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1. Introduction ronmental risk and financial liability to statdue

The environmental and financial consequenc«{)g a "'%Ck OT monitoring capacity, a_we_ll that ha_s
of a large and probably growimgimber of ina- een inactive for an extended permdime and is

tive wells remain largely unexploreBased on noncompliant with gn\_/ironmental standards may
some new work on methane leaks from such wellRe allowed to remain in temporary abandonment or
and reports of state liabilities for plugging wells Inactive status, such that they can be reactivated

and restoring production sites, a closer look at yvhen market.or technology conditions improve,
these issues is warranted instead of being permanently plugged andhaba

_ _ _ dored. Eventually these wells may beconme o
Regulatory, enviromentalist, academic and  phaned. For instance, a 2014 performance audit of

industry attention has focused much moreonthet he i nacti ve wel | program
environmental consequences of oil and gas ldeveOffice of Conservation found that 46.5 percent of
opment from active wells than on thdseminac- 11,269 wells identified as having future utility had
tive wells, or wells that have ceased production. held that stats for more than 10 years; 22.8pe
This focus is understandable given cems about cent of the 8,682 wells that were ultimately o
drilling, fracking, waste handling and the like; butphaned had been in future utility status priorge b
there are many more inactive wells than active  coming orphaned (LLA 2014). Any growth in the
wellsd one estimate suggests that at least 315 minumber of orphaned wells adds to the alreladge

lion oil and gas wells have been drilled in North population of legacy orgned wells from an eéatl
America (Brandt et al. 2014), of which 82500&re er era.

currently in productiort. The remaining wells are
presumably inactive. Left unplugged or not prepe
ly plugged, inactive wells threaten human and e
vironmental health. Recent researcggasts that

A further risk is posed by wells that wileb
come inactive in the future. It is possible that f
ture wells will be less problematic than historic

these wells can leak methane (a pdulegreen- wells because of better regulations for plugging

nd abandonment, improved @ologies for well
?ﬁl;f,ecgjfd'rggéh;:\mg? zgr[ﬁvsgir;grestu?:‘aig )i‘onstructlon (such that the original bore hole and

runoff, brine, or hydrocarbon fluids tomaminate casmgs are '.n better shape for plugging), qnd
surface water and groundwater (Kell 2011; King growing pubhc_ pressure on regula_tors and industry
and King 2013; King and Valencia 2014). Well to protect against enwronm.e.ntal risk. However,
sites that are not pperly reclaimed can contribute even if less risky, each add'“OT‘a' wptbducgql

to habitat fragmentation (Drohan et al. 2012) andWIII eventuall.y. add to the growing stock of sere
soil erosion, and equipment left-gite can inte wells. In addition, even wells that have b_een

fere with agricultural land use and threaten wildlif roperly pluggeql with .modern te_chnologles may
habitat (DOI 2015). Whether even properly eak as cement is supject to shrinkage, cracking,
plugged wells can leak is B@&n open question. and other types of failure.

This report discussele environmental and
regulatory challenges of inactive wells, with an eye
towards reforming their regulatioBection 2 brié
ly reviews definitions and classificatiorfsection 3
assesses the magnitude of the concerns related to
e Bgdue ’lrf?ﬁtfvé"\ﬁéﬂlé fhat are feunplugged by identjt
may no thg 'Eh@ sneelfivccenva)rérmental threats posdxy

leaking wells and by estimating the numberrof i
active wells in the United States. Stringent ragul

Even if wells have a responsible operator on
record, they may still represent a potentialienv

www.rff.org | 3
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tions are essential for mitigating such environme acknowledging that these terms differ from defin

tal and financial risks; thu§ection 4 reports on a tions used by a significant number of stataes. |

survey of inactive welteguktions in 22 oil and deed, many states do not use thet®@rmnact i v e
gas states and on BLM lands. The sectionident wel | s0 as we do throughou
fies the regulations that are the most crucial and

. o We identify seven terms that classify wells
discusses the heterogeneity in regulatqry a fy fy

h h s. Pol into different status and ownership categories, as
proaches across the governments. Policymeco displayedini gure 1 below. A wel

mendations are aggregated anespnted irSec- switches from active to inactive (or idle) afte

tion 5. A forthcoming paper (Shih et al.) estimates . . - :
the costs of plugging inactive wells in order é r Stops producing oil and gas after a certain period of

) ) . o ] time, which ranges from one month to one year for
duce these risks, including a disswn of the N y

o ost states. If an operator maintains ownership of
nancial liability to governments that they represe P P

That well, it either undergoes decommissioning
andthe extent to which these costs are internaliz . ' . -
. . L hich we define as plugging the well bore; r
by private operators. At times we refer in this % PIigging

t 1o findi i that mowving equipment, and restoring land surrounding
report to Tindings in that paper. the site) at the expense of the owner, or it becomes
temporarily abandoned. Temporary abandonment

2. Classifying Wells by Production, is technically a transitory state, where the well
Abandonment, and Ownership Status might return to production or be decommissioned
Some sates use different definitions te-d in the futurejin practice, however, wells caa-r

scribe simiiar well statusesWe therefore inbduce Main tempor_arily abandoned indefinitely in certain
generic terms meant to coherently capture categ States and circumstances. If a well does not have an

ries of inactive wells, while owner, it is deemed an orphaned well and either
undergoes decommissioning at the expense of the
government or becomedandoned. A well may
become orphaned as it becomes inactive (resulting

HGUREL. STATUS ANDWNERSHIP dBIL ANDGASWELLS

Active(i.e,
production > 0)

Idle(i.e, Temporarily Decommissioned
production = 0) Abandoned by Owner

Orphaned and Orphaned Decommissioned

Idle and by Government
Temporarily
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in an orphaned inactive well) or after itistee 1 The likelihood of leakage from an

porarily ebandoned, which results in an o inactive well depends on a number of
phaned temporarily abandoned well. Wedt o factors, most importantly, the quality
erators becoming financially insolvent, or _ o

simply not found at the time a well requires of well construction at the time it was
decommissioning, is a primary cause of wells drilled and the abandonment measures
becoming Orphaned_ that have been taken.

1 The empirical literature provides
anecdotal evidere of leakage from wells
left unplugged but does not characterize
the rate at which these wells leak. We are
aware of only one piece of research that
provides measurements of methane
leakage rates from inactive wells.

It is currently unclear whatumber of the
approximately 3.0 million inactive wells in the
United States belong to each of these aateg
ries. However, given the advent of uncomve
tional wells and the growing importance of
natural gas domestically and in export, the
United States will kely face a rise in the mu+

ber of inactive wells in the coming year. I The empirical literature does not
distinguish between the environmental
Most of the news, popular press, and-ac damage caused by different types of
demic literature on the topic of inactive wells inactive wells (e.g., temporarily

focuses on orphaned or temporarily abandoned  gnandoned vs. plugged and abandoned
wells (MItChE” and Casman 2011; Frosch and wells: historic wells vs. wells drilled

Gold 2013. Our study considers all six ego- more recently). Although wells that have

ries of inactive wells, because all of thera-(r been plugged might still leak due

gardless of ownership or operational status) can  oement shrinkage, opinions on the extent

pose environmental risks. to which this happens are divided. This is
an area in need of further research.

3. The Scale of the Inactive Well 9 Data from 13 states with significant oil

Problem and gas production shows that about 12

percent of the inactive wells in these

Key Findings and Recommendations states haveot been decommissioned.

9 Inactive wells can lek pollutants, The percentage in each state varies
including methane and brine, as well as significantly from one percent to 56
heavy metals and naturally occurring percent.

radioactive substances; these pollutants
may contaminate groundwater, surface

How much of an environmental threat are
_ inactive wells in the United States? To answer
water, or, in the case of methane, be s question comprehensively and empitica
released into the atmosphere. four key piecesf information are needed: the
{I The pathways thrggh which leakage  type, quantity, and toxicity of pollutants that
may occur are well documented in the  may leak from each well; the abamdeent sé-

literature. These pathways include tus (e.g., whether they are plugged) and ahara
mechanical integrity failure, failed well teristics of inactive wells (e.g., the quality of
casings, and cement failure. Well their construction) and how thesieat how
construction and well plugging much of a risk they pose; thember of ina-
re_gulations should protect against these tive wells; and the proximity ofuman and
failures. ecological populations to hazardous wells- B

cause currently available data and literature on

www.rfforg | 5
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these four components armited, answering  Pollutants and Impacts
this question is chignging. This sectiondx

dresses the first three of these four components,
first by reviewing the liteature on the env
ronmental risks posed by ictave wells. In e-
viewing this literature, we highlight the major
pollutants of concern, then we identifyeth
pathways through which ictive wells can
cause environmental damage and describe h
inactive wells of certain types and characteri
tics are more risky than others. Understandin
this then allows us to identify specific regul
Fiqns thgt are important fananaging t.he risk (Jackson et al. 2013)Other pdlutants of co-
in inactive WeII_s, which we address_ln section .o in natural gas include rdgen oxides, du
3. Next we estimate the number of inactive (L

lis in the United Stat ing data f ur dioxide, and hazardous air toxics likenbe
We'IS In the United states using data Irom and, o e toluene, ethylbenzene, and xylene-(La
individual states.

tanzio 2013).

Brine is another key pollutant that cait m
grate from lydrocarbon formations to surface
The pathways throdmwhich inactive oll water or freshwater aquifers, rendering thee w
and gas wells can cause environmental harmdéfr nonpotable, particularly if the brine has
they are not properly plugged, are weltcdo  elevated total dissolved solids or containtina
mented in the engineering literature on well rally occurring heavy metals, such as barium,
integrity and procedures for proper plugging and radioactive materials (Jacksarak 2013).
and abandonment (see, e.g., King and Valencia
2014). Additionally, the Il'ggrature has als_o into an unplugged wellbore and contaminate
commented on the conditions under whioh e dwater (API 1993)
vironmental risk may be exacerbated, such asgroun wa '
subsurface geologic conditions and thexpre  Risk Pathways and the Role of Well
ity of ongoing production activities, as well as Construction in Minimizing Leakage
the effect of well construction and ivplug- Risk

ging regulations on the degree of risk posed by - oj| and gas wellbores penetrate shallower

inactive wells. Less well understood is the @ syrata peforeaaching the target hydrocarbon
tual, quantified risk posed by themdation of  t5mations, and these strata may contain

inactive wells in the United States, both groundwater for drinking or other surface uses
plugged and unplugged, as there have been few

empirical studieslone on the topic (see, e.g.,
Kang et al. 2014).

Methane is the primary pollutant ofrezern
atural gas. Methane from leaking welfs e
ters the atmosphere directly, cohtring to
greenhouse gas emissions conG@iuins
(Dusseault et al. 2000; Kang et al. 2014g-M
thane can atspose human health risks when
entering shallow groundwater or surface water
Wd contaminating household drinking water.
Methane poses an explosion and gghaxia-
Yion hazard, either during well water extraction
or by accumulating in basements and weH pi

The Literature on the Environmental
Risks of Inactive Wells

Pollutants in surface runoff may also flow

_ _ 2Thi s asphyxi at iroes thlatzaafd ar i se
Although the literature treats oilandgas met hane 6« i alpil laictey tth@ oxygen in
c

t
wells as a collective group, we focus onthe SP2ac¢¢€.

risks from gas wells. Nonetheless, most riskst3|hte Sohnol Uy' ds obueh _éneoptoeéds,maht Oevgeovée rn,a tt

from oil wells would be of the same type, Withs e e page pat hways allows methan

the exception oil leaks. from hydrotahkosuzdbakEengKing a
2013) .
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(Davies et al. 2014). Nonproducing wells left cement used to fill the annular space between
unplugged or that have been improperly casings or between the outermost casing and
plugged may facilitate the migration of poll  the wellbore, and the wellhead or Christmas
tants etween these zones and/or the surface ttee assembly (API9B3).

atmosphere (Calvert and Smith 1994; Kell
2011; King and Valencia 2014). Leakage
pathways include the migration of methane
from producing or nonproducing hydrocarbon
formations, or sometimes from aquifers, to th
atmosphere; of brine from saltwater zones to
freshwater aquifers, surface water, or surface
soils; of oil and gas from hydrocarborrfo
mations to freshwater aquifers, surface water
or surface soils; or of pollutants in surfaca+u
off into freshwater aquiferf@PI 1993). Two

Depending on the unique geologic cend
tions and depth of the well, there may be one to
three barriers in a lowisk area and two to five
barriers in a highisk area, where casing and
%ement are each considered individuatiess
(King and King2013). The most effective
practices for zonal isolation include placing
surface casing below a freshwater aquifer and
‘cementing it to the surface, as well as setting
production casing from the surface to the-pr

o t f leak h o duction zone and cementing it (at least for a
major types ot leakage pathways argace substantial distance, if not all the way to the

casing vent flowleakage between the praziu surface) to prevent the vertical migration of

t('lgglg]desgﬂzﬁjziﬁi’g%féfgg;g“grg?ﬁg and fluids behind the pipe (API1 1993). There may
Schmi?z 1996) 9 also be multiple layers of intermediate casing
' between the surface and production casings
For a well to leak, there must be (1) a depending on the depth thfe well (Dusseault
source 6fluid (gas or liquid), (2) a breakdown and Jackson 2014). To ensure the integrity of
of one or more well barriedsthat is, a pdt- the barriers, a number of other well constru
way for the fluid to migrate either within the tion practices are important, including ensg
cement medium or adjacent to it, and (3) a  that the density of the cement slurry is properly
driving force for the migration of fluid, such asdesigned and that mud is removed fromwann
a pressure differential in tiveellbore due to a lar spaces in the wellbore (Bonett and Pafitis
higher pressure in the hydrocarbon formation 1996). Figure2 is a diagram of a properly
than in the wellbore annulus (the spaee b abandoned well showing the different zones
tween the wellbore and the casing; Davies et Hiat need to be plugged in order tsere zonal
2014; Bonett and Pafitis 1996). Proper well isolation.

construction and P&A procedures shouldlk Thus, proper well construction is the first

prevent su_ckno_ndlthns and thergforeqﬁect .. Step towards ensurirgpnal isolation over the
against fluid migration, at least in the early Ilfeentire lifetime of the well, including during
of the decommissioned well. production, after the well becomes inactive,
During well construction, it has beenmao  and after P&A. P&A then builds on theroe
mon practice since well integrity regtibns pletion design, further isolating parts of the
were introduced to protect the various zénes wellbore. Effective P&A designs depend on
groundwate aquifers, hydrocarbon formationsrobust ealuations of potential leakage pat
and the surfa@ using barriers such as well ways unique to the well (King and Valencia
casing and cement, to perform what is known2014). Depending on the quality of the well
as zonal isolation (King and King 2013; King construction and P&A, leakage pathways may
and Valencia 2014). Well constructioreel form in modern well construction through one
ments that protect against fluid migratiorthhe or more mechanisms (leakage pathways-ass
subsurface and gas emissions to the atmospl@ated with preregulatory wells a discussed
fall into a few categories: layers of well casingin a later section):

www.rfforg | 7



1 Mechanical integrity failureThe
wellhead or Christmasee assembly
may be inadequate to contain fluids,
creating a pathway for rtfeane to leako
the atmosphere (API 1993).

9 Casing failure Casing may fail due to
failed casing joints, casing collapse from
sustained casing pressure, and/or
corrosion over time due to the presence
of brine or of hydrogen sulfide, which
forms sulfuric acid upon contact with
water (Davies et al. 2014; Watson and
Bachu 2009; King and King 2013).

9 Cement failureMultiple issues can
contribute to cement failure. For
instance, cement may shrink over time.
This is particularly likely if the water
content in the cement is too high, which
causes the cement to lose watéiley
setting (Dusseault et al. 2000his
causes a microannulus to develop
between the cement and the rock wall
and/or casing. Figurgis a visual
representation of how cement shrinkage
can create a fluid migration pathway.
There is a possibility thatlakells
plugged with cement will eventually

leak, given enough time, due to this iISSUEAGURES. OEMENTSHRINKAGEREATING/ICROANNULI

of cement shrinkage (Kunz 2015),
although this has not been supported by
empirical research.

These basic pathways can cause leeks r
gardless of whether the well has beenma-
nently abandoned, temporarily abandoned, or
merely shut in. The risk that any of theseklea
age pathways may develop may be greater or
lesser, depending on a variety of factoss di
cussed in the next section.

Resources for the Future |

HGURR2. SCHEMATIC OFPROPERLY
ABANDONE WELL

Cap above ground Abandoned Well
(may also be cut off) =

ple Only - requirements

Mud

|

vary with local geology.

Fresh / Usable Water

Plugs above to below water -
must test in most areas.

Some areas may require section
mill-out and place cement plug
formation-to-formation

Corrosive salt water or acid gas
zZones may require squeezing

Some requirements require plug
above & below liner hanger

Weighted mud between the
cement plugs is common as a
backup.

Frexible, expanding cementis
a common grout.

Cement or cement + mechanical
I plugs, May require squeezed perfs
. or full plug in some areas.

SourceKing and Valencia (2014).

SourceBonettand Pafitis(1996).

www.rff.org |
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Factors Affecting the Magnitude of Risk 1 Cement qualityThe American

The magnitude of leakage risk that any-gi Petroleum Institute published cement
en well presents is determined bgember of standards for well construction and well
factors, including the quality of well ostruc- plugging in 1953, specifying eight
tion, the plugging and abandonment measures  classes of cement designed to resist
that have been taken, and othetdas. various subsurface conditions such as

_ high pressure, salinity, and suba
Well Construction concentrations (NPC 2011), although

Proper well construction is the first critical King and King (2013) cite the miti970s

safeguard against fluid migration, not just-du as the time period when cementing

ing a well 6s produce i on stangdafdeimprayvaed systenatcally f t e r

comes inactive. For instance, an inadequately ~ throughout the industry through the

cemented annulus provides a conduit for gas introduction of cement design software

migration to occur between hydrocarbon-fo and the introduction of more rolius

mations and freshwater aquifers (Dusseault and cements into the market.

Jackson 2014). Well construm elements In addition to the stringency of well go

such as properly cemented production casinGgrction regulations, market conditions at the

and surface casing also enhance the successfie of well completion have also affected the

plugging operations by improving the &t jntegrity of construction. In their study of how

tiveness of cement plugs (API 1993). wellbore characteristics affect the leakage
The integrity ofe-a tentalofvwelsindAlbaits, Watspreand Bachu d

pends primarily on its vintagas the quality of (2009) find that high oil prices are highlyreo

construction depends heavily on the welhco related with high leakage occurrence between

struction regulations in place at the time that 1973 and 1999. They hypothesize tmat i

the well was drilled. Many historic wells in thecreased production activity in response to high

first oil and gas states like Pennsylvaniax-Te oil prices can result in lined supplies of

as, and Ohio were drilled in the nineteenth-ceequipment and manpower and therefubg-

tury before well construction regulations were timal cementing practices.

in_troduced (Qalvert and Smi_th 1994; King andAbandonment Measures

King 2013; King and Valencia 2014). Therea

liest wells were drilled before operators began ~Whether open annular spaces allow far fl

to use steel pipe, and those wells were casedid migration in an inactive well also depends

with wood (King and Valecia2014). King and ON the_ abandon_ment measures that have been

King (2013) list the major changes in weliheo taken in that paitular vv_eII. This should not be

struction regulations that have been introduce@ © N f used wi t h a nweat | 0s

since the 1820s and the estimated pollution pStatus, as different jurisdictions havéfeiient

tential associated with wells constructed &t di definitions for each abandonment status, and

ferent times. The well construction elements t €r ms such as fAshwt |

it

n, o
most cucial for redaing the pollution pote- doned, o0 fisuspendedeno and

tial from inactiveunplugged wells are:

9 Zonal isolation Most wells constructed

. 4 .
after the late 1930s were required to havse'“m”a a It ¢ rn“daetp'e"ned P 'Oap”earta't °n <
multiple cement and casing barriersto ¢t i mes of high oil prices an
prevent fluid migration into freshwater by these operators may be |o

aquifers (AP1 193).

www.rfforg | 9
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used interchangeably (AP1 1993)tRer, the  2015) and by a representative of tiberta
relevant question is what barriers are putin Energy Regulator (Taylor, 2016) that we spoke

place after the well has stopped pradg. to. However, there is very little anecdotal-ev
Three major categories distinguisétween dence available to support this, and a few r
these abandonment measures: viewers of the draft of this report said that this

1. No isolation of hydrocarbon zonan ~ concern about properly plugged wells leaking
operator nay shut off production from Was exaggeratl or nonexistent.

a well for short periods of time in Among wells that have been permanently
response to temporary market plugged and abandoned, there is heterogeneity
conditions. The operator shuts off the i |eakage potential depending on the specific
wellhead but leaves the casing exposeglhandonment methods used. Watson and
to the completion interval. Bachu (2009) find that wells plugged using

2. Temporary isolation of hydrocarbon  bridge plugs are morekily to leak than wells
zone In most cases, well will only be  that have been plugged using cement plugs and
classified as temporarily abandoned if cement retainers. A detailed description & di
the completion interval has been ferent plugging methods can be found in NPC
isolated. However, the interval is only (2011).
temporarily isolated if the isolation
barrier (such as a bridge plug) can be
easily drilled through and the

Of wells that are plugged, improperly
plugged preegulatory wells pose the greatest
hvd bon formeo q problem. These wells were drilled before P&A

T)r/f rocgrh tokr)] ct)rr1 n rgl?;:hcesse ' t regulations were systematically introduced and

1S Might be the case It the operator oo simply plugged with materials such as

wishes to bring the well back into brush, wood, and rocks (NPC 2011). For i

production. _ _ stance, the Texas Railroad Commission began
3. Permanent isolation of hydrocarbon g regulate well plugging in 1919, htiugh

zone and freshwater aquifels a cementing procedures were not introduced u
permanent P&A operation, the il 1934 and freshwater aquifers were ret r
completion interval, any intermediate quired to be protected until 1957 (Texas RRC
oil and gasbeaing zones, and any 2000). In general, oil and gas states began to
freshwater aquifers are isolated, and  require cement in P&A operations in the 1950s
the rest of the wellbore that is not and introduced strictetandards to protect
cemented is filled with mud. freshwater aquifers in the 1970s, along with the

In generaL wells that have been pa'mt_ passage of the Safe Drinking Water Act in
ly isolated are less likely to leak than are wellst974 (NPC 2011).
that have been only temporarily is@ldf or not other Oil and Gas Activities
isolated at all. Kang et al. (2015) find that _ _ i
plugged wells have lower leakage piial _ As menﬂoned earlier, a_nof[her cruciattia
than wells that have not been pluggethaigh influencing Ieak_age pote_ntlal is the gzace _of
this result is not statistically significant. Nen & Pressure gradient or fluid buoyancy gradient
theless, plugged and abandoned wells could Within the wellbore. If there arenplugged or
stillleak. Albe r t ads Abandon e@PARRIlY qlgggp%mztellggprq@q, | e-
Assessment Project finds that of the wells thaf®Mes especially important to payeation to
were plugged in and after 2008, 11.6 percentm‘e likelihood that the hydrocarbon formation
them leak (Boyer 2015). This ngern was also that these wells penetrate beazsme

corroborated by an industrymsultant (Kunz, ~Pressurized. Reressurization may occur due
to nearby gas drilling, completion, and well

www.rff.org | 10
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stimulation activities (Jackson et al. 2013). Fofault on their bonds, resulting in orphaned
instance, the injection of fluids at high pressuneells. These wells that are more expensive to
during hydraulic fracturing can pressurize plug may also be the wells that are in the worst
nearby offset wis that have not been shut  condition and thus more environmentally risky.
(Dusseault and Jackson 2014). The pressure
from the injection of CQif a formation is used
for CO, storage also presents a similar risk

The proximity of a well to humapopuk-
tions or groundwater supplies is also a crucial

: factor in determining the inactive wells that
(Watson and Bachu 2009)lamatively, the deserve closer attention and monitoring. Oll

buoyancy of the Cémay itself cause CO and gas states with well plugging programs

leakage to the surface after it has been InJeCteg%nerally have criteria for prioritizing wells to

Subsurface Geology be plugged, includg their location. The K&

Finally, the subsurface geology of the are@ > Corporation Commission (KCC), for-e

around an inactivplugged or inactive gmplg, prlorrlltlztﬁs V\t’ﬁ"s‘ n a p?rc])r C(:rt'd't'on i
unplugged well can influence the leakage p ased on whether they are a threat to sensitive

tential of the well both by increasing the risk surface water or groundwater areas, and .
that a leliage pathway will develop and by-i whether they are a t_hreat to public safetyrin u
fluencing the pressure or fluid buoyancy grad ban or sburban settings (KCC 2015).

ent. Wet areas and hydrogen sulflaEaring Empirical Estimates of Magnitude of
zones can all accelerate corrosion (King and Pollution Potential

King 2013). Salt zones magdrease the risk

that cement will be contamitexd by saland The basic leakage pathways that cause m

. thane leakage or groundwater contamination
set prematurely, thus congpnising the long

: ) from production wells, such as uncemented
term integrity of the cement pIug (NPC 2011).' nnuli or casing corrosion, are also respolesi
High-pressure areas may also increase the rl%

SRS ) : r pollution from inactive wells. The failure
of fluid migration; King and Klng (2013) est rate of oil and gas wells in general has been
mate that wells in these environments may

have a life of a decade @rds before permanendocumented in empirical studies. A 1995 study

. . . by Westport Technology found that 15 percent
plugging and abansment is required. of primary cement completions in the United

Other Factors States fail (Dusterho#t al. 2002). In a more

Finally, the ownership status of a well and recent s_tudy, Ingraffea et al. (2014) use state
its location relative to water resources and/or monitoring records and report that 1.9 percent

- .. of the 32,678 oil and gas production wells
human population centers are correlated with©'. o .
or contribute to env ﬁrple&iH'n'l%eéﬁrﬁzylvgq|afb|?tviegnk2930h§\nd gx%zl | 6s
ownership status refers to whether it has-ar . ave dsonllle t‘?V' efn\(;g :) t_ea aNgg\%r: de een
sponsible operator on record. On average, o ISSLed a Notice ot Violation ( Ah add-
phaned wells are likely to have been drilled tion to failure rates of cement and casing, local

earlier than wells with an owner and are thus
more likely to have lowemntegrity well con-

structions and/or be in a ddtgated condion. 5Baseéd blnllgllt Ai sea et al ¥ conlcl uc

it i per oeéntwe S experi ence a 0SS
In addition, operators may be willing and ablef - egrityhi Bowemefusion has re
to plug and abandon only the wellsthatare cri tici sm for conflating being
cheapertoplug,andmaychoosetoleavethegxIOerIeg(C)I1291d_a l oss of f?‘»”UCtU
wells with higher plugging costs in ampora- | own o ap t#)discussion from an

ily abandoned state or transfer these wells to
smalleroperators, who are more likely te-d
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instances of pollution from both prodng and Pennsylvania, Kang et.astimate that et
inactive wells have also been dotented. thane emissions from orphaned wells may have
Erno and Schmitz (1996) and Van Stempvoorbeen responsible foii 4 percent of totalra

et al. (1995) have measured gaaklge thropogenic methane emissions in the state du
through surface casing vent flow and soil gasing 2010, although they acknowledge that they
migration from oil and gas wells in the cannot guarantee the representtess of their
Lloydminster area of Alberta, with the latter samplesFurthermore, King and Valencia
documenting instances of groundwatentem- (2014) argue that this figure is likely to be an
ination. Instances of pollution specifically fromoverestimate, as the sample wells are not likely
inactive, improperly pluged and abaoned to represent all abandoned oplaned wells.
wells also have been documented: Lyverse and
Unthank (1988) document amcident of &-
cess chloride discharge from adaned exps-
ration wells into a shallow aquifer near Fort
Knox, Kentucky, and Chafin (1994) describes
methane dischargato shallow groundwater
from abandoned wells drilled in the 1930s in

gheGSan Juan basin in New Mea and Coloa- combined oil and ga®)n the permeability of a
0. well. They find that the average effectivape
Although these studies are useful foda- meability of unplugged wells is higher than
standing the mechanisms through whiot+m that of plugged wells (although this difference

thane leakage and groundwater contatiom  is not statistically significant), that permeltyi
from inactve wells can occur, and for pravi  of plugged wells is highly variable, dnhat the
ing anecdotal evidence that such ptdin does permeability of gas and combined oil and gas
occur, they do not provide empirical estimateswvells is higher than that of oil wells.

of the rate at which pollution occurs for @ma
tive wells specifically. Of the empirical ést
mates that have been published, sare ds-
puted. Thus, given the current state of the-lite

ature, it is difficul_t to estimate t_he scale of the Alberta Energy Regulator. Data on temporarily
prr?blﬁm Olf polluélon frorr mac(;lve wells, abandoned wells in Alberta reveals that, in
whether plugged or unplugged. 2015, of 80,000 wells with this status, 5,000
To our knowledge, Kang et al. (2014ppr were reported by owners to be leakingtmane
vide the only U.S. estimates of thane ens-  (a rate of about six percent), with areeage
sions from inactiveinplugged wells. By masa daily leakage ratef 13 cubic meters. The ma
uring methane emissions from a sample of 19imum observed leak rate was around 560 m
orphaned wells and scaling the meagihane  Such wells can legally remain in this state for
flow rate at these wells to the estimated papulup to ten years, so an average leaking well
tion of 300,000500,000 orphaned wellsin  could emit over this period 47,000 tvefore it
returns to production or is permanently

plugged
2% el 0% L Kell (@614 ekaghifes, h8 lybdbdwatepeoy ¢ |
in t hat ttamansateon vadd using datavoa reported grbun r at e

water contamination from oil and gas wells in
Ohio and Texas. Over a period of 25 years

Using data on methane emissions from 42
plugged and unplugged wells, Kang et al

(2015) estimate the effective permeabilities of
thesewell§t hat i s, the well so
methane. The authors estimate the effect of

plugging status (plugged or unpluggedog
graphical location, and well type (oil, gas, or

Outside of the Wited States we discussed
the issue of leakage from temporarily aba
doned wells with Michael Taylor, Viee
President for Climate Policy Assuranat the
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from 1983 to 2007, 41 of 185 grounder state$ Table 1 presents these results. Note
contamination occurrences (of a totdl65,000 t hat , as | aid out in the
wells) in Ohio were due to leakagefromo use the ter m Adlwealsthat ve o t
phaned wells, whereas four were caused by have stopped producing. At present, thedier
reclamation. In Texas, 30 of 211 groundwater ture on the issue of inactive wells focuses on
contamination occurrences (of a total of orphaned wells, particularly those that were

250,000 wells) were caused bypbaned well  drilled in an earlier regulatory era. We argue

leakage, and one was causeddstamation.  that this focus needs to expand to include all

Of the 30 orphaned well leakage incidents, 28wells tha have ceased production. Even wells

were caused by the verticalgnation of fluids with modern well constructions can fail; add

through inadequately sealed boreholes. Most wdnally, all the wells being drilled today have

these wells were charadtez e d a s 4 othegatent@lrto bdcbnme orphaned in the future.

torirc.o ilnactive well so nns we ¢

Number of Inactive Wells in 13 States clude shuin wells? which stategjenerally
. - . - consider to be parti- of fna
In addtion to reviewing the various env

g ly abandoned wells, and wells that have been

ronmental risks associated with inactive wells mm ned, which stat neralles!
that are not properly decommissioned, anothe?eco issioned, which states generallgssla
as Aplugged anmc-abando

important aspect of understanding the aggr tived. A Hrvielts ang femmrig t

gate environmental risk posed by this papu abandoned wells artechnically wells that have

tion of wells is estimating the numbersafch b q trated to h fut dd
wells in the United States. Here, we estimate een demonstrated o have future use and do

the number of wells that have stopped pmdu
ing that have not yet been decommissioned,

and calculate this as a percentage ofthetotalsys i ng tbhys sase aapproach meant t
number of inactive wells. In so doing, we-d n0|t|:b!ﬁ ;% develop ?itlraatttesd
. : . we ish a S across e ni te
velop,forthestates_shagthelrdatawnhus, that, the proprietary database
an upper bound estimate of the number of wefls ovi des a starting point, as
i i that have been drilled in the
that could potentlallycrea_ltethet%/pesoflenv few states, Dsolhasgihéoddvdat
. . el ectronic databases, as Drill
_Wecontacted_()fflClaI_sf_r(_)mvarlousstz_alteana|og data on orphan wells. H
oil and gas agencies, prioritizing states with °°”3i stency ‘3 :Nhgt_way statgs
N ifi : ; production apdowe i ehamagebe
S|gn|f|cantolandgasproductl_onas_wellas feported at the well level or
StateSW|th|argernumbersOflnaCtlveWEIIS. |mpdated anywhere from twice a
total, we managed to obtain data from 13 and the wells in some states |
(such as plugged and abandoned
very coar dl y ncadtréeddriingl nf o as
or inactive. Thus, devel oping
numbers that are both accurate
requires working carefully wit
database and data provided by
themsel was. olihsbsde the scope o
9A s-hotwell is a well that is t
capable of producing in the fu
but eapielmMeadveel | may brposhut in
"Note thalt!| £ veemate ema pl| ug gmead kaernd giomald dwjadaltsemai nt enance a
abandmoingehdt still l eak, a g
i s ot

| rt ehpoaviaythia it dh,e o fs d eo@ uricommpe aett dern @i
o}

settled and this ot ham araeaasofmer future research.
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include them in our count of wells, as each of environmental concern. It should be noted,

these wells has the potential to causarenv
mental damage if it is not eventually pgegl,

however, that the current oil and natural gas
price environment has resulted in more wells

or not properly plugged. There is alsason to being shutn; therefore, the number of idae
believe that some of them may not be cdnsis wells reported here may be higher than they

ently monitored by state regulators; that is,

some of them may be in poor enough condition

to require decommissioning, but are noeeth
less allowed to remaimitemporary abanade
ment status.

Table 1shows the proportion of inactive
wells in each state that have not been erm
nently decommissioned, and therefore, the

would be under higher oil and gas prices.

Across the 13 states, the populationratt
tive wells is as large as 557,000, 12 pere#nt
which have not been decommissioned. The
percentage in each state varies considerably,
with Ohio reporting only perceniof inactive
wells that havenot been decommissioned, and
Missouri reporting 5ercent This should not
bereacas a measure of
decom

TABLEL. TOTALINUMBER ONACTIVEVELLS IEACHSTATE®

Total inactive  Inactive

WEIS non-P&A*
MO 9,098 5,111
KY 29,546 12,338
MT 12,358 4,652
WAV 36,941 14,018
NY 12,702 1,730
PA 52,091 6,895
ND 11,210 1,341
NM 46,105 4,773
A% 45,913 3,981
KS 210,868 15,465
(6{0) 37,662 1,881
AR 24,660 948
OH 106,188 1,178
Total 635,342 74,311

Note: We useP&A& & LJ dz3 3 SR

=
o

Inactive non
P&A wells

Inactive as % of total

P&A Activewells inactive wells

3,987 1,193 56

17,208 41,371 42

7,706 28,947 38

22,923 18,919 38

10,972 11,406 14

45,196 121,011 13

9,869 14,373 12

37,076 52,903 10

41,932 32,841 9

195,403 91,472 7

35,781 50,861 5

23,712 17,680 4

105,010 61,189 1

556,775 544,166 12

I yiRhere adl Yy RYWBWREY FT2NJ aRSO02YYA

each s

aaaiz2

Di fferent states have differeP& weaeyd sofi ncdtuage rviazii mg s\
producing wells that have not been plugged, including
stat usiers ,weslhluss, and wells approved for plugging. n cer
Mont ana, production dawatihscyepestsdchnityhaitnitwelase not
have been fohlhutl ess than twelve montihwe amakl li tnlte ua es tt dites e
therefore, no-h&A nwenbles mdported here is an underesti mat e
|l abell ed plugged and abandoned, dry and abandoned, and
producing wells, and excludesweitb éekhptredrerneaprceldl e
reported in this table are based on data gathered in F
www.rff.org | 14
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TABLE2. INACTIVENVELLS OREDERALAND VS STATHAND

Inactive

Inactive non-P&A Total # of Percentage of Percentage of
non-P&A wells on inactive inactive nonP&A land under fal-
wells on non-federal non-P&A wells on non eral ownership
federal land land EILES federal land (%) (%)

NM 2513 1960 4473 43.8 44.4

ND 236 1105 1341 82.4 7.4

PA 195 6465 6660 97.1 24

KS 62 15403 15465 99.6 1.2

NY 4 1726 1730 99.8 0.9

-mission inactive wells in a timely manner, as  \We were able to obtain well status aod |

the low percentage in states such as Ohio andzation data for five states, including Kansas,

Kansas also reflects the fact that many of the North Dakota, New Mexico, New York and

wells in these states were drilled a very long Pennsylvania. We merge well data from these

time ago and have since stopped producingandi ve st ates with the Depa
been decommissioned. The numberspym Suface Management Agency (SMAXG

illustrate the size of the population of veel graphic Information System (GIShtaset to

presenting an environmental risk in these 13 jdentify the number and pportion of inactive,

states. non-P&A wells on federal and nefederal

Not all of the responsibility for managing 'ands.
inactive wells falls to the st@s. To understand Table 2shows that New Mexico has 43.8
how much of the burden of managing inactiveperceniof nonP&A wells that are on state
wells is bore by individual states versube  |and, which is lower than the equivalent figure
federal government, we also examine theau in the other four states, where more than 80
ber of inactive wells on different types of land percentof nonP&A wells are on notiederal
including federal land! as one category and |ands. This is unsurprising given that the-pe
statelocal government/private land asother  centage of land under federal ownership in
(from now on gr ouped NéweMesco i8 the higidest hnfofgst tha fve
federal | ando) .-feddall | statds acsad geeght INdHe othePfbur states,
lands are managed by the states. most of the land is owned by state and local
governments, and privatandowners. It is li&-
ly that the federal government has atigely
larger share of well plugging liabilities in
Western states, which have a greater pribgpo

l1Federal 1l and includes |

agencies, such as Nati0ng’ﬁgo%?ﬁ%ﬁ@%g)pté'h@ida%%pcﬁqﬁcuggd
Wildlife SerettamaBuoeau Bhisexarcisedar more Westérn states would
Land Management, Bureau mé|ptlom,éhlfyathAffa|rs, Forest
Service, Department of | nt epartment of
Agriculture, Ar my, Navy, A|r Force, Mai ne Corps,
Coast Guard, Corps of Engineers and Department of
Def ense
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4. Regulations on Inactive Oil and adopt more stringent regulations for
Gas Wells marking decommissioned wells.
Key Findings and Recommendations State oil and gas agencies regulate a range

of industry actiities related to the manamgent

and decommissioning of inactive wells. Reg

latory elements include requirements for @per

o tors to post financial assurances intended to
management and decommissioning of - . er decommissioning costs and potential e
inactive wels. This heterogeneity in vironmental damages, and administrative and
regulations can be described in terms of o chnical procedures for temporarily abamdo
their comprehensiveness (i.e., the ing or decommissioning a well. The BLM sets
number of regulatory elements they  yoq1ations that govern wells urnideing c-
regulate) and their stringency (i.e., how ¢qmmissioning on federal lands. As with &arl
strict their regulatory elements are). er research by Resources for thiufe (Rid-

I Shih et al. forthcoming note that ardson et al. 2013), this sectiopnepares regr
financial assurances are often inadequat@tions across states and the BLM and, where
to cover the costs of decommissioning aappropriate, compares the stringency oéa s
inactive well. We recommended that  |ection of these regulations, which provides an

bonding amounts should vary according indication of regulatory heterogeneity across
to the major factors influencing costs, these regulatory bodies.

such as well dpth. In this section (Table
5), we report thamany states already do
this, to varying extents. We therefore We examine 31 regulatpelements across
recommend that other states consider thi2 states (see &b 1 below). We chose this
approach to bonding and that all states sample of states by considering three criteria:

examine our StatIStlcaJ I’eSU|tS fOf |nS|ghtS 1. number of Orphaned We”s that are on a

I The individual states and the Bureau of
Land Management have very different
approaches for regulating the

Methodology

into the specifics of how various factors stateds fwait listo fo

affect costs. Given adagte data, our as reported by the Interstate Oil and

statistical method may even be used by Gas Compact Commission (IOGC

the states to design bonding requirements 2008);

thatvaryW|th.costfactors. 5 a stateds historical c
{ States deal with temporary abandonment from 1981 to 2014, as reported by the

in & variety of ways, some more US Energy Information Administration

protective of the environment than (EIA 2015a); and,

others. For states thate less protective, 3 a statedbs historical o

shortening the time a well can be
temporarily abandoned and raising the
bar for proving a well should stay in that
condition would help reduce the

production from 1992 to 2014 as
reported by the US Energy Information
Administration (EIA 2015b).

likelihood that inactive wells will create If a state contributes to more than 1 percent
environmental externalities. of the national total in any of these threeeerit

decommissioned wells with a permanentandAz provide a detailed description of our

sign under the current regulatory regime S€léction process.
We therefore recommend that states
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MAP1. STATESNCLUDED IODURSURVEY OWACTIVEAVELLIREGULATIONS

Resources for the Future

BLM Lands

wells, geothermal wells, coalbed methane

In the next section, we describe various
wells, and ratholes.

regulatory elements and their importance for
mitigating environmental risk. We focus only Review and Comparison of State and
on state regulations, although we recognize thrsgderal Regulations

permits and field adjustments also play a part The 22 statewe examine and the 31 eg

in regula_ting SOme O.f t_hese_activi_ties. quevelﬁtory elements we considare displayed in
such variables are difficult, if not impossible, Map 1 and Eble3 respectively. The 17 retp-
to capture across the states. We also do not tory elements in the first panel Table3 are

;:ommenttqn :jhf? qualltly_ o(;icr?cmnn%;_ and te; directly relevant to mitigating environmental
orceLnen .'3 lt_erf‘mU”T |(]3ns. WO 'S ;es impact and are therefore included in oumstri
may have identical regatlons for a given &- 5 %enc calculations. Following is an expd&on

me nt b ut nfarcereentsnigta bee - -
. A f how these regulations may partially dete
more stringentthanarf@r 6 s. Thus mine®he de@rge

only observe regulatory stringency and rfet e
fective stringency. Inddition, we do not
commentowh at imal dGopgtri ng elnT:h?
what is appropriate versusjustified heten- refle
geneity across the regulatory bodies. Instead,
we describe regulations and note the ways in
which the stringency mayfliér across some of
these elements. Finally, we do not akdr ce
tain decommissioning pcesses for unique
types of wells, includingnderground injection
wells, seismic exploration

f environmental and financial
risk that the public may be exposed to:

moge accurately bond amounts

ct decommissioning costs and the
more likely that states will be able to
recover costs, then the more likely that
operators will decommission their
wells on schedule and/or states will
have the necessary funds to plug
orphaned wells (regulatory elements
1i 5).
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2. The easier it is for operators to idle andmost (all 17). Note that the stringency ofueg
to apply and raapply for temporary lations is not reflected in this figure.
abandonment status for their wells, the
more likely it is that wells will be left
in an idle or temporarily abandoned
status indefirtely and therefore avoid
proper decommissioning (regulatory
elements 610).

Figure5 displays states (and BLM) ranked
by the average stringency of the five quantit
tive regulatory elements we consider. These
five elements include (1) minimumdividual
bond amounts, in dollars; (2) minimum bkt
bond amounts, in dollars; (3) well idle time, in

3. More stringent requirements for months; (4) duration of temporary abando
temporarily abandoned wells help  ment, in months; and (5) timing of restoration
minimize the environmental harm requirements, in months. In this figure, each
caused by these wells (regulatory regulatory elemet is normalized such that the
elements 11 and 12). least and most stringent regiibns receive a

4. More stringent regulationsn the score of 0 and 100, respedi. Then scores
procedures to be taken during pluggingare averaged with equal weights across the five
and restoration help minimize the elements. We find that Alaska ranks at the top
environmental harm caused by according to our five quantitativeeshents,

decommissioned wells and well sites with Arkansas having the least stringent regul
(regulatory elements 13, 15, and 16). tions for these ements, about twthirds less
5. More stringent requirements for stringent than AlaskaNo state is superior to all

marking decommissioned wells and forother states on all five elements.
reporting inactive wells help regulators  Figure6 displays states (and BLM) ranked

identify wells that may cause by their stringency, asatculated using 12 of
environmental harm (regulatory the 17 regulatory elements we consider that are
elements 14 and 17). binary and qualitative in nature. Theselude

The remaining 14 regulatory elements are (1) type of financial assurances; (2) well cha
not included in stringency analysis, either b acteristics that determine bonding amounts; (3)
cause they are not as relevant to environmentperator characteristics thatermine bouing
impact or are not easily comparable across amounts; (4) permittingeensions for temp-
states. Figurd compares the number of rgg- fary abandonment; (5) whether notification,
tory elements that each state (and BLM) e  reporting, and inspection for temporary aba
plicitly regulates. Figuré rates the stringency donment is required; (6) whether econorriic v
of state (and BLM) regulations based onueg @bility plays a role in etermining status of
latory elements that are quaative in naure, temporary abandonment; (7)ugin require-
and Fgure6 does the same for regulatorgel Ments for temporary abdonment; (8) whether
ments that are qualitative in nature. well integrity testing for temporary abanuo

, _ ment is required; (9) the types of plugs required

Figure4 displays the r?umber of elements during decommissing of a well: (10) whét-
regulated_ by each state, indicating the carpr o, marking of écommissioned wells i
hensiveness of each gL&lPiPuhetHerlsbriadoRrigli®ledts | T 2
state has explicit regations for aregulatory e stringent; and (12) whether reportinggis r
element it receives a 1 and if it does noe#t r quired for inactive wellsStates (and BLM)

ceives a 0. Regulations for BLM also appear Qfj 5 regulation wgudge to be stringent get a
the figure. As displayed in FiguleNew York s a0t her wi se t he y get a AO

regulates the fewest regulatory_elements (10 gcore possible is 1Pennsylvania leads the
out of 17) whereas Pennsylvania regulates th pack with a score of 11, while Kansas, Louis

www.rff.org | 18



Resources for the Future | Ho etal.

ana, and New York are in last place. Note that
these calculations make no adjustment for
regulatory elements unregulated by a state.

Number

TABLE3. REGULATORML.EMENTS ARACTIVEOIL ANDGASWELLS

Regulatory Element

Panel A: Regulatory Elements Considered in Stringency Calculations

©O© 00 N O o WDN P

B R B R R R R
o oM WDNPRPR O

17

Types of Financial Assurances (Qualitative)

Well Characteristics that Determine Bonding Amounts (Qualitative)

Operator Characteristics thBetermine Bonding Amounts (Qualitative)

Minimum Individual Bond Amounts (Quantitative)

Minimum Blanket Bond Amounts (Quantitative)

Well Idle Time (Quantitative)

Duration of Temporary Abandonment (Quantitative)

Extensions for TemporaAbandonment (Qualitative)

Notification, Approval, and Inspection for Temporary Abandonment (Qualitative)
Role of Economic Viability in Determining Status of Temporary Abandonment (Quall
Shutin Requirements for Temporary Abandonmg@uialitative)

Well Integrity Testing for Temporary Abandonment (Qualitative)

Types of Plugs Required During Decommissioning of Well (Qualitative)

Marking of Decommissioned Wells (Qualitative)

Stringency of Restoration Requiremef@aialitative)

Timing of Restoration Requirements (Quantitative)

Reporting Requirements for Inactive Wells (Qualitative)

Panel B: Regulatory Elements Not Considered in Stringency Calculations

18
19
20
21
22
23
24
25
26
27
28
29
30
31

Separate Bond for Site Reclamation

SurfaceDamage Agreements

Statute of Limitations

Liens on Equipment

Well Integrity Testing

Treatment of Wells with Different Casings

Treatment of Casing Removal

Treatment of Different Well Types

Cement Specifications for Plugs

Conversion to Freshwater Well

Notification, Approval, and Inspection for Decommissioned Wells
Ability for Regulator to Order Plugging and Replugging
Reporting Requirements for Inactive Wells
Considerations for Fugitive Methane
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HGURES. STRINGENCY BIATEACCORDING TQUALITATIVREGULATORM_EMENTS

12

to operator or state) thatay provide better
fiscal protection for the states, however there
Bonding Requirements appears to be a lack of analysis on thissgque
An operator must post financial assurancelion- States do not typically require ogiers to
for a well at the time it is drilled. States rgeo Ch0OS€ a particular type of financigsarance
this financial assurance to cover the costs of @nd instead allow operators to choose from a
decommissioning the well in the event that thé&nge of options. The BLM allowsperators to
operator is nable to do so. States vary in the US€ surety bonds, letters of credit, negotiable
types of financial assurance they accept and th&asury securities, and cash in the forms of
amount they require.

Discussion of Regulatory Elements

The form and amount of financial assu
~ance at least partially determines the likelithoo

States allow operators to use a rang@of i that the regulator will receive the appropriate
struments for finarial assurance, as displayedfyngds for decommissioning in the event that an
in Table4. All states allow aurety bond, operator does not do so. Without sufficient
which involves a third party company thate fynds, a regulator is less likely to have the f
sentially issues and prices the bond. Oth@F ponancial means to decommission the wells that
ular types of financial assurance include |etter|%quire it. Consequelyt a well either will not
of credit, certificates of deposit, and cash. A pe decommissioned or will stay in a status that

handful of states also allow escrows, trust & s more likely to cause environmental harm for
counts financial statements, and liens to serve |onger period of time.

as financial assurance. Many of these types of o
financial assurances come with aiegy of One way to distinguish between strong and
stipulations (e.g., irrevocable, autoicatly weak financial assurances is to consider the

renewable, whether interest on deposits accrfBgcharsm through which the regulator would

Types of Financial Assurances
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TABLEA. TYPES ORNANCIAIASSURANCHSCCEPTED BITATESANDBLM)
State | Surety | Letter of | Certificate | Cash | Escrow or| Financial Lien Gou. | Annual
5 R S
Account
AK X
AR X X

CA X X
CO X X

IL
IN
KS
KY
LA

X
X

X
XX X X X X

X

<
o
X X X X X

MT
NE
NM
NY
ND
OH
OK
PA
X
uT
WV
wy
BLM

*This lien amount has limits.

X
X X X X
x

XX XXXXXXXXXXXXXXXXXXXXX
X X

XX X X X X X X

X X X X

receivefunds. Cash, for example, guarantees deliver cash to regulators on amaal basis,

that the state has funds upfront and is therefobait the state that allows for them under certain
quite a strong form of financial assurance circumstances (i.e., Kansas) sets the fee so low
(leaving aside the issue of whether the amourthat we count the category as a weak form of

of cash is adequate). Other strong formg-of f financial assurance.

nancial assurance provide soroen of gua- We use a binary and qualitative assessment

antee by a third party that the funds will be a : : - :
) when incorporatin f financial ran
located to the government in the event oka d . en Incorporating type of financial assurance

s .[nto our stringency calculations for states. A
fault and include surety bonds, letters of cred% gency

q h trust s A tate that allows for financial statements, liens,
and pernaps escrow or lrust accounts. A Weagely, ., 4| fees receives a 0 and a state that does
form is liens, which allow the regulator tol€o

lect ¢ o if thev d ¢ - but not allow for these types of weak financiat a
ect operator property It th€y do not pay, but ¢, 5y¢ces receive a 1. We do not consider the
such collections require legal operation, so ar

costlv and mav not be fully successful. Anoth ?ange of financial assurance types in ounstri
y y ) y PR G'(_erncy calculation because most, if not all,
weak form of financial assurance is financial

o ts. which e that states allow operators toabse betweenla
statements, which require that agiers po- lowed financial assurances. Operators are
vide proof of the financialdalth of their con-

; therefore free to choose the type of allowed
panyd typically up to a set amount. Annual yp

: . f"nancial assurance they view as least stringent
fees represent a special case. These effectively
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Amount of Financial Assurance the state wilhaveadequate financial resources

Operators choose between individual or to plug a well.

blanket bonds when posting financaassu- Table5 shows that some states tailor den
ance. The former type of financial assurance ing amounts based on well characteristics
covers a single well, whereas blanket blonds (depth, type, and location of wells) and aper
cover multiple wells. This financial assurance tor chaacteristics (number of wells, number of
is intended to cover the expected costsesf d inactive wells, and copliance hisbry). As
commissioning a well; yet, in practice, fma  noted in Shih et al. (fditoming, differentia-
cial assurance amourdse often insufficient  ing bond amounts based on the most important
for this purpose, as discussed in Shih et al. factors affecting dcommissioning costs would
(forthcoming and existing literature (GAO help ensure that bonds, or other financssla
2011; LLA 2014). All else equal, a higher bondnce requements, more accately reflect
amount provides a more certain gudeg that cost. Of these factors listed, well depth im-pa
wells will be properly decommissioned that ticular has been known to strongly correlate

TABLES. FACTOR®ETERMININGNDIVIDUAL ANBLANKEBONDAMOUNTS BBTATE

| [ Well Characteristics Operator Characteristics

State Depth Type of Wells| Location of | Number of | Number of Compliance
Wells Wells Inactive
Wells

History
AK

AR X*
CA
CO
IL
IN
KS
KY
LA
MO
MT
NE
NM
NY
ND
OH X
OK
PA X

X X X

uT X

WV X X

Wy X X
BLM X X X

*Fee versus bond depending on well type (gas/oil)

X
X
X

X X X
X X X X X X X

X X X X X
>
X X

x x x x X X X X X X X X X X I

X X
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with cost due to the amount of plugging eyat single blanket bond covering some, dr af

rial and equipment rental time required. We their wells. On the one hand, this makes sense
find this effect in our statistical analysig-d  as firms with many wells are larger, tend to
scribed in Shih et alfg¢rthcoming. Further, have better access to decommissioning-tec
states have readily available information on nologies, and are less likely to becomsd-

well depth, which may help explain why most vent. On the other hand, the price per well in
states use well depth tolaeast partially dter-  tiered blanket bonds tds to go down quite
mine bond amounts. Calibrating bond amountsignificantly as the number of wells increases,
by well depth is important, especiallg ave-  offering a significant price discount to thp-o
age well depths in the United States have beegrator. While this may help firms pool their
increasing. risk, it also lowers financial coverage for the
Slate and could leave it especially exposed in
certain circumstances (e.g., a large concéntra
ﬁd investment by a small number of firms into

Besides well depth, however, there are al
several other factors that may influeromest
and that could also be taken into consideratio

when setting bond amounts (Davis 2015). Foﬁ’rpIay or resource that goes bust, similar to

states (Arkansas, Kentuckyennsylvania, and What Wyoming has e>_<perience_:d with coal bed

West Virginid?) assign higher amounts toree methar:je). Onfe benefit oftoif]erlntg b"?‘”lket Poat R
tain types of wells (e.g., horizontal) although ip onds. rom 1 ECVE IS IQWET ‘a1 0T 0
is not well undestood whether and whye administrative costs to monitor well transfers
conventional wells may cost more to deco and bond status.

mission than conventional well$The BLM, Many states alsoi-use a r
Louisiana, and New Mexico assign higher  ance history and number of inactive wells to

amounts to wells located in certain regions. inform bond amounts, given that past perfo

This could help to capture the effects of spatiahance may be associated with future perfo

variables orcost, such as proximity to mance Regulators, at their discretion, magsr
groundwater aquifers, the concentration of coglire operators with poor compliance bists
seams in a play, and the variation ircps to post higher bond amounts than the standard
charged by service providers operatimgler prescribed or may even prevent mgiers from
different market conditions. posting new bonds or adding wells to a bond.

ﬁequiring higher bond amounts foperators
with poor compliance histories, or those with a
6 ge number of inactive wells that may have

n increased risk of beingphaned, helpsre
sure that the public does not eventually have to
l&ear the environmental or financial burden left
behind byirresponsible or bankrupt operators.

Three operator characteristics play a role i
determining bod amounts. First, in some
states, the larger the number of wells owned
an operator, the smaller the amount of the-in
vidual well bond. Most states also permit Bpe
ators that own many wells in the state to post

The BLM is allowed to require additional
bonding based on well characteristics (i@, |
cation, depth, age, production capability of the
associated field, and unique environmergal i

12 Ar. Rule B-2.h; KRS 353.59®); 58 Pa. Code
§3225(a)(L, 2); WVC §2BA-15.

13 0n the one hand, unconventional wells are typically sues) as well as operator charastas includ-
deeper than conventional wells, but on the other hand,

plugging of multiple wells can occur on the same pad ing number of wells.

for unconventional wells such that decommisgig We use two binary and qualitative asses

costs may be lower due to economies of scale. ments when incorporating factors that dete
mine bond amounts into our stringency céde
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tion for states. Many states account for well well may further differentiate based on well

and operator characteristics in an effortto  depth, number of wells, and type of well (e.qg.,
match bond amounts to their conception of  vertical or horizontal,nland versus coastal).
costs (i.e., decommissioning costs and costs dhese differentiations lead to multiple patial
potential environmental damages). These statesnd values for a well, and we therefore

will, all else being equal, more accualgtesi- choose to display the lowestgsible bond va
mate costs of wells that beconmploaned or  ue in Map 215We use a continuous and quant
create environmental damagesfore they are tative assessment incorporating lowest possible
decommissioned (and the states therefore willndividual bond amounts into ourlcalation of
more often have sufficienesources to deal  stringency across states. Thésessment sets
those costs and damages). Our first stringencthe lowest bond amount across states equal to 0
assessment assigns a 1 to states that accounafwt the highest equal to 1, normalizing alt va
well characteristics wheretkrmining the ues in between.

monetaryvalue of individual or blanket bonds
and a O to other states. Oucsed stringency bo

assessment assigns states that use operator ost for multiple wells. The amounts are all
characteristics when setting bond amounts a enoted in terms of dollars, and values range
while other states receive a 0. We recognize from $5.000 in Kansas to $’200 000 in Catifo
that using these factors does_ noedtly mean  pia for c;ertain types of blanket i:)onding aiu
that the bond amounts are higher than in states 16 gtates differentiate blankbbnd

that do not, although this appears to be the Ca¥%Rounts based on all aforementioned well and

In practice. operator characteristiés Similarly with Map
Map 2 displays the lowest possible bond 2, these differentiations lead to multiple pote
amounts that states require operators to post fial bond values for a set of wells, and we
a single well. These amounts are typically = therefore chose to display the minimum bond
noted in dollasperwell terms, and values value in the map belovi.he BLM requires p-
among these states range from $500 per wellénators to post $25,000 to cover wells within a
Kentucky to $100,000 per well in Alaska. single state and $150,000 to cover all wells
Some states utilize other approaches: four  across the nation. We use a continuous and
states (Kansas, Louisiana, Texas, andWy
ming) calculate bond amounts in terofsid-
lars per foot of well depth, whereas NewX\e 15 For example, lllinois requires $1,500 in financial
co combines these approachéStates that assurances for wells less than 2,000 feet and $3,000 for

. wells deeper than 2,000 feet. We therefore choose
denote bond amounts in terms of dollars per $1,500 dollars for our analysis, because it is the lowest

possible value.

Map 3 displays the lowest possible blanket
nd anounts that states require operators to

16 california haglifferent blanket bond amounts based
on number of wells and whether the wells are also
covered by an idle well fee. The relevant amounts are:
$200,000 if there is no idle well fee and the operator has

14 Note that annual well fees can be paid in lieu of
bonds in Illinois and Kansas under certain
circumstances. Specifically, bonds in Illinois are only ) h : ’
required for certain operators (those in operatioeraft 20/ 50 wells; $400,000 if there is no idle well fee and
1991 and with poor compliance histories) (62 IAR 50+ wells; and, $2,000,000 with an idle well.
1.240.240.15000(a). In Kansas, regulators allow 17 For example, West Virginia has two different blanket
operators to pay three percent of the amount that woulthond amounts: $50,000 for conventional and $250,000
be paid under an individual or blanket bond as a non for horizontal wells. We therefore chose $50,000
refundable fee, in lieu of a bond (KAR 82.3.1¢0 because it is the lowest possible value.
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guantitative assessment incorporating lowest ment sets the lowest blanket bond amount
possible blanket bond amounts into our galc across states equal to 0 and the highest equal to

lation of dringency across states. This asses 1, normalizing all values in between.

MAP2. MINIMUM BONDINGREQUIREMENTS FONDIVIDUAIBONDS

Resources for the Future

* Some degree of regulator discretion
BLM Lands

** Lowest possible value given cutoffs based on
ber of wells, location, depth, or type of well

,‘;}
- i -

- Dollars per foot of well depth
[ Dotiar per well + dollars per foot of well depth

MAP3. MINIMUM BONDINGREQUIREMENTS FBRANKEBONDS

Resources for the Future

* Some degree of regulator discretion BLM Lands

**  Lowest possible value given cutoffs based on 4
ber of wells, location, depth, or type of well L

lj -

- Blanket bond amount ($ per group of wells)
D N/A - indicates no evidence of pertinent regulations found
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front deposit amounts. Irddition to the seven,

Kentucky requires a siace owner agreement

t o the o @eation planrardd sletarlseac |
States generally expect financial assuesn mediation process if the surface owner does not

to cover all stages of well decommissioning, agree, and Ohio requires liability insmice

including site restoration. Although separate coverage for proerty damagé8

plugging and site régration bonds may result

in higher aggregate levels of financial assu

ance, the motivation for separating the two is

not immediately clear. Four possible exg@an ?as devdelopmenlt. Ir; iltuatlons Wh%r%trﬁ sy
tions are (1) that site restoration costs have ace and mineral estates are owned by the same

greater heterogeneity and/or are less well u party, surface use and damage canaverd

derstood at the outset, so regulators want to in lease prE)V|IS|onsi_flndto:her comt?am:ea-
contain this variation in a separate instrument/ aN9eMENtS. In Spit estate casesyeawer, po-

: - tection for surface owners is not given special
and (2) that the time between plugging arsd re y ; g ?
(2) plugging consideration. Outside of the envirnental

toration is prone to either long gaps in which i ) :

risk of orphaning the well site is large, (3) thatProtection c_overed in regulations, the ordy r

contracting for sié restoration has a different course a"?".ab"? tsurface owners may be

supply curve than plugging and other welk-se postfacto litigation. Th_e surface _damage
reements we found in our review generally

vice contractors, and (4) that regulators want ¢ ¢ of tiation bet th
establish a distinct bond forfeiture and return 'c2-Ur€ SOmMe sort of negotiation between the
operator and surface owner prior to drilling,

process for site restoration in addition togslu dqi i hy o
ging. This latter explanation couddlow for a an tmf ?r(;me caies I'e agreer:ltfﬁ 1S Letcr|]uwe as
different process or set of parties (e.g., surfac art o permit application. ough the

ype of damages covered is not expounded on

owners) to be involved in bond foitere, or it . t detail f ¢ i de f
could create an incentive structure that creates 9"€at Gétail, irequent mention was mace tor

greater decommissioning cormoice but worse ;:Op Iorss r?wr Iro]tss of otrher surrkfatce l:se. Whethher
site restoration compliance. A final thought is € agreements cover nararket values (suc

that because multiple wells are often onra si as recreatlongl uses and noise) iknawn. The
gle well site, separate site rasttion bonds glegree to Wh'c.h sgrface o_lgmage agr;_nts

might better reflect the work flow of plugging :cncreases monitoring, verification, and-e
different wells at different times, and thes r orcement by either the regulator or through the

turning to site restoration at the end. surface owner is unknown butiis a preimg
area of further research.

Treatment of Site Reclamation in Bond
Amount

This is an interesting approach regarding
the local and distributional impacts of oil and

Surface Damage Agreements Statute of Limitations

Onepossible reason for having separate site
restoration bonds listed aba@vestablishing a
different process for bond foitare or return
that involves different parti@swas observed
in one novel policy arrangement we encou
tered during our review of stategrdations: the
use of surface damage agreents. These su
face damage agreements are intendedde pr
vide some form of accountaity to surface
owners in cases where thefaige and mineral _ _
estate may be severed. Seven states use surfa88® KAR 1:70(2.3, 3, 4); ORC 1509.07(A)
damage agreementbyee of which requireps

The transfer of avell from one operator to
another serves as a junction point of liability as
the new operator submits new financial assu
ance or assumes responsibility for existing f
nancial insurance. While states generally have
stipulations on notice to be provided bhe tray-
ulator and any involved financial parties at the
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time of this transfer, some stipulate speci li small, although as noted, these psians may
bility protection, extended periods for which exist outside of specific regulations.

original or previous well owners may continue
to be held responsible for plugging, or prov
sions establishg how far back through aver- Some states establish in regulations a lien
ship history states may go to find financially on oil and gas site equipment or resources, and
able previous operators to defray plugging  infrequently such a lien maye used as fina
costs. cial assurance. Some states also specify the
process by which they bid out state plugging
contracts and how salvage value of any pqui
ment (including casing) may factor into such
ayment. Use of liens or salvage valuess a
essed as a weéikancial assurance in oug+
view. Additionally, some lien policies allow
outside parties (particularly nearby surface

Liens on Equipment

We can think of these extended liability or
statute of limitations provisions as covering
two basic scenari@dsones in which theew
owner is nhoncompliant with plugging orders org
becomes financially insolvent, and ones in
which the previous owner had poor operating

practices or well problems that only became owners) to enter onto an orphaned or namco

apparent afterfa tln;]el delay_. \g/hh”etwte tnote tgepliant well site and plug a well and reclaim any
appearance ot such languagene statutes an salvage value. Some states require salvage o

rules we reviewed, such liability prions are erators to post their own financial assurance,

lt'.kely atls% CO\;erEdt conttr.actualllyelpveeﬁ ‘?{ﬁ presumably due to environmental risk that may
ies outside of systematic regulation by the 1+ from casing removal,

state. However, the regulations veriewed
typically featured strong discussion of bond Temporary Abandonment

transfer forfeiture, and release. Protens t0 el Idle Time

the state generally took the form of ensuring _ ) _

that the regulators are notified prior to transfer ~An idle well is one that is not currently

and that the new operator hastedsa new (or Producing oil or gas. Wells are not generally

adopted the previous) financial assurance. ~Permittedto remain idle indefinitely. Instead,

Some states (such as Indiuspedfy in greater after a certain period of time (which we refer to

detail that states may deny bond transferifth&@ S fiwel I i dl e timeo), ope

new operator has a bad credit or operatisg hi they can start producing again, tesrguily
tory or for other reasons. abandon the well, or decommission it. We h

o . pothesize that the longer a wadhnains idle
Extended liability provisions may be iy ¢ not properly decommissioned, the greater

beneficial in some cases, particularly for wellsiha odds that the well imposes @owmental
of an older vintag. Older wells, esially externalities.

those drilled before modern drilling and casing . .
standards were implemented, pose a greater  Of the 22 states in our survey, 19 impose
environmental risk and can result in greater limits on well idle time. Map# displays these
plugging costs. Additionally, older wells are values, which range from 1 month BLM _
more likely to have been transferred to other ands to up to 24 months in Arkansas and Ohio.
operators, and so measures that ensure that 1N map masks at least two comples. First,
these operators have some form offficial several states differentiate well idle times based
liability (as in liability provisions of the so ~ ©n certain categories of wellsespecially those
called Superfund law) may significantly defraythat are uncased, dry, or roommercial. Dry
fiscal costs for the state. The number of state@nd uncasd wells in partialar often have a

that stipulate extendethbility in regulations is Substantially shorter

www.rff.org | 28



Resources for the Future | Ho etal.

MAP4. MAXIMUMWELLDLETIME (INMONTH$

N/A - indicates no evidence of
pertinent regulations found

- No extensions allowed

Some form of extension
allowed

Resources for the Future

BLM Lands

g -

well idle time (e.qg., those in Arkansas, s,
and Louisiana}? Second, two states (Loigma
and Alaska) allow for operators to appdy
extensiond granting regulators a signiant
degree of discretion ev effective well idling
time 20

We use a continuous and quantitatige a
sessment when incorporating maximum well
idle time into our stringency calculation for
states. This assessmerisdBie longest max

Duration of Temporary Abandonment

When a well no longer produces at an-ec
nomical rate, an operator may choasstop
production but not to immediately deconsmi
sion the well (Richardson et al. 2013). This
well status is called temporary abandonment
and most states we survey allow wells to
achieve this status, which essentially allows
them to remain idle bétin manycase8
requires operators to take various measures to

mum well idle time across states equal to O amdduce the risk of that well imposing enviro
the shortest equal to 1, normalizing all valuesmental externalities (as discussed in later se

in between.

19 AR Rule B7.c; 62 IAC 1.240.240.1120; LAC
43:X1X8137.A.3.a

2020 AAC 25.115

tions). The prospect that a well may agagn b
come active (e.g., if oil or gas prices rise) is an
important moivation for states to allow for
temporary abandonment, as it is more costly
for a well to become reactivated after deco
missioning. At least one study, however, shows
that operators can use temporaryralmamment

to simply avoid decommissioning costs even i
the wells have very low future economic pote
tial (Muehlenbachs 2015). We again hypsth
size that the longer a well is not
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MAP5. DURATION OFEMPORARMBANDONMEN{IN MONTH3

Resources for the Future

g

BLM Lands

12
- No extensions allowed

D Limited extensions allowed

- Unlimited extensions

decommissioned, the greater the odds that it tensions seemingly without explicit ndgtor

imposes environental damages. discretion?2 The other ong¢hird of the states

and the BLM include explicit limits on the &bi

ity of regulators to authorize exisons, n-

cluding23

1 Arkansas: wells that have been idled for
over10 years are not eligible for exte

All of thestates we surveyregulate the
durationof temporary abandonment. M&p
displays these durations, which range from 6
months in Colorado and Texas to 300 months
in California. Of the 22 states that regulate the

duration of tempomy abandonmerstatus all sion. _

but New Mexico explicitly Bow for some Kansas: wells that have.b_een shut in for
form of extensiori! The extensions granted by ~ OVver 10 years are not eligible for exte
these 21 states can be categorized eithenasu _ S'ON-

limited or limited. About twethirds of these 1 Kentucky: operators can apply for one
states do not explicitly limit the number as-d extension that lasts two years.

ration of extensions that an operator cod r T North Dakota: operators can apply for
ceive for a well to stay in temporary abaneo one extension thdasts a single year.

ment; the majority of these states include some
kind of regulator discretion in approvingten-
sions. Some states (e.g., Louisianasdduri,
Montana, Nebraska, New ¥ig allow for -

22| AC 43:XIX§137.A.2; 10 CSR 5@.040(5); ARM
36.22.1240, ARM 36.22.1303; NAC Title 267 Chapter
3 040.01; 6 CCRVY 555.3.b; 6 CR-NY 555.2.a

23 AR Rule B5.h; 82 KAR 82.3.11.b; 805 KAR
21NMC §19.15.25.12 1:060(1); 43 NDAR 432-03-55; ORC 1509.062.E,.F
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{ Ohio: after three renewals of temporary some form of inspectio#f. The BLM and e-
abandonment status, the regulator may maining states with a formalized temporary
require a surety bond no greater than  abandonment process require some fornpef a
$10, 000 for each ofproval fioe the negulater.dnsourwiethid g
that has approved temporary abamdo  proval process is more stringent than ncaH
ment status. tion and less stringent than inspection.

1 BLM: wells can be temporarilgban-
doned for 12 months; operators ake a
lowed a limited extension that cannat e
ceed 12 months

The link between the level of requirement
for attaining temporary abandonment anb-su
sequent environmental or fiscal risk is net d
rect, but is an important mamnt for regulatory

We use a continuous and quantitatige a monitoring. Because temporary abandonment
sessment to incorporate the duration of temp Periods can extend for significant time during
rary abandonment into our stringency cageul Which operator and regulator monitoring of the
tion for states. This assessmsats the longest Site may decline, and because the envirarme
duration equal to 0 and the shortest duration tal risk posed by a well increases the longer it
equal to 1, normalizing all values in between. is idle,ensuring that the well is in good cond
We also use a binary and qualitative asses tion prior to temporary abandonment cae-pr
ment to incorporate extensions for temporary Vent serious hazards in the future. To incerp
abandonment into our stringency calculation rate this linkage between the approval process
for states. Tiis assessment assigns a 0 to stat@§'d environmental risk, we use a binary and

that allow for extensions (either limited ar-u  qualitative assessment into our sgency ck
limited) and a 1 for states that do not. culations. States that do not have expliciureg

lations or only require notification receive a 0,
whereas states that require approval or iaspe
tion receive a 1.

Requirements for Attaining Temporary Aba
donment Status

State regulators may impose three caeg  of the 22 states we survey, 12 contaio-pr

ries of requirements that operatonust visions that require opeias to show some
achieve before gaining temporary abamdent y,re ysefulness of wells that are temporarily
status: notification, approval, and/espection. p-doned before they are granted anneide

We characteri;e notification (i.e., requiring the(aS displayed iMap7). These provisions lé
operator to notify the regulator of temporary |, eyist at least in part, to protect against wells
abandonment status) as the least stringent a maining in a status of temporary aben-

inspection(i.e., requiring the perator to e- ment only for operators to avoid decmis-
ceive a positive confirmation from a gower  gjoning costs and without any intention ef r

ment inspector that the well is eligible formte \ming the wells to active status. We view
porary abandonment status) as the moststri yhaqe regulations as important for limiting the
gent. As displayed iMap 6, four states (Ind o\ ance of environmental impacts occurring,
ana, Louisiana, Montana, and Wyomingl\o o045 se the regulations helpilithe amount

require notification, whereas three statesnKa ¢ time an operator can delay decommissio
sas, Oklahoma, and Pennsylvania) require ing. However, we would need to

24N TR Section 6, 312 IAC 16-20.b; WY Rule
3.16.a; 82 KAR 82.3.11-b OAC 165:16011-9; 58 Pa.
Code §3214(a)
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MAPG. NOTIFICATIOMPPROVAIANDINSPECTIOREQUIREMENTS FORMPORARILABANDONERVELLS

D No explicit regulations or evidence found
[ Notification

- Approval

- Inspection

Resources for the Future

BLM Lands

MAP7. PRESENCE OFREQUIREIENT FORPERATORS T®IOWFUTURRJSEFULNESS OF

TEMPORARILABANDONERVELLS

E N/A - no evidence of pertinent regulations found
- Yes with a general clause
- Yes with some prescriptive requirements

Resources for the Future

BLM Lands
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review actual operator reports to assessithe r for receivirg temporarily abandoned

gor of statements of future usefulness, but that  status?®

is outside the Scope of this reseadtiihe ﬂ Montana: the operator must provide a

strength of these provisions varies widely by report descri banang t he o
stete, as displayed in the bullets below. Some time frame for returning to active status,

states contain a generic determination fromthe  pjugging, or convertig the well to other
regulator that the well has future usefulness, or  pyrposeg?

they require a plan that may include an-est q
mate of when a well will return to activesats.
Texas is a stringemtutlier. Some exmples

Ohio: a well must demonstrate future
utility, and the operator has to have a
viable plan to utilize the well within a

include: reasoable period of timél
' Alaska: the request for operation 1 Pennsylvania: an operator must present a
shutdown must provide a full plan for using the well witini a
justification, including a description of reasonable period of tinfé.

the proposed condition of the wellbore, q
approximate date when drilling will

resume, and a proposed program for
searing the well during shutdow#s.

Texas: a licensed geoscientist or
petroleum engineer must certify that a
well has future utility. That certification
must include, among other things;@st

I Colorado: usefulness must be shown calculation for decommissioning the well
annually during temporary abandonment  and a determination that the expert
status and when a requést extension reasonably expects the well to have
of temporary abandonment status is future economic valueiexcess of
submitted?’ decommission costs.

1 Louisiana and West Virginia: a well

. . We use a binary and gualitative assessment
must be clasfied as laving future y d

when incorporating whether regulatome-

ut?lity. 28. er economic viability in granting temporary
T Missouri, Nebraska, and New York: a  ahandonment into our stringency calculation
wel | must be det er is@esdA st thit do¥sthot Bofiskier Bc
f

cause showno or S Homit Viailityardtdivesh® afd a Statditifaf O

does so (either via a general clause or through
more prescriptive regements) receive a 1.

25Here and elsewhere throughout teport we Well Closure and Shu Requirements for
recommend increased monitoring, reporting, and Temporary Abandonment

verification efforts by regulators as a way to detect and Out of the 22 states we survey, only &2 r

respond to wells before large damage is caused. . t to ol ¢ |
However, we recognize that states may not be quire operators to place a temporary piug or

sufficiently resourced to provide this extra ahwement.
Given this, extra regulator involvement at the time of 29 _ )
temporary abandonment approval may be especially - 10 CSR 5€2.040(5); NAC Title 267 Chapter 3

beneficial by preventing problematic wells from 040.01; 6 CCRNY 555.3.b

becoming inactive. 30 ARM 36.22.1240; ARM 36.22.1303
2620 AAC 25.110.a.2 310ORC 1509.062.B.5

272 CCR1-319.b.1 3225 Pa. Code §78.102(4)

28 AC 43:XIX8137.A.3.b; WVC §226-19. 33 16 TAR 1.3.3.15,]
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MAP8. HUFIN REQUIREMENTS DURITEVIPORARABANDONMENT

otherwise prescribe well closure in temporary

abandonment statusiép 8). These 12 states
require that operators cap the surface of the
well (which would likely prevent air pollution
emissions), place plugs in the well (winic
would help prevent water pollution) or both.
Nearly all states require capping and mest r
quire plugging, with at least six states reung
both. Notably, Louisiana requires the same
plugging requirements for temporary aba
donment as it does for deconssioning a
welld with the exception of installing a gace
plug, a seemingly stringent regulati¥ilhe
states that do not require capping orgging
we judge to be at a higher risk for teongxily

The BLM rules contain a general clause
that operators must isolate perforations in an
acceptable manndosut do not offer any»lic-
it requirements.

We use a binary and qualitative assessment
when incorporating shiih requirements into
our stringency caldations for states. A state
that imposes any such requirements (i.e., plug,
cap, or both) receives a 1 while those that do
not receive a 0.

Well Integrity Testing

Out of the 22 states we survey, 18 require
well integrity tests before or dag the period
that a well has attained temporary abando

abandoned wells to cause environmentalrextement status. and we could not find evidence

nalities.

34 AC 43:XIX8137.H

that the remaining states in our survey impose
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http://www.mtrules.org/gateway/ruleno.asp?RN=36%2E22%2E1303




















































