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ALLARM Background

e Empower communities with scientific tools to
monitor, protect, and restore PA streams.

 Provide Dickinson students with the opportunity to
convert classroom skills into practice.
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Educate. Engage. Empower.



Who we are.

* Project of the
environmental
studies department
(1986)

e 3 full time directors

e 1 science
director/Dickinson
faculty

e 10— 14 students




Workshop Outline

e Science of the
Marcellus

e Marcellus
Monitoring

* Model collaboration

e Q&A



Shale Gas Plays
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Depth to Marcellus Shale

edge of study area
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Thickness of Marcellus Shale
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Marcellus Shale Thickness

- 50 feet
50 - 100 feet
100 - 150 feet
150 - 200 feet
200 - 250 feet
250 - 300 feet
300 - 350 feet
350 + feet

Marcellus Shale thickness is an MCOR
interpretation based on multiple data sources.
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Depth to Utica Shale
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Utica Shale Depth
<2000 feet
2000 - 4000 feet
| 4000 - 6000 feet
| | 6000 - 8000 feet

I 8000 - 10000 feet
[ 10000 - 12000 feet
i e I 12000- 14000 feet
T | Il 14000+ feet
' | highly folded region

Utica Shale depth is an MCOR interpretation based
on multiple data sources,




Thickness of Utica Shale
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Utica Shale Thickness

X 7
ot 5 50 - 100 feet
¥ 100 - 150 feet
(4 | 150 - 200 feet
| 200 - 250 feet

250 - 300 feet

[ 300 - 350 feet

B 350- 400 feet

B 400 - 450 feet

I 450-500 feet

B 500+ feet

. [ highly folded region

Utica Shale thickness is an MCOR interpretation
based on multiple data sources,




Natural Gas Shale Plays

E Org Technically Recoverable Resources (icf)

Estimates of
Gas Shales i Technical
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The Marcellus
Shale is a “gas
giant’!

Enough gas
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Michael Arthur. http://marcellus.psu.edu/resources/presentations.pnhp



Marcellus Wells in PA

Marcellus Shale Wells
/4 60 wells in 2007




Conventional vs. Unconventional

GAS/SOURCE ROCK
(SHALE, COALBED METHANE]

http://seekingalpha.com/article/131641-unconventional-natural-gas-just-a-frac-away



Differences in Drilling

Traditional Hydrofracking

High Volume Hydrofracking (HVHF)

In traditional hydrofracking,
typically 20,000 to 80,000
gallons of fluid were used
each time a well was
hydrofractured.

e Traditional hydrofracking

used 700 to 2,800 Ibs. of
chemical additives

1940s

e HVHF uses between 2 and 10
million gallons of fluid (on average
5.6 million), the exact amount
depends upon the length of the well
bore and the number of fractures
created along the lateral extent.

e HVHF uses between 205,000 and
935,000 Ibs. of chemical additives,
per well many of which are toxic to
humans and wildlife.

e |ate 1990s

www. TCgasmap.org Marcellus Accountability Project-Tompkins



http://www.tcgasmap.org/

Cross-Section of Typical Horizontal Marcellus Well

Fresh groundwater
Zzone up to 1000
24" conducter casing (brown) is installed feet deep
up to 50 feet deep and cemented (grey) to

the surface.

20" casing is installed through the 24"
casing and continuing up to 500 feet
deep. This casing is cemented to surface
toisolate and protect near-surface
groundwater.

Vertical portion of well

13 3/g" casing is installed through the 207
casing and continuing up to 1000 feet
deep. This casing is also cemented to the
surface to protect the groundwater
agjuifer from the gas well.

5 1/7" casing continues down and is
turned laterally inte the Marcellus

formation at a depth of 5000 to 9000+
feet below the surface.

Kick off point for the
bend from vertical to
haorizontal drilling.

MARCELLUS CENTER

Horizontal, “lateral” portion of well M ( O R
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feat within Marcellus formation. www,marcellus, psu,edu
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Drill Pipe

SUPERIOR
TRAILER




Trucks, Trucks, Trucks




Drilling Sites

http://savethewatertable org/wp-content/uploads/26 B8/ marcellus-shale-Us brush-run-600x40L.jpg
e Drilling pads are typically 3-5 acres, each pad containing 5-6 horizontal wells
e 2-9 million gallons of water used per well
e 200-1400 truck trips to supply water per well
e Drilling pads must be >500 feet from structures with potable water supplies; >300 feet
from streams and wetlands
e Drinking water presumptive responsibility 2500 feet.




Marcellus Site
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Combining the power of science with the
power of communities.




Volunteer Monitoring

e Citizens involved in
data collection

e US: 1890 - 2012
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PA Volunteer Stream Monitoring

Rich history — 1980s

[

=, - Dt At \ "“.m :
Over 85,000 miles of streams and rivers in Pennsylvania.



Marcellus Monitoring

A. Citizen surveillance
B. Baseline monitoring

C. Continuous monitoring .Y

Great network of partners



Volunteer Monitoring

e Feasibility
o Affordability
e Scientifically robust

Marcellus Shale Gas
Extraction: A study design
and protocol for volunteer
monitoring

- ' 5;;;..;;.;." -_‘é‘i
www.dickinson.edu/allarm



Why Are You Monitoring?

1. Early detection and
prevention of
contamination of flowback
water in small streams

2. Document stream quality
—long term impacts

3. Community education
Watchdog

’ The data collected using this monitoring protocol are not intended to be used for legal purposes.




Hydraulic Fracturing & Stream Monitoring

Roughly 200 tanker A pumper truck injects a Natural gas flows out of well.
trucks deliver water for mix of sand, water and : = Pl
the fracturing process. chemicals into the well. i Recovered water is stored in open ?atg;ige :\laturail( glas (2 pped
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Hydraulic Fracturing

Hydraulic fracturing, or

“fracing,” involves the injection

of morg than a million gallons Mixture of

of water, sand and chemicals into well Well ::t:egh?mmlzal

3,000 at high pressure down and
across into horizontally drilled
wells as far as 10,000 feet

4,000 below the surface. The

pressurized mixture causes

the rock layer, in this case the

2,000

5000 Marcellus Shale, to crack.
’ These fissures are held open
by the sand particles so that

. natural gas from the shale can

6,000 flow up the well.

7.—0W 5 Fissures
Well turns
horizontal

Marcellus Shale

by the pressure inside

The shale is fractured
the well.

Flowback water — Fracking involves injecting several million gallons of water, sand, and
chemical additives into the formation at high pressure. After the injection is completed,

approximately 10-20 percent of the fluids (known as flowback) return to the surface.



What to Monitor?

1. Chemical Monitoring: 3. Water Quantity
Indicator chemicals Monitoring:
o CondUCtiVity ->TDS Re|ationship to
Signature chemicals

conductivity

—a

e Barium
e Strontium
e Exploring others

2. Visual Assessment.

Land disturbances

Spills and discharges
Gas migration/leakages
lllegal dumping




Conductivity and Total Dissolved Solids

 Conductivity measures the ability of water to
pass an electrical current

e Total Dissolved Solids (TDS) measures the
amount of ions dissolved in the water

3 (PA standard — 500 mg/L)

Voltage is applied between two
probes to measure conductivity in
microSiemens/centimeter (uS/cm)

TDS conversion
ratio factor

TDS value (mg/L)




Why TDS & Conductivity?

* Frack water mixes
with natural brine,
found in the shale

 Flowback water
contains high
concentrations of
salts and metals

Picture by Amy Bergdale, US EPA



Flowback Water Concentrations

TDS: 70,000 mg/L

TDS: 211,000 mg/L

TDS: 132,000 mg/L

TDS: 217,000 mg/L
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Brine & Waste Trucks




Barium and Strontium
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Water Quantity Monitoring

Cross-sectional area — understand relationship between
amount of water in stream and conductivity
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Data Use: Decision Trees

CHEMICAL MONITORING DECISION TREE

Baseline data available No baseline data available

Is TDS > 3X
the previous
week TDS or
2x upstream
TDS?

Is TDS > 3x
baseline TDS at
comparable
flow?

Is either Ba or
Sr> 3x
previous week
or upstream
concentration?

Is either Ba or
Sr> 3x baseline
concentrations
at comparable
flow ?

PA DEP Regional Office
PA Fish and Boat Commission
Local Watershed Association

Facility Owner/Operator




Reportable event

Sample Date | TDS (mg/L) Conductivity (uS/cm) | Water Quantity(ft2)
7/14/2010 120 178 1
7/21/2010 120 173 2
7/26/2010 130 182 3

8/4/2010 120 169 3
8/11/2010 100 165 6
8/16/2010 110 167 8
8/25/2010 110 168 9
8/30/2010 120 178 3

9/9/2010 110 174 5
9/14/2010 130 183 1
9/23/2010 100 156 8
10/2/2010 70 109 61
10/6/2010 70 113 33
10/11/2010 60 110 14
10/18/2010 140 200 5
10/26/2010 120 170 5
11/2/2010 510 680 1
11/9/2010 100 165 8




Visual Assessment

Earth Disturbances ¢ Gas Migration/Leakages
Spills and Dischares
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Marcellus Shale Well Sites in Dimock, PA; 2010



Earth Disturbances: Drill Pad, Storage
Pond, & Stagmg Areas

Outlets of sediment control Outlets of sediment control
structures are NOT stabilized structures are stabilized




Spills & Discharges
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Drilling fluid spill at Cabot site

Dimock, PA
September 2009




Gas Migration or Leakages




lllegal Dumping

Wetzel County Action Group

oun’rai?%x

atershed Association
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Quality Assurance/Quality Control

Considerations: What is feasible for volunteers?

Standard QA/QC Practices:
Training requirements
Care/calibration of equipment
Replicates
Documentation of procedures
Split sample analysis




Data Management

Considerations: What tools and methods are available to volunteers?
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ALLARM created easy to use templates for volunteers to store their chemical, water quantity, and
visual assessment data.




Regional Data Management

e Shale Network

* WRI - Mon River Quest
* FracTracker

e SkyTruth




Building a Monitoring Constituency

e ALLARM - 700 volunteers

e Movement - 1500 volunteers
trained since the start of 2010

e ALLARM, DRN, MWA, Mon
River Quest, PACTU, PASA,

Sierra Club &_W!at?ro: S
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Potter County —aka “God’s Country”

http://en.wikipedia.org/wiki/File:Map_of Pennsylvania_highlighting_Potter_ County.svg



Potter Background

 Rural — 18,000 people
* Heavily forested
 Three rivers — Allegheny, Genessee,

Susquehanna
%\l ¥ 2 .

http://en.wikipedia.org/wiki/File:Pike_Tow
nship_Enter.jpg



Drilling in Potter

e 2005-2009: 22
e 2010-2011: 50




Potter a Model County

e County Commissioners
e Potter Marcellus Task Force

* Coordinated monitoring_
— Trout Unlimited
— Waterdogs
— PCCD

ALLARM was recognized in town as the “water monitoring creek people”



Workshop Site Location Activity




Chemical Hands-On Training




Training Locations

ALLARM Marcellus Shale Workshops

SUSQUEHANNA

WARREN
ERAWFORD

MERCE.
)

LAWRENCE

FOREST

VENANGO

CLARION
(2)

ARMSTRONG ‘

25

Alliance for Aquatic Resource Monitoring www.dickinson.edu/ALLARM
Environmental Studies Department ALLARM@dickinson.edu - Summer 2010 - Summer 2011
Dickinson College 717.245.1565

|:| Fall 2010 - Fall 2011

P.O. Box 1773 A Y
Carlisle, PA 17013-2896 - |:] Spring 2011 I:l 6 Major PA Watersheds

Data Sources: ALLARM, NYS Office of Cyber Security, PA DOT, PSU, USGS, WVDEP December 2011




Questions?



http://www.dickinson.edu/allarm
http://blogs.dickinson.edu/marcellusmonitoring/
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