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EpA will review the cementing logs to verif,v prcper cementi4g without voids between the czrsing

and the well bore that couldr provide a conduit for fluid movelprent. Also, the require,d

mechanical integnty test musf show that there are no internal lfailures in the tubing, ,casing or

packer installed within the,wgll befo,re injection operations tafe place. If new infonrnation

Lbtained from the completiicn report warrants changes to the fennit, EPA will modi1ry the permit

conditions as appropriate.

7) The long string casing shorrld be cemented b'ack to the surface. The unr:emented
5030 feet, could allorv fluidannular portion, extBnding;from 1250 feet to abou

movement between the formations. In addition, d ring the cementing process'

pressurized gases aqd lluidls from the injection fi ation could channelL upward

through the 2000 f'eeJ of cement and potentirally mi
portion of the casing and into a USDW.

te through the uncemented

The permit includes qonstrurltion requirements for iniection well that include the

installation of long string casling to il depth of 7,030 feet and

long string casing to appro:rimately 5,030 feet. The cement

is designed to seal and isolate the well to prevent fluid mo

Cement logs will confirm the adequacy of the cement job'

irculation of cement behind th,e
laced behind the long string caslng

t from the injection. formation.
y-Mar's proposed. well

construction meets EPA's regulatory requirements for Ciass

the UIC regulations at 40 C.F.R' $147.1955(bX5)' which we

of the USDWs.

I wells in Pennsylvania, found in
adopted to prevent endangerrnent

During the cementing process, the pressure ex':rted b

annulus at the bottom of the long string casing would be app
the column of cemenrt behind the
ximately 2200 pountj.s per sqwre
r pressure in the injr:rction

bre, fluids present in the injection

fomration would not overcoryle the pressttre exerted b'y the lumn of cement in the annulus

above and could not crsate channels upward into the cement

While the UIC regul4tions clo not require pressure itoring in the annular space b,ehind

inch (psi) based on the densiity of class A cement. Th'e resen

formation reported in the perimit application is 25 psi' There

the uncemented long string Qasing, the PADEP does require
This pressure is limited by PADEP not to exceed a specific I

monitorine at the weil head.
it based on the deptir of the

s)

uncemented portion of the long string casing' Such monito
movement of fluids between and into formations"

is intended to prevr:,nt the

The proposed injecfion well is located close to s

cause fluid migratiqn and seismic activity.

ral geologic faults anrd this could

As explained in the Statement of Basis, although EP must consider appro'priate

geological data on the injection ancl confining zones rvhen p

regulations for Class II wells do not require specific conside
itting Class I[ wells, the SDWA

ion of seismicity. urrlike the

SDWA regulations for Class I wells used for the injection o hazardous waste. See regulati,lns
.62(bX1 ) and 1 46.6tttf).for Class I hazardous waste injection wells at 40 C.F.R. $$ I

Nevertheless, EPA evalual"ed factors relevant to seismic acti ity such as the existence of any
for. seismic events in the area ofknown faults and/or fractures and a;ny history of. or potenti



the iniection well as discussed low arnd addressecl mone fullY in " Region 3 .framewo,rkJbr
updated Septembetr, 20 I 3' "

evaluat ing s e i smic Pot ent ial iaterclwith UIC C'lass II Perrnits,

An EPA report that I
Potential ImPacts of I
EPA UIC National Technical
procedure for assessing regi
procedure correlates any aree
information to assess the likr:l
formation with consideratiott
limit injection rate and vol

monitoring of injec,tion and rates,

Induced seismicitY

Under certain condit dislposal of fluidsi through injection wells has the potential t,c

trigger seismicitY. However, nducei1 seismicity associ.ated with brine injection is uncommon, as

s at injecticln-induced seismicity ("Minimizing and ltl[anaging

ismic,ity fr'm Class II Disposai Wells: A Practical Approach,"
rorkgrc,Lp, February- 5,:10151) provides a standard oprllalin*

t anJ tc,cat seismicity when reviewing permit applications. This

ismicity rvith past injection practices; evaluates geol'ogical

ood of activating any fa;ults; evaluates storage capacirly of the

fporosityandpermeability;includesoperationalpara'ffIeterstc'
*O tu limit operation a[ below fracture pressure; and requires

seisnrLicity ,often are not preseff. Seismic activity indfuced by

only where ali of the following conditions are present: (1) th'ore

of rinr*; (ll) the fluid i4jected 
-has 

a path of c'mmunication t. the

l1r\lthorGh there are approximately 30,000 Class Ii-D

rting in the lJnited Stat,es, only a few oi these weLls have beert

"urtti.1*t.r; 
of signihcance an{ none of these earthquakes' wb'ich

rsed iirjected fluids to flow into or contaminate a USI-'W'

t in a receiving formation potentially creates a more vulnerabie'

event. A fault is a liacture or a crack in the rocks that make up the

lacement has occunred. where a fault is present near an injection

Ition can trigger seismioity wlrren the pore pressure ftlressure of

rface rocks) in tne fir.ma$ion increases to such levels ars to

that keeps ihe fault stable. Porq pressure increases with increases

cted fluid. .fhus, the probability of triggering a significant seismtc

the injection fluid reaches an agtive fault, increases with the

rjectecl. ln addition, the larger the volume injected ovr:r-time' 1'he

iersected, because the ftruid willl travel farther within a formation.

fault, frictirrnal forces that havp been maintained within that fiault

,t high enough pofe pressure, the reduction in frictiorrai forces can

alonq the lault line. resrulting in a seismic event'

fault; and (3) the Pressure by the fluid is high ernough and lasts long.enough toallow

movement along the fault li
National

conditions neeessary to trl
Class II welis is likelY to occ
is a fault in a near-failure sta

Academy Press, 2$13, at P' 1

wastewater disPosal wells
documented to have trrgge
the Region is awale of, has

The presence of a fau

condition for a future seismi
Earth's crust, along which di

site, scientists believe that i
fluid in the pores of the su
overcome the frictionai fo
in the volume and rate of irrj
event due to injection,
volume and the rate of fluid
more likely a fault could be:

When injected fluid reaches
can be reduced bY'the fluid.
result in the formation shilli

Because increases in
on existing faults and Provi
induced seismicitY are in
pressure or volurne of fluid

t The EPA UIC Technical Work p firratized this report on Frebruary 5, 201 5 at EPA Headquarli:rs

lre pressure due to the rate and the volume of injecterd fluid can act

a me,;hanir;m for induced seisrnicity, most examples ,cf injection-

rs where the receiving formation has low permeabilit)' andror t.he

rjectedi over time is quite large. Formations such as crystalline



formrations of igneous or rock that underlie

Iayers of sedimentarY rock)

fluid can flow through the 1
flow easilY through the Pores rn

fractures or faults in the rock (st

hish transmissivitY and low st

,ulr", fluid moves farther and

Because of the high transmissi

to induce Pore Pressure

Faults near the ProPosed

The UIC regulations at

basement rock (deePer geo

ffansmissive faults, allow

transmissive faults, on the ot

alone the fault and into anol

to cJnduct fluids, but rather

open faults are not Present wi

The aPPlicant submi

biliiy is the ease with rvhich a

iiityis low, injected fl rrid.cannotvery low PermeabilitY' lPerrne

in a rock laYer. Where
is ro,;k and therefore flow is o iented mainiY througir existing;

nds of rock formationLrs have

Lation cannot store a l'ot of fluirl;

W and low storativitY of these

r at considerable distanc(3s aw

:rore porous formation s'

nds of rocks, the Pote'ntial exists

from the injection well'

rnciarry Permeabili.tY)' llhese t

ivitv. This means that the for

", 
in these formations than in

sited in such a fashion that the

confining zone that is free of I

0 C.F.R' $ 146'22 require that

iniect into a formation vrhich i

Lown 0p911 fauits or fractures w

to mo've along the fault and bet

hand, act as a barrier which

formrrtion across the fault' l

barriers, the UIC Class II requi

rin the area an injection operatl

and EPA reviewed , geologic

which appear to be located ab

anv/H unteisvil le Cherr receivir
' 'cation sho:d in the Permlt appll

south of the ProPosed well in

d by drilling records included
subrnitted bY SammY-N{ar wh

nsmirssive. These non-transmi

lural gas to be fullY contained

he present' Other gas Productl
ir well is located were Plugged

2AA47 was documented as a o

v after comPletion' This' gas u

rt of ttre Hurrtersville Cht:rVOri

rtural gas and formation fluids

natura[ gas and Produceil wate

i new Class II injecti'on wells be

seoarated from anY LJISDW bY a

hin the AOR. 0Pen frrults' or

formations' Non-

ents focus on ensuring that

could influence.

infbrmation indicatirrg the

,ld prevent movement of fluid'

uu. not all faults act as a channel

nrobable Presence of two faul

injection well site, in the Oris

seologic cross sectlons Provl
Th, pi"t.nt* of the fault to-t

receiving formation is confi

addition, a seismic survey

faults are lscalized and non-t

confinement which enab I ed

area from the I 950s through

zone in which the SammY-

ut one-quarter mile fiom the

, fo.*u,ion. Drilling rrecords alxd

i ai*ptut"*ent of the 
'bedrock'

he OriskanY/Huntersvj lle Chert

in the Permit aPPlicalion' In

ch appears to indicate rthat both

iu"'fodtt Provide the structural
t 7 ̂ L ̂ - --^ r ' ' ,-^; f inrn I

uitttin. and jater produr;ed from this

n wells drilled outsider the t'ault

lack of Production' For examPle

hole andwas actual|'Y Plugge'd
il production history hielPs to -
,anv formation created by the flauits
,ithin the immediate fault block

along or across the faults is not

fluid that is injected into the

J to the deeP Precannbrian

ent rock is aPProxirrratelY 9,1i00

sas production well API# 03

InO uU*aoned in 1959 shor

illustrate that the di

established confinement of

structure and that fluid flow

evident. Because ofthe no transmissive nature of th'e fau

Huntersville formation at the ProPosed injecion well location shor"rld be contrned

within the fault block'

No geologic evi indi.cates that these farrlts ex

this l,rcation, Precambrian
ion zlone.

crystalline basement to:f ' ]
feet below the ProPoseo tn;

These non- ive faults discussed above OriskanYlHuntersvilk: Chen



formation do not extend to the face. This can be seen bY re iewing the results of aL seismic

survey submitted with the pe
faults extending uPward'

t application which doers not s w displacement caused bY the:se

The United States Geo Srurvey {USGS) tracks' and maps faults and
s. The USGS monitors several

earthquake ePicenters in

active seismometers iocated i

USGS as well as the PennsYlv

DCNR) which includes the

organization that conducts

extremelY rare. Earthquakes

of seismic events that had the

form of seismic waves- This

geology, than what is Prol
from this area were felt in

r urrat throughout the Urrited S

Clearfield CountY in the vicini of the proposed rvell. The

and Natltral Resources (PA

c Survey, the PrinciPrll
ic research in PennsYlvania, ve not recorded anY seismic

ia Depanment of Cons'ervati
au of TopograPhic and Geol

activity that has originated in learfi:ld CountY.

Although the USGS recorded seismic events in Cl ld County, such events ar<:

origirrs in other Parts of'the

Clearheld CountY is not I in a seismicallY active area

surface geologic faults I within one-quarter mile of the

the area will not be imPacted the injection oPeratiorL beca

injection formation. The PA website
has an interactive seismicitY

map and catalog of all seismic events in or near ylvania ftom 1724 to' Present'

During an earthquak energy is radiated awaY from tJ

rnergy causes the grouncl to Tlo

have been recorded, as well felt in the area, werar the result
or outside of the stal.e's borders'
although there are a couPle sub-

njection well site, theiLr presence in

,e they do not Penetralr: the

I hypocenter of the farult in the

e as the seismic wav€]s travei etway

isplacement occurrecldue to the

shake a large distance'awaY from

istory of seismicity that originates
prouid" information a bout potenti al

y from Youngstowrr, including
ic setting in Clearfield CountY or

from the fault' Seismic eve that irave been felt in Clearfi County are seismic'waves thiit

were transmitted through the k from the hYPocenter o a seismic event that originated

elsewhere, Seismic events vids information about the
. The distance thal: the seismlc

ich originate elsewhere do not

even if these events wele felt t
geology of Ciearfield Count

waves travel is not indicati of the extent of the fault where

earthquake. Although seism waves can cause the ground
occuned does not e:lltend

the hypocenter ofthe , th.e fault where di

everywhere where the x,as felt. For this reason'

in areas other than the locati of ttre iniection weil does not

faults or formation at the location of the well' For ple, in the case o{'the Northstar

l'injection well in Youngst
injection into Precambrian

, Ohiio, the earthquake is beli to have been genr:rated bY

line bedrock, a deePer ving formation, with ,Jifferent

for the SammY-Mar u'ell' seismic waves radiating awa'Y

ionsi at significant distances

western PennsYlv ania, but have no relevancY to tne geo

at the Sammy-Mat location'

Factors af,ectingJluid mis'sion and Pore Pressure

Research indicates conlinuotls very high rates o

geologic formation can c e to the PossibllitY of set

the Sammy-Mar Permit develcped to Prevent over- rization of the injection fomiation'

injection or over-presiiunzatlon oI a

c activity, Conditions includerl in



ThepermitlimitsthesurfaceinjFctionpressureduringtheinject
the bottom-hole injection p"tt*pt to 61194 psi' The tql'': il]:

hole injection pressure iimits wdre calculated to ensure th,at, d

"ot 
piopug*e existing fractures pr create ne* 

fl-:tT:-:;*1:
r"il"fv plevents thelropagatidn of.fractures that could becom

*ov"*"* irrto USOWT Uuitttut could also serve as conduits fo

injection zone to known or unkriown faults'

The Sammy-Mar permit will also require a yearly press

therateoffluidandvolumeinjectedisincreasedoveralrredett
;iJ;"it stopped. The top-hole pressure is monitored during

i'ii"'ii"" is stopped. tne rit -off testirrg *til"':.1:l::1.::,f 
:t:

;#;ffi"ffoilio", as well as the .flow conditions rhat the i

a.rritg the injection operation' Analyzring. n::-t:,1tY::,::i
prefeiential flo* pattern exists and asr;ist in determining whet

;;*".d or coming into contact with the nearby faults'

A significant volume of gas arrd brine has alread'y been

injection reservoir during previous e1s r1od11ti:l ?1T?l,",lt I
Cirertloriskany formatiJn receptive for the disposal of fluid'

iorrnu,ion, the intended injection zone' has been a prolitic.pt

since the late 1950s/eartyilOOs' Literature' as discussed bel

accumulation of gas theie is related to the fault system in the

has not been observed between fault:zones' Evidence fi'om 1

pepEp Office of Oil and Gas Mana;lement' Oil and Gas Re

nroduction wells located within the Clriskany fault structure''

pro po sed, have p ro duc ed si gn i fi canU y g:t dt;t 
",: lli:1 :-: "T

ias'production wells located outside of this fault structtre.

brine from the natural pore spaces that exist in a formation

(reservoir pressure) and creates available st13ee 131ility".

can mune eicellent disposal zones, because in those carses' F

original tevels, or in some cases, Tar nolintt:i::-1.11d"'
fluid injected compared to the vohnne of fluid extracted'

One commenter states that iinle brine has been ren

during gas production and that therefore there i: 
""] T:il

Ultim;ly;the storage capacity of a receiving formatiol.*ilt

well's operating pr".rur*.' This particular injection 
Ytl l:,t3

prrrr*.'**oUlistred in the p"ttnit for the well' See Part III'B

ir.r r*. buildup oc c urs q ui cklv 9111 i"q. oq:titf-t::: ]]:.lii?:i
;;#;;itrrJni"..ion well will belimited by the eritabli

2 The PA DEP Office of oil and Gas Manargement, oil and cas lteport

www.paoilandgasreportin g'state'pa' us'

ins reservoirs with a history of'gas

fh-e National Academt'of Sciences
*i ol production good candidates fior the disposal of {luids'

o.r eoicmiritw Pote.nfial in Enerey Tellx ies (2013) indicates that wfrere
Report entitled Ind!rced Selsr4tctty rof,qnllar Hl Drrplr{J rvv'r

h"iJt are injected into sites such as depleted oil' gas or geot

operations to 2598 Psi and

ion pressure and the bottom-
g operation, the injecl"ion will

: pressures may not reach theii:

the relativelY small volume oi'

nation. Limiting the Pressure
ootential channels for fluid
fluids to travel from the

fall-off test. During, the test.

ined time Period, anrl then the

ive injection and aii;er
nining injection reservolr
ection formation will exhibit
lp determine whether a

that flow could be moving

from the Proposed

of natural gas in llhis area

, documents that the
iskany, because gas rnigration
production records from,the
ing Website2 indicates that gas

the injection well is

the formation's Pore Presstlre

reservoirs, these lreservoirs

aking the Huntersvillt:
re Huntersville CherV tOriskanl'

I gas and Produced lvater than -
removal of both natuml gas and

from the receiving lrormatiorl
space for the injected tluid'

be determined bY the rinjection
ited bv the maximum injectiorL

4 of the permit. Therefore, if

of timited storage c;rPacitY, the

maximum inj ection Pressure'

Website is a public website located at

i 0



ft atff*t signihcantlY from the .^"3"i".iift" 
tvidence i':ndicates that

$:ru""::H#ffi'. #;i"""1hi*: orthe injection w'l

nroposed sammy-r*i ii:""lon operation as discussecl abov

ieismic activitv i' JJlil;il;;:i:i":*:T: *:*::l#i:
rJr,,r't* volume and rate of

*i-ftfu, well contrasts greatly with
seismic acuvlty ," "'"r:il;;.rr*.. In these aspects the
iniection, and the injt

the wells in the k""; ;;;; of induced-seismicitv'

The "Preliminary'Report on the'Northstarl Class II I

Events in Yo un gsto#'di{4:l ":::l^}:ttf ffi lj}iEvents m Youngsru:*tl 

""it"rtt 
associatedwith the injecti

ilfJfTs..f',#ffi:;JilJ"J*ne into contact with a fa

Precambrianb"-"*';;;;;;lfi;:{':*J}TTilTLl:

The public brought to EPA's attention recent seismic t

rexas, okiahoma, w "'i v i' einl " T!:. f-:1T:: f'lt ffi ;; gfr
Texas, oKl4noma, w esl Y *brir'E ---- 

:tion activitier;. EP.
;fl"td; produced from-oil ar1d s*:l:T?:
evidencertut*"ppo'i';;+*igi:::1*?:,t,;';1":*fJ;svidence that suppon;r'J#T,;il., 

"unr.q*r.es 
occurred in

ffi :H';:if #iJ;;;;"--r'';ivi'r"*"lt**i:,::i#;1

i:::H1fr'ffiffi;:J"*; io"' n"a'ablitv F1*id inj
essentiarlvt'un'*ittJd';;;!itY{:*:,:;:::'T;T*li
fffI'itl1"ilf i,il'litt'd' ; fi ;i;;; i" :o-"' thro u gh ro ck )
the se kinds o t'o"tt'' it' " ***':"r' 

--. i:l : :", :::i:"J :il Athese kinds or rosKs' 'd;";;;; 
a fat''lt' it allows.theti-cr

iniection well' Once

thereby ailowing'f'* 'o"t* to slip' leading to seismic actlvr

In contrast, the injection-zone for tttt paSrm:f^-'f1

Cherdorisk-vfo*uti*'.asedirnentayl:::":f f #:;;
lil#'Tfffr il#i;; ;;a greater interconne cti on or th at

tnLthecrystallineuJa""r'lir':"1*:::1t:,?*11'3i1:ffiff ffi a;':::l**:*';;1il',1l;?ii1li
crystalline basement - -^a ;*i^rti^. r.,"mation tlPen
;Hf ffi ffil#il; ;;;;;;J i n j e ct i o-n ro rmat ion t(P enn

Georogy open nile dffi tl;:qi^:t,t* t::i:",1ffil'li;
Geology (J.psrr rus,l.."v"^ 

rermeability (tht
more r-eaAiiv store injected nu1{ ano t111 

1
between the grains #ffi ir u'i::Y?: i:, l}'::"i*'if:

Regarding the seismic event in Texas' a sludy

e pressure needed to inject flu.ids

*i , if such Pressurt l."1h:t 
tl"

oitto* long the well has been

.'rrir" is liriited, the result u'ill

of the ProPosed UIC Permit'

ents that have occurred in Ohio'

'*J * the underground injection

recognizes that there is strong

;i;e;h" trigger that led to these

o"utiont where there rrere no

;e seismic events, sPeoificallY the

ection Wetl and the lii-eismic

Rluour""t, March' 2012" 'bas

of fluid in the Nortlnstar t

lt system located in d''leP

i"*t.a beneath the sidimentatY

ii-"t-ot uffine bas::rnent f:f,::
unJiointt. Becarrse "ltlt: 

hi?h

*inl"tuf ability to iitore fluids in

iderable distances firom the

il;;;tthat exist to be reduced

rjection well is. the Hrrntersville

Lo*", Devonian age' which tras a

n. ,pu.. throughout the formatton

;"i';;;; is iocated "? f*::
i'ili;;il;*ii'it'lrhe Precambrian
J" *"iLit located aPProximatelY,

ir"ti" c."rogic Survi:y - General .--
t"ilorirt unf fbrmalion the rock will

available interconnected sPace

n the rock structure will allow a 
Tore

ucted at the UniversitY of Texas at

;;;**;the geologi'o setting and

v ey oi rrcr1J':1'l:*::,:l:T#:lT"'ffiI"ffi ;ff'ff il;*;;ghout'1' l:Toion 
lror t

reservoir characterii":;flh; pt"ry:di:f:t:n5tl
. i"iltii"t will not oc'r:ur withi:n' or

:"#fiil."":ffiHl ;;; tt'1 eyr"'"d s ammv- Miav
flow into, the deeper necamuiian crystalline rocks'



Austin's Institute for Geophydics (Proceedings from NtLtional y of Sciences, August,

2A12), indicates that the seisnlic acti''rity was likely triggered I

that was injected in a relativelf short period of time. Approxi

month had been injected dow$ a disprosal well since 20t06' Tl

the significant volurtre of fluid
Iy 150,000 barrels; of fluid per

equals approximately

75,600,000 gallons of fluid inJected '1earl| for about a live
Mar infection well will be limlited to a maximum of 30,000

period. The proposeid SammY-
ls oer month. one-fi1lh the

monthly limit of the Texas w$11. Rer;earchers studying the ci umstances that led to t;he seismic
urization of a nearby liault afterevents in both Oklahoma and Arkansas beiieve that over-pres

the iniection zone, and came into cotrtact with a fault ("Scien ". Volume 335, March 23,7012).

It is believed that the reduc.tion of the frictional stress i:n the ults led to slippage along the faults
USGS and Oklahoma GeologjLc(From the journal "Geology", co-authored by resedrchers wit

Survey, March 3,2013).

In Braxton, West Virginia, tltere is no definitivr: evi unlike the evidenr:e produced

for Youngstown, Ohio, that concludes injection was responsile for the seismicity in. the area.

However. information obtained from the West Virginia ment of Environmental Protec,tion

seems to indicate that when the injer;tion rate, and later the in ion volume, wsre reduced in the

injection well, seismic activity in the area ceased. The geolo

completed is also different from the geology of the proposed
where this injection well was;

y-Mar injection'well. The

injection well in West Virginia is drilled into the Marcellus S le, which has low permeabilitY.

The last recorded seismic event in the Braxton, West \i irgini area, was recorded in ifanuary,
micity continues to oPerate.2012; the injection well that was susipected of causing the sei

Several commentcrs also mentioned synclinal and anticlinal

the proposed well, Synclines and anticlines refer to folds in

hills and valleys. These synclines and anticlines also occur i

atures in the geology of the area of
logical layers simila.r to surface

n well. The specific syncline in

years of injection may have led to th,e seismicity' Similar to

fluid migrated into Precambrian rocl,:s, which in the cai;e of t

bearing on the faults located in the atrea of the proposed injec
question, the Caledonia Syncline, trravels through Indiana Co

happened in Ohio, injected
wells were found iust belorv

the subsurface but thev have no

ty, located directly aiCjacent to
uld not impact injectlion fluidClearfield County. The synclines and anticlines in the area

ll be drilled to a depth of over'/,000movement because they are shallow and the injection'well
feet, and not in communication wittr these surf'ace features.

9) Endangerment of USDWs due to earthquakes

Of the hundreds of thousands of iniection wellrs ope ing in the United States, EPA ls not

aware of any case where a seismic €tvent caused an injection

inquiry through EPA regional offices did not reveal any rep(
ll to contaminate a IIJSDW. An
of earthquakes havi:ng affecl.ed

the integrity of injection wells in thr; cases of induced'seismiity in Ohio, Texas, Olkrlahoma"

West Virginia or Arkansas. A number of'factors help to pre

seismic event and contributing to the contamination o;f a US
ent injection wells frorn failing;in a
W. Most deep injecti,on wells, that

are classified as Class i or Class II injection wells are con cted to withstand significant

amounts of pressure. They are typi,cally constructed with m

cemented in place. The casing in these wells is designed to
iple strings of steel cilsing that are

ithstand both significant interrral

1 a
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and extemal pressure. The American Petoleum l.nstitute (AFI) (see www.api.orq) and oil and

gas service compmies such as Halliburton Services (see Halliibu(on Cementing Tabies, 1980)'

have developed industry standards fbr casing and cementing wells. f)rillers are required to

follow these standards.

Similarly, the proposed Sam.my-N{ar injection well, under the terms of the trlermit will be

constructed with rnultiple strings of steel casing c,eme:nted in placr:. Furthermore, t.he propo:;ed

Sammy-Mar injection well will be required under the permit to be mechanically teiited to ensure

integriiy belbre it is operated and will be continuousl)'monitored during operation to ensure'that

mec-hanical inregrity ii maintained. This mechanical i:ntegrity tesrling is required by the UICI

regulations for all brine injection w,:ils. If a seisrnic event wEre to occur that affeclild the

of,eration and mechanical integrity of the Sammy-Mar injection well, the well will lbe designed

to automatically i[etect a failure due to pressure changes in the well amulus between the lonLg

string casing and the injection tubinLg" and this would cause the wsll to automatical[.v stop

injection. See Parit ll.C.2 of the Permit.

l0) Comments questioned whele the confining zone(s) were located and thc ndequacy of

the confiningzane above the injer;tion:zone.

The confining zone is definecl as a geolog;ic fbrmation, group of formations or part of a

formation that is ,rupubl" of limiting fluicl movement above an injection zone. 40 C: F.R. $ I 46.3.

Formations with Low porosity and permeability, limit fluid flom passing through it. A series' of

low permeability shale and limestone formations are located abot'e the receiving fcrrmation and

sepa-rate that formation from the lo,arermost IJSDW. 
'Ihe 

Salnmy-Mar application indicates a

confining layer inrmediately above the injection zone, the Otr"rondilga Limestone fo:rmation that

will serve as an irritial confining fotmatiern. The Onondaga l-imestone formation is

approximateiy l2 feet thick in the area olf the injectiorr well flccording to specific info in the

permit application. This thickness, is sullficient to prevent ttle movernent of injected fluid into

rlutto*"igeologic formations since fracturing is not permit{ed irL the injection fonination during

injection. In addition, the Hamilton Group and Tully limestone, geologic formation above the

Onondaga will serve as additional confirring formations preventing fluid movement upwar<l

toward the USDWs. The HamiltanLgroup consisting of medium gray shale directly overlays the

Onondaga limestone and has a thiclkness of approximatel,v 500 feet. Directly above the Hamilton

group is the Tull1, Limestone Formation, a hard, dark limestene approximately 10C) feet thick'

Cumulatively these formations pro.uide confinement Ibr a{l injected fluids, as they did for

previous natural gas within the Huntersville Chert formatiorl.

The prop,osed Sammy-Mar injection well 4 %inch long sl.ring casing will bre cemented

from the interval beginning above the Turlly limestons through the Tully, Hamilton, and

Onondaga limest,cne to the injection forry,ration, preventing fluid rnovement above those

formations.

Several commenters expressed concem that fiacturing of the Marceilus gas production

wells in the area ,;ould have introduced fractures in thLe conflning zone within the arrea of re'view.

While there are several Marcellus gas prrcduction wells completerC within a one mile radius of the

l 3



Region 3 framen{ork for evaturnting seismic potential

I

Scientists have lonig recogpized that human ac1.ivitie,s. such

reservoirs, mining pnd oil and gars production, can trigger s
felt by humans. Uirder ce4tain co,nditions, disposal ,cf fluidfelt by humans. Uirder ce4tain co,nditions, disposal ,cf fluic
poti:ntial to caus€ $uman-inducecl seismicity. However, in
iniection is uncomfnon, as additional conditions neoessary

with UIC Class II permits

as construction of dan:rs and water

ismic events, includinig those that are
thrr:ugh injection wells has the
uced seismicity assoc;iated with fluid

cause seismici ty o{ ien are not

to occur only where all of the
r-failure state of stress; (2) the fluid
) pressure exerted by the fluid is high
fault line. In the United Staters, EPA

njection well-induced seism icity,
n wells in operation. ,[nduced

y Press .2A13,  at  p .  l0-11

creates a more vulnerilble condition

icity, most examples of injection-
ion has low permeability and/or the
. Formations such as crystallirre
metamorphic rock that underly layers
ility is the ease with 'which a fluid
the case of the NorthLstar 1 iniection
permeability, crystalline bedrock.

injection is uncomfnon, as additional conditions neoessary
present. Seismic aptivity ]nduced by Class II rvells is likel

following conditiops are qresent: (1) there is a faultl in a nfollowing conditiops are qresent: (1) there is a faultl in a n
injected has a pathiof communication to the fault; arnd (3) I

enough and lasts lqng enopelr to cause movement along th
Region III is awar{ of fewer thani l0 documented cines of

compared to more ithan 30,000 wastewater disposal injecti

the rocks that make up the Earth's
hquake, energy is radiated awaY

is causes the ground to move as the
force of an earthquake, seismic

The United States Geological Survey (USGS) track-s, rec
It far from where the fault is located.
s and maps earthqua,lle epicenters
areas where not rnur:rh seismic
ion about seismic er'vents

the pore pressure (pres;sure of ljuid in
to such levels as to overcomi: the

friction force that f,eeps a fault stable' Pore pressure i with increases in the volume and

rate of injected fluid. Thus, the probability of triggering a significant seismic evrent during
with the volurne and rate of

ver time (rate of injeclion), the more
I farther within a fcrrmation. When
maintained within tliat fault can be

uction in frictional forces can cause

rate and volume ot'the fluids injected limits the potential
j

ric event. 
'fherefore,., 

limiting the
seismici ty.

lume of injected fluid can acl on

for,afuture seismii event. A fault is a fracture or a crack i

crust, along whichldisplacement has occurred. During an

from the area of thi: fault in the ftrrm of seismic wa'ves. Tl

seismic waves trarlel away from the fault. Depending on t

wa\/es can travel lir away from the epicenter. irnd tlhus be

Because increases lin pore pressure due to the rate ancl the
exis;ting fautts andiprovide a mechanism for induced seisr
induced seismicityiare in cases vrhere the receiving ftrrrna

Seismicity PotentiQl in Energy T<zchnologies, l'lational Ac

i
The presence of a.fault in a receiving fbrmation potentiall

pre$sure or volumtiof fluid injected over time is quitc larg

basr:ment rock (depper geologicerl formations of igneous o

of sedirnentary ro$<), have very low permeability. Permer
can flow through tfre pores in a rock layer. For example, i
well in Youngstou{n, Ohio, injection occurred into very lo

and faults in ce*aiir areas throughout the Uni*:d Stiatt:s. F

activity has occurpd, the USGS may not have much infr

originating or faul{s located in those areas.
i



is loul, injected fluid cannot flow easil
ted inainly through existing fr

e high]transmissivity and low storabili
fluid: rather tluid m0y0s farther: and fif fluid; rathcr tluid moves farther: and f
Beca{se of the high transnrissil'ity anr
exists [o induce pore pressure inrcrease
Injectiin into a more perrneable sedim

Where permeabili
therefore flow is
rock formations
cannot $tore a lOt
porous
rocks, the potentia
the injection well.

through the pores in this rock and
or faults in the rock. 

'fhese 
kinds of

. This means that the formation
r in these formationLs than in more

low storativity of thesi,e kinds of
at considerable distarrces awalr flsm

ntary formation is mu,;rh less likely to

isting fault. In order to induce
to be great enough to create or

neach the fault and seoond would have
al forces in, and thereby destabilize,

will take place whereby the
to fracture the formation and
s shut-in pressure is tlhe minimum
ring the hydraulic fracturing process.

. The Reeion uses instantaneous

, thereby preventing rlhe fracturing of

induce seismicitV. j

Because of the lik{lihooO of grearter permeability and the

into for'mations wiih a significant history of oil and gas p
uction in pore pressure, injecting
ction is unlikely to oause

seismicity. The prpductiqn of oil and gas, with the accom ying brine producerl during such

operations, results iin ttre rpmoval of large amounts of'flui from the fbrmation. 
'lhat means there

has been a ing decrearse in pore pressure in the brmation. If injection occurs into

these depleted oirs, pore pr€ssure may not reach the iginal levels, or in some cases, may

not increase at all due to the relative volumes of injection us extraction. F'or this same

reason, injection f{r the purpose ofenhanced recovery h very low potential to induce

seismicity. In cases there ir; little total change in fi tion pressure as the i;njection fluid

replaces the of oil and gas extracted. r\lso, irt ations with a long-tenn historl'of oil

and gas produc more information is generally availa e about the geology o1 the formation,

suclias well drillir{g records that can provide infonnation bout injection and extraction rates and

distrrlacement of glologic formations (which could be indi ive of faults).

Further, historY o as well es cun'ently active, injecti for disposal and enhanced reoovery

wells (as opposed production wells) into a formartion w t induced seismicity is also

supponmg evl that seismic,ity is unlikely, eithrer no faults are presernt or because

increases in ion pore pressure due to injection havenot caused sufficient pressure changes

for:movement to

dec;ldes into a fo
r along the fault. For examPle, that ive injection has be,on occurring for

ation without triggering a s'eismic eve t indicates that the formation has high

penneability and t
rates.

fotmation pore pressure is not very ive to injection at the existing

Finally, to minimi{e conduits fon fluid to potentially oont inate underground sources of

drinrking water (U$DWs), operating conditions in arn inj ion well permit can expressly limit the

rock) of the injection zrone. Limitinginjection pressure io prevent fracturing (or cracking oft
ting fractures that alsrr could act asinjection pressure provides the s,econdary benefit of prev

conduits through vi,hich fluid could flow and act up,on an

seismicity, pressurp from the fluid injection first wrruld ha

reopen fractures thpt would act as conduits for the jFluid to
to eKert enough pr{ssure and flo'w to overcome the frictiol
the fault. During tire constructic'n of a well, a completion
opejrator obtains d{ta on the amo,unt of pressure neoerisary
determine the inst4ntaneous shut- in pressure. [n stantaneo
presisur€ necessary to begin to re-open fractures crerated dt

This pressure is si$nificantly lovrer than the fracture press

shut-in pressure asja basis to establish the injection pressu



the r:eceiving UiC permits.

In a'ddition to ut injection-induced seismicity,there have been questii,ons raised as to
the rslevance of smicitv to injection well permit

views available USGS informat
ng. When reviewing permit
on on seismic activity at the iocation

of the well. As ibed e, knowledge o1'seismic ev ts that originated in the vicinity of
the proposed well forma.tive about whether faults ist in that location. I{owever.
alth,rugh felt rniles from thr:ir epric;en earthquakes are not irrrdicative of
faults in all the they are registered" Thus ea uakes originating mil['os away frorn

applications, the R gion

standards devel
like Halibu*on

b e i
can
whe

by thp Amenican Petroleum institute
ices, to withstand significant intemal

API) and oil field serv ice companies,
nd extemal pressure. iliee API website
iburton Services, 198[), for the

the proposed well do not provide informatiort t faults at the location for the
proposed well.

Of the hundreds oflth of iLnjection wells operating the United States, EIr'A is not awirre
ng or induced, cause,cl an injection
studies that have been done

of any case where I seismic event, whether naturall'y ,lccu
well to contaminatb an USDW. I:IPA is also unawal'e of a
specifically to ine whether injection wells have contamination of a USDW durins

a seismic event. akes affecting wells irn the cases of
. The Reeion consulted with other

contamination from in iection wells

due to an

A number of facto{s help {o prev,eot injection wells from ilins as a result of a seismic event and

contribtrting to the
classifiod as Class
ofpressure. They

ination of a USDW. Most deepinjection wells, those that are

or Class II inljection wells, are oon to withstand signilicant amourlts

typlcally constructed wit;h muitiple strings of casings 1!hat are
ed, using casing and cement

, injection well permits require
and many are continuously

s maintained. Iniection wells can be

designed to automitically shut in and cease operating if a ismic event occurs thrat affects the

openation and ical integrity of the well.

For a more extensi discussion on injection-induced sei icity, see the report by the National

Academy of Sci Induced Sieismicity Potential' in E' Technologies, National AcademY

Pre$s, 2013 , in icular Chapters 2 and 3. See also ,4 te Paper Summarizirt,g a Special

Session on Seism'icitv. Ciround Water Researr;h & Education Foundation, February 2013;

Pretliminory on the Northstarl Class II Iniection ll and the Seismic Evemts in

Youngstcwn, Ohio rea,Ahio Department of NaturalR urces, March 2A12; Final Repart and

Workshop on Induced Seismicity Due Fluid Ini ection/Procluction From

Energy-Related lications, LaLwrence Berkeley l.lati Laboratory, Februarl' 4, 2012;
', Earth, April l7,70liL."Munaging the sei ic risk posed by wastewaler dlsposal


