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Columbia and Luzerne Counties were glaciated and they 
are within the Appalachian Plateau and the Ridge and Valley Provinces 

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



G
E
O
L
O
G
Y

Source: Luzernecounty.org

What Does This Mean?
Wisconsinan (17,000 to 22,000 yrs)
Late-Illinoian (132,000 – 198,000 yrs)
Pre-Illinoian (> 770,00 yrs)
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Source: DCNR -
http://www.dcnr.state.pa.us

Appalachian Plateau Province
�� Broad to Narrow Broad to Narrow 

ValleysValleys

�� Rounded Hills and Rounded Hills and 
Valleys Associated Valleys Associated 
with with GlaciationGlaciation

�� Valleys filled by Valleys filled by 
glacial fluvial glacial fluvial 
material material 
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Ridge and Valley Province

�� Bedrock has been Bedrock has been 
folded into a folded into a 
series of anticline series of anticline 
and synclinal and synclinal 
structures.structures.
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Syncline Anticline

O 

Plunging Anticlines / Synclines

Source: West Virginia University
http://www.geo.wvu.edu

Geological Sequence

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 PermianNot present (eroded and 
weathered)

290 – 320 million Pennsylvanian

320 – 354 million Mississippian

354  - 417 million Devonian

417 – 443 million Silurian

Catskill Formation
Trimmers Rock Formation
Mahantango Formation
Marcellus Formation
(Black Shale)- Target
Onondaga Formation
(calcareous sandy shale)

Mauch Chunk
Pocono and Spechty Kopf

Llewellyn (coal) and 
Pottsville ( minor coal)
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Mauch
Chunk

Pottsville

Llewellyn

Ridge and Valley Province – Rt 309

Bedding Planes with
Seepage

Mahantango Formation

Source: flickr.com/photos/ (ID –stillriverside)- Site Milford, PA

Marcellus Shale Photo

Outcrops Along the
Southeastern Border 
of Pike County
Along Route 209

Main Fracture Orientation

Geology of Columbia and Luzerne County

Anticline – Plunge to NE

Syncline – Plunge to NE

Primary Aquifers in PA

Most Common Aquifers

Copyright © 1997-2009 - League of Women Voters of PA Citizen Education Fund- image edited by Mr.Brian Oram, 
PG Wilkes University

Bedrock

Bedrock

Well Geology (Unconsolidated)

Source: Water Watch Alliance



Surfacewater & Groundwater
They Are Related and Connected !

Local Water Divide

Confining Layer

Copyright © 1997-2009 - League of Women Voters of PA Citizen Education Fund- image edited by Mr.Brian Oram, 
PG Wilkes University

Bedrock Fractures and Fractured Zones

High Yielding Well FracturedZone
Lower Yielding Well

Within Consolidated Rock or Bedrock Water Moves 
Along Bedding Planes, Joints, Fractures, and 
Faults.

Bedding 
Planes

Primary Standards (NPDWR)

National Primary Drinking Water RegulationsNational Primary Drinking Water Regulations

Primary standards protect drinking water quality by limiting thePrimary standards protect drinking water quality by limiting the levels oflevels of

specific contaminants that can adversely affect public health anspecific contaminants that can adversely affect public health and are knownd are known

or anticipated to occur in water. They take the form of Maximumor anticipated to occur in water. They take the form of Maximum

Contaminant Levels or Treatment Techniques.Contaminant Levels or Treatment Techniques.

There are over 100 chemical and biological primary drinking wateThere are over 100 chemical and biological primary drinking waterr

standards, which include: trace metals, disinfection agents, disstandards, which include: trace metals, disinfection agents, disinfection byinfection by--

products, radiological, microbiological agents, and organic chemproducts, radiological, microbiological agents, and organic chemicals.  icals.  

Examples:Examples:Arsenic, Lead, MTBE, total Arsenic, Lead, MTBE, total coliformcoliform, , GiardiaGiardia, , TrihalomethanesTrihalomethanes,,

Asbestos, Copper, Benzene, Asbestos, Copper, Benzene, TrichloroethaneTrichloroethane, etc., etc.

Secondary Standards

National Secondary Drinking Water RegulationsNational Secondary Drinking Water Regulations

These standards were established more for cosmeticThese standards were established more for cosmetic
effects (such as skin or tooth discoloration) or aesthetic effeceffects (such as skin or tooth discoloration) or aesthetic effects (suchts (such
as taste, odor or color) in drinking water.as taste, odor or color) in drinking water.

These are not regulated standards, but recommended limits.These are not regulated standards, but recommended limits.

The secondary standards include: aluminum, chloride, color, The secondary standards include: aluminum, chloride, color, 
corrosivitycorrosivity , fluoride, foaming agents, iron, manganese, odor,, fluoride, foaming agents, iron, manganese, odor,
pH, silver, sulfate, total dissolved solids, and zinc.pH, silver, sulfate, total dissolved solids, and zinc.

Why Test Private 
Well Water ?

A A USGS survey found that 70% of private wells wereUSGS survey found that 70% of private wells were
contaminated. This contamination could result in acute or chronicontaminated. This contamination could result in acute or chronicc
health concerns.  Locally health concerns.  Locally –– At least 50% have water quality issuesAt least 50% have water quality issues
Related to a primary health standard.Related to a primary health standard.

In general, there are no regulations related to private wellIn general, there are no regulations related to private well
construction, placement, or required testing.  It is up to eachconstruction, placement, or required testing.  It is up to each
homeowner  to determine the safety of your water.homeowner  to determine the safety of your water.

EPA recommends, at minimum, an annual water test forEPA recommends, at minimum, an annual water test for
private wells.private wells.

There are more private wells than There are more private wells than ““ regulated wellsregulated wells”” ..

Groundwater Columbia and 
Luzerne County
Based on the geology of Columbia and Luzerne County, Based on the geology of Columbia and Luzerne County, 

the the commoncommonwater quality problems are as follows:water quality problems are as follows:

Corrosive Water
Low pH

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

Discolored Water – Reddish 
to Brown Tints

Total Coliform Bacteria
Sulfur Odors and Elevated 

Sulfates
Methane – Columbia County

Portions Luzerne CountyAir Quality Issues – Radon In Air !



A Properly 
Grouted Well

An Ungrouted
Residential Well

Source: Pennsylvania State University – Master Well Owner Program -
Carbon County Groundwater Guardians (edited by Mr. Brian Oram)

A Properly 
Grouted Well

TremieTremie PipePipe

Unsanitary Well Cap

�� Insects,  Larvae and Insects,  Larvae and 
Nests / Egg MassesNests / Egg Masses

�� Mouse ColoniesMouse Colonies

�� SnakesSnakes

�� BeehivesBeehives

�� Mud Mud -- when casing to when casing to 
close to groundclose to ground

Types of Contamination - Bacteria, Pathogens, Sediment 
Subject to Vandalism, Salts, and Flooding

Source: http://pa.water.usgs.gov

Less Common Problems

These water quality conditions are not common to  groundwater inThese water quality conditions are not common to  groundwater in
Columbia and Luzerne County.Columbia and Luzerne County.

Elevated Nitrate- Nitrite Levels 
Radiological (Uranium, Alpha Beta, and Radium) 

Arsenic (local issues)

Organic Contamination
Elevated Trace Metals 

(except corrosion by-products like Copper, Lead, Aluminum, Zinc)

Salty or Brackish Water (very deep wells)
Trihalomethanes

Pathogenic Organisms

Radon (In Air)- PA

Luzerne County and Many Other Counties are in the Red Zone –
Suggests indoor air radon levels greater than 4 pCi/L

Announcement:
Free Radon in Air Test Program
The American Lung Association of the Mid Atlantic has obtained a supply
of radon test kits from a laboratory certified by the  Pennsylvania
Department of Environmental Protection. 

A limited number of tests are available for each region of PA.  To
determine the availability of a kit go to 

http://www.lunginfo.org/freeradonkit
Enter your zip-code

Please allow four to eight weeks for delivery. 



Methane in Water
�� Methane has been a hidden issue in NEPA. The gas Methane has been a hidden issue in NEPA. The gas 

is colorless, tasteless, and odorless and there are no is colorless, tasteless, and odorless and there are no 
known health effects.known health effects.

�� Potential concerns relate to flammability/ Potential concerns relate to flammability/ 
explosiveness of gas.explosiveness of gas.

�� The Coal regions and deep wells in northern portion The Coal regions and deep wells in northern portion 
of NEPA, and areas associated with the of NEPA, and areas associated with the Mahantango
/ Marcellus Shale./ Marcellus Shale.

�� No drinking water limit, but Office of Surface Mines No drinking water limit, but Office of Surface Mines 
recommends monitoring for concentrations from 10 recommends monitoring for concentrations from 10 
to < 28 mg/L and immediate action for to < 28 mg/L and immediate action for 
concentrations > 28 mg/Lconcentrations > 28 mg/L-- I recommend starting this I recommend starting this 
at about 7 mg/L.at about 7 mg/L.

�� Primary treatment options would include ventilation Primary treatment options would include ventilation 
or aeration systems and potentially changing the or aeration systems and potentially changing the 
electrical and heating system for the home.electrical and heating system for the home.

Arsenic
� The drinking water MCL is 0.010 mg/L.   Locally, total arsenic may be in 

the range of < 0.005 to up to <0.050 mg/L. 

� Arsenic can result in the formation of malignant tumors on skin and 
lungs and may cause nervous system disorders.

� Observable symptoms of arsenic poisoning are: thickening and 
discoloration of the skin, stomach pain, nausea, vomiting, diarrhea, 
numbness in hands and feet, partial paralysis, and blindness.   

� For this particular parameter within Northeastern Pennsylvania 
(NEPA), it would be advisable to retest the water for dissolved and total 
arsenic.  

� It is also typically bound to iron oxide complexes. 

� In many cases, the arsenic has been leached from a colloid or particle 
during the field preservation of the sample.  Therefore, it could be more 
cost effectively removed by standard filtration.  

Act 220
PA Water Resources Planning Act

� Passed into law in 2002.
� Act does not allocate water – just a planning tool.
� Requires registration of all water users exceeding 

10,000 gpd – Helping to develop a database of 
users.

� Regional Committees meet to identify “Critical 
Areas” within the state.

� Make Recommendations regarding long-term best 
practices and assessments that are needed for each 
area and provide other recommendations to 
manage the resource.

PA Act 220 – Planning Regions

We are Located in the Upper/ Middle Susquehanna Planning Area

Our Area

8/16/2010 35

Groundwater and Groundwater and SurfacewaterSurfacewater
Withdrawals (Who does what?)Withdrawals (Who does what?)

� Depending on project size water is regulated by PADEP and River Basin 
Commissions -Local agencies can not allocate water.

� PADEP and the River Basin Commission are not a local or county planning 
agency – they are state/federal permitting agencies.

� PADEP Permits and Regulates – Public Water Systems Sizing and 
Engineering and River Basin Commission Allocates Water.  

� River Basin Commissions are typically involved with consumptive use or 
withdrawals starting at 20,000 gallons  or 100,000 + gpd, but in certain areas 
the River Basin Commission evaluates consumptive water use at a level of 
10,000 gpd.

� For Marcellus Shale – SRBC allocates all water- the very first drop- no 
minimum.

� PADEP and River Basin Commissions do not contact local planning, but 
require local planning approval before permits or allocations issued.

Water Use in the Planning Area is 
673 million gallon per day or 470,000 gallons per minute

Primary Water User is Hydroelectric/Thermoelectric (71%)
and Public Water Supply Usage is only 19% (Source: PADEP, 2003)

Upper / Middle Susquehanna Planning Region



We are located in the Upper Central Susquehanna River and the 
daily use is equivalent to 168 million gallons per day (25 % of regional usage).

Thermoelectric(47%)
Public Water (10%)
Industry (39%)

Preliminary Conclusions
� Toby Creek Watershed was identified as a “Potential” Critical Water Planning 

Area as part of the Act 220 review.
� General Recommendations

� Encourage Conservation and Add Metering (not on private wells)
� Control Water Loss Due to Leakage
� Develop Groundwater Recharge Systems
� Implement Stormwater Management Systems
� Encourage Water Reuse
� Remediate Contaminated or Impacted Waters, such as Mine Drainage as 

Industrial Water Source.
� Develop and Implement Private Well Construction Standards.
� Encourage Best Management Practices for Developments, Industry, and 

Agricultural Users
� Develop Land Use Planning Approaches that Consider Water Resource 

Issues , such as Development Rights Transfers, Infill, Conservation 
Subdivisions, and more.

8/16/2010 39

Keys to Groundwater Resource Management Keys to Groundwater Resource Management 
and Planningand Planning

� Local or County regulations related to land-use, 
zoning, and wellhead protection- (Need to be Linked).

� Well Siting, Drilling, and Construction Standards.
� Groundwater Availability Analysis for Proposed 

Subdivisions or Proposed Expansions of Unregulated
Water Systems.

� Community Education and Outreach
Water Reuse, Conservation, and Stormwater Management.

� Developing a Well Ordinance as part of the Act 537 Plan 
and Encouraging Land-Based Wastewater Disposal.

� Act 220 and Watershed Withdrawals – Susquehanna River 
Basin Commission.

Marcellus Shale

Black Gold ?

Marcellus Shale- Natural Gas Play
50 to 200 trillion cubic feet

Luzerne County

Shale may be 50 to 200 feet thick
Source- Cabot – Marcellus Shale Thickness Map

This is why the term – Fairway is being used to describe the play.



Permitted Drilled Wells - 2009
Marcellus Shale Drilling Site

Pads can be 5+ acres – but one pad can support drilling 
multiple horizontal wells.

Series of Cement
Casings Used in 
Drilling Process
Adequate Casing
Centralizers Needed

Groundwater Moves - Slowly
feet per year

Confining Bed
Sea Level

Stagnant Water – no to little flow

Saline/Brine Water

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

3.4 mmcf/day

2.3 to 6.3 mmcf/day

1 MMcf = 1000 MMBtu



Types of Fluids

� Top hole fluids – typically the water from the 
freshwater aquifer.  This water from the first 600 
to 1200 feet.

� Bottom hole fluids – brine or connate water.
� Stimulation Fluids – fluid used to improve 

recovery (frac process)
� Production Fluids – water produced along the 

natural gas release – similar to bottom hole fluid.

Active Marcellus 
Production Site – Frac Fluid Chemistry

Typically Frac Water is comprised of clean water with a low probably for scale
formation, but treated effluents and other sources being evaluated.  
The components include:

Friction Reducer – anionic polymer high molecular weight
(hold frac sand and other particles)

Wetting Agent- nonionic surfactant – reduce surface tension and improve
frac water flowback.

Biocides- control growth or regrowth of microorganisms.

Scale Inhibitor – phosphate based chemicals to inhibit precipitate formation 
and scale formation.

Arthur et. al., 2008 – All Consulting – “ Natural Gas Wells of the 
Marcellus Shale”, Presented at Groundwater Protection Council 
2008 Annual Forum. 

Available Flowback Water Chemistry

Parameter Units Concentration
Drinking

Water Limit
MultipleAbove
PWS Standard

Aluminum mg/L 1.2 0.2 6

Arsenic mg/L 0.014 0.01 1.4

Barium mg/L 410 2 205

Iron mg/L 17 0.3 56

Manganese mg/L 0.89 0.05 17.8

Hardness mg/L 1750 500 3.5

T. Dissolved Solids mg/L 31324 500 62

Nirate @ N mg/L 90.1 44 2

pH su 6.73 6.5 - 8.5 oK

Bromide mg/L 61.8 0.01 6180

Chloride mg/L 27000 250 108

Gross Alpha pCi/L 223.3 15 15

Gross Beta mrem/yr (Sr) 38.65 4 10

Radium 228 pCi/L 18.55 5 4

Radium 226 pCi/L 69.63 5 14

Source: http://www.prochemtech.com/
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Flowback Water Chemistry

Flowback water is generated from drilling and it is what gets  
produced from the first 5% of water returned after a well is started

May contain elevated levels of trace metals, nitrogen, bromide,
uranium, and hydrocarbons.  Most of the dissolved solids includes
chloride and sodium.

Source: http://www.prochemtech.com/

Production Water

Produced water is wasted water that accompanies oil 
extraction and is high in saline.  Typically, separated stored on
site and then hauled to treatment/disposal facility.

May contain elevated levels of trace metals, nitrogen, 
bromide, uranium, and hydrocarbons.  Most of the dissolved 
solids includes chloride and sodium.

Source: http://www.prochemtech.com/



Concerns- That Can be Addressed

� Regulated on the Federal/ State Level – minimal control 
via local zoning and land-use.

� Proper Management of Waste and Waste Materials 
(excluding frac water and brine) (River Basin 
Commissions)

� Water Resource Issues – Frac Water / Brine Disposal 
(PADEP, EPA, River Basin Commission)

� Noise Pollution- May require Engineering Controls 
� Need to Expand PADEP Roles (More Inspectors)
� Hauling and Road Issues (Bonding and Inspection)
� Potential for Spills and Leaks – (Spill Protection Plans and 

Community Baseline Monitoring)

Action as a Local Agency
� Bonding Roads
� Use Zoning Ordinances to the Maximum Extent Possible
� Supporting Proposed Changes to State and Federal 

Regulations- Frac Act, NPDES Permits- TDS, Chloride, 
Sulfate Standard

� Consider Supporting Severance Tax
� Setting Up Local Repository for Permit Applications, Third 

Party Reports, and Possibly Local Hotline.
� Obtaining a Copy of Health and Safety Plans, MSDS 

Sheets, and Emergency Response Plans.
� Informing Residents of EPA’s Tip Line and Sign up for 

PADEP  E-Notice

Action as a Local Agency
� Encouraging Gas Companies to Host Local Education and Information 

Sessions for Landowners and Residents

� Encourage Gas Companies to use a multiple casement  approach  for 
well construction that is based on site conditions, work with Local 
Emergency Management Personal, Form Local Task Force or Work-
Group Related to Natural Gas Development.

� This Task Force should include citizens, professionals, royalty owners, 
municipal officials, conservation groups, and representatives from the 
Gas Industry- All Stakeholders should be part of this effort.

� Host Local Workshops or Work Groups Related to Gas Leasing for 
Landowners- Send Township Engineer to PADEP Marcellus Shale 
Workshops
http://www.dep.state.pa.us/dep/deputate/minres/oilgas/oilgas.htm

EPA Tip Line

� EPA's Mid-Atlantic Region has a natural gas drilling tip 
line for reporting dumping and other illegal or suspicious 
hauling and/or disposal activities. 

� Tip line number (toll free): 1-877-919-4372 
� (877-919-4EPA)

URL: 
http://www.epa.gov/region03/marcellus_shale/tipline.html
Tip email address: eyesondrilling@epa.gov

Background Testing and Baseline
(Work as a Community !)

� Test wells / springs/surfacewater within at least 2500 feet and it may be advisable to 
take or encourage a more regional analysis. 

� If no fresh water wells are installed or exist on the parcel with the pad, develop a 
baseline monitoring program surrounding the drilling pad. 

� Test wells/springs/surfacewater along horizontal testing leg this depends on the extent of 
induced fractures.

� Document static water levels, well production capacity, and spring flows

� Pre Drilling Baseline – within 6 months of starting a production well.
� Post Drilling Testing – within 6 months of completion..
� Use Baseline Testing to Identify Current Areas of Concern .

� How are we going to fix problems?
� Do we need to put into place construction standards for private wells?
� Do we need construction standards for geothermal or ground source 

wells?
� Follow-up baseline testing should include parameters that actually cover 

the frac chemicals that were used (Done by Gas Companies).

Some Recommendations on Testing

� Recommendations are for Residential / Private Wells that are outside 
1000 feet of the well.

� Recommendations are for Private Wells that are not along a horizontal 
leg for the well.

� Different testing may be needed for springs and surfacewaters.

� Regulated water supplies will require a more complex suite of testing, 
but most of this testing was done as part of the normal permitting of 
the source and normal annual monitorng.



Water Testing Recommendations

� Package # 1 – Based on Penn State University 
Recommendations- Targeting Inorganic Natural 
High in Area and High in Flowback Water.

� Parameters: total coliform, e. coli, chloride, 
sodium, barium, bromide, pH, iron, manganese, 
methane/ethane, and total dissolved solids.

� Laboratory Cost –Approximately $ 350.00 - $ 375.00/sample.

� Very inadequate – This is the minimum!

Water Testing Recommendation
Package # 2- Includes the Parameters in Package # 1, 

plus (Based on PADEP Recommendations and 
Flowback Water Chemistry:

� T. Hardness, Calcium, Magnesium, Selenium, 
Strontium, Alkalinity, Arsenic, Nitrate, Total 
Suspended Solids, Sulfate

� Oil & Grease, Surfactants,  21-VOCs, MTBE
� Estimated Cost w/o Chain-of-Custody and 

Collection –Approximately $650.00 - $ 775.00 /sample.

Water Testing Recommendation
Package # 3- Based on Flowback Water Chemistry, 

Regional Groundwater Normally Corrosive, and 
Elevated Levels of Radon in Air

� Potassium, Sulfide, Ammonia, Acidity, Nickel, 
Gross Alpha / Beta, Lead, Uranium

� Estimated Cost w/o Chain-of-Custody and 
Collection
$ 900.00 - $ 1000.00 per sample

Water Testing Recommendations
Package # 4 – Comprehensive Testing 

1. Includes all drinking water  parameters for a regulated source, 

2. Parameters that target Natural Gas, Connate Water, Brine 
Water, Flowback water that are not part of the Drinking Water 
Standards

3. Additional Synthetic Organic Compounds 

4. This is not for the typical homeowner.

� $ 1850.00 and Up

Anticline

Fresh Water
< 1000 mg/L

Brackish to Saline
1000 to < 10000 mg/L

Very Saline- > 10,000 mg/L to 
35,000 mg/L

Brine > 35,000 mg/L

1200 + ft

600 + ft

Younger Older Younger

Water Well

Sea Level

Target
Formation

General Geology
Horizontal Bedding

Use a Multiple Casing Approach

Geology of Appalachian Plateau Provinces 

Y
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Saline Water

Brine Water

Fresh Water



New Community Resource

Download a Free Copy or Link to 
a copy at 
http://www.wilkes.edu/water

Certificate of Completion
Presented to
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Marcellus Shale Development
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Mr. Brian Oram, PG 
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Wilkes University 
Wilkes-Barre, PA 18766
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QUESTIONS – Answers are another story!

Groundwater and Hydrogeology of
Luzerne / Columbia County, PA

Municipality, Engineer, Contractor Conservation 
Awareness Workshop (Luzerne County PA – 8-2010)

Hydrogeological
Assessments

Soils 
Evaluation 


