regulated by states. The total of the 

twoɂthe blue and orange bars in the figureɂindicates the number of elements for each state for 

which we have information on the stringency of regulation (or lack thereof). 

Figure 8. Elements with Quantitative Regulationsτor No Regulation 

 

We then assigned each state a zero stringency value for each element where we were unable to 

find evidence of any regulation, renormalized the stringency distribution for each element, and then 
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ÒÅÒÁÎËÅÄ ÓÔÁÔÅÓ ÂÙ ÔÈÉÓ ȰÁÄÊÕÓÔÅÄȱ ÓÔÒÉÎÇÅÎÃÙ ɉÓÅÅ &ÉÇÕÒÅ ωɊȢ17 To reiterate, this metric does not 

consider elements regulated in a non-quantitative wayɂÓÔÁÔÅÓ ÁÒÅ ÎÏÔ ȰÐÅÎÁÌÉÚÅÄȱ ÆÏÒ ÃÈÏÏÓÉÎÇ ÎÏÎ-

quantifiable regulatory tools. 

Figure 9. Average Stringency of Quantitatively Regulated and Unregulated Elements 

 

In this adjusted measure of stringency across elements, the average stringency of all states is 

naturally lower because almost every state has at least one unregulated element for which it is 

assigned a 0 percent stringency. Maryland now appears most stringent at 74 percent, and Virginia 

remains least stringent at 13 percent. Among the top five states by number of wells (2011), 

Pennsylvania and West Virginia now appear more stringent than Texas across these elements. 

Which of these two alternative measures of stringency is more appropriate is arguable. On the one 

hand, measuring stringency based only on quantitatively regulated elements (the first approach) is 

simpler and more precise. On the other hand, this approach leaves out important data: the fact that 

some states appear not to regulate some of these elements at all. This inflates the apparent regulatory 

stringency of states that regulate relatively few elements (but happen to do so relatively stringently). 

Treating apparently unregulated elements as minimally stringent (the second approach) corrects this.  

To illustrate this, take two examples. Under the first approach, Montana is rated as the most 

stringent regulator, with 96 percent average stringency, and Colorado is in the middle of the pack, with 

υτ ÐÅÒÃÅÎÔ ÁÖÅÒÁÇÅ ÓÔÒÉÎÇÅÎÃÙȢ "ÕÔ -ÏÎÔÁÎÁȭÓ ÓÔÒÉÎÇÅÎÃy average is based on only 5 elements, all of 

which are at over 85 percent normalized stringency. We found no evidence of regulation in Montana 

                                                        
17

 Note that this adjusted stringency measure is overly generous to states with no observed regulation in a given element, as it 
essentially credits them with the same regulation as the least stringent state (remember that this analysis defines the lower bound 
of the normalized stringency scale for each element). A more accurate representation might be to give states with no regulation 
negative stringency values, but accurately scaling these would be impossible. 
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for 6 other elements.18 Meanwhile, Colorado quantitatively regulates 11 elements; for only 2 elements 

did we fail to find evidence of regulation in Colorado. It therefore may seem inaccurate to treat 

Montana as a more stringent regulator than Colorado across the group of 13 elements in our analysis. 

Although Montana does regulate more stringently than Colorado across the 5 elements it regulates 

quantitatively, for 6 other elements operator activity is apparently unrestricted in Montana. The 

ÓÅÃÏÎÄ ÁÐÐÒÏÁÃÈ ÃÒÅÄÉÔÓ #ÏÌÏÒÁÄÏ ÆÏÒ ÒÅÇÕÌÁÔÉÎÇ ÔÈÉÓ ÁÃÔÉÖÉÔÙȡ -ÏÎÔÁÎÁȭÓ ÁÖÅÒÁÇÅ ÓÔÒÉÎÇÅÎÃÙ ÄÒÏÐÓ ÔÏ 

ττ ÐÅÒÃÅÎÔȟ ÁÎÄ #ÏÌÏÒÁÄÏȭÓ Éncreases slightly to 59 percent. 

4.3 Heterogeneity 

Across all these measuresɂnumber of elements regulated, choice of regulatory tool, and 

stringency of quantitative regulationsɂstates vary, particularly in numbers and stringency of 

regulations. Heterogeneity is further explored element-by-element in the next section. 

4Ï ÓÏÍÅ ÅØÔÅÎÔȟ ÔÈÉÓ ÈÅÔÅÒÏÇÅÎÅÉÔÙ ÉÓ ÎÏÔ ÓÕÒÐÒÉÓÉÎÇȢ 3ÔÁÔÅÓȭ ÒÅÇÕÌÁÔÉÏÎ ÄÉÆÆÅÒÓ ÇÒÅÁÔÌÙ ÉÎ ÍÁÎÙ 

areas.19 Even for something as simple as state income taxes, not only do rates differ greatly among 
states (though not by as much as severance tax ratesðsee Section 5.6.1 below), but a substantial 

minority of states do not have an income tax at all. For more complex regulatory schemes, whether 

insurance, banking, or oil and gas development, some heterogeneity should be expected.  

Moreover, the observed regulatory heterogeneity among states has many possible explanations. 

Some sources of heterogeneity are appropriate in that they can be justified on economic efficiency, risk 

minimization, or even equity grounds. Examples include differences in physical or geographic 

conditions, such as the type and depth of groundwater resources or the amount of surface water. 

These may influence the significance of different risks and, therefore, whether and how they are 

targeted by regulation. Population density and distribution may have similar effects.  

Other sources of heterogeneity are less readily justified on the above groundsɂwhether they lead 

to better outcomes across states is debatable at best. Some of these are political in nature, although 

one could argue that differing attitudes about the trade-offs between risk and economic development 

that may be captured by political differences are a good reason for different regulatory approaches.  

Further factors, like the historical or current level of oil and gas development, could also be 

sources of heterogeneity. But if so, these are probably evidence of underlying factors, such as the 

relative experience regulators have (or, possibly, the degree to which they have been captured by 

industry), that may have little to do with efficiency, minimizing risk, or equity. In other words, states 

with more experience with development might write better, more cost-effective regulations, or the 

opposite could be trueɂa larger industry presence could create a greater risk of regulatory capture. 

"ÕÔ ÅØÐÅÒÉÅÎÃÅ ɉÏÒȟ ÏÂÖÉÏÕÓÌÙȟ ÃÁÐÔÕÒÅɊ ÁÌÏÎÅ ÄÏÅÓ ÎÏÔ ÊÕÓÔÉÆÙ ÈÅÔÅÒÏÇÅÎÅÉÔÙȢ )Î ÆÁÃÔȟ ÉÆ ÓÔÁÔÅÓȭ ÌÁÃË ÏÆ 

experience (or the inertia of outdated rules) leads them to regulate suboptimally, differences in 

experience might explain the observed heterogeneity but would not justify it. Geological and 

hydrological differences may, on the other hand, both explain and justify observed heterogeneity. 

                                                        
18

 Montana does regulate the remaining 2 elements in this analysis, but not quantifiablyτthese are ignored under both 
approaches. 
19

 See, e.g.,  Slemrod, J., The Etiology of Tax Complexity: Evidence from U.S. State Income Tax Systems. 33.3 Public Finance 
Review 279 (2005): 279-99.  
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Regardless of whether it is surprising, and regardless of its underlying causes, regulatory 

heterogeneity (and dynamism) have important implications for shale gas development and for 

managing related environmental risks. Firms and other stakeholders must confront a different 

regulatory environment in each state, with different trade-offs between stringency of regulation, 

environmental outcomes, administrative cost, distributional impact, and other factors. Especially 

ÃÏÎÓÉÄÅÒÉÎÇ ÔÈÅ ÌÁÃË ÏÆ ÔÒÁÎÓÐÁÒÅÎÃÙ ÉÎ ÍÁÎÙ ÓÔÁÔÅÓȭ ÒÅÇÕÌÁÔÉÏÎÓȟ ÔÈÉÓ ÈÅÔÅÒÏÇÅÎÅÉÔÙ ÍÁËÅÓ tracking, 

much less evaluating, shale gas regulation difficult. 

This is not to suggest, however, that heterogeneity is evidence itself that states are not doing a 

good job. Though heterogeneity does have costs, it does not imply that any state is necessarily under-, 

over-, or improperly regulating risks related to shale gas development. As noted, there may be good 

reasons for the heterogeneity we observed. But neither should the heterogeneous status quo simply be 

accepted. Some have argued for a greater federal role in shale gas regulation, or at least minimum 

federal standards. We take no position in that debate here. But heterogeneity calls for explanation.  

We address heterogeneity in two ways. First, as we discuss state regulations in detail in the next 

section, we take a qualitative look at heterogeneity among them, discussing geographical patterns and 

related observations as we describe each regulatory element. Second, in Section 6 we take a 

quantitative look, comparing regulatory heterogeneity to real-world conditions that vary across states 

in an effort to identify potential sources of the heterogeneity. This is only a preliminary move toward 

identifying the actual causes of heterogeneity, however. 

5. State Shale Gas Regulations 

This section describes the state shale gas regulations in our study in detail. For clarity, the 

discussion is organized by regulated element (rather than by state) and generally follows the shale gas 

development process. The descriptions of each element are illustrated with a maÐ ÓÈÏ×ÉÎÇ ÓÔÁÔÅÓȭ 

different regulatory approaches. The same information is organized by state (rather than by 

regulatory element) in tables in Appendix 5.  

Regulations covering development of new wells (by far the largest and most complex group) are 

discussed first, followed by regulations on production, and then well end-of-life. A final subsection 

describes other state interventions, like accident reporting and bans or moratoria. The majority of 

state shale gas regulation applies to the initial phases of the development process. This may indicate 

that state legislators and/or regulators believe that initial site selection and the drilling, cementing, 

ÆÒÁÃËÉÎÇȟ ÁÎÄ ×ÁÓÔÅ×ÁÔÅÒ ÈÁÎÄÌÉÎÇ ÐÒÁÃÔÉÃÅÓ ÔÈÁÔ ÁÒÅ ÃÏÎÃÅÎÔÒÁÔÅÄ ÉÎ ÔÈÅ ÂÅÇÉÎÎÉÎÇ ÏÆ Á ×ÅÌÌȭÓ ÌÉÆÅ ÁÒÅ 

the largest drivers of risk associated with shale gas development. In contrast, relatively few state 

regulations apply to producing wells. It is only when wells reach the end of their productive life that 

significant regulatory oversight returns, governing how and when wells can be idled or abandoned. 

Describing this many data points requires simplification; therefore, judgment calls have to be 

made about how to describe or categorize regulations. This is particularly true with respect to our 

maps. The purpose of the text in this section is to expand on those maps, explaining nuanced 

differences between regulations and judgment calls we have made. Nevertheless, it is not possible to 

convey every detail.  

Note that citations for each of the regulations discussed are included in the matrix in Appendix 5, 

categorized by state and regulatory element. 
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In addition to exploring the substance of regulation, the subsections on some elements provide 

limited examples of how regulatory content has recently changed. Although these are only limited 

examples from a broad collection of statutory and regulatory changes, they show the types of 

regulatory dynamism occurring in the face of expanding shale gas development.  

Scholars only rarely have the opportunity to see a rapid economic change associated with a 

somewhat rapid variety of regulatory responses. Shale gas development in the United States has 

provided this unusual case study, which offers important lessons about the motivations, obstacles, 

laws, and politics that underlie legislative and administrative responses to change.  

As gas development has boomed due to an expansion of horizontal drilling and hydraulic 

fracturing, municipalities, states, and regional entities have responded in very different ways. So far, 

state modifications of legislation and regulation have come in several forms. 

¶ Some states, like Colorado,20 Ohio,21 Pennsylvania,22 and West Virginia,23 have made relatively 

comprehensive revisions to their oil and gas codes. 

¶ Others, like Arkansas,24 Montana,25 and Texas,26 have made more targeted changes.  

¶ In some cases, states have not only modified regulatory content, they have also expanded the 

number of oil and gas staff available to enforce regulations and provided new funding and 

training requirements for these staff. 27 

Finally, we make initial geographical observations of any heterogeneity for each element. This 

heterogeneity is explored more deeply and quantitatively in Section 6. 

5.1 Site Selection and Preparation 

Shale gas development is regulated from the very beginning of the process, before any 

construction or drilling begins. Regulations in many states restrict where wells can be sited or require 

groundwater to be tested before drilling can begin. The local nature of most (though not all) risks from 
shale gas developmentðand, of course, the immobility of wells and infrastructure once positionedð

make site selection an important regulatory focus.  

                                                        
20

 Colorado Department of Natural Resources, Oil and Gas Conservation Commission (COGCC), final rule amendments, December 
17, 2008, accessed May 7, 2013, http://cogcc.state.co.us/RuleMaking/FinalRules/COGCCFinalRuleAmendments_121708.pdf.  
21

 Ohio S.B. 315, enrolled, http://www.legislature.state.oh.us/BillText129/129_SB_315_EN_N.pdf. 
22

 Pennsylvania Act 13 (H.B. 1950), enrolled, accessed May 7, 2013, 
http://www.ctbpls.com/www/PA/11R/PDF/PA11RHB01950CC1.pdf. Partially reversed by Robinson v. Commonwealth, 2012 WL 
3030277 (2012); currently under cert. review by the Pennsylvania Supreme Court.  
23

 West Virginia H.B. 401, enrolled, accessed May 7, 2013, 
http://www.legis.state.wv.us/Bill_Status/bills_text.cfm?billdoc=hb401%20enr.htm&yr=2011&sesstype=4X&billtype=B&houseorig=
H&i=401. 
24

 Arkansas Oil and Gas Commission. Rule B-мфΣ άwŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ²Ŝƭƭ /ƻƳǇƭŜǘƛƻƴ ¦ǎƛƴƎ CǊŀŎǘǳǊŜ {ǘƛƳǳƭŀǘƛƻƴΣέ ŀŎŎŜǎǎŜŘ aŀȅ тΣ 
2013, http://www.shalegas.energy.gov/resources/060211_arkansas_rule.pdf.  
25

 aƻƴǘΦ !ŘƳƛƴΦ /ƻŘŜ осΦннΦслу Ŝǘ ǎŜǉΦΣ ŜŦŦŜŎǘƛǾŜ !ǳƎǳǎǘ нтΣ нлмм όŦǳƭƭ ŎƘŀƴƎŜǎ ŀǾŀƛƭŀōƭŜ ƻƴƭƛƴŜ ƛƴ άǳƴƻŦŦƛŎƛŀƭέ ŦƻǊƳΣ ŀŎŎŜǎǎŜŘ aŀȅ 
7, 2013, http://bogc.dnrc.mt.gov/PDF/FinalFracRules.pdf).  
26

 Adoption of 16 Tex. Admin. Code § 3.29, December 13, 2011, accessed May 7, 2013, http://www.rrc.state.tx.us/rules/signed-
adopt-3-29-Dec13-2011.PDF; proposed amendments to 16 Tex. Admin. Code 3.13 et seq., August 21, 2012, accessed May 7, 2013, 
http://www.rrc.state.tx.us/rules/prop-amend-3-13-Aug21-2012.PDF.  
27

 West Virginia H.B. 401, enrolled version (passed and in effect December 14, 2011), in W. Va. Code 22-6A-7, requiring a $10,000 
permit fee for each horizontal well location and $5,000 for each additional horizontal well at the same location, and requiring 
inspectors to have minimum levels of experience and receive minimum training. 
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For this reason, most states have uniform well spacing requirements that limit the number of wells 

in an area, and most also have some form of setback rules limiting the proximity of wells to certain 

buildings or features. 

5.1.1 Well Spacing Rules 

Generally, state well spacing requirements are based on designated geographic drilling units 

within which new exploratory wel ls must be located. Once exploratory wells find producible quantities 

ÏÆ ÏÉÌ ÏÒ ÇÁÓȟ ÔÈÅ ÏÉÌ ÏÒ ÇÁÓ ÐÏÏÌ ÉÓ ÄÅÅÍÅÄ Á ȰÆÉÅÌÄȱ ÁÎÄ ÓÐÅÃÉÆÉÃ ÆÉÅÌÄ ÒÕÌÅÓ ÁÒÅ ÄÅÖÅÌÏÐÅÄȟ ÉÎÃÌÕÄÉÎÇ 

spacing requirements. Several states also have boards that can establish drilling units or authorize 

different well densities for each field. 

The drilling unit size is usually 640 acres (often corresponding to a Public Land Survey System 

section)ɂthough some states also issue rules for larger or smaller areas. Within these units, states 

may regulate not only well spacing but a minimum distance from unit boundaries. Eleven states 

(Arkansas, California, Kentucky, Maryland, New Jersey, Ohio, Oklahoma, South Dakota, Texas, Utah, 

and Wyoming) regulate well spacing statewide with a minimum distance between wells, ranging from 

100 to 3,750 feetɂthough these rules provide for various exceptions and may be superseded by field-

specific requirements. 

5.1.2 Setback Requirements 

Setback restrictions regulate the distance between wells and other entitiesðlike schools, homes, 

streams and water wellsðthat are thought to merit special protection and care. Buildings and water 

sources are the most common subject of setback rules. Most of the surveyed states have some form of 

setback restriction, and API best practices encourage separating well activity from both buildings and 

water. 

5.1.2.1 Regulation 

Most of the surveyed states (20, or about 65 percent) have building setback restrictions, ranging 

from 100 feet to 1,000 feet from the wellbore, with an average of 308 feet (see Map 2).28 Setback rules 

may vary based on local conditions. In Ohio and Colorado, for example, high density, or urbanized, 

areas tend to have larger setbacks. Many states also provide for reductions or exemptions from their 

setback restrictions, often contingent upon signatures from the affected landowners in the area in 

question. In such cases, setback restrictions function as default rules around which landowners can 

contract. 

States measure setback in different waysɂboth in terms of the features from which it must be 

measured and the parts of the shale gas operation that are used as the basis for this measurement. 

"ÕÉÌÄÉÎÇ ÓÅÔÂÁÃË ÒÕÌÅÓ ÍÁÙ ÁÐÐÌÙ ÔÏ ÁÌÌ ȰÏÃÃÕÐÉÅÄ Ä×ÅÌÌÉÎÇÓȟȱ29 or only to specific structures like 

schools, hospitals, and churches. Some setback rules are quite broad, such as the following examples. 

¶ 7ÙÏÍÉÎÇȭÓ ÓÅÔÂÁÃËÓ ÁÐÐÌÙ ÔÏ ÁÎÙ ÓÔÒÕÃÔÕÒÅ Ȱ×ÈÅÒÅ ÐÅÏÐÌÅ ÁÒÅ ËÎÏ×Î ÔÏ ÃÏÎÇÒÅÇÁÔÅȢȱ30  

                                                        
28

  For states with setback requirements that vary depending on where wells are sited, this average is based on the minimum 
permitted setback in the state. 
29

 See, e.g., 62 Ill. Admin. Code § 240.410(f), Md. Code Regs. 26.19.01.09; N.D. Admin. Code 42-03-02-28 
30

 Operational Rules, Drilling Rules 3-22(b): 32 
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¶ Colorado ordinarily requires a 500-foot setback, but requires a hearing before a well can be 

driÌÌÅÄ ×ÉÔÈÉÎ ρȟπππ ÆÅÅÔ ÏÆ Á ȰÈÉÇÈ ÏÃÃÕÐÁÎÃÙȱ ÂÕÉÌÄÉÎÇȢ31  

¶ Louisiana has different setback rules for buildings owned by a person who is a party to a gas 

lease on the same property.  

The usual practice is to measure building setbacks from the wellbore. Only states that measure in 

this way are shown with number values on the map below and are included in our statistical analysis 

of quantitative regulations. Setbacks measured from other points may have equal or greater real-world 

significance, however, and these measurements can be complex. Setback restrictions are sometimes 

stated in the alternativeɂfor example, Pennsylvania mandates a 300-foot surface water setback from 

the vertical wellbore, or 100 feet from the edge of the well pad, whichever is greater. 

Map 2. Setback Restrictions from Buildings 

 

Other states do not regulate building setbacks, but may require setbacks from and/or to other 

features or human activities that, in practice, may have a similar effect, as shown in the following 

examples.  

¶ California regulates the distance between wells and public streets, roads, or highways, but not 

buildings. Kansas does not have a setback restriction per se, except from a unit lease or 

boundary line, but the state does require additional safety measures (downhole shutoff valves) 

for wells near homes, churches, or schools. 

                                                        
31

 2 Colo. Reg. 404-1-604(a)(3): 23 
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¶ Ohio has setbacks from mechanical separators, tank batteries, railroad tracks, and public 

roadways. 

¶ Several states, including Colorado at 150 feet, also regulate distance from a surface property 

line. 

¶ North Dakota requires flammable material to be kept at least 150 feet from the well. 

¶ /ÔÈÅÒ ÓÔÁÔÅÓ ÈÁÖÅ ÓÐÅÃÉÆÉÃ ÓÉÔÉÎÇ ÒÅÑÕÉÒÅÍÅÎÔÓ ÆÏÒ ÆÌÕÉÄ ÓÔÏÒÁÇÅ ÐÉÔÓȟ ÌÉËÅ .Å× -ÅØÉÃÏȭÓ ρȟπππ-

foot setback from buildings. 

¶ New Mexico and Arkansas measure setback restrictions from pits and tanks, respectively, but 

not from wells. 

!0) ÂÅÓÔ ÐÒÁÃÔÉÃÅÓ ÓÔÁÔÅ ÔÈÁÔ Ȱ×ÈÅÎ ÆÅÁÓÉÂÌÅȟ ÔÈÅ ×ÅÌÌÓÉÔÅ ÁÎÄ ÁÃÃÅÓÓ ÒÏÁÄ ÓÈÏÕÌÄ ÂÅ ÌÏÃÁÔÅÄ ÁÓ ÆÁÒ ÁÓ 

ÐÒÁÃÔÉÃÁÌ ÆÒÏÍ ÏÃÃÕÐÉÅÄ ÓÔÒÕÃÔÕÒÅÓ ÁÎÄ ÐÌÁÃÅÓ ÏÆ ÁÓÓÅÍÂÌÙȢȱ32 The API standard may be useful as a 

guiding principle, but comparing it to state regulations is impossible because it is discretionary and 

dependent on local conditions. A well sited 100 feet away from a building in densely populated Ohio 

and one sited 500 feet away in much more spÁÒÓÅÌÙ ÓÅÔÔÌÅÄ .ÏÒÔÈ $ÁËÏÔÁ ÍÉÇÈÔ ÂÏÔÈ ÂÅ ȰÁÓ ÆÁÒ ÁÓ 

ÐÒÁÃÔÉÃÁÌȢȱ "ÕÔ ÉÆ ÔÈÉÓ ÉÓ ÔÒÕÅȟ ÉÔ ÉÓ ÈÁÒÄ ÔÏ ÅØÐÌÁÉÎ ÈÏ× ÔÈÅ ÒÕÌÅÓ ÉÎ ÒÅÌÁÔÉÖÅÌÙ ÄÅÎÓÅÌÙ ÐÏÐÕÌÁÔÅÄ 

Pennsylvania (500 feet) or Maryland (1,000 feet) meet the same standard.  

Well setback from surface water features and/or water wells is also widely regulated, though not 

as widely as building setback. Of the states surveyed, 12 (39 percent) have setback restrictions from 

some body of water or water supply source; 9 of those have setback restrictions from municipal water 

supplies (measured from the well) ranging from 50 feet to 2,000 feet, with an average of 334 feet (see 

Map 3).33 Though this average is slightly more than that for building setbacks, water setback rules may 

or may not be greater than those for buildings in the same state, as shown in the following examples.  

¶ Ohio law requires only a 50-foot setback from water sources but 100ï200 feet for building 

setbacks. 

¶ New Mexico and Arkansas measure setback restrictions from pits and tanks, respectively, but 

not from wells.  

¶ -ÉÃÈÉÇÁÎ ÒÅÑÕÉÒÅÓ ×ÅÌÌÂÏÒÅÓ ÔÏ ÂÅ ÌÏÃÁÔÅÄ ÁÔ ÌÅÁÓÔ σππ ÆÅÅÔ ÆÒÏÍ ȰÒÅÁÓÏÎÁÂÌÙ ÉÄÅÎÔÉÆÉÁÂÌÅ ÆÒÅÓÈ 

×ÁÔÅÒ ×ÅÌÌÓȱ34ɂan interesting example of a standard within a rule. Some other states have 

similar approaches.  

¶ Colorado implements a complex scheme in which setback is required from designated water 

sources, with drilling-related activities more heavily restricted closer to the body of water.  

¶ Michigan also has setback restrictions from municipal water sourcesðmeasured from well 

separators, storage tanks, and treatment equipmentɂthat vary from 800 to 2,000 feet 

depending on the type of water supply.  

¶ Kansas, New York, Pennsylvania, and Ohio have additional setback restrictions from other 

water sources, such as lakes, streams, and private water wells.  

                                                        
32

 !tL DǳƛŘŀƴŎŜ 5ƻŎǳƳŜƴǘ ICоΣ άtǊŀŎǘƛŎŜǎ ŦƻǊ aƛǘƛƎŀǘƛƴƎ {ǳǊŦŀŎŜ LƳǇŀŎǘǎ !ǎǎƻŎƛŀǘŜŘ ǿƛǘƘ IȅŘǊŀǳƭƛŎ CǊŀŎǘǳǊƛƴƎΣέ CƛǊǎǘ 9ŘƛǘƛƻƴΣ 
January 2011: Section 15. 
33

 For states with setback requirements that vary depending on where wells are sited, this average is based on the minimum 
permitted setback in the state. 
34

 Mich. Admin. Code r. 324.301(b)(5) 
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¶ West Virginia mandates a 300-foot setback from a naturally reproducing trout stream.  

¶ .ÏÒÔÈ $ÁËÏÔÁ ÕÓÅÓ Á ÄÉÓÃÒÅÔÉÏÎÁÒÙ ÒÅÑÕÉÒÅÍÅÎÔ ÔÈÁÔ ×ÅÌÌÓ ÍÁÙ ÎÏÔ ÂÅ ÓÉÔÅÄ ȰÈÁÚÁÒÄÏÕÓÌÙ 

ÎÅÁÒȱ35 (or in) bodies of water. It is not clear whether or how this standard is applied during 

the permitting process. 

API best practice is, where feasible, to locate sites away from sensitive areas, such as surface 

×ÁÔÅÒÓ ÁÎÄ ÆÒÅÓÈ×ÁÔÅÒ ×ÅÌÌÓȢ !0) ÁÌÓÏ ÒÅÃÏÍÍÅÎÄÓ ÔÈÁÔ ȰÐÉÔÓ ÕÓÅÄ ÆÏÒ ÌÏÎÇ ÔÅÒÍ ÓÔÏÒÁÇÅ ÏÆ ÆÌÕÉÄÓ 

should be placed an appropriate distance from surface water to prevent unlikely overflows from 

ÒÅÁÃÈÉÎÇ ÔÈÅ ÓÕÒÆÁÃÅ ×ÁÔÅÒȢȱ36 As with building setbacks, this standard is impossible to compare 

directly to the fixed standards in most states. The API standard can be interpreteÄ ÁÓ ÍÏÒÅ ȰÓÔÒÉÎÇÅÎÔȱ 

than the majority of states surveyed that do not regulate water setback. 

Setback restrictions (regarding buildings, water, or other features) generally do not appear to be 

addressed in permits. All states do require operators to state the exact location (latitude and 

longitude) of the well in permit applications, and most require detailed descriptions relevant to field or 

other boundary lines. This information is used to confirm compliance with well spacing regulations. In 

principle, it could also be used for setback regulation via permitɂstate regulators could refuse to 

approve permits for wells sited too close to certain features, even in the absence of a specific 

regulatory setback requirement (justified by general permitting authority), but we have found no 

evidence of this. It is possible that field-level permit requirements could impose setback restrictions, 

but, as noted above, due to the enormous volume of field rules for each state, such requirements were 

not examined in this study. 

 

  

                                                        
35

 N.D. Admin. Code 43-02-03-19 
36

 !tL DǳƛŘŀƴŎŜ 5ƻŎǳƳŜƴǘ ICнΣ ά²ŀǘŜǊ aŀƴŀƎŜƳŜƴǘ !ǎǎƻŎƛŀǘŜŘ ǿƛǘƘ IȅŘǊŀǳƭƛŎ CǊŀŎǘǳǊƛƴƎΣέ CƛǊǎǘ 9dition, June 2010: Section 6.3.2. 
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Map 3. Setback Restrictions from Water Sources 

 

5.1.2.2 Dynamism 

As drilling, fracking, or leasing in anticipation of these activities have grown, several states have 

updated setbacks and other site, well, or pit locational requirements.  

In 2008, Colorado added a new provision that prohibits unlined pits in pathways where 

communication with surface or groundwater is likely to occur.37 Colorado also implemented new 

statewide setback rules in 2013. Previously, the state required 350-foot setbacks of wells from 

buildings in high-density areas and 150-foot wellïbuilding separations elsewhere; the state has now 

implemented a uniform requirement that wells be set back 500 feet from buildings throughout the 

state. The Colorado Oil and Gas Conservation Commission also proposed best management practices to 

mitigate nuisances generated by well activity, among other changes to setbacks and conflicts between 

well activity and human populations.  

Some states have also expanded certain minimum setback distances between wells and protected 

resources. 

¶ In Pennsylvania, the vertical portion of unconventional (fractured) gas wells must now be 500 

feet from water wells or buildingsɂa modification from a previous 200-foot requirement. 38 

                                                        
37

 2 Colo. Code Regs. § 404-1:902(g) (2013). 
38

 58 Pa. Stat. 3215(a) (changes, accessed May 7, 2013, http://www.legis.state.pa.us/WU01/LI/LI/US/HTM/2012/0/0013.HTM). 
Previous well location restrictions are located within 58 Pa. Stat. § 601.205. 
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The state also expanded the required distance between natural gas wells and public water 

supplies from 200 to 1,000 feet and between wells and streams or wetlands from 100 feet to 

300 feet.39  

¶ West Virginia similarly expanded the required distance between a natural gas well and a water 

well from 200 to 250 feet and added new setbacks, including 100 feet between well pads and 

streams (300 feet for naturally reproducing trout streams) and 1,000 feet between well pads 

and public water supplies.40  

5.1.2.3 Heterogeneity 

We found great heterogeneitÙ ÁÍÏÎÇ ÓÕÒÖÅÙÅÄ ÓÔÁÔÅÓȭ ÓÅÔÂÁÃË ÒÅÓÔÒÉÃÔÉÏÎÓȟ ÂÏÔÈ ÉÎ ÔÅÒÍÓ ÏÆ 

whether states have them and, if they do, how stringent they are. Generally, setback rules are more 

prevalent in the northeast and in mountain states: a contiguous block of 6 states from New York to 

Michigan and 3 mountain states (New Mexico, Colorado, and Wyoming) make up 9 of the 11 states 

with both building and water setback rules (Tennessee and Arkansas are the other two). Even in the 

contiguous Northeast block, however, setback rules vary greatlyɂfrom 50 to 2,000 feet for water, and 

from 100 to 1,000 feet for buildings.  

5.1.3 Predrilling Water Testing 

Predrilling water well testing establishes the baseline water quality for an area prior to drilling 

activity. If groundwater is later found to be contaminated, predrilling test results are important 

evidence for determining whether contamination is related to drilling activity.  

5.1.3.1 Regulation 

The majority of surveyed states (23) do not require baseline water well testing (see Map 4). In 

states that do require such testing, regulation usually requires testing of at least two wells within a 

specified radius from the proposed well location. This radius varies significantly among states, from 

0.09 miles (Virginia) to 1 mile (North Dakota, Nebraska, and Oklahoma). The average radius is a bit 

less than ½ mile (0.44 miles). States may require predrilling testing only in certain areasɂ Colorado, 
for example, previously required testing in the Wattenberg field. It now requires groundwater 
sampling around most oil and gas wells. 41  Predrilling water quality tests usually apply to 

preexisting water wells, but some states require testing of groundwater generally or will specify an 

aquifer or other bodies of water that must be tested before drilling.42 

API best practice is to test water samples from any source of water located near the well 

(determined based on anticipated fracture length) before drilling or before hydraulic fracturing. If this 

were a regulation, it would be, by definition, more stringent than at least the 23 states without a 

testing requirement. But it is impossible to directly compare the API standard to those states that do 

ÒÅÑÕÉÒÅ ÔÅÓÔÉÎÇ ÂÅÃÁÕÓÅ ȰÎÅÁÒȱ ÉÓ ÌÅÆÔ ÔÏ ÏÐÅÒÁÔÏÒ Äiscretion under the API standard. 
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 Id. 
40

 West Virginia H.B. 401, adding W.Va. Code 22-6A-12. W. Va. Stat. 22-6-21 previously required wells to be at least 200 feet from 
existing water wells. 
41

 /ƻƭƻΦ hƛƭ ϧ Dŀǎ /ƻƴǎŜǊǾŀǘƛƻƴ /ƻƳƳΩƴΦΣ Cƛƴŀƭ wǳƭŜ слфΣ 
http://cogcc.state.co.us/RR_HF2012/Groundwater/FinalRules/FinalRule609-01092013.pdf. 
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 See, e.g., 2 Colo. Code Regs. § 404-1:318A(e) (Westlaw 2012), requiring sampling in the Laramie/Fox Hills aquifer.  
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Pennsylvania has a unique approach. The state does not formally require predrilling testing. 

However, under state law, if tests are not done before development, operators are barred from 

claiming in future legal action that any alleged groundwater contamination was preexisting. In effect, 

this is a burden-shifting rule. Although plaintiffs retain the burden of proof that some contamination 

exists, such contamination within 2,500 feet of wells and within one year of drilling is presumed to be 

attributable to the operator defendant unless rebutted with predrilling testing evidence.  

In the map below (and in the summary statistics in the previous section), Pennsylvania is not 

shown as requiring predrilling testing. This is narrowly true under the rule describedɂoperators are 

not required to conduct testingɂbut in practice, the rule probably makes predrilling testing very 

attractive to operators in the state. In fact, such a liability rule might be more efficient than either 

alternative (uniformly requiring or not requiring testing). In Pennsylvania, operators can choose 

whether testing is necessary or cost-effective, and have a strong incentive to get that decision right. In 

practice, operators in Pennsylvania test most water wells that are covered by the ruleɂone study 

found that 90 percent of Pennsylvania water wells within 1,000 feet of gas wells in the Marcellus Basin 

were tested before drilling, dropping off to 41 percent at 3,000 feet.43 This rule illustrates the wide 

variety of regulatory tools available to states and the difficulty of sorting them into simple categories. 

Map 4. Pre-drill ing Water Well Testing Requirements 
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 Elizabeth W. Boyer, Bryan R. Swistock, James Clark, Mark Madden, and Dana E. Rizzo, The Impact of Marcellus Gas Drilling on 
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5.1.3.2 Dynamism 

Perhaps in response to a growth in development activity, several states have updated water testing 

and liability requirements.  

¶ Pennsylvania expanded its rebuttable presumption that oil and gas operations caused 

contamination within 2,500 feet (rather than 1,000 feet) of the well and within one year (as 

opposed to six months).44  

¶ West Virginia also modified its rebuttable presumption of contamination, providing that 

ÏÐÅÒÁÔÉÏÎÓ ×ÉÔÈÉÎ ρȟυππ ÆÅÅÔ ɉÁÓ ÏÐÐÏÓÅÄ ÔÏ ρȟπππɊ ÆÅÅÔ ȰÏÆ ÔÈÅ ÃÅÎÔÅÒ ÏÆ ÔÈÅ ×ÅÌÌ ÐÁÄ ÆÏÒ Á 
ÈÏÒÉÚÏÎÔÁÌ ×ÅÌÌȱ45 presumably caused water contaminationðan assumption that now can be 

ÃÏÕÎÔÅÒÅÄ ×ÉÔÈ ÅÖÉÄÅÎÃÅ ÔÈÁÔ ÔÈÅ ÐÏÌÌÕÔÉÏÎ ÏÃÃÕÒÒÅÄ ÍÏÒÅ ÔÈÁÎ ÓÉØ ÍÏÎÔÈÓ ȰÁÆÔÅÒ ÃÏÍÐÌÅÔÉÏÎ ÏÆ 

ÄÒÉÌÌÉÎÇ ÏÒ ÁÌÔÅÒÁÔÉÏÎ ÁÃÔÉÖÉÔÉÅÓȟȱ46 in addition to other defenses.47  

¶ In 2012, the Ohio legislature updated its laws to require operators to test water wells within 

300 feet of a proposed gas well in urbanized areas. In all other areas, sampling must occur 

within 1,500 feet of a proposed horizontal well.48 
¶ In 2013, Colorado changed its rules to require that a maximum of four water wells be tested 

within a half-mile radius of oil and gas wells.49 

5.1.3.3 Heterogeneity 

Notably, the states in the East with predrilling water well testing requirements have much smaller 

radii for testing than do the western states. Predrilling testing requirements are more common east of 

the Mississippi: excluding the 4 states without significant production, 5 of 13 eastern states (6 if one 

ÃÏÕÎÔÓ 0ÅÎÎÓÙÌÖÁÎÉÁȭÓ ÌÉÁÂÉÌÉÔÙ ÒÕÌÅɊ ÈÁÖÅ ÔÅÓÔÉÎÇ ÒÅÑÕÉÒÅÍÅÎÔÓ ÃÏÍÐÁÒÅÄ ÔÏ ÏÎÌÙ σ ÏÆ ρς ×ÅÓÔÅÒÎ 

states. On the other hand, those western states that do require testing require it to be done over a 

much greater area: the smallest testing radius in the West (0.5 miles) is greater than the largest testing 

radius in the East (0.28 miles). Note also that the area covered by testing requirements increases non-

linearly as the radius increases. For example, the 1-mile radius testing requirement in Nebraska and 

/ËÌÁÈÏÍÁ ÃÏÖÅÒÓ ÍÏÒÅ ÔÈÁÎ ρφ ÔÉÍÅÓ ÔÈÅ ÁÒÅÁ ÏÆ )ÌÌÉÎÏÉÓȭ πȢςυ-mile radius requirement. Of course, 

wells may be much more common in the more densely settled (and wetter) eastern states, so it is 

unclear whether the western testing rules result in a greater number of actual tests. 

5.2 Drilling the Well 

Although drilling a shale gas well may take only a few weeks, compared to a production period 

measured in decades, much state regulation of development is focused on this brief phase. This 

ÁÐÐÅÁÒÓ ÔÏ ÒÅÆÌÅÃÔ Á ÖÉÅ× ÔÈÁÔ ÄÅÖÅÌÏÐÅÒÓȭ ÄÒÉÌÌÉÎÇȟ ÃÁÓÉÎÇȟ ÁÎÄ ÃÅÍÅÎÔÉÎÇ ÐÒÁÃÔÉÃÅÓ ÁÒÅ ÃÒÉÔÉÃÁÌ ÔÏ ÔÈÅ 

long-term integrity and safety of wells, particularly in terms of groundwater safety. The following 
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 For the old rebuttable presumption, see58 P.S. 601.208; for the new one for unconventional (fractured) wells, see58 Pa. C.S. § 
3218. 
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 W. Va. Code 22-6A-18(b) 
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 W. Va. Code 22-6A-18(c)(4) (added by H.B. 401, December 14, 2011). For the previous requirement of 1,000 feet, see W. Va. Stat. 
22-6-35.  
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 See W. Va. Stat. 22-6-35, (which lacks the six-month defense or other defenses provided by W. Va. Code 22-6A-18). 
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 Ohio S.B. 315, enrolled, accessed May 7, 2013, http://www.legislature.state.oh.us/BillText129/129_SB_315_EN_N.pdf.  
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subsections summarize regulations applying to this development phase. Note that most of these 

regulations apply to all gas (or even all hydrocarbon) wells, not just horizontally drilled and 

hydraulically fractured shale gas wells. For those states with a history of conventional drilling, these 

regulations are often decades old and may not have been substantially updated to reflect new 

judgments or perceived risks from shale gas development. This is not necessarily problematicɂthe 

vertical component of shale gas wells is quite similar to a conventional well, and it is this part of the 

well that extends through groundwater-bearing strata. Regulation specific to the hydraulic fracturing 

process is discussed in the next section. 

The primary methods of maintaining well integrity are adequate casing and cementing of the 

wellbore. Poor casing and cementing can provide a potential conduit for groundwater contamination. 

Both are heavily regulated by almost all states with shale gas development.  

5.2.1 Casing and Cementing Depth 

Casing is steel pipe of varying diameter that separates the wellbore from surrounding rock. Casing 

can be divided into four general types, in decreasing order of diameter. Conductor casing is set at the 

surface in many cases, including in conditions where surface soils may cave during drilling. Surface 

casing is then set, followed by intermediate and production casing, each set within the preceding, 

larger-diameter casing. This creates a series of concentric cylindersɂthe casing string. Cement is 

circulated within the gap (annulus) between each layer of casing. 

5.2.1.1 Regulation 

Almost all states in our analysis regulate the depth to which well casing must extend and be 

cemented (in almost all cases, these regulations refer specifically to surface casing). Of the surveyed 

states, 21 have specific casing and cementing requirements; 15 of these require casing to be set and 

cemented to a specified minimum depth below the base of layers or zones containing freshwaterɂ

between 30 and 120 feet, with an average of about 64 feet (see Map 5). Note that these values are 

minimumsɂlocal geology or other conditions may lead regulators to require casing to be set and 

cemented even deeper when granting permits.  

Five states eschew statutory minimums in favor of performance standards or other well-specific 

ÒÅÇÕÌÁÔÉÏÎÓȟ ÓÕÃÈ ÁÓ Á ÒÅÑÕÉÒÅÍÅÎÔ ÔÈÁÔ ÃÁÓÉÎÇ ÍÕÓÔ ÂÅ ÓÅÔ ÁÎÄ ÃÅÍÅÎÔÅÄ ÔÏ ȰÉÎ Á ÍÁÎÎÅÒ ÓÕÆÆÉÃÉÅÎÔ ÔÏ 

ÐÒÏÔÅÃÔ ÁÌÌ ÆÒÅÓÈ ×ÁÔÅÒȢȱ50 A further three states do not make minimum depths or performance 

standards explicit in their statutes or regulations but do review cementing depth in their permit 

processes. In only two statesɂVermont and Virginiaɂwere we unable to find evidence of 

casing/cementing depth regulation (and, as noted above, Vermont has little if any oil and gas 

development). 

In Kansas, casing and cementing depth below the freshwater zones is determined by county, but 

the state requires at least 50 feet of surface casing. Alabama, California, Louisiana, Mississippi, and 

South Dakota regulate the minimum number of feet of casing that must be used, but not the depth 

below the water table. 

!0) ÂÅÓÔ ÐÒÁÃÔÉÃÅ ÓÁÙÓȟ ȰÁÔ Á ÍÉÎÉÍÕÍȟ ÉÔ ÉÓ ÒÅÃÏÍÍÅÎÄÅÄ ÔÈÁÔ ÓÕÒÆÁÃÅ ÃÁÓÉÎÇ ÂÅ ÓÅÔ ÁÔ ÌÅÁÓÔ ρππ ÆÔ 

below the deepest USDW [underground source of drinking water] encountered while drilling the 
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 2 Colo. Reg. 404-1-317(f) 
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×ÅÌÌȢȱ51 /ÎÌÙ ÆÏÕÒ ÓÔÁÔÅÓȭ ÒÅÇÕÌÁÔÉÏÎÓ ɉ!ÒËÁÎÓÁÓȟ -ÁÒÙÌÁÎÄȟ -ÉÃÈÉÇÁÎȟ ÁÎÄ 7ÙÏÍÉÎÇɊ ÍÅÅÔ ÏÒ ÅØÃÅÅÄ 

this recommendation. Most other states require casing to be set and cemented no more than 50 feet 

below the water table.  

Map 5. Casing and Cementing Depth Regulations 

 

5.2.1.2 Heterogeneity 

Superficially, casing and cementing depth regulations are among the most homogeneous in our 

study: 29 of 31 states have some form of regulation, and one of those that does not has little or no 

actual drilling. This homogeneity in terms of whether regulation is present, however, illustrates two 

other types of heterogeneityɂÓÔÁÔÅÓȭ ÃÈÏÉÃÅ ÏÆ ÒÅÇÕÌÁÔÏÒÙ ÔÏÏÌ ÁÎÄ ÖÁÒÉÁÔÉÏÎ ÉÎ ÓÔÒÉÎÇÅÎÃÙȢ -ÏÓÔ ÓÔÁÔÅÓ 

use command-and-control regulation, setting a mandatory minimum casing/cementing depth. But a 

few states rely on case-by-case permitting or performance standards. States may also use a hybrid 

approachɂthose with command-and-control minimums may also require deeper casing/cementing 

on a case-by-case basis. Among command-and-control states, specified minimum depths vary widely 

with no obvious geographic pattern. 

5.2.2 Cement Type 

Cementing practices may be regulated in terms of compressive strength, type of cement, or 

circulation around casing. Class A Portland cement is the most commonly required type of cement for 

setting casing in place. Cement types vary by well and by operator and depend on local geological and 

other conditions.   
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Map 6. Cement Type Regulations 

 

5.2.2.1 Regulation 

Cement type regulations vary among states, and are not readily quantifiable or comparable. We 

therefore track only whether states have such regulations and, if so, what regulatory tool they use (see 

Map 6). Eleven states use command-and-control regulation specifically to regulate cement type, 

characteristics, and practices. Another six states address cementing in their permit processes. For the 

remaining 14 states, we found no evidence of cement type regulation. This last group includes three 

states without significant drilling activity but also a number of major gas-producing states. 

Several states, including Michigan, require the cement mixture to be of a specific composition and 

volume that must be approved by the supervisor of the regulating agency. New YorËȭÓ ÐÒÏÐÏÓÅÄ 

legislation specifically mandates that cement would have to conform to API Specification 10A and 

would have to contain a gas-block additive. 

API best practice is that appropriate API standards (e.g., Specification 10A) should be consulted in 

tÈÅ ÓÅÌÅÃÔÉÏÎ ÏÆ ÃÅÍÅÎÔ ÁÎÄ ÔÈÁÔ ȰÓÅÌÅÃÔÅÄ ÃÅÍÅÎÔÓȟ ÁÄÄÉÔÉÖÅÓȟ ÁÎÄ ÍÉØÉÎÇ ÆÌÕÉÄ ÓÈÏÕÌÄ ÂÅ ÌÁÂÏÒÁÔÏÒÙ 

ÔÅÓÔÅÄ ÉÎ ÁÄÖÁÎÃÅ ÔÏ ÅÎÓÕÒÅ ÔÈÅÙ ÍÅÅÔ ÔÈÅ ÒÅÑÕÉÒÅÍÅÎÔÓ ÏÆ ÔÈÅ ×ÅÌÌ ÄÅÓÉÇÎȢȱ52 As New York illustrates, 

these API standards have in some cases been explicitly incorporated into state regulation. 
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