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Sin c e 2003 when  Pen n sylva n ia  b ega n  utilizin g hydra ulic  fra c turin g on
a  m a ssive sc a le, there’s b een  in c rea sin g c on troversy over the
pra c tic e’s en viron m en ta l im pa c t.  Hydra ulic  fra c turin g, or “fra c kin g,” is
a  stim ula tion  proc ess used to extra c t n a tura l ga s from  deep reserves
fa r b elow the ea rth’s surfa c e. Deep holes (wells) a re esta b lished b y
pum pin g m a ssive a m oun ts of wa ter, c hem ic a ls, a n d sa n d a t a  high
pressure in to the ea rth’s surfa c e, whic h fra c tures the surroun din g
roc k a n d open s up otherwise in a c c essib le pa ssa ges. T he in duc ed
un dergroun d pressure forc es the n a tura l ga s to m ove upwa rd to the
oil extra c tion  sites. T a ppin g in to our loc a l reserve of n a tura l ga s is
va lua b le in  the sen se tha t it dec rea ses our foreign  depen den c y on  a
lim ited resourc e, b ut the c urren t fra c turin g pra c tic es ha ve proven  to
b e m ore da m a gin g to the en viron m en t tha n  in itia lly expec ted.
Pen n sylva n ia  is the third m ost preva len t ‘fra c kin g’ sta te in  the c oun try,
followin g on ly T exa s a n d Colora do in  term s of ga s produc tion . T hese
region s a re of pa rtic ula r in terest to oil c om pa n ies b ec a use of their
b edroc k geology. Certa in  types of sha le ha ve high c on c en tra tion s of
orga n ic  m a teria l tha t c a n  b e c on verted to en ergy.  PA itself is un ique
b ec a use it fa lls a lm ost c om pletely on  top of a  region  c om posed of
Ma rc ellus sha le. T his spec ific  b edroc k is a  b la c k sha le tha t wa s
form ed b y the oxygen -deprived c om pression  of a  ric h m a rin e
en viron m en t a roun d 390 m illion  yea rs a go.  T his Ma rc ellus form a tion
(whic h spa n s a c ross m uc h of the Appa la c hia n  b a sin ) is estim a ted to
hold 1,925 b illion  c ub ic  feet of rec overa b le ga s.  T here a re sign ific a n t
en viron m en ta l a n d hea lth c on c ern s a ssoc ia ted with this extra c tion ,
ra n gin g from  deforesta tion  to depletion  a n d c on ta m in a tion  of n a tura l
wa ter reserves to toxic  a ir em ission s (a n d m a n y m ore).  T he purpose
of this projec t wa s to in vestiga te whic h c oun ties in  PA ha ve b een
m ost dra m a tic a lly a ffec ted b y the in c rea sed im plem en ta tion  of
fra c kin g.  Figure 1 depic ts our results b y ra n kin g the c oun ties b a sed
on  a n  en viron m en ta l in dex whic h in c orpora tes the c om b in ed effec ts
of fra c kin g on  a ir pollution , wa ter usa ge, a n d sta te forest la n d c over.

 We sta rted with the Pen n sylva n ia  oil a n d ga s wells la yer, a n d queries were
used to isola te on ly the a c tive, un c on ven tion a l wells.  We projec ted a  PA
c oun ties la yer a n d a  sum m a rized join  wa s used to displa y the a vera ge
n um b er of wells per c oun ty.  In  the n ew join  ta b le, we a dded three n ew fields
to represen t a ir, wa ter, a n d la n d. We used the field c a lc ula tor to a pply our
c a lc ula ted en viron m en ta l c on sta n ts to the n um b er of wells for ea c h c oun ty.
We qua n tified these elem en ts b a sed on  a  well’s lifetim e with a vera ge CO2
equiva len t output (3,430 m etric  ton s), wa ter usa ge (5.5 m illion  ga llon s), a n d
la n d usa ge (3.25 a c res). A fin a l field wa s c rea ted to represen t the
en viron m en ta l in dex va lues. We defin ed ra n ges b a sed on  these results a n d
ra n ked them  from  1-5 a c c ordin g to the poten tia l en viron m en ta l ha za rd tha t
ea c h c oun ty fa c es, with 5 b ein g the m ost ha za rdous (Fig 1).  T o a n a lyze the
freshwa ter im pa c t, we used a  la yer from  PASDA tha t c on ta in ed the spec ific
wa ter b odies servin g a s sourc es for fra c k wa ter withdra wa l. U sin g the
a vera ge da ily withdra wa l va lues from  ea c h sourc e, we were a b le to
determ in e the overa ll freshwa ter depletion  va lue per c oun ty. We used a
gra dua ted c olors m a p to displa y c oun ty va lues a lon g with gra dua ted
sym b ols to represen t the m a gn itude of withdra wa l per wa ter sourc e (Fig 2).
We delin ea ted the c hem ic a l a ir em ission s zon e b a sed on  a  strikin g sta tistic .
Area s within  a  10 m ile ra dius of a  fra c kin g site ha ve b een  proven  to exhib it
sign ific a n tly higher c on c en tra tion s of a irb orn e toxin s, m a n y of whic h a re
c a rc in ogen ic . We used a  dissolved b uffer surroun din g these fra c kin g sites to
displa y the region s a ffec ted m ost b y fra c kin g a ir pollution  (Fig 3).  We
thought it wa s surprisin g tha t even  sta te forests a re n ot exem pt from  fra c kin g
destruc tion . We displa yed these vuln era b le forested a rea s b y spa tia lly
c om pa rin g their position  to the Ma rc ellus sha le la n d c overa ge (Fig 4).

Figure 2. T he da ta  projec ted represen ts the a vera ge da ily depletion  of freshwa ter
sourc es used to m a in ta in  fra c kin g sites.  Da ta  is represen ted on  a  c oun ty a n d sourc e
loc a tion  b a sis.

Figure 3. T his m a p displa ys the region s of Pen n sylva n ia  tha t a re exposed to
in c rea sed c hem ic a l c on c en tra tion s in  the a ir.

Figure 4. T he da ta  projec ted shows the un derlyin g sha le b edroc k with em pha sis on  the
Ma rc ellus form a tion .  T he high risk forest region s represen t the a rea s of sta te forest tha t
a re vuln era b le to b ein g a ltered for fra c kin g purposes.

Figure 1. T his m a p displa ys the poten tia l en viron m en ta l ha za rds of ea c h c oun ty ra ted a c c ordin g to a n
en viron m en ta l in dex. Coun ties with a  higher ra n kin g a re m ore likely to suffer n ega tive c on sequen c es of fra c kin g.
See m ethods for exa c t va lues used.
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In troduc tion

Methods
We b ega n  the proc ess b y in vestiga tin g releva n t in form a tion  a b out our
topic  suc h a s c hem ic a ls a n d em ission s, wa ter usa ge a n d pollution ,
la n d use, fa c ility types, a n d en viron m en ta l regula tion s. From  here, we
n eeded to determ in e the m ost effec tive wa y to qua n tify the
in form a tion  in  order to esta b lish a n  en viron m en ta l in dex for displa yin g
our results.  T he n um eric a l da ta  were ob ta in ed from  va rious sourc es,
like PASDA a n d the EPA, a n d c hec ked  exten sively a ga in st ea c h
other to en sure a c c ura c y.  On c e we c om piled a ll of our da ta , we
perform ed c a lc ula tion s to qua n tify ea c h elem en t on  a  per well b a sis.

Methods (c on t.)

Results & Disc ussion
As displa yed in  figure 1, the c oun ties tha t a re m ost a ffec ted overa ll b y
fra c kin g a re Bra dford, Susqueha n n a , a n d Wa shin gton  c oun ty. Overa ll,
n ega tive en viron m en ta l effec ts a re direc tly rela ted to the Ma rc ellus sha le
form a tion . T here wa s a n  in c rea se in  freshwa ter depletion  (Fig 2), c hem ic a l
a ir em ission s (Fig 3), a n d deforesta tion  risk (Fig 4) a lon g the gra dien t of the
sha le form a tion .  With the in c rea sin g im plem en ta tion  of these hydra ulic
fra c turin g proc esses, we c a n  expec t to see the detrim en ta l en viron m en ta l
effec ts sprea d a c ross the Appa la c hia n  Ba sin .
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