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1 Introduction 

Natural gas plays a key role in meeting U.S. energy demands.  Natural gas, coal and oil supply about 85 

percent of the nation‘s energy, with natural gas supplying about 22 percent of the total.
1
  Proportionally, 

this is expected to remain fairly constant for the next twenty years.  Much of the technically recoverable 

natural gas in North America is present in unconventional reservoirs such as tight sands, shale, and coal 

beds.  Natural gas production from tight shale formations, known as ―shale gas,‖ is one of the most 

rapidly expanding trends in onshore 

domestic oil and gas exploration and 

production.  According to the Energy 

Information Administration, by 2011 

the majority of U.S. gas reserves 

growth will come from shale gas plays 

and by 2035 more than 35 percent of 

domestic production will be supplied 

from shale gas.
2
  In some cases, this has 

included bringing drilling and 

production to regions of the country 

where little or no such activity has 

occurred in the past. 

Shale formations can provide access to 

very large quantities of natural gas.  A 

number of factors have combined to 

focus considerable attention on this 

source of gas – continued growth in 

energy demand; the need for energy 

sources having a smaller ―carbon 

footprint‖; proximity of major shale 

plays to major consumer markets; and 

most significantly, advances in existing 

technologies that allow shale gas to be 

economically recoverable.
3
   

The Marcellus Shale is a geologic 

formation underlying an area from 

West Virginia in the south to New 

York in the north, an area of 

approximately 95,000 square miles 

(Exhibit 1).
4
  The Marcellus Shale is a 

low permeability (tight) formation, 

categorized as an unconventional gas 

Exhibit 1.  Map Showing the Extent of the Marcellus Shale 
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reservoir, with approximately 489 trillion cubic feet (tcf) of technically recoverable natural gas 

resources.
5
   

Two technologies – horizontal well drilling and hydraulic fracture stimulation – have been crucial in 

facilitating the expansion of shale gas development.  Horizontal drilling involves drilling vertically, until 

reaching a point above the target formation where the drill bit is then turned through a 90-degree arc to 

allow advancing the borehole horizontally through the target (―pay‖) formation.  This approach allows for 

a greater contact length between the wellbore and the producing formation than is traditionally achieved 

through vertical drilling.  Because of this increased exposure to the pay zone, a volume of gas similar to 

what can be produced by numerous vertical wells can potentially be produced by significantly fewer 

horizontal wells.
6
 

Hydraulic fracturing is required for tight formations such as shale, because they do not have the necessary 

natural permeability to allow a sufficient quantity of natural gas to flow freely to the wellbore.  For 

horizontal wells, this involves pumping large volumes of a water-sand-chemical mix down a well under 

high pressure to fracture the formation, thus providing pathways for the natural gas to flow to the 

wellbore.  A typical hydraulic facture operation may require 3 to 5 million gallons of water per well.
7
 

Development of the Marcellus Shale natural gas play in New York, Pennsylvania, and West Virginia has 

come under intense scrutiny by regulators, NGOs, and the public in regard to the potential environmental 

impacts from the water withdrawals necessary to support drilling and hydraulic fracturing.  

Considerations in evaluating water needs include the location of the need, the seasonal timing of the need, 

the location of available water, and the regulations governing water withdrawals.   

In general, the area overlying the Marcellus Shale has abundant precipitation, making water readily 

available.  Although many streams, rivers, and lakes may be theoretically viable as water sources based 

on available volume alone, a much smaller subset of water bodies may have practical potential for use by 

the natural gas industry, based on the distance to a given well.  The costs of transporting water from the 

source to the well site can quickly and dramatically exceed the simple cost of obtaining the water.  

Natural gas companies (operators) will work to minimize these costs by securing permitted withdrawals 

as close as possible to their planned development areas.  Furthermore, operators with large lease holdings 

may need to evaluate and secure not one, but several, water sourcing take points in order to minimize 

environmental impacts while still meeting the water needs of their development plans. 

Thus, ground and surface water sources most proximal to the well sites are most desirable.  Consequently, 

a primary issue for water withdrawal will be the regulations governing permitting procedures including 

the passby flow requirements and their impact on the seasonality of permitted withdrawals from the water 

bodies nearest the wells.  In New York, Pennsylvania and West Virginia, withdrawal permitting is 

regulated by a matrix of state and interstate regulatory agencies, whose regulations reflect the needs of 

individual states or watersheds.  Consequently, operators must focus on the specific issues and approaches 

to permitting that are unique to each location. 

This paper addresses three overlapping topics, each with a bearing on water sourcing within the three 

primary states: 

 A description of the major water resources associated with the Marcellus Shale areas of New 

York, Pennsylvania and West Virginia; 

 A description of the regulatory structure in New York, Pennsylvania and West Virginia, as well 

as the two major river basin commissions in the area: the Susquehanna River Basin Commission 

and the Delaware River Basin Commission; and 

 A description of the metrics used by each of these organizations to regulate water use. 
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2 Water Sourcing Issues for the Natural Gas Industry 

As noted above, a typical hydraulic facture operation may require 3 to 5 million gallons of water per 

well.
8
  The actual volume of water needed may vary substantially between wells.  While the water 

volumes needed to drill and stimulate shale gas wells are large, they generally represent a small 

percentage of the total water resource use in the shale gas basins.  Estimates of peak drilling activity in 

New York, Pennsylvania, and West Virginia indicate that maximum water use in the Marcellus, at the 

peak of production for each state, assuming 5 million gallons of water per well, would be about 650 

million barrels per year.
9,10,11

  This represents less than 0.8 percent of the 85 billion barrels per year used 

in the area overlying the Marcellus Shale in New York, Pennsylvania, and West Virginia.
12

   

The volume required for shale gas is small in terms of the overall water availability in the area.  To put 

shale gas water use in perspective, the consumptive use of fresh water for electrical generation in the 

Susquehanna River Basin alone is nearly 150 million gallons per day, while the projected total demand 

for peak Marcellus Shale activity in the same area is only 8.4 million gallons per day.
13

  Other water 

consumers that also affect water use in some parts of the Marcellus Shale include golf courses and 

agricultural producers; each golf course requires between 100,000 and 1,000,000 gallons of water per 

week.
14

  One factor in shale gas water use is that operators need this water when drilling and hydraulic 

fracturing activities are occurring, requiring that the water be procured over a relatively short period of 

time, and these activities will occur year-round.  Water withdrawals during periods of low stream flow 

could affect municipal water supplies and industries such as power generation, as well as recreation, and 

aquatic life.  Thus, in order to have adequate water during periods of low streamflow or drought, 

operators may need to make withdrawals during periods of high stream flow and store the water for later 

use.  Another consideration is that while the region may have abundant water supplies, any given well site 

may not be near a large stream or lake.  To avoid adversely affecting a given water source, operators may 

need to consider withdrawals from multiple near-by sources or explore other options such as overland 

piping for more distant sources.   

3 Water Basins Overlying the 

Marcellus Shale   

From an overall perspective, there are plentiful 

water resources overlying the Marcellus Shale 

deposits.  These deposits are found beneath a vast 

area of the northeastern United States, primarily 

within the boundaries of the Susquehanna, 

Delaware, and Ohio River Basins (Exhibit 2).  The 

Susquehanna, Delaware, and Ohio River Basins 

overlap the States of New York, Pennsylvania, and 

West Virginia.  This paper focuses on these three 

river basins within these three states; together they 

comprise an area receiving the most attention from 

the point of view of both exploration and regulatory 

issues. 

Exhibit 2.  Map of All River Basins and Sub-Basins 

Overlying the Marcellus Shale 
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Exhibit 3.  Map Showing the Marcellus Shale within SRB Boundaries 

 

3.1 The Susquehanna 

River Basin 

The Susquehanna River Basin 

(SRB) is located within New 

York, Pennsylvania, and 

Maryland.  It includes the 

total area of rivers, streams, 

and tributaries draining into 

the Susquehanna River.  The 

Susquehanna River flows a 

total of 444 miles from 

Otsego Lake in Cooperstown, 

New York, to Havre de 

Grace, Maryland, where it 

enters the Chesapeake Bay 

(Exhibit 3
15

).  The basin itself 

drains 27,510 square miles, 

covering approximately half 

of the land area of 

Pennsylvania and portions of 

New York and Maryland.
16

  It 

comprises 43 percent of the 

Chesapeake Bay‘s drainage 

area and contributes nearly 

half of the Bay‘s freshwater 

inflow.
17

  Seventy-two 

percent of this basin is 

underlain by the Marcellus 

Shale (Exhibit 3) at depths 

ranging from approximately 

4,000 to 8,500 feet.
18

   

The vast area of the SRB 

includes many major 

population centers, such as 

Harrisburg, Lancaster, 

Scranton and York, Pennsylvania, and Binghamton and Elmira, New York.  According to the 2000 

census, there are approximately 4.2 million people living within the boundaries of the SRB.  In addition 

to supplying water to people residing within this area, waters from the SRB are diverted for public use to 

the City of Baltimore, Maryland, which is located outside of the SRB boundary. 

There are eight major rivers flowing into the Susquehanna River.  These rivers include the Chemung 

River, Chenango River, Juniata River, Sangerfield River, Tioga River, Tioughnioga River, Unadilla River 

and West Branch Susquehanna River.  These rivers and their tributaries equate to a total of 31,193 miles 

of rivers and streams within the SRB.
19

    

The SRB is divided into six sub-basins:  Chemung, Juniata, and the Lower, Middle, Upper and West 

Branch Susquehanna River sub-basins
20

 as depicted in Exhibit 4.
21

  These sub-basins are then divided 

further into 88 watersheds.
22

  The major streams and rivers of the SRB are potential surface water 

withdrawal sources.  Each sub-basin has several lakes which have also been identified as potential surface 
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water sources for Marcellus Shale development.  The total surface area covered by all the lakes, ponds, 

and reservoirs throughout the basin is 79,687 acres.
23

  Some of the more notable lakes in the SRB are 

Blanchard Reservoir, Lake Clarke, Cowanesque Lake, Otsego Lake, Raystown Lake, and Whitney Point 

Lake.   

 

 

  

Exhibit 4.  Map of the Six Sub-basins of the Susquehanna River Basin 
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Exhibit 5
a
 summarizes the major characteristics of the area comprising the SRB. 

Exhibit 5.  Susquehanna River Basin Geographic Statistics 

Basin Population24 4.2 million  

Basin Surface Area25 27,510 sq. mi. 

- New York  6,327 sq. mi.  

- Pennsylvania  20,908 sq. mi.  

- Maryland  275 sq. mi. 

Water Sub-basins26  

- Chemung  2,604 sq. mi.  

- Upper Susquehanna  4,944 sq. mi.  

- Middle Susquehanna  3,755 sq. mi.  

- West Branch Susquehanna  6,992 sq. mi.  

- Juniata  3,406 sq. mi.  

- Lower Susquehanna  5,809 sq. mi.  

Total miles of rivers and streams27 31,193.0 mi.  

- Miles of perennial rivers/streams  26,064.0 mi.  

- Miles of intermittent streams  5,500.7 mi.  

- Miles of ditches and canals  45.3 mi.  

- Border miles of shared rivers/streams  0 mi.  

Total inches of precipitation per year28 39.51 in./yr. 

Numbers of lakes/reservoirs/ponds29 2,293  

Acres of lakes/reservoirs/ponds30 79,687 acres  

Square miles of estuaries/harbors/bays31 0 sq. mi.  

Miles of ocean coast32 0 mi.  

Acres of wetlands33  Unknown  

Land Use34  

- Forested  (63.1%) or 17,362 sq. mi.  

- Urban  (9.3%) or 2,560 sq. mi.  

- Pasture  (6.7%) or 1,845 sq. mi.  

- Cropland  (19.4%) or 5,338 sq. mi.  

- Water  (1.5%) or 405 sq. mi.  

Evaluating water adequacy requires 

both a means for measuring water 

availability and recognition that this 

availability may sometimes be 

reduced by seasonally low water or 

drought.  Overall water availability is 

frequently ascertained by measuring 

the stream flow at selected points.  

Harrisburg, Pennsylvania, is often 

used as a base for analyzing stream 

flow for the SRB because it is 

located downstream of the 

confluences with the major 

tributaries of the Susquehanna River.  

In Harrisburg, the Susquehanna 

River has an average flow of 34,580 

cubic feet per second, based on the 

United States Geologic Survey‘s 

(USGS) gauging data.  Exhibit 6
35

 

                                                           
a This table is derived from a chart used in the 2008 Susquehanna River Basin Water Quality Assessment Report. (SRBC, 

The 2008 Susquehanna River Basin Water Quality Assessment Report, Publication No. 25531 – Mar. 2008). 

Exhibit 6.  Graph of Flow Rate in the Susquehanna River 
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shows the average daily flow rate based on 118 years of records collected at Harrisburg.  Average flow is 

greatest in the early Spring and least in the late Summer and early Fall. 

Average annual flow rates alone do not provide the complete picture.  At any point in time, a given area 

may be under drought conditions.  These conditions are reflected in the U.S. Department of Agriculture 

(USDA) Drought Monitor (Exhibit 7
36

) showing conditions of the northeastern U.S. as of March 23, 

2010.  Thus, while these areas of the country were not within drought conditions as of the date of this 

paper, they were within abnormally dry to moderate drought conditions in 2009. 

3.2 Delaware River Basin 

The Delaware River Basin (DRB) is located within New York, Pennsylvania, New Jersey, and Delaware, 

with a very small area of the basin lying in Maryland.  The Delaware River‘s east and west branches form 

in the Catskill Mountains in New York, flowing west and then converging at Hancock, New York 

(Exhibit 8
37

).
38

  From there it flows 330 miles south, forming the boundary between Pennsylvania and 

New York and also the boundary between Pennsylvania and New Jersey before entering the Delaware 

Bay.
39

  The basin comprises the total area of rivers, streams, and tributaries draining into the Delaware 

River, an area encompassing 13,539 square miles.
40

  The Delaware River is the longest undammed 

waterway east of the Mississippi River.
41

 

Exhibit 7.  USDA Drought Conditions as of March 23, 2010 
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The Marcellus Shale underlies approximately 36 percent of the DRB, mainly in the northern sections of 

the basin, with depths of approximately 4,500 to 8,000 feet.  Exhibit 9
42

 shows the boundaries of the 

Marcellus Shale in comparison to the DRB boundaries; the areas designated as Special Protection Waters 

by the Delaware River Basin Commission (see section 3.5.3) are also shown .  

The DRB includes many major population centers, e.g., Allentown, Easton, Philadelphia, Pottstown, and 

Reading, Pennsylvania; Camden, Salem, and Trenton, New Jersey; Hancock and Port Jervis, New York; 

and Dover and Wilmington, Delaware.  The DRB is divided into four subregions known as the Upper, 

Central, Lower and Bay Regions.
43

  These regions are shown on the map in Exhibit 10
44

 and are divided 

further into ten regional watersheds. 

Exhibit 8.  Map of the Delaware River Basin 
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The basin recieves 40.33 inches of rainfall per year based on an average taken from the National Weather 

Service and Delaware River Master statistical data.
45

  The DRB has half (50.3 percent) of its total land 

drainage area in Pennsylvania, approximately one-fourth (23.3 percent) in New Jersey, one-fifth (18.8 

percent) in New York and the remainder (7.9 percent) within the state of Delaware.
46

  The Delaware 

River has two major tributaries, the Lehigh and the Schuylkill Rivers; together the rivers within the DRB 

supply the majority of the freshwater entering the Delaware Bay (Exhibit 10).
47

  

Although the DRB includes less land area than the SRB, it has a larger population living within its 

boundaries.  The total population living within the boundaries of the DRB is approximately 7.6 million 

people but the basin itself provides drinking water to over 15 million people.
48

  The additional 8 million 

are people living in the New York City metro area (NYC).   

Exhibit 9.  Map of Marcellus Shale Overlying the Northern Portion of 

the Delaware River Basin 
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NYC withdraws its drinking water supply from two watersheds:  the Catskill/Delaware Watershed 

(northernmost portion of the DRB) and the Croton Watershed (a portion of the Hudson River Basin).
49

  

These two watersheds have been identified as containing all of the waters used in NYC and its 

surrounding areas, including northern New Jersey, and comprise a distinct watershed for regulatory 

purposes.  The NYC watershed is 1,972 square miles in area, representing 3.3 percent of the State of New 

York‘s total surface area.
50

 

The Catskill/Delaware Watershed is located at the headwaters of the Delaware River in the Catskill 

Mountains and is the larger of the two watersheds in the NYC drinking water supply area.
51

  This 

watershed includes Ashokan, Cannonsville, Neversink, Pepacton, Rondout and Schoharie Reserviors 

Exhibit 10.  Map of the Watersheds in the Delaware River Basin 
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which together supplied 98.3 percent of the water used in 2008 by the NYC service area.
52

  The remaining 

1.6 percent comes from the Croton Watershed which served as the original water supply of NYC and is 

located within the Hudson River Basin.
53

   

The water flows from these reservoirs into aqueducts, and then into NYC water tunnels for distribution.
54

  

NYC‘s water supply is unfiltered.  The NYC metro area is allowed to divert a maximum of 800 million 

gallons of water per day from the DRB.
55

  Portions of the NYC watershed directly overlays areas of the 

Marcellus shale.  Exhibit 11
b
 summarizes the major characteristics of the area comprising the DRB. 

Exhibit 11.   Delaware River Basin Geographic Statistics 

Basin Population
56

 7.6 million 

Basin Surface Area 12,862 sq. mi. 

- New York  2,393 sq. mi.  

- Pennsylvania  6,471 sq. mi.  

- New Jersey 3,014 sq. mi.  

- Delaware 961 sq. mi. 

- Maryland 8 sq. mi. 

Water Sub-basins
57 

 

- Upper Region 3,443 sq. mi.  

- Central Region 3,342 sq. mi.  

- Lower Region 4,654 sq. mi.  

- Bay Region 1,423 sq. mi.  

Total miles of rivers and streams  18,368 mi.  

- Miles of perennial rivers/streams  14,413  mi.  

- Miles of intermittent streams  3,955  mi.  

- Miles of ditches and canals  871  mi.  

- Border miles of shared rivers/streams   0 mi.  

Total inches of precipitation per year
58 

40.33 in./yr. 

Numbers of lakes/reservoirs 921 

Acres of lakes/reservoirs/ponds
 

61,656 acres  

Square miles of estuaries/harbors/bays  1,504 sq. mi.  

Miles of ocean coast
31

  17 mi.  

Acres of wetlands
31

  293,819 acres  

Land Use
59

   

- Forested  (54.8%) or 7,036 sq. mi.  

- Urban  (14.5%) or 1,862 sq. mi.  

- Pasture  (0.4%) or 51 sq. mi.  

- Cropland  (26.0%) or 3338 sq. mi.  

- Water  (4.4%) or 565 sq. mi.  

                                                           
b This table is derived from a chart used in the 2008 Susquehanna River Basin Water Quality Assessment Report. (SRBC, 

The 2008 Susquehanna River Basin Water Quality Assessment Report, Publication No. 25531 – Mar. 2008). 
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Exhibit 13.  Ohio River Basin and Sub-

basins Overlying the Marcellus Shale 

 

Overall water availability is 

ascertained by measuring the stream 

flow at selected points.  Port Jervis, 

New York, is often used as a base for 

analyzing minimum stream flow for 

the DRB because it is located 

downstream of the withdrawal points 

for New York City but before the 

major tributaries enter into the main 

channel.  This point was also selected 

as the best location to analyze flow 

parameters that show a baseline for 

the prevention of saltwater 

encroachment (see Section 4.5.1).  

The Delaware River has an average 

flow rate of 4,985 cubic feet per 

second based upon the USGS stream 

station data.  Exhibit 12
60

 shows the 

average daily flow rate based on 45 years of records 

collected at Port Jervis.  Average flow is greatest in the early 

Spring and least in the late Summer and early Fall. 

3.3 Ohio River Basin 

The Ohio River Basin (ORB) is located within southwestern 

New York, western Pennsylvania, and much of West 

Virginia.  It comprises all of the major rivers and streams 

that flow directly or indirectly into the Ohio River.  The Ohio 

River forms from the convergence of the Monongahela and 

Allegheny Rivers in Pittsburgh, Pennsylvania, and it then 

flows 1,310 miles to its confluence with the Mississippi 

River in Cairo, Illinois.
61

   

The ORB has a larger drainage area than the DRB and SRB 

combined.  The entire ORB drains an area of approximately 

203,000 square miles through portions of fourteen states in 

the central United States; this includes the Tennessee River 

Basin.
62

  The Marcellus Shale underlies approximately 10 

percent of the ORB in the states of Maryland, New York, 

Ohio, Pennsylvania, and West Virginia.   

The ORB waters underlain by Marcellus Shale are comprised 

of the sub-regional river basins of the Allegheny, the 

Monongahela, the Upper Ohio and the New-Kanawha 

Rivers.
c
  Each sub-region‘s major rivers, streams and 

tributaries are the main surface water resources available for 

industrial use water withdrawals.  The three main sub-

regional river basins focused on in this study are the 

Allegheny, Monongahela, and the New-Kanawha River 

                                                           
c
 The Marcellus Shale underlies small portions of the Muskingum River Basin and thusly will not be discussed. 

Exhibit 12.  Graph showing flow rate of Delaware River 
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Basins; the Upper Ohio is considered to be a direct portion of the ORB and is not discussed separately.  

The areas of the ORB outside of the area defined in Exhibit 14 are not currently seen as potential 

Marcellus Shale development areas. 

3.3.1 Allegheny and Monongahela 

River Watersheds 

The Allegheny and Monongahela River 

sub-basins lie almost entirely within the 

Appalachian Plateaus
63

 and comprise a 

combined total land area of 19,145 square 

miles in Maryland, New York, 

Pennsylvania, and West Virginia.
64

  The 

Allegheny River sub-basin drains 11,805 

square miles.  Its headwaters are in 

Coudersport, Pennsylvania, from which it 

flows north into New York before turning 

back south.
65

  It travels a total of 295 miles 

before its confluence with the 

Monongahela River in Pittsburgh, 

Pennsylvania.
66

  Approximately 6,900 

square miles or 59 percent of the 

Allegheny River Basin is underlain by the 

Marcellus Shale. 

The Monongahela River (often referred to 

locally as the ―Mon‖) sub-basin is 7,340 

square miles and lies within portions of 

Maryland, Pennsylvania, and West 

Virginia.
67

  The Monongahela River begins 

in Fairmont, West Virginia, and flows 116 

miles north before combining with the 

Allegheny River at Pittsburgh, 

Pennsylvania (Exhibit 15
68

).
69

  

Approximately 100 percent of the 

Monongahela River Basin is underlain by 

the Marcellus Shale.  

Exhibit 14.  Portions of the Ohio River Basin with Limited Marcellus Potential 

River Basins Total 

Square 

Miles 

Marcellus Shale 

Square Miles 

within the Basin  

Percentage of 

Shale within 

the River Basin 

Marcellus Shale in 

river basin versus 

total play extent  

Ohio River Basin ~203,000 20,300 ~10% 22% 

- Allegheny River Basin 11,660 6,900 59% 7% 

- Monongahela River Basin 7,375 7,375 100% 8% 

- New-Kanawha River Basin  12,290 2,275 18% 3% 

- Upper Ohio River Basin 13,355  4,405 33% 4% 

 

Exhibit 15.  Allegheny and Monongahela River Sub-basins 
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3.3.2 New-Kanawha River Watershed 

The New-Kanawha River Basin lies in southern West Virginia and western Virginia.  The Kanawha River 

and its major tributary, the New River, drain 12,223 square miles in West Virginia, Virginia, and small 

sections of northwestern North Carolina.
70

  The Kanawha River flows 97 miles after forming from the 

confluence of the Gauley and New Rivers.
71

  Approximately 2,275 square miles or 19 percent of the New-

Kanawha River Basin is underlain by the Marcellus Shale primarily in West Virginia, with minor 

amounts in Virginia and Ohio and none in North Carolina.   

4 Regulatory Agencies and Withdrawal Requirements 

State agencies reviewed for this study include the New York State Department of Environmental 

Conservation (NYSDEC), the Pennsylvania Department of Environmental Protection (PADEP), and the 

West Virginia Department of Environmental Protection (WVDEP).  

Beyond the state requirements, there are separate, and in many areas more stringent, regulations enforced 

by the Susquehanna River Basin Commission (SRBC) and the Delaware River Basin Commission 

(DRBC).  Additionally, the New York City Department of Environmental Protection (NYCDEP) has 

regulatory authority over the city‘s drinking water supply, which is within the jurisdictional authority of 

both the NYSDEC and the DRBC.  The requirements described below are the general requirements for 

the individual state or river basin commission.  In each jurisdiction, additional requirements may apply to 

specially designated streams or stream segments based on ecological, recreational, or aesthetic values. 

4.1 New York State Department of Environmental Conservation 

The NYSDEC is the agency responsible for establishing regulatory standards for water quality, water 

withdrawals and effluent releases in the areas of New York State that are not within the SRB and DRB.
d
  

New York currently regulates public drinking water supply withdrawals through the public water supply 

permit program.
72

  The NYSDEC also specifically regulates all public drinking water groundwater 

withdrawals for any purpose.  Except for Long Island (a sole source aquifer area outside of the Marcellus 

study area), surface water and groundwater withdrawals require reporting when in excess of 100,000 

gallons per day (gpd).   

Recently passed legislation, which will go into effect December 31, 2012,
73

 requires any entity that 

withdraws, or has the capacity to withdraw, groundwater or surface water in quantities greater than 

100,000 gallons per day to file an annual report with the NYSDEC.
74

  Surface water withdrawals are 

subject to the recently enacted narrative water quality standard for flow promulgated at 6NYCRR 703.2.  

This water quality standard prohibits any alteration in flow that would impair a designated best use for a 

fresh surface water body.
e
  As shown in Exhibit 16,

75
 New York State also issues guidelines for 

determining passby flows during surface water withdrawals.  

                                                           
d Note: The Great Lakes Commission has authority over the areas in New York which fall into their jurisdictional boundaries.  

Due to the very small overlap of the jurisdictional boundaries of the Great Lakes Commission and the areas which overlay the 

Marcellus Shale, this agency was not included in this study. 
e The NYSDEC primarily addresses the withdrawal of water and its potential impacts in the following regulations: 

• 6 NYCRR 601: Water Supply 

• 6 NYCRR 675: Great Lakes Withdrawal Registration Regulations. 
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4.2 Pennsylvania Department of Environmental Protection 

The Pennsylvania Department of Environmental Protection (PADEP) is the main agency responsible for 

regulatory standards regarding water quality and effluent releases for the Commonwealth of 

Pennsylvania.  All surface waters must meet protected water uses for aquatic life, water supply (potable, 

industrial, livestock, and wildlife), and recreation (boating, fishing, water contact sports, and aesthetics).
76

 

The Commonwealth of Pennsylvania does not have regulatory passby flow requirements.  

Recommendations in this area are similar to standards used by the SRBC, but they are guidelines that do 

not have the same impact as rules.  A few state statutes have been interpreted to impose regulations and 

permit requirements on withdrawals from specified sources and particular uses.
77

  The PA Water 

Resources Planning Act (Act 220) requires registration and reporting of water withdrawals in excess of 

10,000 gpd (averaged over 30 days).
78

  Pennsylvania also requires that the operator submit a Water 

Management Plan outlining the cradle-to-grave disposition of water use including the sourcing of water 

for drilling and fracturing activities.
79

  The PADEP considers such requests, in conjunction with other 

water withdrawals on the same body of water, for passby flow.  The Pennsylvania Fish and Boat 

Commission (PFBC) also requires a permit to withdraw water from impoundments inhabited by fish.
80

   

4.3 West Virginia Department of Environmental Protection 

The West Virginia Department of Environmental Protection (WVDEP) is the main agency in charge of 

regulatory standards of water withdrawal, water quality and effluent releases.  West Virginia has recently 

passed the Water Resources Protection Act.  This Act establishes a regulatory program which requires 

registration for surface water or groundwater withdrawals of 750,000 gallons over a period of one 

calendar month.
81

  This Act also requires an Addendum to be submitted with any Marcellus Shale Drill 

Permit.  This Addendum requires operators to identify the amount of water to be used, the specific 

location of water sources, the time period expected for water withdrawal, the types of water to be used 

(surface water, groundwater, recycled, etc.), the volume of each type of water to be used, the location and 

size of centralized impoundments, water disposal location, and the methods to be used for disposal.
82

 

WVDEP establishes and regulates water quality standards for all streams in West Virginia including 

effluents released to surface waters.  WVDEP rules state that ―water quality standards shall apply at all 

times when flows are equal to or greater than the minimum mean seven (7) consecutive day drought flow 

Exhibit 16.  NYSDEC Methods for Determining Passby Flow 

Data Availability Method for Determination of Passby Flow Minimums 

For locations where at least 

10 recent years of gauging 

data are available 

A passby flow shall be calculated for each month of the year 

using a combination of 30% of Average Daily Flows (ADF), 

and 30% of Average Monthly Flows, (AMF). 

For any given month the proposed passby flow must be the 

greater of either the 30% ADF or 30% AMF flow. 

For locations where less 

than 10 recent years of 

gauging data are available 

0.5 cfs/mi
2
 of drainage area 

during summer 

1.0 cfs/mi
2
 of drainage area 

during winter 

In addition, for locations 

known to support naturally 

reproducing trout 

populations, where less than 

10 recent years of gauging 

data are available 

4.0 cfs/mi
2
 of drainage area during the spring  

(March 1 through May 31) 
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with a ten (10) year return frequency (7Q10).‖
83

  Similarly, if flows fall below the 7Q10 standard then 

water quality standards will not apply.
84

   

West Virginia has an internet-based reporting system for tracking water, from withdrawals to the disposal 

or reuse of produced water, after the hydraulic fracturing process has occurred.
85

  WVDEP also has 

specific requirements relating to minimum flow levels for certain rivers within the state.  For example, 

WVDEP rules stipulate that the main stem of the Kanawha River shall have a minimum flow rate of 

1,896 cfs at mile point 72.
86

  These requirements are designed to ensure that enough water will remain in 

the system to protect the aquatic ecosystems of West Virginia.  

4.4 The Susquehanna River Basin Commission 

The Susquehanna River Basin Commission (SRBC) is the primary agency overseeing water-related 

activities in the SRB.  It came into existence in December 1970 through the adoption of the Susquehanna 

River Basin Compact by the 91
st
 U.S. Congress and the legislatures of New York, Pennsylvania, and 

Maryland.
87

  A compact is an agreement between states, under the consent of Congress, which forms an 

independent regulatory body tasked with the management of a resource shared by the member states.  

This compact created the SRBC as a separate regulatory agency with the power to write and enforce its 

own laws and regulations within the jurisdictional boundaries of the SRB.
88

  The Commission has a 

representative from each of the three states within the SRB – Maryland, New York, and Pennsylvania – 

and one representative from the federal government.
89

  The representative from the federal government is 

the Division Engineer from the North Atlantic Division of the United States Army Corp of Engineers 

(NAD-USACE).
90

  In addition to creating legally binding regulations, the commissioners have the power 

to appoint investigators to enforce the Compact‘s regulations.  An investigator is vested with all the 

powers as a peace officer in the state in which they are assigned.  

4.4.1 Regulations in the Susquehanna River Basin 

The SRBC‘s authority to create and enforce regulations makes it notably different from most other 

organizations that have been established to manage water resources.  This authority is granted to the 

SRBC by the Susquehanna River Basin Compact which entitles the SRBC‘s four acting officers to create 

laws and appoint investigators for enforcing those laws.  Regulations in other parts of the country are 

typically managed solely by the state agencies which oversee the watersheds, not by multi-state 

jurisdictional commissions.  

The individual state environmental agencies and some commissions regulate water quality and water 

withdrawals for the watersheds overlying Marcellus Shale.  The SRBC‘s regulations are similar to those 

of the state environmental agencies, but they have been specifically modified to serve its jurisdictional 

area.  The following points focus on selective regulations that relate to Marcellus Shale development 

enforced by the SRBC. 

4.4.2 Withdrawal Regulations 

For industries other than natural gas extraction in the Marcellus and Utica shales, withdrawals for non-

consumptive use must be approved by the SRBC if the volume withdrawn will exceed 100,000 gpd for 30 

days.  Withdrawals for consumptive use must be approved if the volume withdrawn will exceed 20,000 

gpd for 30 days.   

Withdrawals for natural gas extraction in the Marcellus and Utica shales, however, are regulated 

separately.  All groundwater and surface water withdrawals for use in natural gas extraction from the 

Marcellus and Utica shales, regardless of volume, must be approved by the SRBC.
91
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In reviewing shale gas water withdrawal applications, the SRBC considers both the aquifer and associated 

surface water impacts of all proposed well development projects.
92

  The SRBC reviews groundwater 

withdrawals to determine if a withdrawal is significant.  This review requires a 72-hour, constant-rate 

aquifer test to determine the availability of water from the groundwater source.  The lowest rate of 

flowing water over a 10-year period is treated as the baseline measure for the 72-hour aquifer tests and 

determines the maximum rate of withdrawal allowed.
93   

For surface water, SRBC evaluates proposed withdrawals based on passby flow requirements.  The SRBC 

requirement for passby flow in streams and rivers is as follows:   

―A passby flow is a prescribed quantity of flow that must be allowed to pass a prescribed 

point downstream from a water supply intake at any time during which a withdrawal is 

occurring.  The SRBC enforces passby flow requirements when withdrawing more than 

10 percent of the natural or continuously augmented 7-day, 10-year low flow (Q7-10) of 

the stream or river.  Q7-10 is the lowest average, consecutive 7-day flow that would 

occur with a frequency or recurrence interval of one in ten years.  A 10-year low flow 

event has a 10 percent chance of occurring in any one year.‖
94

  

SRBC is currently evaluating alternative methods to determine the best parameters to be used for passby 

flow requirements.   

For all water withdrawal approvals, SRBC also requires shale gas operators to submit an estimate of 

consumptive use and requires operators to certify that produced water (including flowback) was disposed 

of in compliance with applicable laws. 

4.5 Delaware River Basin Commission 

The Delaware River Basin Commission (DRBC) is the primary agency overseeing water-related activities 

in the DRB.  The DRBC was established on November 2, 1961, with the signing of the Delaware River 

Basin Compact by President John F. Kennedy and the governors of Delaware, New Jersey, New York, 

and Pennsylvania.
95

  Creation of DRBC was the first time legislation gave a regional body the authority to 

provide a unified approach to managing a river system without regard to political boundaries.
96

  Activities 

of the DRBC are overseen by appointed representatives from the four governors and the Division 

Engineer from the NAD-USACE representing the federal government.
97

  The same federal government 

appointee fills the federal commissioner positions for both the SRBC and DRBC. 

The DRBC‘s primary responsibilities include water quality protection, water supply allocation, regulatory 

review/permitting, water conservation initiatives, watershed planning, drought management, flood 

damage reduction, and recreation.
98

  

4.5.1 Regulations in the Delaware River Basin 

Through the establishment of the Delaware River Basin Compact, the DRBC became the primary 

regulatory authority for water in the DRB.  The Compact allows the DRBC to establish and enforce 

regulations on the waters inside their jurisdictional boundaries.  In general, the DRBC, the SRBC, and 

state and federal agencies have similar requirements for water withdrawals, transfers, water use and 

quality.  DRBC decisions may involve the issue of supplying water to New York City and the 

surrounding metropolitan areas.  As a result, the DRBC must carefully balance water use allocations by 

industrial/commercial activities, including large withdrawals such as the volumes required for hydraulic 

fracturing of the Marcellus Shale. 

DRBC manages withdrawal allocations to avoid saltwater encroachment into the Delaware River from the 

Delaware Bay.  If too much freshwater is taken out of the basin, there is a risk that saltwater from 
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Delaware Bay may extend further upstream and impinge on fresh water-dominated ecosystems.  The 

biota (aquatic organisms, streamside vegetation, algae, etc.) present in these freshwater areas of the river 

system rely on a high balance of freshwater.  If saltwater encroaches, it may impact both the streamside 

vegetation and the freshwater aquatic community. 

4.5.2 Regulated Volumes 

The DRBC requires approval for surface water withdrawals exceeding 100,000 gpd, based on a 30-day 

average.
99,100

  They also require approval for a withdrawal from groundwater wells in the DRB exceeding 

100,000 gpd, based on a 30-day average, outside of the Southeastern Pennsylvania Groundwater 

Protection Area.
101

  The Southeastern Pennsylvania Groundwater Protection Area is categorized 

differently from other areas in the DRB.  ―Lowered water tables in the [Southeastern Pennsylvania 

Groundwater] Protected Area have reduced flows in some streams and dried up others.  This reduction in 

baseflows affects downstream water uses, negatively impacts aquatic life, and can reduce the capacity of 

waterways in the region to assimilate pollutants.‖
102

  For this reason the area has special withdrawal 

regulations.  Within the Southeastern Pennsylvania Groundwater Protection Area, the DRBC requires 

approval for withdrawals exceeding 10,000 gpd, based on a 30-day average.
103

  

The DRBC also requires that any diversion or transfer of water into or outside of the DRB which exceeds 

100,000 gpd be brought to the commission for approval.
104

 

5  Summary 

Considerable attention is being focused on Marcellus Shale as a major source of natural gas.  This has 

several important implications:   

 The Marcellus Shale is located within or nearby highly populated areas of the northeast where the 

general populace has little or no previous experience with oil or gas development. 

 The use of horizontal drilling and hydraulic fracturing focuses regulatory and NGO attention on 

issues surrounding the withdrawal of large volumes of water from sources sufficiently close to the 

gas exploration sites. 

 The regulatory framework for water withdrawals is complicated with a combination of states 

managing water within their state along with commissions (who have authority over entire river 

basins) that are looking at regional, interstate issues.  This requires that water sourcing and use be 

viewed in the larger context of full lifecycle water management.  Gas well operators new to the 

Marcellus region may find water management planning and permitting challenging because 

multiple approvals may be required, first by a river basin commission (if one is applicable to the 

location in question) then by a state agency.  Once an operator becomes familiar with the process 

it should become relatively straightforward; however, the time required for the additional 

approvals must be factored into an operator‘s development schedule.   

The primary considerations in evaluating water needs are the location of the need, the seasonal timing of 

the need, the location of available water, and the regulations governing water withdrawals.  In general, the 

Marcellus region has ample precipitation, making water readily available, and withdrawals for shale gas 

development will be a small part of the overall regional water demand.  However, it is important to 

understand that while shale gas withdrawals may be small on a regional level, withdrawals at any given 

point must be managed to ensure the ecological health of the water body and to provide for other 

industrial or recreational uses.   
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Operators will work to minimize water transportation costs by securing permitted withdrawals as close as 

possible to their planned development areas.  Therefore, it is the groundwater and surface water sources 

most proximal to the well sites that will be most desirable.  Operators may need to evaluate and secure 

several water sourcing take points in order to minimize environmental impacts while still meeting the 

water needs of their development plans.  

A major consideration in planning water withdrawals will be the regulations governing permitting 

procedures, especially the passby flow requirements and their impact on the seasonality of permittable 

withdrawals for the water bodies most proximal to development.  This, combined with the fact that water 

withdrawal permitting is regulated by a matrix of state and interstate regulatory agencies, whose 

regulations reflect the needs of individual states or watersheds, requires that shale gas operators be keenly 

aware of the specific permitting requirements for each location. 
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