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Over 20 shale basins in the U.S.

*Ildentified as one of the top 10 threats to global ecosystems (Sutherland et. al. 2010)



Natural gas wells in the Fayetteville Shale gas play

(data from Oil and Gas Commission)

> 4000 wells in 8000 km?
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Cumulative wells

Gas well development continues
to increase in the Fayetteville shale

Total: 4842; Active 3796

2005 2006 2007 2008 2009 2010 2011

Year



Wells can be close to streams
100m Fayetteville Shale, AR
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Wells can be close to streams
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Wells can be close to streams

100m Marcellus, PA
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Wells can be close to streams
100m Marcellus, PA

* 5% NHD Flowline Modeled Flow lines
« 70% NHD Flowline
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Potential threats to surface water

e Water withdrawal
e Contamination

e Sediment

Number of | Percent of all

Type of viol violations violations

Erosion from well site 22.2%

Inadequate liner, trash, or other violations in the reserve pit 16.4%

Unauthorized discharge into waters of the state 10.3%

9.9%

Arkansas Public Policy Panel
September 2011
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Goal: To assess potential cumulative effects of gas
wells on surrounding stream drainages.

Approach:

* Relate turbidity and suspended sediment
concentration to surrounding land use in north-
central Arkansas.

* Gradient analysis with gas well activity as
iIndependent variables and turbidity, suspended
sediments, metabolism, macroinvertebrate
community metrics as dependent variables.
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Metrics used to characterize landscape

in stream catchments
Land use (%, Gorham and Tullis 2007)

Pasture
Forest
Urban
Crop

Catchment geomorphology
Size
Slope

Gas activity in each catchment
Total gas wells
Well density
Pad density
Well density prior to one year
of sampling
Rate of gas well activity
Total flow length from pads

Other features
Road density
Paved and unpaved




Total wells can predict number of gas pads

June 2009

80
p=<0.0001

1 R?=0.98
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Metrics used to characterize landscape

in stream catchments
Land use (%, Gorham and Tullis 2007)

Pasture
Forest
Urban
Crop

Catchment geomorphology
Size
Slope

Total Gas Wells

Gas activity in each catchment )
Total gas wells 2006 2008 2010
Well density Year
Pad density
Well density prior to one year of sampling
Rate of gas well activity
Total flow length from pads

Other features
Road density
Paved and unpaved




Calculating Flow Length
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Metrics used to characterize landscape

in stream catchments
Land use (%, Gorham and Tullis 2007)

Pasture
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Well density
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Study site descriptions

e Well densities: 0.3 to 2.3 wells/km?
e Catchment size: 12 to 84 km?

e Land use: 39 to 72% forest
13 to 50% pasture

e Stream width: ~3 to 6 meters




Turbidity generally predict total suspended
sediment during storms
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Turbidity increased

with increasing well density
April, 2009

*All flow values 40 NTU
(ADEQ Reg 2,2011)

*Biological effects at 5
NTUs (Evans-White et al.
2010)



PCA Illustrates catchment-level land uses
across study sites 1n 2009

Unpaved roads (km?) e

Well density

® «

Total wells
Recentwells — "

Pipe crossings

Flow length

Catchment area

0]
Axis 1 (33%)




Turbidity was related to pasture and forest

June 2009 n=9

Turbidity (NTU)

Axis 1 (33%) Fewerwells

More pasture

More forest AXis 2 (31%)

More ponds



Turbidity was greater in catchments
with higher well density

February 2010 n=9

Turbidity (NTU)

- =

Axis 2 (229%) well density



Large watershed with a lot of gas wells
drives relationship

May 24th 2010 n=9

Turbidity (NTU)

. Flow length

0
Axis 1 (34%) Area
Total Well



Well density was the only variable related
to turbidity

February 2011 n=8

Turbidity (NTU)

Well density (#/km?)

*No relationship with PCA axes



Autotrophic Responses Across A Well Gradient
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Austin and Evans-White, unpublished

Chl a responded
positively or not at
all (Spring 2010 &
2011).

GPP responded
positively or not at
all (Winter 2010 &
Spring 2011).

No other land use
or watershed
characteristics
explained variation

Hypothesis:
Positive responses
due to nutrient or
grazer patterns.




Macroinvertebrate response to gas well development

16000 - ~— 700 -

NE N

<

HF 14000 : & Spring 2010

R S 2010 ~. 600 p g o °

B~ 12000 - P & o0

g 10000 o

8 8000 | g %

O Q

% 6000 - O 300

0 N

g 4000 - 5 8_| A .

® 2000 * . : __0'68 g 100 y r%=0.62

O . . * p=0.001 3 . P=0.006
0 2 4 o i 0 5 0 15 20 25
Inverse flow path length Rate of gas well installation

Jensen and Entrekin, unpublished



[EEY
N
o
o
(@)

Gatherer density (#/m?)

Fine organic (mg/m?)

12000 -

10000 -

8000 -+

6000 -

4000 -

2000 -

Macroinvertebrate response to gas well development

Spring 2010 .

° r2=0.62
. P=0.006

N 700 -
&
Spring 2010 5 o
\; 500
:2 400
Q
3 300
3
200
. r2=0.68 %mo
‘e p=0.001 9
0 2 4 6 0
Inverse flow path length
4.5 -
Spring 2011 . 2 .0
i 3.5
O 3.0 -
m
(s:): 2.5 -
=
r’=0.68 = 207
e p=0.03 L5
. . - - - - - 1.0
0 1 2 3 4 5 6

Inverse flow path length

Jensen and Entrekin, unpublished

0 5 10 .1I5 20 .25
Rate of gas well installation

. Spring 2011

r2=0.45
p=0.03

0.0 0.2 . 0.4 0.6 0.8 1.0
Inorganic matter (g/m?)



Presentation Outline

Natural gas development in Arkansas
— Extent
— Pace
— Proximity to surface waters
Approach to quantifying natural gas development
— Cumulative Effects
— GIS metrics
— Gradient analysis versus Before-After-Control-Impact
Results from gradient analysis study
— Turbidity and sediment transport during storms
— Whole stream metabolism at baseflow
— Benthic macroinvertebrates at baseflow
— Trace elements and macroinvertebrates
Results from Before-After-Control-Impact study
— Macroinvertebrates
— Fish community structure
summary
— Sedimentation
— Biological responses to sedimentation
— Challenges



. L N // 3 NTE Ty L "L |

Fayetteville
G ‘y Joneshoro #
Rlissellville ™=
------------ Little Rock ]
3
3

(927 2%
y "o © ©° o Z
JITILIREDeg Tf o) |~ @
° ° e o o

o |
N

S
BQNLIGVECEE
° °
%0

da\lrml" "-“':{kl\-.*'
7 lill 1o'‘e

Pdowerline
Ozark

forest, °

IR e P e
(3568000 (225
> 000 ‘ws® o
¢ ‘5)"0-”? s

(e

Long

°/ %% ©%00¢ ~

0 g0 200000 500 4 o
Xoghgle, e © 0o oo

,,,,,,, iy 0°° o0 gwoo o/ 09,
Q00 0 O o00 000 ©

d

bb

[ sampling Location

::\/ Sampling Point Catchment
e Gas Well (As of 03-28-2012)

% o
Clifty(DesArc)
° 0 ° 0
== |nterstate
US Highway
State Highway

~"\r~ River

N~ Creek

§ Hydrologic Unit Code (HUC) 08 Boundary ~

‘L‘_rj County Boundary

B Gulf Mtn WVA (AGFC)
Municipality

forrilton o Plumersi -
-‘\/\:’ 3 I\ICIK

=z
' s - Dom— >

{ Al 7 Conway

1 / or B ?

: ""I‘“”"&‘: lf (4] 4 1\‘51.5

e




S AT A A | S et 1 > s 7x ax o
UCA Fayettemlle Sbale Samplmg Locatzons at GM WMA fa :

. f e & 0103 r o
- ,,‘" i P, . ‘\ | . ( _-' ‘
.v

:..z,

-

e |
-

[l sampling Location
o  Gas Well (As of 03-28-2012)

=
s

? Fo rest State Highway ME!
) Road ig"
- ~"\~ Small River F
4 § ~~~— Creek F |
/. Headwater ‘

[ Gulf Mtn WMA (AGFC)
| 9 Hydrologic Unit Code (HUC) 08 Boundary




BACI Design
Fish
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Green, Stearman, G. Adams, R. Adams, unpublished
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Take home points

Episodic increases in turbidity and suspended sediment were
related to gas activity at a landscape level

Quantifiable catchment-scale effects on sediment and biota
— Winter and Spring
— Low intensity storms

Effective metrics for summarizing gas activity
— Well density
— Flow path length of gas wells
— Rate of gas well activity
— Recent well density

Biological response

— More chlorophyll a and faster GPP in streams with more wells and
greater density

— Higher macroinvertebrate density in streams with greater well
density

— Lower macroinvertebrate diversity in streams with more inorganic
sediment



On-going research

* Best Management Practices comparison
— Gulf Mountain Wildlife Management Area
— Off —Gulf Mountain high intensity development
— Off-Gulf Mountain low intensity development

* Long -term data in high intensity gas well catchments

* South Fork Little River supports 2 endangered species
— Water quality
— Biological communities
— Ecosystem functions



Challenges
Accessing updated landscape data
Experimental design as activity is unpredictable

Information on implemented Best Management
Practices

Accessing violations to inform data interpretation

Lack of sophisticated monitoring stations
— Discharge
— Water quality
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