
Getting the Waters Tested 
The Marcellus Shale Factor

Old Issues

New IssuesEnvironment

Water Resources

Groundwater – Natural Gas- More



Watersheds – Topic Marcellus Shale / 
Saline Water/ Groundwater

 What is the Marcellus Shale?  The what, where, and how?
 The Cycles – Earth in a state of dynamic equilibrium, i.e., 

always changing, never constant.  (Perspective)
 Private Wells / Groundwater Quality
 Natural Gas Impacts (mostly localized)
 Suggests Related to Action and Change

Presentation Part of the Keystone Clean 
Water Team – Education Outreach Program
Learn – Diagnose – Test then Improve 
http://www.knowyourh20.us



PACleanwater.org
Keystone Clean Water Team

Private Well Owner Education
Source Water Protection Issues
Alternative, Renewable, and Homegrown Energy Issues
Training Young Adults and Children about Energy and
The Environment
Citizen Groundwater and Surface Water Database
Natural Gas and Baseline Water Testing – Training Professionals



Presented by:
Mr. Brian Oram, Professional Geologist (PG), 

Soil Scientist, Licensed Well Driller

B.F. Environmental Consultants Inc.
http://www.bfenvironmental.com

And
Water Research Center- Free Information 

on Water Quality
http://www.water-research.net

http://www.bfenvironmental.com/


B.F. Environmental 
Consultants Inc.

 Professional Consulting Services in the areas of 
water quality, soils, stormwater, geology, aquifer 
analysis, and land-development.

 Baseline – Chain-of-Custody
 Expert Testimony
 Water Treatment Process/ Product Development
 http://www.bfenvironmental.com

http://www.bfenvironmental.com/


Water-Research Center 
Education and Outreach Program funded by  

B.F. Environmental Consultants Inc. 

Outreach Programs

 Environmental and Professional Education and Training for Citizens 
and Local Municipalities

 Water Quality Help Guides – Information Library
 Community and Business Outreach Programs
 Low Cost – Informational Water Testing Program with National 

Laboratory
 Citizen Monitoring Programs

Websites:
http://www.water-research.net
http://www.pacleanwater.org
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Presentation Sponsors

 B.F. Environmental Consultants Inc
http://www.bfenvironmental.com

 Keystone Clean Water Team
http://www.pacleanwater.org

 Water Research Center
http://www.water-research.net

 Test Assured
http://www.watertestingkits.com/ref/10

http://www.bfenvironmental.com/
http://www.pacleanwater.org/
http://www.water-research.net/


Water Testing Kits.com

 Special URL:
https://watertestingkits.com/ref/10/
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Know Your H20 ? 
Phone Apps
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Drinking
Water in the News

Legacy 
Issues

Environment

Citizens (Internet Scholars)

MisInfo. Media
(fake news or yellow
journalism)

The Educator and Water

Do You 
Feel This 
Way?

Emerging Chemicals
New Technology

Detect a Problem ?



What is the Marcellus Shale Factor?
 We have been educating private wellowners for 30 years- but it was difficult to get 

citizens to test their well water.   It looks clear – I am not sick – It is fine.

 The Marcellus Shale Factor – Baseline Testing for Natural Gas Development is 
conducting Testing and Citizens are be told they have a Problem NOW.

 Based on Private Well Construction and Placement - Some Private Wells may be 
the pathways for Contamination.

 WE NEED TO PROTECT OUR SOURCE WATER- not just from Marcellus 
Shale Development, but from “US” and our past.

 How do we track an unregulated activity – such as: Private Wells and Identify 
Zones or Areas that are Vulnerable to Contamination.

 This lead to the idea for creating the Citizen Groundwater / Surface water 
Database



Marcellus Shale

No – We don’t want this situation - This 
mindset is Causing the Problem? 

Our Drinking 
Water

The Match Of the Century – Pick a Side and
Lets See Who Wins.



Plate Tectonics: 
“The Plates are Moving”

Recycling on a mass scale. 
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Components of the Water Cycle
First The Ins

Solar Energy Input
Precipitation
Condensation
Well Injection

Irrigation

The Outs
Evaporation
Transpiration

Infiltration
Percolation

Runoff
Groundwater Flow
Surface water Flow

Well Pumping

Water Cycle



Changing Face of the Earth – Man Not Responsible 



Geological Sequence – Northeast PA

0 to 1.8 million years    

Time

Quaternary –
Glaciation

Period
Deposit or 
Rock Type

sand, silt, clay, 
and gravel

1.8 to 290 million Tertiary to Permian Not present (eroded and 
weathered)

290 – 320 million Pennsylvanian

320 – 354 million Mississippian

354  - 417 million Devonian

417 – 443 million Silurian

Catskill Formation
Lockhaven , Elk, Tully
Mahantango Formation
Marcellus Formation
(Black Shale)- Target
Onondaga Formation
(calcareous sandy shale)

Mauch Chunk
Pocono and Spechty Kopf

Llewellyn (coal) and 
Pottsville ( minor coal)

O
L
D
E
R

The Written History for Humans is How Old?



Luzerne County was glaciated and it is located within
are within the Appalachian Plateau and Ridge/Valley Province

Source: DCNR - http://www.dcnr.state.pa.us/topogeo/map13/map13.aspx



385 Million Years Ago

Source: http://www2.nau.edu/rcb7/nam.html
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Water Budget 
for PA
In
Precipitation – 42 inches

Out
Evapotranspiration – 22”
Total Streamflow – 20”

Baseflow – 13”
Surface Runoff – 7”

Therefore, 65% of streamflow is 
groundwater discharge.

Other
Storage in Groundwater
Aquifers over 100 inches*
* This is our “Water” Cushion.
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Time and Location – Key Factors !



7/13/2019 23

Types of Water in PA
 Freshwater – Typically 600 to 1200 feet

< 1000 mg/L
 Saline Water – Where? 

1000 to < 35,000 mg/L
 Brine Water- Where?  > 35,000 mg/L

Connate Water  - This would include 
water that has been trapped in the 
formation- when it was deposited.

PADEP – Protects – Freshwater; EPA – Protects Water with a
Total Dissolved Solids < 10,000 mg/L – UIC Program
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What is the Purity of the “Protected” 
Water ?
 Regulated Drinking Water – Typically has a 

Total Dissolved Solids of 500 mg/L or 
99.95 % pure water.

 Freshwater actually includes – water with a 
TDS of 1000 mg/L or 99.9 % pure

 EPA Protects Water is up to 10,000 mg/L or 
99% pure water.
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Courtesy May, U of W

Hydrology Under 
Natural Conditions
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Courtesy May, U of W

Developed Conditions



Groundwater and Surface Water 
are Connected

Recharge Discharge



Private Wells Not Regulated
 Private Wells Are Not Regulated under Safe 

Drinking Water Act
EPA – NO
PADEP – NO
County – Very Few Counties in PA
Townships – some have basic ordinance 

on placement- some have comprehensive 
requirements



Not Just a Marcellus 
Shale Issue and in some cases

other Private Wells are Part of the Problem



Before Marcellus Shale Development
What was the Quality of Private Well Water?

A USGS survey found that 70% of private wells were contaminated. This
contamination could result in acute or chronic health concerns (1996).

Sixty-Four Percent of the identified waterborne disease outbreaks in the
United States during 1999 and 2000 occurred in unregulated private water
Wells. Lee et al. (2002).  - HOW MUCH DOES THIS ADD to Health 
Care Cost – DO WE CARE??

Testing Conducted by Wilkes University throughout the United States
indicates that 30 to over 50% may be contaminated – Mostly by Total
Coliform Bacteria – 30% of these E. coli. Positive (1989 – 2010).

PSU – Master Well Owner Network suggests that 33 to 50 % of Private
Well Owners in PA may have some form of contamination. 



This is Drinking Water in PA?

Iron / Manganese

Bacteria

Sediment / Gases

Corrosion

50% Other
50%



Based on the geology of the NEPA and my 30 years 
experience, the common water quality problems are 

as follows:

Corrosive Water
Low pH

Soft Water (low hardness) to 
Moderate Hardness
Iron and Manganese 

Total Coliform Bacteria
Sulfur Odors and 

Methane- Biogenic and 
Thermogenic Gas

(Tends to be < 10 mg/L)
Some over 28 mg/L

Contamination by VOCs, SOCs, 
Glycols, Saline Water, and Radionuclides are NOT COMMON, but 
saline water may influence  1 to 3 % of wells – This is 12,000 to  
36,000 households in PA!



Up to 3% influenced by Saline Water – These same samples 
have methane approaching 7 mg/L or more. 

Source – Wilkes University Database
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Well Inflenced 
by 

Connate Water

bis(2 ethylhexylphthates)
What?

Plasticizers?

Total Coliform (49%)
20%  E Coli. Positive

Lead (22 %)

Plasticizers (8%)

Arsenic (6%)


results

		Total Coliform

		pH < 6.5

		Lead

		Manganese

		Iron

		e. coli

		Phthaltes

		Arsenic

		TDS

		Sodium

		Chloride

		Gross Alpha



Well Inflenced by 
Connate Water

bis(2 ethylhexylphthates)
What?
Plasticizers?

Percent Exceeded

Percent Exceeded

49

38

24

11

8

8

7

5

2

1

1

1



Sheet1

		

		Parameter		Frac Water		Flowback Water

				mg/L		mg/L

		pH		5.2 - 7.8		5.5 - 7.8

		T. Hardness		40 - 9,500		1,000 - 63,000

		TDS		220  - 27,800		5,000 - 254,000

		Cloride		30 - 3,500		2,400 - 181,000

		Barium		< 0.1 - 11		0.2 - 5,100

		Iron		0.1 - 14.0		0.2 - 240

		Sodium		25 - 6,800		25 - 65,000

		Strontium		0.2 - 480		0.6 - 5,400

				ppb		ppb

		Benzene Compounds		ND - 150		ND to 1500

		Acetone		ND - 23		ND to 500

		Naphthalene		ND - 1400		ND to 1300

		Glycols				ND - 130,000

		Total Coliform		49

		pH < 6.5		38

		Lead		24

		Manganese		11

		Iron		8

		e. coli		8

		Phthaltes		7

		Arsenic		5

		TDS		2

		Sodium		1

		Chloride		1

		Gross Alpha		1
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Most Contamination appears to be 
associated with Total Coliform 
Bacteria

 Insects,  Larvae and 
Nests / Egg Masses

 Mouse Colonies
 Snakes
 Beehives
 Mud - when casing to 

close to ground

Therefore – In some cases - the Private Wells
are Facilitating Groundwater Contamination.



Before Marcellus Shale Development
What was the Quality of Private Well Water?
Personal Observations

Impacts from Road Salt, Old Landfills, Gas Stations,
Saline Water  (1981 - 1985)

Bacterial Contamination and Well Construction Issues (1985)

Methane Gas Present in Wells in Northern Tier of PA and in parts
of Columbia and Luzerne County, PA(Oram,1989).

Testing Conducted by Wilkes University in throughout the United
States indicates that 30 to over 50% may be contaminated – Mostly
by Total Coliform Bacteria (1989 – 2011).  Locally – it tends to be
about 40 to 50%.  



Some Private Well Photos



Properly Constructed Wells and Poorly 
Constructed Wells

Confining Bed
Sea Level

Stagnant Water – no to little flow

Saline Water

Proper 
Construction

Brine Water

600 to
1200 ft Fresh

Water

Poorly Constructed



Lets Be Honest – We have Problems 
in Pennsylvania with Private Wells
 Wells Poorly Constructed – either poor casing, 

inadequate casing, or annular space not grouted.
 Wells Too Deep – Mixing Fresh and Saline 

Aquifers
 Wells in the Wrong Place 
 Poorly Constructed and Sited Wells – Indirectly 

Influence Properly Constructed Wells.



Methane in Water
 Methane has been a hidden issue in 

NEPA. 
 The gas is colorless, tasteless, and 

odorless and there are no known health 
effects.

 Potential concerns relate to 
flammability/ explosiveness of gas.

 Background – appears to range from 
non-detect to over 20+ mg/L  (highly 
variable) in Northeast Pennsylvania



Methane Gas Migration- Not 
Related to Marcellus Shale

Private WellLandfillWetland

600 to 
1200 ft

1200 to
3000+ ft

Gas from Non-Marcellus Shale

Groundwater Flow

Lake



Rock Sample from Quarry – West of 
Dimock

Sandstone Unit – Containing Plant Materials,
Organic Muds – Possible Shallow Methane Source



Methane Gas

Video from Salt Springs State Park – Fall 2010, by Brian Oram
http://www.friendsofsaltspringspark.org
“At the base of the gorge is a bubbling salt spring, traces of an 
1850s woolen mill, and mid-19th century farmhouses and barns.” 

http://www.friendsofsaltspringspark.org/


Duke Study- “Gas Well Drilling and

Hydraulic Fracturing" by Osborn

Note:
1. Action Level is 7 mg/L
2. Study done in an area 
with “suspected” gas migration
Problems- Not  Considered.
3. Data suggest a simple 2-D
relationship.
4. Many samples well above 
Saturation- Influenced by Pump Depth. 
5. Contains No Pre-Drill Data-
for the shaded area.

Title is spin. If I told you your grade was
26.8 +/- 30 – Did you get a zero?



Marcellus Shale Photo

Outcrops Along the
Southeastern Border 
of Pike County
Along Route 209

Main Fracture Orientation



It looks like background methane levels may follow a linear/ curvilinear trend.

Cabot – Quick Look 



Well A Well B

Well A- 300 feet 
Methane – 10 to 15 mg/L – the real problem, Barium 4 mg/L, Radon 577 pCi/L, 
Chloride 250 + mg/L, Bromide 1.5 mg/L, Strontium 5.57 mg/L, Iron – 3.2 mg/L
Well B – 200 feet
Methane – 6 mg/L, Chloride 30 mg/L, Barium 1.13 mg/L, Strontium  2.15 mg/L,
Radon < 60 pCi/L, Iron – 1.39 mg/L

Direction of Groundwater 
Flow - UP

Lake

Impact Where There is NO Drilling – Baseline Testing

Groundwater Flow Towards
The Lake

Well A may be Impacting Well B



Methane Variability- Actual 
Examples- Well Depths 
House

Septic system

Wells (2)
500 ft 300 ft

7 mg/L
< 1 mg/L



Methane Gas Level – Change over 
Time- Time with Highest Levels
 barometric pressure is low and soils are 

saturated;
 when snow cover is just beginning to melt; 
 the ground is frozen or ice covered; or
 under long-term pumping conditions for the 

well when the well is experiencing the 
lowest dynamic water level and greatest 
drawdown.



Bedrock Fractures and Fractured Zones

High Yielding Well
(High Methane ?) Fractured Zone

Lower Yielding Well
(Low Methane?)

Fractures do not fully penetrate to the Marcellus Shale



Getting to The Natural Gas

5000 to
7000 feet

Up to a few thousand feet

Freshwater 
Well

Brine / connate
Water- Trapped 
In formation 
when deposited

Saline
Brine

Freshwater

Additional
Cement Needed



Problems with Gas Migration and 
Cement

C
a
s
i
n
g

C
a
s
i
n
g

Does not Bound



Migration Concepts- Non-Marcellus 
Shale - While Drilling- Proper 
Casement Placement

Older

Younger
Water Table

Private Well

Marcellus Shale 

Shallow Gas

Confining Layer



Migration – Prior to Changes in 
Law



Ok – I get the outgassing – by why 
is it brown?



Part of the Reason for the Discolored Water May be Iron Bacteria
Iron Related Bacteria is a common problem in NEPA –About 50%
of Wells with an Iron Problem or Coliform Problem have IRB.

Does this Look Familiar?

I am not saying there is no methane gas in the water.



Protective Casing and Cement–
Do it Right !



Migration Concepts- Multiple Casements and 
Recreate Confining Layers- Need Good Cement 
Bonds- Cement up to Deepest Casement or Surface

Older

Younger
Water Table

Private Well

Confining Layer

More Conventional  Reservoir

Target



Migration Concepts- Multiple Casements and 
Recreate Confining Layers – No Uncemented Zones.

Older

Younger
Water Table

Most Private Wells

Shallow Gas

Very Deep Private Wells

The other Problem – Private Wells that are Too Deep – I aware of 
some private wells that are over 900 feet deep.



PSU Study -Migration and Disturbance During Drilling-
losing circulation

Proper Construction Poor Construction

Key Points
1. Proper Casing and Cement of Marcellus Shale Wells
2. Knowing How Private Wells Are Constructed
3. Isolation Distances will not Solve This Problem.
4. Fixing Private Wells has to be part of the Solution.
5. This may account for the data on bromide from PSU.
6. The issue may not be well radial distance, but construction
and drilling issue.
7. Recommend closed loop drilling with water within
freshwater aquifer (no muds) or water-based muds.

up
 to

 2
00

0 
ft

Lined Pit

Could this explain the 
Bromide Issue??



Catskill Formation

“Bluestone Quarry – West of Dimock”
Note – Preferential Flow Pathways Along Joints and Bedding Planes

80 feet



At Full Build Out – The water usage by the Industry is
equivalent to the daily water usage of 1 – Nuclear Plant



Locating / Sealing/ Cementing – Old Gas Wells – Need to Be Part of the 
Solution – More of a Western PA Problem – but this can apply to very 
deep private wells in our region.



Frac Water Chemical Disclosures

 FracFocus”- http://fracfocus.org/. - the 
hydraulic fracturing chemical registry 
website. 

 This website is a joint project of the 
Ground Water Protection Council 
Interstate Oil and Gas Compact

http://fracfocus.org/


Action as a Educator
 Reboot the 1970 – Eduction Education Programs
 Encourage Energy Conservation – Switch Bulbs, 

Close the Door – Turn the Lights Out- Unplug 
Your Charger

 Encourage Education in “Trades” and “High 
Degrees”- not just college.

 Help to Educate the Community.
 Conserve Energy, Recycle, Reuse- Just like the 

Earth. 
 Be Fact Based and Use Science and the Scientific 

Method – not the sky is falling. 



Changes in the Regulations
 Require Lined Sites with Containment and Monitoring.  (DONE)
 Require Cement Bond Logging and Reporting. .  (DONE)
 Require Cementing to Surface for all strings and production casing.
 Require Monitoring Private Wells During Drilling Process – Field 

Screening Only (Some Progress)
 Increase baseline testing zone to cover the anticipated capture zone for 

the well pad.
 Volume of Water Not the Issue – But Hauling is an Issue – Promote 

Water Reuse and Production Water Management is an Issue (Done)
 More Cased Zones – Multiple Cement Casing  (Part Way Done)

 New Strings – Placed Based on Local Geology and Well Survey
 Shallow Freshwater
 Deeper Freshwater
 Saline Zone Casing
 PADEP should be consistent with EPA UIC Program
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Groundwater Moves

1. Which ways can groundwater move?
a. Up
b. Down
c. Sideways
d. All of the above

1. d. All of the above
Although most movement is lateral (sideways), it can move 
straight up or down. Groundwater simply follows the path 
of least resistance by moving from higher pressure zones to 
lower pressure zones.
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Groundwater Moves
2. How is the speed of groundwater movement 
measured?
a. Feet per day
b. Feet per week
c. Feet per month
d. Feet per year

2. d. Feet per year
Groundwater movement is usually measured in feet per year. 
This is why a pollutant that enters groundwater requires many 
years before it purifies itself or is carried to a monitored well.
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Surfacewater Moves
3. How is stream flow usually measured?
a. Feet per second
b. Feet per minute
c. Feet per hour
d. Yards per hour

3. a. Feet per second
Water flow in streams/rivers is measured in feet per second.
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Groundwater Moves
4. What determines how fast groundwater moves?
a. Temperature
b. Air pressure
c. Depth of water table
d. Size of materials

4. d. Size of materials
Coarse materials like sand and gravel allow water to move rapidly.
(They also form excellent aquifers because of their holding capacity.)
In contrast, fine-grained materials, like clay or shale, are very 

difficult for water to move through. Thus, water moves very, 
very slowly in these materials.
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Groundwater Moves
5. Can the water table elevation change often?
a. Yes
b. No

5. a. Yes
Water table elevations often fluctuate because of recharge and 
discharge variations. They generally peak in the winter and
spring due to recharge from rains and snow melt. Throughout 
the summer the water table commonly declines due to evaporation,
uptake by plants (transpiration), increased public use, industrial 
use, and crop, golf course and lawn irrigation. Elevations 
commonly reach their lowest point in early fall.
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Groundwater Moves
6. Does aquifer storage capacity vary over time 
naturallly?
a. Yes
b. No

6. a. Yes
Just like the water level in rivers and streams, the amount of water 
in the groundwater supply can vary due to seasonal, weather, use 
and other factors.



Drilling Activitity
EPA Sampling In Dimock

Western PA
Old Gas WellHydraulic Fracturing

Water Treatment
And Reuse

What is This?



Our Latest Educational Resource
Description of the following:
a. Citizen Database
b. Baseline Testing
c. Drinking Water Standards
d. Specific Water Quality Standards
e. Treatment Options
f. How to Shock Disinfect a Well
g. How to Properly Construct a Well
h. General Guidelines on Baseline Testing
Parameters.
And More.  Cost $ 10.00

Other Resources at http://www.water-research.net
Supports a Local 501C3 – Carbonwaters.org

http://www.water-research.net/
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