Shale oil and gas and surface waters: identifying
potential contamination pathways through evaluation
of state notice of violation and spill reports
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ISsue: Shale Plays are Common
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ISSsue: Natural Gas from Shale Forecasted to
Increase Over Next 30 Years
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Figure MT-44. U.S. natural gas production by source
in the Reference case, 1990-2040 (trillion cubic feet)
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Issue: Spills/Leaks — Not Much Known

PA - Violations related to spills and erosion most common (Rahm et al. 2015).

CO - Spills mostly occur during production phase of development and
equipment failure and human error are leading causes (CODNR - OGCC 2014).

48800 -

AR v'[r“" EESSamee W0 g
R g "f’-‘ih‘,'“ AW (AN RaE
. TRl = TR

. S— \ P
a changir onm'

&
(=



Spills/Leaks

" Data are needed on pathways, materials,
volumes and rates.

" State notice of violation and spills databases.
" Focus on Colorado and Pennsylvania.

® Colorado:

" |ong history of HF with vertical and directional wells.
" Denver, Greater Green River and Piceance Basins.
" Spills database.

" Pennsylvania:

" largely horizontal.
" NOV database.
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Spills/Leaks - Methods

" Download NOV and spill data from each state
for 1995-2014 (April 2014 for CO).

" QA/QC’d each record for duplicates,
pathways, materials and volumes.

® Downloaded well data from the IHS database.

" API number, well direction and spud date.
" Formation, Play and HF information.

" Used the IHS data to identify well direction
and iIf unconventional (combination of
direction and play).
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UOG Well Locations

Colorado Rennsylvania




UOG Well Locations

Colorado Rennsylvania
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UOG Spill Locations

Colorado Rennsylvania
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UOG by Year
Colorado PEnnSyivania
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UOG by Year
Colorado PEnnSyivania

Total — Total
Vertical — Vertical
Directional — Horizontal
Horizontal
Injection

0
=3
0
Y—
o
)
Q2
£
>
pd

2005 2008 2010 2012
Year

Year




SETe)
-pesylism
_umouun
_uodsuel ]

jue|

_Jlaureluo) abeliols
—dwng

_Nuel Jold

-id

_palols Aadosdw)
_Joyesauan
_aulmol4

_are|4

_|0Au0D uoIsoIg
-Bunua

—nomolg

- Peay|ism

_Jodsuel]

Colorado

_aulmol

L
=
©
d
-
©)
o
c
I
_
p)
>
©
=
-
fd
)
ol
| -
O
S
=

-Bunua

1
o o

™ N
JaquinN




_1ayo

—Jalemalsenn

—umousun

_jJuswipas

-1sremies g |10

-uonnjos 4H

.nlm
S
L
<
=

_ 0 wawdinb3g

—aiseM Buljua

_|an4 |asalq

-110 3pnio

_s|esiway)

400 -
300~
200~
100~

0-

— 1alemalse \
—umouun
_uonnjos 4H
—JayemysaiH n.la
=
9
S
—a)sep Buljuag =

_|an4 |asalq

Colorado

-0 3pnio

2
=
©
d
—
©)
o
c
I
_
(O]
D
o
)
)
©
—
)
)
©
=

_ajesuspuo)d

40~
20-
O_

JaqunN




Jaremalsep
umouun

10 wawdinbg — T
=
2
©
a)sep Bulina =
|on4 |9salq

[10 3apniD

s[eolwayd

_laremalse/\
_umoudun
-uonnjos 4H
_Jla1emysald ol
=
9
©
-a)sep bulua =

-19n4 |9sald

Colorado

L
=
©
e
—
O
N
—
O
1L
_
[(©)
=
o
)
0p)
b)
c
=
O
>

(jeb) awnjon




=X

V

c
9

prm)

S

o

o
o

S
(N

Well Age & Spills — Horizontal Wells

Colorado PEnnSyivania
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Well Age & Spills — Horizontal Wells
Colorado Pennsylvania
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Colorado — Horizontal Wells
Surface Watenvays

1 Horizontal Well

Equipment failure at wellhead
Condensate
Estimated well age: 87 days

Well Direction
© DIRECTIONAL (39)
© HORIZONTAL (1)
@ VERTICAL (28)




Pennsylvania — Horizontal \Wells
Surface Watenvays
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Summary.

" Results are preliminary but highlight potential to
Identify pathways and materials spilled.

® Data from CO and PA varied in level of detall.

" Horizontal wells and associated spills increased
In both states.

" Tanks, pits, flowlines and transport were major
pathways.

" Drilling fluids and wastewater most often
material spilled (crude oil also in CO).

" Temporal variation in material spilled.
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Future Plans

" [nvestigate more detailed pathway and material
spilled (if possible).

" Analyze spill data from ND and NM in similar
fashion.

" Estimate rates of spills for each material by
state.

" Evaluate spills at injection and disposal wells?

" Incorporate findings into biological
vulnerability analysis.
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