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

1]l ntroducti on

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 domented 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 behaviors states have differentincometax rates,speedlimits,
insurance regulations,and so on
HAOAOT ¢CAT AEOU ET AT A T &£ EOOAI £ EO 110 GITA T0 AA]
externalities, such as pollution. If the heterogeneity we observed reflects different conditions across
statesthat 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 concerrabout jobs, or simply historical
evolution or unexamined assumptions, we might question whether this heterogeneity is justified.
y T AAAAR AOAT EZ£ A OOAOA S Gn-dinfk ex@indites thdsebegilidiangmdyA O1 U E1
affect the environment in neighboring or downstream states. Unless the states coordinat® or a river
basin commission (RBC) has the necessary authoréiya problem could still exist.

The core of this report is a catalog of a range of state regulation®5 regulatory elements inall?
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 incomgites £01 1 U AAOAOEAET ¢ AOAT T1TA O
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 2013 their choices about what parts of the development process to regulate, how stringently
to do so, and what regulatory tools to use. lat least the first two of these respects, we found that the
heterogeneity among states is great, though not necessarily expected. We also found a lack of

! Nathan Richardson is a resident scholar at Resources for the Future (RFF). Madtlieb is a research assistant at R&EN

YNHzLIY A O1 A&  &aSyA2N) FSff2¢ I yR RANEB BidngaNWigefmanis@QiCaQsistant frofassdmMJ F 2 NJ
of law at Florida State Universifyhis work is funded by a grant from thdrAt P. Sloafroundation, and tts report was developed

08 wCCQa / SHFcordmidsarel Rdlicy (CEBRREES part of a larger initislireging the Risks of Shale Gas: Identifying a

Pathway towardResponsible Development. Updated findings are ghielilat www.rff.org/shalegasriskfRead theexecutive

summary and appendices atvw.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 signifiant gasdevelopment, we do more than simply list and
describe regulation® we 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 togethean explain only a small portion of
the heterogeneity we observed.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, 6r 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 andhether 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 inadequateas 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 theusces 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 reguatory 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
EOACA OEA NOAIT EOU T &£ AT U OOAOGAB O O#ies bnll sagwhidh aieA C O1 A C
O A A ®@ddwever that is defined. To do so would require data on enforcement, environmental
outcomes, and regulatory costs none of which is included in this report as well as a more
comprehensive datagathering and modeling effort. Mvertheless, 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
CAO AAOGATTPI AT O AT T1 AT rdspapdes Bettion 3Més@ibe®whatAve ddbuh OT O U
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 tahlextended statistical discussion, and a matrix
with our full regulatory data and citations are provided in the Appendiceswhich can be found at
www.rff.org/shalemaps.

2.8 GSELX FAYE AY GKAA &S yiesttsicdly sdficait assécitions Haidehti§y adtaunt ia & stabskical i
sense for variation in the measures of regulatory activity, not the degree to which those vadabkethat variation. We make no
claims here to have identified the causesheferogeneity, only correlations that may be evidence of causation.

I3
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2Shale Gas Devel opment and Regul atory

2.1 The Shale Gas Boom

Knowledge aboutwhere 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, wish allows each well
to exploit much more of the shale layer; threalimensional 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 facture the source rock, increasing gas production.

Annual total US gas production has grown rapidly even as conventional gas production has
trended downward (seeFigure 1). Projections to 2035 are for more of the same. Shale gas accounted
for only 1.6 pecent 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 1US Gas Production, 1992040 (Projected)
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2.2 Distribution of Production Activity

The shale gavoom 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 numbdrumconventional wells per
state is not available in government data, so Figure 2 shows the total number of natural gas wells

% Source: EIA (Energy Information Administratigmnual Energy Outlook 2013 Early Relds¢ashington, DC: EIA, 2012), accessed
May 7, 2013, http://www.eia.gov/forecasts/aeo/er/pdf/0FBer(2013).pdf.
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(conventional and unconventional) in each state. Statdsy-state shale gas production data are
available, but only through 2010. Mtional data(seeFigure 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 biebt
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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 haleng
experience with conventional oil and gas development, wherasaothers do not, although states are
coming up to speed rapidly and participate increasingly in informatiorsharing forums and dialogues.
At a minimum, those states with significant production in 2010 can be assumed to have at least some
experience? or, more accurately given the pace of legislation, to have had an opportunity to draft and
Ei DI AT AT O Oii A OAcCOI ACGET 1 08 4EEO OAOEAAEI EOU ET 0OC
reason for regulatory differences (this hypothesis is explored isectimn 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 widlife habitats; and negatively impact local communities. There is
great controversy over the significance of these risks. Otherork at Resources for the Futuréhas
clarified the picture somewhat by identifying a consensus set of risks considered by difént classes of

“ Source: ElAnnual Energy Outlook 2013 Early Release
GbdzYoSNJ 2F t NPRdzOAy3a DFa 2S8ftfaxé 9L!X ! LINARtE onX wnamoX |
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stakeholders to be a high priority for industry and/or government actior? and by examining the
impact of shale gas development activity on surface water quality monitors in Pennsylvani@lmstead
et al. 2013).

Nevertheless, shale gas devgbment 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 shaj@sboom, and almost all stakehalers
agree that effective regulation is essential to sustainable development of shale gas resources and the
DOAOGAOOGAOGEIT T &£ A£EOI 06 O1T AEAT 1 EAAT OA O 1T PAOAOAS
boom is a new development, shale gas diitg is similar to conventional drilling in most respects. Most
related environmental risks? and most of the regulations aimed at reducing these risksare common
to both conventional and unconventional drilling.

In this report, we make no effort or claim todetermine the relative priority of addressing various
risks related to development, or even whether given risks are sufficient to warrant regulatiof.
Instead, we aim to catalog and analyze existing regulations intended to address those risks. These
regulAOET 1T O AAT AA EAEOI U OAEAT O1F OA&EI AAO OACOI ADI OC
regulated, and how.

2.4 Regulatory Background

Throughout our analysis, we define regulation to include any of the many regulatory tools
available to states command-and-control, caseby-case permitting, performance standards, and other
tools. Although these tools differ in important ways (discussed iection 4.2.2, all are valid forms of
regulation, and none is necessarily less stringent or effective thanetothers.

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 boom states 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 sha gas development is significant, particularly
regarding the protection of air and surface water qualityand endangered specieshe federal
government also plays a direct role in that it issues regulations in its capacity as a landownemany
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 orthe 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

® See the Resources for the Future companion report: Alan kekipHal Gordon, and Sheila OlmsteRdthways to Dialogue: What
the Experts Say about the Environmental Risks of Shale Gas DevelfpMasghington, DC: Resources for the Future, 2013),
accessed May 7, 2013, http://www.rff.org/centers/energy_economics_gadicy/Pages/ShaksSasExpertSurvey.aspx.

® These guestions are addressed in Krupnick ePathways to Dialogyevhich describes a survey of shale gas development
experts about their views on higpriority risks.
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Appendix 2 for a detailed discusion 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 accountstory, geology,

AAiI T COAPEEAOh AT A T OEAO ZAAOI OOh AO xAll AO OEA bC
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 Ehgas 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 targbe

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

3Surveying US State Shale Gas Regul atio

This section describes how the analysis was created. Section 4 gives a broad overview and analysis
of findings, and Section 5 is a detailed elemetily-element description of the results.

3.1 Scope

This analyss includes 31 states that have, or appear to have some potential for, shale gas
development (seeMap 1). Shale gas production levels vary greatly among these state3exas alone
had nearly twice the production of any other state in the most recent year favhich data are available
(2010).7 In that year, the Energy Information Administration (EIA) reported shale gas production in 12
states (seeFigure 2for more detail on production by state). However, the shale gas boom has
continued rapidly in the last fewyears, and anecdotal evidence indicates that many more states have
active production.

The top five states by number ofjlaswells? Texas, West Virginia, Pennsylvania, Ohio, and
Oklahome are outlined in yellow in each regulatory map (though note that thiss 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 analysesThese 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

"Ta{ KIFItS DIFa t NRRdJZDI2AaRcESed Mayl7, 2813, httirAvdady iéia.gov/dnav/ing/ng_prod_shalegas_s1_a.htm.
8p2NIK /I NRfAYIlIS o6& a2Y$8S SadAavyrisSazr Kla Sy2dzaAK akKlfScala L2GS)
.22YY 9y SNHE& 9 E LXapbskniehcamMay\2g, 2011, AtBebskdyMay 7€ 2013,
http://fayobserver.com/articles/2011/05/22/1084179?sac=home). Leases have already been offeraijard in many parts of

the state, and the legislature has passed many rules pertaining to the developraess (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 w&eédeifbgt SR 6 a ! vy
Oklahomabased company that leased 7,500 acres of land outside Dalton has two tésiwglace 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 Geo@fi@.ikV&hin two years Buckeye and a

LI NOIYySNJ KIR t£SIFaSR tXpnn | ONSB Lhaprian, Dany"SadDrillersNhura t GebrgifeMBanta mon | y
Journal. Online Athens, 10 Mar. 2013.). Both New Jersey and Vermont have potential shal@gAf @ Ay avlfft I NBlFa o
l'yagSNEZé al NOK H A mtp:/Mvwaé &piSorgi/media/Bilgs/PhllcyAH$drauli&_Fracturing/Shatswers

Brochurepdb @ = SN¥2yd {GFGS DS2t23Aad0 [FsNByOS . SO1SNIalrea a¢KS ! (A
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Some states in our analysi, such as California and North Dakota, are better known for their
production of shaleoil than shale gas, but all of these states have at least some gas production from
shale deposits, either as a eproduct with oil or independently. However, states thato the best of our
knowledge have hydraulic fracturing activity and regulation only in honshale formations, such as
coalbed methane, are not included in the analysisidaho is one such example.

Because industry best practice guidelines may also influenogperator activities, we also compared
ITA OOAE OAO T &£ GCOEAAIT ET AOh &£EOT T OEA 1'i AOPAAT 0AOC
10)60 AAOO POAAOEAAO AOA AAOGAI T PAA AU ET AOOOOU Agb
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.

(Panebaker, Alan. "Fracking in Vermont? Probably N&tDigger. N.p., 6 Dec. 2011.), as shown in his presentation at the
Conference othe Quebec Oil and Gas Association (Becker, Laurence, Marjorie Gale, and JonatiNortkem Vermont,

Southern Quebec: Utica Shale Equivalents, Stratigraphic and Structural Relations. Publication. Waterbury, VT: Vermaeat Geologi
Survey, 2009.). Searstudies, including one by the National Energy Technology Laboratory cite Marcellus shale in New Jersey,
GDNR&aa G(GKAOlySaa 2F GKS al NODStfdza NI y3asSa FTNBY Y2NB GKFy wpn ¥
Bob, Engin Alkin, Milo Bkus, Michael DeAngelo, Diana Sava, Donald Wagner, and Robert Gré&alaheation of Fracture Systems

and Stress Fields within the Marcellus Shale and Utica Shale and Characterizaiton of Associat@isp(zal Reservoirs:

Appalachian Basin. Rep. no1@2-55. N.p.: Bureau of Economic Geology, University of Texas at Austin, 2013.).

°28 dzaSR !'tL DAARIYyOS 520dzrSyi -1 St 2 ¥ RNNIEZD G O2 ¢ NF YR dANK i §3 KA
Edition, October 2009 (covers well construction aidiiSINA & F2NJ gStfta GKIG gAft 0S5 FNIOTS

alylasSySyid ! 48a20A1 0SSR 6A0GK | 8RNI dz AO CNI OldzZNAYy3Isé CANRBG 9RAGA
treatment, and disposal of water and other fluids assodtate g A 4 K F NI} O1{ Ay 30X !'tL DdzZARFYyOS 52 0dzvr$
{dz2NF I OS LYLI OlGa !'3a20AF0SR gAGK |1 @RNIdzZ AO CNIY OQldzNAYy3IzZé CANERI

fracking, protects surface water, soil, wildlife, ecosysseand communities, including frack fluid disclosure), and API
wSO2YYSYRSR t N OGAOS pmMwI dA9YPANRYYSY(lf tNRGSOGAZ2Y TFT2NJ hyaKz
July 2009 (general rules for onshore drilling including frackiadsdeith life cycle environmental protection practiceBhis is the

package that API advertises as being specifintmnventionabperations(!| YSNRA Ol y t SGNRBf Sdzy LyadAiddziSx
DdzA R yOS«k. Said t NI OiA0Sa 2y2002 RNJ dzZf AO CNI OldzNAy3I 61 COZE W ydz
http://www.api.org/~/media/files/policy/exploration/hydraulic_fracturing_infosheet.ashx

VP vySNAOLY t SGNRE SdzY LYaiPdzAzREYO8k OSHIDAGCHI OdF A OFRdzA VNI 8 RNI dzf A O
http://www.api.org/~/media/files/policy/exploration/hydraulic_fracturing_infoshegtshx
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Map 1 States Surveyed

In study Top 5 states by number of natural gas wells (2011)
(31 states)

D Not in study States with no natural gas wells (2011)
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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 hot comprehensiveot all
state regulations afecting shalegas are describedThe 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. Iigrth reiterating
here that our data do not include federal, local, or, for the most part, statevel regulation that does
not apply statewide (i.e., fieldspecific rules).
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overlapping federal regulation. This is partly by design £1 O A @Al Bl Ah
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Tablel. Regulatory Elements Surveyed

Site selection and preparation

1. General well spacing rufes

2. Building setback requirements

3. Water setback requirements

4. Predrilling water well testing requirements
Drilling the well

5. Casing/cementing depth regulations

6. Cement type regulations

7. Surface casing cement circulation rules
8. Intermediate casing cement circulatiaules
9. Production casing cement circulation rules
Hydraulic fracturing

10. Water withdrawal limits

11. Fracturing fluid disclosurequirements
Wastewater storage and disposal

12. Fluid storage options

13. Freeboard requirements

14. Pit liner requirements

15. Underground injection regulations

16. Fluid disposal optiohs

17. Wastewater transportation tracking rules

State regulation of this element is described, but the element either does not lend itself to interstate comparisons, or

Excess gadisposal

18. Venting regulations

19. Flaring Regulations

Production

20. Severance taxés

Plugging and abandonment

21. Well idle time limits

22. Temporary abandonment limits
Other

23. Accident reporting requirements
24. State and local bans and morat6ria
25. Number of regulatory agencfes

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

For the most part, the state regudtory elements examined in this report are not subject to
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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 statakateg
parts of the development process through casby-case permitting, we also included permit guidance,
permit applications, and other relevant documents in our survey. Note, however, that the cabg-case
character of regulation by permitting makes itvery difficult to evaluate regulatory stringency and
some other characteristics we were only able to say whether a state regulates a given area via
permit. Regulatory data are current to the best of our ability> as of March 1, 2013. Changes to state
rules since that date are not included in this review.

Our review includes only enacted and ifforce regulations, with two exceptions. First, regulations
for one element fracturing fluid disclosure? have 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
(seeSection5.3.218 3 AAT T Ah xA OOAAOAA . Ax 9| @®BEDfAhastpp OAO 1
already been enacted primarily because the New York proposal is relately comprehensive, and can
OEAOAZEI OA AA OOAAOAA AO OADPOAOAT OAOEOA 1T &£# OEA OOAC
To vet the information found, oil and gas regulators were contacted in each state and asked to
review the information for accuracy and completaess. Most states respondeih 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 andtatutes, 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
OAAIT AEAT AA OEAO OACOI AGEIT O Al A@EOO AOO OEAO xA
AGEAAT AA 1T &£ OAcOI AGET1T &I 01 A6 OAOEAO OEAT O11T OAcC

4 Genermdi rFg s

41Wh a't We Know and What We Donot

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 tools? command and control, performance standards, casky-case permitting, and others
such adliability rules ? states are using for each regulatory element and across all of them. Andsome
cases, we can determine how stringently states regulate. For many elent®rsuch as setback
restrictions and casing/cementing depth requirements, commaneand-control regulations are
guantitative and clearly stated. This enables basic comparisons among statelsow many elements

12088 I A3IK +2fdzyS | 8RNI dzf AO CNI Ol dzNAY 3 t NP LI & SGnserdfbdzf G A2y asé
accessed May 7, 2013, http://www.dec.ny.gov/regulations/77353.html, proposing modifications to 6 NYCRR Parts 52¢ 190, 550
556, 560, and 750.
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are regulated, which tools are used, and, for a sedt 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 commasahd-control regulations even for those elements
that are quantifiable in principle. If a state uses casky-casepermitting, 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 conclusiorsuaithe
guality, environmental adequacy, or economic justifiability of state regulatory approachésre
information would be needed to make such evaluationssge Figure 3.

Figure3. Information Needed To Fully Evaluate and Compare State Shale Gas Riegslat

Scope Tool Stringency Enforcement Outcomes
What is regulated? How is it regulated? How tightly is it How consistent and What are the costs
regulated? effective? and benefits?

13 quantitatively

regulated elements
25 regulatory 25 regulatory

elements elements N 4

All shale gas- All shale gas-
relevant relevant
L regulations regulations
relevant
Other shale gas- Other shale gas- regulations
relevant relevant
regulations regulations
| Data included in our analysis ‘ Data not included in our analysis

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 integt and enforce regulations is as important as
their stated form and stringency. States with what appear to be lowtringency 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 assatéd 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.

I3
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Judging tre absolute or relative quality and/or effectiveness of state regulations requires both
types of information? enforcement and outcomes/costs in addition to the understanding of the
underlying regulations themselves presented here. Moreover, our analysis, agted, considers only a
subset of state regulations relevant to shale gas. We therefore refrain from making broad judgments
AAT 660 OEA NOAI EOU T &£ ATU OOAOABO OACOI AGET T Oh
reveals large differencesamb ¢ OOAOAO8 OEAI A CAO OACOI AGEI T Oh
this does not necessarily imply wide differences in outcomes or regulatory quality. Differing local
conditions may mean that different regulatory approaches yield similar outcomer 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 higlevel 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 questioare discussed. In each
case, the discussion excludes a small portion of the data for purposes of clarity:

1 Of the 25 elements % well spacing rules, fluid disposal options, state/local moratoria, number
of regulatory agencies, and severance taxesare 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.

1 As noted, four stateg Georgia, Mrth Carolina, New Jersey, and Vermonthave 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, regardlessfats 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 elementsThree states (Coloradg 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 leasi0 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 idactually accurate
representation of how broadly each state regulates across the elements in our analy$si it is at best

AT A
AO

Al A@OOAT Al U OI OGCE 1 AAOGOGOA 1T £ OEA |1 Odeoeitdiny A@OAT O

should not assume that stateshat 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.

I3
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Figured. Elements Regulated by State
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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&i®@ AT AAO Ai 11T ¢ OOAOAC
regulatory tools.

Economists recognize two broad types of regulatory tools with which to internalize externalities:
command and control and performancebased approaches, including those using economic incentives
(though distinctions between the two are not always clegr. At the commandand-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, anti¢ 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 standardsyhich give firms flexibility to choose
actions sufficient to meet the standard$3 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 commandand-control rules.

For a pefformance 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, likelvRigtax or a caandtrade
program.
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A third regulatory tool is caseby-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, tis 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 thatsomeA EOAOAQOET 1T OAI AET O ET OACOIiohOI
would be a commandand-control rule or performance standard, with permit reviewers merely
checking for compliance).

O/
(@)
Qu
m

Caseby-case permitting has some advantages: it delegates decisionmaking to expert regulators
and may prevent firms from evading reguléion 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 gn
regulatory tool). And it lacks transparency it 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 regulairy tool used by each state for each regulatory
element (seeFigure 5.)Substantial overlap exists states may use a hybrid approach, with more than
one regulatory tool for an element. For example, states frequently use a commaaiid-control
regulation to set a statewide minimum standard but still require caseby-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 regtibn. Only elements for
which states use casdy-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 (an@4 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 cae-by-case permitting is also somewhat widely used, at4lpercent
of regulations overall, and up to 2@25 percent (4 or 5 of 20 elements) in some states. Performance
standards and other types of regulation, including those we call discretionary standardae less
common. No state uses a performance standard for more than one element.

*However, such standards might be enforceable and meaningful to the extent that they are incorporated into a permitrpifocess
the state allows venting or flaring only with a permit, inspectors could use these stimtiaguide their judgment. An alternative,
SyT2NDSIFotS adl yRFENR T2 N @S-yl kayban dioydRquifdleht Biiisgighs. YA IKG f AYA G FANY
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Figure5. Regulatory Tools Used
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Based on this analysis alone, it is possible to show only the variation in approaches. We cannot
draw conclusions about which regulatorytools are best, either on environmental or coseffectiveness
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 ofwhich 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 distributbnal 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 nore 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 ipact on the
cost of regulatory compliance.

However, the more flexibility granted by regulations, the greater the administrative burden of
AOGAI OGAOET ¢ Z£EOI 06 AT i bl EAT AA8 )& OACOI AOI OU OAOT OC
the preferred approach? or states (legislators and/or regulators) may prefer the relative simplicity of
command-and-control approaches. Cas®y-case permitting can give operators the greatest flexibility
but, as noted, may also require the greatest regulatory resources.

I3
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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 caseby-case permitting is generally not transparent it is difficult or
impossible to determine what regulators require, or even whether requirements are consistent. In
other cases, regulations are qualitative and difficult to evalua or compare> many states, for example,
limit venting of excess gas to narrow circumstances or phases of development but do not impose
guantitative limits.

However, for some elements, many states use quantitative regulationdor 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 casds pbssible to
measure stringency and make comparisons across statd$e 13 elements shown in Table 2 are
regulated quantitatively by at least some states.

Table2. 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 regtilans 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 lints

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 ralfor each element, placing each state on that
range, then normalizing the range to aidl (or Oi 100 percent) scalels This allows stringency to be
compared not only between states, but also across otherwise dissimilar regulatory elements.

No state quantitaively regulates more than 12 elements, and some states regulate as few as %
in this way (seeFigure 608 . | OA OEAO OEEO [ AAOGOOA OAUO 11 OEET C |
stringency? it is simply a count of how many elements are regulated quantitately.

It is possible to use these data to find an average regulatory stringency for each state across
NOAT OEOAOCEOAI U OACOI AGAA Al Ai A1 668 4EEO 1 AAOGOOA Al
guantitative regulations in our analysis.

®For example, if the most stringent state (say, West Virginia) requires wells to be set back G2anfidetildings, and the least
stringent state (say, New York) requiresaf0g@ 2 G aSiol 01X GKSY bSé , 2N)] 62ddZ R 06S GNBI G
Gmoé LT | GKANR adl (-Bot gethdclerde, its Siyhgeacy wodlt heatédas 06.a | p nn
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But significant caution is warranted. The limitations of our data discussed abowethe lack of
information on enforcement, outcomes, and costs, and the limited scope of our chosen regulatory
elements? still apply. Moreover, this analysis is restricted to quantitative reguldbns? regulations
that use caseby-case permitting, for example, are excluded. This further limits its scope.

Figure6. Number of Elements Regulated Quantitatively
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Also, states often use command and control as their primary regulatory tool, setting aitorm
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 convdd OEA OOOET CAT AU 1T £ OEA (
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
differencesamong states EQO AAT 111 U OEI x AAAE OOAOA80O O1 EA Oi h

This stringency analysis like our entire study? also makes no effort to measure the relative
importance of different regulatory elements. It is possible, for example, that regulatis 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 anadys 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 Seot®below, but
the following analysis does not and cannot consider whether different levels of average stringency
are justified or appropriate. Instead, it is simply an efforto identify those differences.
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These limitations mean that the following tables and analyses should not be used to evaluate the
generalOOOET CAT AU 1T O POT POEAOU T &£ AAAE OOAOAGO OEAI A ¢
stringency acrosstheele AT 00 ET 1T 600 OO0O0OOAU OEAO OEAU EAOA OAcCO
whether the stringency of these regulations corresponds to the stringency of other regulationseither
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 (sdgéigure
7). Recall that stringency is normalized to aiQ00 percent scale a 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
O O A &vArég® stringencyis

Figure7. Average Stringency of Quantitatively Regulated Elements
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D Top 5 states by number of gas wells

Ranking by stringency reveals significant differences among states. Montana regulates most
stringently across these elements, with an average stringency of 96 pertdgand 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

®with one exception: one element in our analysis, temporary abandonment time, refers to a regeiasded status. States that
allow this status are treated as more stringent the lower the maximum time they allow wells to be tempakaiigoned. In this
case, the stringency of states that do not allow the status at all can be measthey 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 ir2011), Texas is the most stringent across these elements (with an
average80 percent stringency), with the remaining four clustered between 49 an&8 percent
stringency (recall that the four states in our study withoutany gas wells in 2011 were excludedrom
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 notso-OOOET CAT 6q OAcOI AOGET 1T O AEOOT 00

The abovedata consider stringency only for those elements that each state has regulated
guantitatively. As noted, our data provide no way to measure stringency in cases where a state
regulates with caseby-case permitting or uses some other unquantifiable approactBut 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 asin 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
two? the blue and orange bars irthe figure? indicates the number of elements for each state for
which we have information on the stringency of regulation (or lack thereof).

Figure8. Elements with Quantitative Regulatiortsor No Regulation
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We then assigned each state a zero stringencglue 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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guantifiable regulatory tools.

Figure9. Average Stringency of Quantitatively Regulated and Unregulated Elements
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O Top 5 states by number of gas wells

In this adjusted measure of stringency across elemesitthe average stringency of all states is
naturally lower becausealmost every state has at least one unregulated element for which it is
assigned a 0 percent stringency. Maryland now appears most stringent®& 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 thee
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 gients 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
vt DPAOAAT O AOAOACA OOOET yaletadelsdhastd@donlg dieménsialadd © OOOET
which are at over 85 percent normalized stringency. We found no evidence of regulation in Montana

" Note that this adjusted stringency measureigerly 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 thelmder

of the normalized stringency scale for eabment). 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 elementsi8 Meanwhile, Colorado quantitatively regulates 11 elements; for onlg 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 acro$ise 5 elements it regulates

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

OAATTA APpDPOiI AAE AOAAEOO #1171 OAAT & O OAcOI AOET ¢ OE
1t DPAOAAT Oh dcledses#lightlyl t@s8 percén® E

4.3 Heterogeneity

Across all these measures number of elements regulated, choice of regulatory tool, and
stringency of quantitative regulations? states vary, particularly in numbers and stringency of
regulations. Heterogenely is further explored elementby-element in the next section.
417 O1T 1T A AoOAT Oh OEEO EAOAOI CATAEOU EO 110 OOODOE
areas?® Even for something as simple as state income taxes, not only do rates differ greatly aigo
states (though not by as much as severance tax ratesee Sectiorb.6.1below), 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 hetgeneity 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 equitygrounds. 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 theyear
targeted by regulation. Population density and distribution may have similar effects.

Other sources of heterogeneity are less readily justified on the above grourrdsvhether they lead
to better outcomes across states is debatable at best. Some of theseolitical in nature, although
one could argue that differing attitudes about the tradeoffs between risk and economic development
that may be captured by political differences are a good reason for different regulatory approaches.

Further factors, likethe 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 halsgeen 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 costeffective regulations, or the
opposite could be truee a larger industry presence could create a greater risk of regulatory capture.
"O00 AGPAOEAT AA jT10Oh T AOET 601 Uh AADPOOOAQ AiITTA AT AC
experience (or the inertia of outdated rules) leads them to regulate suboptimally iffierences in
experience might explain the observed heterogeneity but would not justify it. Geological and
hydrological differences may, on the other hand, both explaiand justify observed heterogeneity.

¥ Montana does regulate the remainif®elements in this analysis, but not quantifiablyheseare ignored under both
approaches.

Ysee, e.g.Slemrod, J., The Etiology of Tax Complexity: Evidence from U.S. State Income Tax3/8teaidic Finance
Review279 (2005): 2799.

I3
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Regardless of whether it is surprising, and regarekss 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 eachstate, with different trade-offs between stringency of regulation,
environmental outcomes, administrative cost, distributional impact, and other factors. Especially
AT T OEAAOET ¢ OEA 1 AAE 1T &£ OOAT OPAOAT AU ETtradkidgl U OOAOA
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 necegsarider-,
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 =@l 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 detaithe 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
guantitative look, comparing regulatory heterogeneity to realworld 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.

5State Shale Gas Regul ations

This section describeghe 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 witha®a OET xET ¢ OOAOQAC
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 enaf-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 thfe development process. This may indicate
that state legislators and/or regulators believe that initial site selection and the drilling, cementing,
AFOAAEET ch AT A xAOOAxAOAO EATAIETI ¢C PDOAAOEAAOG OEAO A
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 hav 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 purposef 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 discusseate included in the matrix in Appendix 5,
categorized by state and regulatory element.

I3
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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. Althoughese 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 ecomic 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 modfications of legislation and regulation have come in several forms.

1 Some states, like Colorade, Ohio?! Pennsylvaniazz and West Virginiaz3 have made relatively
comprehensive revisions to their oil and gas codes.

Others, like Arkansag4 Montana?5 and Texas?® 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 staf.2?

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 veryelginning 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 gagdevelopmentd and, of course, the immobility of wells and infrastructure once positionedl
make site selection an important regulatory focus.

2 colorado Department of Natural Resources, Oil and Gas ConserZaiinmission (COGCC), final rule amendments, December

17, 2008, accessed May 7, 2013, http://cogcc.state.co.us/RuleMaking/FinalRules/COGCCFinalRuleAmendments_121708.pdf.

L Ohio S.B. 315, enrolled, http://www.legislature.state.oh.us/BillText129/129 SBEN.SN.pdf.

% 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 PennsyiV@ameme Court.

Bwest Virginia H.B. 401, enrolled, accessed May 7, 2013,
http://lwww.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. RuleBE. = NBYIBgexi a F2NJ 2 St / 2YLX SGA2y ! aAy3a CNI O
2013, http://www.shalegas.energy.gov/resources/060211_arkansas_rule.pdf.

Bazyid® | RYAY® /2RSS ocPuHH®dPcny S aSlios STTSOUXOSTeaFas i OOB3 a8R
7, 2013, http://bogc.dnrc.mt.gov/PDF/FinalFracRules.pdf).

26Adoption 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-Dec132011.PDF; proposed amendments toTék. Admin. Code 3.13 et seq., August 21, 2012, accessed May 7, 2013,
http://www.rrc.state.tx.us/rules/propamend3-13-Aug212012.PDF.

" West Virginia H.B. 401, enrolled version (passed and in effect December 14, 2011), in W. Va-62efler€guiringa $10,000

permit fee for each horizontal well location and $5,000 for each additional horizontal well at the same location, andgequiri

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 met 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 wells must be located. Once exploratory wells find producible quantities
I £ TEI TO CAOh OEA TEI T0O0 GCAO Piilil EO AAAI AA A
spacing requirements. Several states also have boards that can establish drillumgts 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)? though some states also issue rules for larger or smaller areas. Within these units, state
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 ditance between wells, ranging from
100 to 3,750 feet though 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 entitsd like schools, homes,
streams and water well® that 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 belspractices 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 averag of 308 feet (see Map 28 Setback rules
may vary based on local conditions. In Ohio and Colorado, for example, high density, or urbanized,
areas tend to have larger setback#dany states also provide for reductions or exemptions from their
setback restrictions, often contingent upon signatures from the affected landowners in the area in
guestion. In such cases, setback restrictions function as default rules around which landowners can
contract.

States measure setback in different ways both in terms of thefeatures from which it must be
measured and the parts of the shale gas operation that are used as the basis for this measurement.

O £E

"OEI AET ¢ OAOGAAAE 0OI AO 1 AU2ok@p fo tpeddit struktures likeT AAODEAA

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

“See, €.962 Ill. Admin. Code § 240.410(f)d. Code Regs. 26.19.01;08D. Admin. Code 4@3-02-28

%0 Operational Rules, Drilling Rule23(b) 32
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1 Colorado ordinarily requires a 50Gfoot setback, but requires a hearing before a well can be

diil T AA xEOEET phnnn AAAO3 £# A OEEGCE 1T AAODPAT AUd .
1 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. Onltates 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 reabrid
significance, however, and theseneasurements can be complex. Setback restrictions are sometimes
stated in the alternative? for example, Pennsylvania mandates a 36fot surface water setback from
the vertical wellbore, or 100 feet from the edge of the well pad, whichever is greater.

Map 2. Setback Restrictionom Buildings

- Building setback restriction (ft.)
(20 states)

No evidence of regulation found
(11 states)

C] States with no natural gas wells (2011)
Not in study

Top 5 states by number of natural gas wells (2011)

Source: US Energy Information Administration. Number of Producing Gas Wells.
http:// i dnav/ng/ng_prod_wells s1_a.htm.

Other states do not regulatéuilding 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.

9 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 (downhoshutoff valves)
for wells near homes, churches, or schools.

2 Colo. Reg. 402-604(a)(3): 23
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1 Ohio has setbacks from mechanical separators, tank batteries, railroad tracks, and public
roadways.

1 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.
| OEAO OOAOAO EAOA OPAAEALZEA OEOET ¢ OANOEOAI AT OO
foot setback from buildings.

1 New Mexico and Arkansas measure setbacksteictions from pits and tanks, respectively, but
not from wells.

o)y AAOO DOAAOCEAAO OOAOA OEAO OxEAT MEAAOEAI Ah OE
DOAAOGEAAI AOT i1 1TAAOPEAA O&oeAR Gadad miyibdwsdasaAAO T £ 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 O OAT U OAOOI AA .1 OOE $AET OA 1 EC
DOAAOEAAI 86 " OO EZAZ OEEO EO O0OOAh EO EO EAOA O1 Agb
Pennsylvania (500 feet) or Maryland (1,000 feet) meet the same standard.

Well setback from surface weer 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 framunicipal 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 thosedr buildings in the same state, as shown in the following examples.

9 Ohio law requires only a 56foot setback from water sources but 100200 feet for building
setbacks.

1 New Mexico and Arkansas measure setback restrictions from pits and tanks, respectivdiyt
not from wells.

1 - EAEECAT OANOEOAO xAi1 AT OAOG O61 AA 11 AAGAA AO 1/
x A OA O 3x Anlinte@sting example of a standard within a rule. Some other states have
similar approaches.

1 Colorado implements a complg scheme in which setback is required from designated water
sources, with drilling-related activities more heavily restricted closer to the body of water.

1 Michigan also has setback restrictions from municipal water sourcésmeasured from well
separators, sorage tanks, and treatment equipmerit that vary from 800 to 2,000 feet
depending on the type of water supply.

1 Kansas, New York, Pennsylvania, and Ohio have additional setback restrictions from other
water sources, such as lakes, streams, and private watgells.

)t L DAARFYOS 520dzvSyl 1 Cox atNIFOGAOSE F2NJ aAtGAIrdGAy3d {dNFIFOS
January 2011: Section 15.

% For states with setback requirements that vary dependingvhere wells are sited, this average is based on the minimum

permitted setback in the state.

* Mich. Admin. Code r. 324.3()(5)

£  RFF |  RICHARDSONETAL. 26



1 West Virginia mandates a 30€foot setback from a naturally reproducing trout stream.

T .71 OOE $AET OA OOAO A AEOAOAOEI T AOU OANOEOAI AT O ¢
T A As5Qod in) bodies of water. It is not clear whether or how this standal is applied during
the permitting process.

API best practice is, where feasible, to locate sites away from sensitive areas, such as surface
x AOAOO AT A EOAOGExAOAO xA1 108 10) AI O OAATITATAOG C
should be placedan appropriate distance from surface water to prevent unlikely overflows from
OAAAEET ¢ OE A3 &Withadiding setbdcksAtitisssandard is impossible to compare
directly to the fixed standards in most states. The API standard can be interprdte AO [ 1T OA OOOOET
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 statine 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 permmit state 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 authorty), but we have found no
evidence of this. It is possible that fieldevel 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.

% N.D. Admin. Code 4@-03-19
®1tL DAZARFIYOS 520dzySyid 1 CHz a2k SNI al yIl 3 $ivod Yune 20603S2cficn B.ES R ¢ A (0 K
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Map 3. Setback Restrictionsom Water Surces
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. Water supply setback restriction (ft.) \ 5,
(12 states) gﬁn
- Discretionary standard v\\\ { %EE
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(1 state) S
No evidence of regulation found Top 5 states by number of natural gas wells (2011) EEE
- (18 states) gfg
. States with no natural gas wells (2011) ’i,
D Not in study EB“:
Soure: US Energy Information Acministration. Number of Producing G e Wele [

Feveedi Jelnav/ng/
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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” Colorado also implemented new
statewide setback rules in 2013Previously, the state required 356foot setbacks ofwells from
buildings in high-density areas and 156foot welli building 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 Corasion 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 distancesvmen wells and protected
resources.

1 In Pennsylvania, the vertical portion of unconventional (fractured) gas wells must now be 500
feet from water wells or buildings? a modification from a previous 20Gfoot requirement. 38

372 Colo. Code Red$4041:902(g) (2013).
58 Pa. Stat. 3215(a) (changes, accessed May 7, 2013, http://www.legis.state.pa.us/WUOQ1/LI/LI/US/HTM/2012/0/0013.HTM).

Previous well location restrictions are located withinPs® Stat. § 601.205.

& RFF | RICHARDSON ET AL. 28



The state also expanded the requir 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 feet3®

1 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

5.1.2.3 Heterogeneity

We found great heterogenety Al 11 ¢ OOOOAUAA OOAOAOGE OAOAAAE OAO
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 Newrk 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 vagreatly? from 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 foundto 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 (seédap 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, Nebaiska, and Oklahoma). The average radius is a bit
less than % mile (0.44 miles). States may require predrilling testing only in certain areas Colorado,
for example, previously required testing in the Wattenberg fieldlt now requires groundwater
sampling aound most oil and gas wells#! 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?

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
OANOGEOA OAOGOET ¢ AAAAOGéetidnhiudkidr hé APEstandard £0 O1 1T PAOAOT C

¥,

“OWest Virginia H.B. 401, adding W.Va. CodéR22. W. Va. Stat. 28-21 previously required wells to be at least 200 feet from
existing water wells.

M1 2t2® hiaf 9 DIFa [ 2YaSNBIGA2Y [/ 2YYQYy®sS CAylf wdZ $§ cnds
http://cogcc.state.co.us/RR_HF2012/Groundwater/FinalRules/FinalRul66092013.pdf

* See, e.g.2 Colo. Code Regs. § 4D818A(e) (Westlaw 2012), requiring sampling in theairde/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 tha any alleged groundwater contamination was preexisting. In effect,
this is a burdenshifting 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 drillings 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 narowly true under the rule described» operators are
not required to conduct testing? but 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 coseffective, and have a strong incentive to get that decision right. In
practice, operators in Pennsylvania test most water wid that are covered by the rule one 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 fee® This rule illustrates the wide
variety of regulatory tools available to states and the difficulty of sorting them into simple categories.

Map 4. Predrilling Water Well TestingRequirements

Testing required (miles from well)

(8 states) K
Liability rule \\
(1 state) =

No evidence of regulation found
(22 states)

C] States with no natural gas wells (2011)
C] Not in study

Source: US Energy Information Administration. Number of Producing Gas Wells.
h eia. prod_wells_s1_ahtm.

Top 5 states by number of natural gas wells (2011)

3 Elizabeth W. Boyer, Bryan R. Swistock, James Clark, Mark Madden, and DanaEheRizgiact of Marcellus Gas Drilling on
Rural Drinking Water Suppliéldarrisburg, PA: The Center for Rural Pennsylvania, March 2012), 1keachts/ 7, 2013,
http://www.rural.palegislature.us/documents/reports/Marcellus_and_drinking_water_2012.pdf.
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5.1.3.2 Dynamism

Perhaps in response to a growth in development activity, several states have upedtwater testing
and liability requirements.

1 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 monthsy4

1 West Viginia also modified its rebuttable presumption of contamination, providing that
I DAOAOGEI 1T O xEOQOEET phunn AZAAO j AO 1 bPT OAA O1 phr
ET OEUT 1 ©pkdsumabdy kcdused water contaminatiod an assumption that now carbe
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1 In 2012, the Ohio legislature updated its laws to require operators to test water wellsithin
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 welk8
1 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 wellg?

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 o
the Mississippi: excluding the 4 states without significant production, 5 of 13 eastern states (6 if one
AT 01 00 0AT 1T OUI OATEAGO 1T EAAEI EOU 00i Aq EAOGA OAOOET ¢
states. On the other hand, those western states thdb 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-n
linearly as the radius increases. For example, therbile radius testing requirement in Nebraska and
I E1T AETT A AT OGAOO 11T OA OEAT pmje rddiad rdg@irendeBt Of chudsk A T £ ) 1 1
wells may be much more common in the more densely s&tl (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 indecades, much state regulation of development is focused on this brief phase. This
APPAAOO OiF OAZEI AAO A OEAx OEAO AAOAT T PAOOS AOEII EI
long-term integrity and safety of wells, particularly in terms of gpundwater safety. The following

* For e old rebuttable presumptionseé8 P.S. 601.208pr the new one for unconventional (fractured) welle&8 Pa. C.S. §
3218.

SW. Va. Cod@2-6A-18(b)

“®W. Va. Code 2BA-18(c)(4)(added by H.B. 401, December 14, 20Eby. he previous requirement of 1,000 feeteeW. Va. Stat.
22-6-35.

*"SeeW. Va. Stat. 28-35, (which lacks theixmonth defense or other defenses provided by W. Va.eaC2i2i6A-18).

“8 Ohio S.B. 315, enrolled, accessed May 7, 2013, http://www.legislature.state.oh.us/BillText129/129_SB_315_EN_N.pdf.
Y9I 2t2® hiAf 9 DIFa [ 2YaSNBIGA2Y [/ 2YYQYy®sS CAylf wdZ § cndps
http://cogcc.state.co.us/RR_HF2012/Groundwater/FinalRules/FinalRui66092013.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 gaswells. 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 problematithe
vertical component of shale gas wells is quite similar to a conventional well, and it is this part of the
well that extends through groundwaterbearing 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 ddepment.

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 inmany 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 cylied? the 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 regulatis 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 specifieaninimum depth below the base of layers or zones containing freshwater
between 30 and 120 feet, with an average of about 64 feet (sktap 5. Note that these values are
minimums? local geology or other conditions may lead regulators to require casing to be set and
cemented even deeper when granting permits.

Five states eschewtatutory minimums in favor of performance standards or other weltspecific
OAcCOiI ACET 1T Oh OOAE AO A OANOGEOAI AT O OEAO AAOGEIT C 1 0OC
DOl OAAO Al A imhédr hiee statelA abBndake minimum depths operformance
standards explicit in their statutes or regulations but do review cementing depth in their permit
processes. In only two states Vermont and Virginiae were we unable to find evidence of
casing/cementing depth regulation (and, as noted above, Vfmont 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 Dalota regulate the minimum number of feet of casing that must be used, but not the depth
below the water table.

ro)y AAOO POAAOEAA OAUOh OAO A TETEIOGih EO EO OAA
below the deepest USDW [underground source dfinking water] encountered while drilling the

2 Colo. Reg. 408-317(f)
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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 DepRegulations

100

. Min. casing/cementing depth 1
(ft. below fresh water) (21 states) '
Performance standard
(5 states)
Addressed in permit
(3 states)
No evidence of regulation found Top 5 states by number of natural gas wells (2011)
(2 states)

D Not in study C] States with no natural gas wells (2011)

Source: US Energy Information Administration. Number of Producing Gas Wells
http:/feevew.eia.gov/dnav/ng/ng prod_wells_s1_ahtm.

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 Imas$ little or no
actual drilling. This homogeneity in terms of whether regulation is present, however, illustrates two
other types of heterogeneitp OOAOA OGS AET EAA 1T &£ OACOI AOT OU OT 11
use commandand-control regulation, setting a mandatory minimum casing/cementing depth. But a
few states rely on caseby-case permitting or performance standards. States may also use a hybrid
approache those with commandand-control minimums may also require deeper casing/cementing
on a aseby-case basis. Among commandnd-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 casng. 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.

Al

i
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October 2009: Section 7.3.
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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 commanend-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 gasproducing 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 ¥06 O H OT BT OAA
legislation specifically mandates that cement would have to conform to API Specification 10A and
would have to contain a gaslock additive.

API best practice is that appropriate API standards (e.g., Specification 10A) should be consulted in
tEA OA1T AAGEITT T &£ AAI AT O AT A OEAO OOAI AAGAA AAI Al OOF
OAOOAA ET AAOGAT AA O AT OOOA OEAUs2AsMNADYoR HubtraesA NOE OA|
these API standards have in some cases been explicitigorporated into state regulation.

21t L DAARFIYyOS 520dz2YSyid |1 Cm=-2&F & RNER ¢78 Xl QHZOKI @ f dzNK R3I L i (IS BINGA K 2 v ® d:
October 2009: Section 5.2.
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