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Executive Summary

The objective of this project is to develop a modeling system to allow operators and regulators to
plan all aspects of water management activities associated with shale gas development in the tar-
get project area of New York, Pennsylvania, and West Virginia (“target area”), including water
supply, transport, storage, use, recycling, and disposal and which can be used for planning, man-
aging, forecasting, permit tracking, and compliance monitoring.

The proposed project is a breakthrough approach to represent the entire shale gas water lifecycle
in one comprehensive system with the capability to analyze impacts and options for operational
efficiency and regulatory tracking and compliance, and to plan for future water use and disposi-
tion. It will address all of the major water-related issues of concern associated with shale gas
development in the target area, including water withdrawal, transport, storage, use, treatment,
recycling, and disposal. It will analyze the costs, water use, and wastes associated with the
available options, and incorporate constraints presented by permit requirements, agreements, lo-
cal and state regulations, equipment and material availability, etc.

By using the system to examine the water lifecycle from withdrawals through disposal, users will
be able to perform scenario analysis to answer "what if" questions for various situations. The
system will include regulatory requirements of the appropriate state and regional agencies and
facilitate reporting and permit applications and tracking. These features will allow operators to
plan for more cost effective resource production. Regulators will be able to analyze impacts of
development over an entire area. Regulators can then make informed decisions about the pro-
tections and practices that should be required as development proceeds.

To ensure the success of this project, it has been segmented into nine tasks conducted in three
phases over a three year period. The tasks will be overseen by a Project Advisory Council
(PAC) made up of stakeholders including state and federal agency representatives and industry
representatives. ALL Consulting will make the catalog and decision tool available on the Internet
for the final year of the project.

In this, the first quarter of the project, work progressed on schedule, and all project deliverables
were submitted on time. The Project Management Plan and Technology Status Assessment were
submitted as required, and data collection under Tasks 2.0 and 3.0 was begun. No problems
have been encountered to date. There were three milestones scheduled for completion during
this quarter and all were met as scheduled.



Results of Work During the Reporting Period
Approach
Task 1: Project Management Plan and Technology Status Assessment

Under this task, ALL Consulting completed and submitted the Project Management Plan (PMP)
and the Technology Status Assessment (TSA) for this project. The PMP was submitted on Oc-
tober 6, 2008, and the TSA on November 13, 2009. The TSA was revised to incorporate NETL
comments on December 2, 2009. Other project management activities planned for this task were
also completed. All work is progressing according to schedule.

Task 2: Research Water Issues in the Target Area, Initial System Design, and Establish a
Project Advisory Committee

ALL Consulting has completed identification of water issues in the Marcellus shale region. ALL
is reviewing previous NETL reports and other available literature prior to arranging site visits to
get more detailed information on the issues and water management needs. All work was com-
pleted according to schedule.

The paper below summarizes our findings regarding the water sourcing issues in the Marcellus
Shale states of New York, Pennsylvania, and West Virginia.

Task 3: Data Gathering and Field Site Assessments
ALL Consulting has begun to gather data on water requirements in the Marcellus shale region.
ALL is reviewing previous NETL reports and other available literature prior to arranging site

visits to get more detailed information on the issues and water management needs. All work is
progressing according to schedule.

Task 4: Technology Transfer
ALL Consulting established a project web-site with initial project information and structured to
provide updates to project team members and others. Work on this task is proceeding according

to schedule.

Results



Water Resources and Use for Hydraulic Fracturing in
the Marcellus Shale Region

J. Daniel Arthur, P.E., SPEC; Mike Uretsky, PhD.; Preston Wilson — ALL Consulting,
LLC

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. 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 rapid-
ly 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

Exhibit 1. Map Showing the Extent of the Marcellus Shale
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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 exist-
ing technologies that allow shale gas
to be economically recoverable."

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 ap-
proximately 95,000 square miles
(Exhibit 1)." The Marcellus Shale
is a low permeability (tight) for-
mation, categorized as an uncon-
ventional gas reservoir, with ap-
proximately 489 trillion cubic feet
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(tcf) of technically recoverable natural gas resources."

Two technologies — horizontal well drilling and hydraulic fracture stimulation — have been crucial in faci-
litating 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° 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 hori-
zontal wells.”

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 hori-
zontal 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."”

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. Considera-
tions in evaluating water needs include the location of the need, the seasonal timing of the need, the loca-
tion of available water, and the regulations governing water withdrawals.

In general, the area overlying the Marcellus Shale has abundant precipitation, making water readily avail-
able. 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. Natu-
ral 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 en-
vironmental 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 regu-
lated by a matrix of state and interstate regulatory agencies, whose regulations reflect the needs of indi-
vidual 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:
e A description of the major water resources associated with the Marcellus Shale areas of New
York, Pennsylvania and West Virginia;

e 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

e A description of the metrics used by each of these organizations to regulate water use.



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.™ The actual volume of water needed may vary substantially between wells. In addition, the vo-
lume of water needed per foot of wellbore appears to be decreasing as natural gas drilling and hydraulic
fracturing technologies evolve over time.

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 wa-
ter 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."""™* This represents less than 0.8
percent of the 85 billion gal per year used in the area overlying the Marcellus Shale in New
York, Pennsylvania, and West Virginia.*

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 gen-
eration 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 gal-
lons per day." Other water consumers that also heavily affect water use include golf courses and
agricultural producers; each golf course requires between 100,000 and 1,000,000 gallons of wa-
ter per week.™" 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 rela-
tively 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 dur-
ing periods of low streamflow or drought, opera-
tors may need to make withdrawals during pe-
riods 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 with-
drawals from multiple near-by sources or ex-
plore other options such as overland piping for
more distant sources.

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, pri-
marily within the boundaries of the Susquehan-
na, Delaware, and Ohio River Basins (Exhibit 2).
The Susquehanna, Delaware, and Ohio River

Exhibit 2. Map of All River Basins and Sub-Basins
Overlying the Marcellus Shale
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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 re-
ceiving the most attention
from the point of view of
both exploration and regu-
latory issues.

The Susquehanna River
Basin

The Susquehanna River
Basin (SRB) is located
within New York, Pennsyl-
vania, and Maryland. It
includes the total area of
rivers, streams, and tributa-
ries draining into the Sus-
quehanna River. The Sus-
guehanna River flows a
total of 444 miles from Ot-
sego Lake in Cooperstown,
New York, to Havre de
Grace, Maryland, where it
enters the Chesapeake Bay
(Exhibit 3*Y). The basin
itself drains 27,510 square
miles, covering approx-
imately half of the land
area of Pennsylvania and
portions of New York and

Exhibit 3. Map Showing the Marcellus Shale within SRB Boundaries
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Maryland.® It comprises 43 percent of the Chesapeake Bay’s drainage area and contributes

nearly half of the Bay’s freshwater inflow.
the Marcellus Shale (Exhibit 3) at depths ranging from approximately 4,000 to 8,500 feet.
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Seventy-two percent of this basin is underlain by
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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 di-
verted 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 Che-
mung 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.*""

The SRB is divided into six sub-basins: Chemung, Juniata, and the Lower, Middle, Upper and
West Branch Susquehanna River sub-basins™* as depicted in Exhibit 4’ These sub-basins are
then divided further into 88 watersheds.™ The major streams and rivers of the SRB are potential
surface water withdrawal sources. Each sub-basin has several lakes which have also been identi-
fied as potential surface 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.”™" Some of
the more notable lakes in the SRB are Blanchard Reservoir, Lake Clarke, Cowanesque Lake, Ot-
sego 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' summarizes the major characteristics of the area comprising the SRB.

Exhibit 5. Susquehanna River Basin Geographic Statistics

Basin Population™" 4.2 million
Basin Surface Area™" 27,510 sg. mi.
- | New York 6,327 sg. mi.
- | Pennsylvania 20,908 sqg. mi.
- | Maryland 275 sg. mi.
Water Sub-basins™
- | Chemung 2,604 sg. mi.
- | Upper Susquehanna 4,944 sq. mi.
- | Middle Susquehanna 3,755 sg. mi.
- | West Branch Susquehanna 6,992 sg. mi.
- | Juniata 3,406 sg. mi.
- | Lower Susquehanna 5,809 sg. mi.
Total miles of rivers and streams™"! 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 year™"" 39.51 in./yr.
Numbers of lakes/reservoirs/ponds™*" 2,293
Acres of lakes/reservoirs/ponds™™ 79,687 acres
Square miles of estuaries/harbors/bays™* 0 sg. mi.
Miles of ocean coast™ 0 mi.
Acres of wetlands™™" Unknown

Land Use™"

- | Forested (63.1%) or 17,362 sg. mi.
- | Urban (9.3%) or 2,560 sqg. mi.
- | Pasture (6.7%) or 1,845 sg. mi.
- | Cropland (19.4%) or 5,338 sg. mi.
- | Water (1.5%) or 405 sg. mi.

Evaluating water adequacy requires both a means for measuring water availability and recogni-
tion 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. Har-
risburg, 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" 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.

! This table is derived from a chart used in the 2008 Susquehanna River Basin Water Assessment Quality Report. (SRBC,
The 2008 Susquehanna River Basin Water Quality Assessment Report, Publication No. 25531 — Mar. 2008).



Average annual ﬂOW rates alone Exhibit 6. Graph of Flow Rate in the SUSQUEhanna River
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Exhibit 7. USDA Drought Conditions as of March 23, 2010
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Delaware River Basin

The Delaware River Basin (DRB)
is located within New York, Penn-
sylvania, New Jersey, and Dela-
ware, with a very small area of the
basin lying in Maryland. The De-
laware River’s east and west
branches form in the Catskill
Mountains in New York, flowing
west and then converging at Han-
cock, New  York (Exhibit
g M Erom there it flows 330
miles south, forming the boundary
between Pennsylvania and New
York and also the boundary be-
tween Pennsylvania and New Jer-
sey before entering the Delaware
Bay. ™" The basin comprises the
total area of rivers, streams, and
tributaries draining into the Dela-
ware River, an area encompassing
13,539 square miles.”™™ The De-
laware River is the longest un-
dammed waterway east of the Mis-
sissippi River.”!

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 shows the boundaries of
the Marcellus Shale in comparison
to the DRB boundaries; the areas
designated as Special Protection
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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. These regions are shown
on the map in Exhibit 104" and are divided further into ten regional watersheds.



Exhibit 9. Map of Marcellus Shale Overlying the Northern Portion 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.*™ 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) of the basin is
located within the state of Delaware.V 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).



Exhibit 10. Map of the Watersheds in the Delaware River Basin

New York

City
Watersheds Drinking

of the Water

Delaware Supply

River Area
Although Basin the DRB
includes less land
area than the SRB,
it has a UPPER REGION larger

I East-West Branch Watersheds

I:l Lackawaxen Watersheds

:.. PRAYY W had

CENTRAL REGION
E Upper Ceniral Watersheds

[ ] Lower Central Watersheds

[ ] LehighValley

LOWER REGION
I schuyikil Valley

- Upper Estuary Watersheds

- Lower Estuary Watersheds

BAY REGION
[T ] Delaware Bay Watersheds

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 drining water to over 15
million people. " The additional 8 million are people living in the New York City metro area
(NYC).

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). " These two watersheds have been identified as containing all of the
waters used in NYC and 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. ™
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.! This watershed includes Ashokan, Cannonsville, Neversink, Pepacton, Rondout and
Schoharie Reserviors which together supplied 98.3 percent of the water used in 2008 by the
NYC service area." 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."™
The water flows from these reservoirs, into aqueducts, and then into NYC water tunnels for
distribution." 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." Portions of the NYC
watershed directly overlays areas of the Marcellus shale. Exhibit 11> summarizes the major cha-
racteristics of the area comprising the DRB.

Exhibit 11. Delaware River Basin Geographic Statistics

Basin Population™ 7.6 million

Basin Surface Area 12,862 sg. mi.

- | New York 2,393 sg. mi.
- | Pennsylvania 6,471 sg. mi.
- | New Jersey 3,014 sg. mi.
- | Delaware 961 sg. mi.
- | Maryland 8 sq. mi.
Water Sub-basins"'

- | Upper Region 3,443 5q. mi.
- | Central Region 3,342 sg. mi.
- | Lower Region 4,654 sg. 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™" 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 sg. mi.
Miles of ocean coast™ 17 mi.
Acres of wetlands® 293,819 acres
Land Use™"

- | Forested (54.8%) or 7,036 sg. mi.
- | Urban (14.5%) or 1,862 sg. mi.
- | Pasture (0.4%) or 51 sg. mi.
- | Cropland (26.0%) or 3338 sg. mi.
- | Water (4.4%) or 565 sg. mi.

2 This table is derived from a chart used in the 2008 Susquehanna River Basin Water Assessment Quality Report. (SRBC,
The 2008 Susquehanna River Basin Water Quality Assessment Report, Publication No. 25531 — Mar. 2008).



Exhibit 13. Graph showing flow rate of Delaware River

Overall water availability is ascer-
tained by measuring the stream
flow at selected points. Port Jer-
vis, New York, is often used as a
base for analyzing minimum

stream flow for the DRB because 20,000

Delaware River Average Annual
Flow Rate at Port Jervis, New

York

it is located downstream of the
15,000

withdrawal points for New York
City but before the major
tributaries enter into the main
channel.  This point was also
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selected as the best location to
analyze flow parameters that show
a baseline for the prevention of
saltwater ~ encroachment  (see
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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" 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.

Ohio River Basin

The Ohio River Basin (ORB) is located within south-
western 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 conver-
gence 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.™

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 in-
cludes the Tennessee River Basin.® The Marcellus
Shale underlies approximately 10 percent of the ORB
in the states of Maryland, New York, Ohio, Pennsyl-
vania, and West Virginia.

The ORB waters underlain by Marcellus Shale are
comprised of the sub-regional river basins of the Al-
legheny, the Monongahela, the Upper Ohio and the
New-Kanawha Rivers.®> Each sub-region’s major riv-

Exhibit 12. Ohio River Basin and Sub-
basins Overlying the Marcellus Shale
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? The Marcellus Shale underlies small portions of the Muskingum River Basin and thusly will not be discussed.




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

River Basins Total Marcellus Shale | Percentage of Marcellus Shale in
Square Square Miles Shale within river basin versus
Miles within the Basin | the River Basin | 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%

ers, 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, Alleghe-
ny, Monongahela, and the New-Kanawha River Basins; the Upper Ohio is considered to be a di-
rect 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.

Allegheny and Monongahela River
Watersheds

The Allegheny and Monongahela River
sub-basins lie almost entirely within the
Appalachian Plateaus™ and comprise a
combined total land area of 19,145
square miles in Maryland, New York,
Pennsylvania, and West Virginia.™"
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.™™ It travels
a total of 295 miles before its conflu-
ence with the Monongahela River in
Pittsburgh, Pennsylvania.™  Approx-
imately 6,900 square miles or 59 per-
cent 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 por-
tions of Maryland, Pennsylvania, and
West Virginia.™ The Monongahela
River begins in Fairmont, West Virgin-
ia, and flows 116 miles north before
combining with the Allegheny River at
Pittsburgh,  Pennsylvania  (Exhibit
15™vihy it Approximately 100 percent

Exhibit 15. Allegheny and Monongahela River Sub-basins
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of the Monongahela River Basin is underlain by the Marcellus Shale.

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

nawha River and its major tributary, the New River, drain 12,223 square miles™™ in West Virgin-
ia, Virginia, and small sections of northwestern North Carolina. The Kanawha River flows 97
miles™ after forming from the confluence of the Gauley and New Rivers. 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 Caroli-

na.

Regulatory Agencies in the Target Area: Responsibilities and Selected Metrics

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 Protec-
tion (NYCDEP) has regulatory authority over the city’s drinking water supply, which is within
the jurisdictional authority of both the NYSDEC and the DRBC.

New York State Department of Environmental Conservation

The NYSDEC is the main agency 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.* New York currently regulates public drinking water supply withdrawals through the pub-
lic water supply permit program.”™ 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, 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.™" Surface wa-
ter withdrawals are subject to the recently enacted narrative water quality standard for flow
promulgated at 6GNYCRR 703.2. This water quality standard prohibits any alteration in flow that
would impair a designated best use for a fresh surface water body.> As shown in Exhibit 16,V
New York State also issues guidelines for determining passby flows during surface water with-
drawals.

* 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.

% 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.



Exhibit 16. NYSDEC Methods for Determining Passby Flow

Data Availability Method for Determination of Passby Flow Minimums

A passby flow shall be calculated for each month of the year
For locations where at least 10 | using a combination of 30% of Average Daily Flows (ADF),
recent years of gauging data and 30% of Average Monthly Flows, (AMF).

are available 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? of drainage area 1.0 cfs/mi? of drainage area
during summer during winter

In addition, for locations
known to support naturally
reproducing trout populations, | 4.0 cfs/mi? of drainage area during the spring
where less than 10 recent (March 1 through May 31)

years of gauging data are
available

Pennsylvania Department of Environmental Protection

The Pennsylvania Department of Environmental Protection (PADEP) is the main agency in
charge of regulatory standards of 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).”

The Commonwealth of Pennsylvania does not have standardized 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 laws. A few state statutes have attempted (or been inter-
preted) to impose regulations and permit requirements on withdrawals from specified sources
and particular uses.”™' 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)."" Penn-
sylvania 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 activi-
ties.”™ " 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) requires a permit to withdraw water from
impoundments inhabited by fish. ™™

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 quality and effluent releases. West Virginia does not currently have a regu-
latory program addressing either surface water or groundwater withdrawals."™ They do have laws relat-
ing to minimum flow requirements for certain rivers within the state. For example, WVDEP states that
the main stem of the Kanawha River shall have a minimum flow rate of 1,896 cfs at mile point 72.”

WVDEP regulates water quality standards for all streams in West Virginia including effluent regulations
released to surface waters. “In the absence of any special application or contrary provision, 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 with a ten (10) year return frequency (7Q10).”™*" Similarly if flows re-
duce below the 7Q10 standard then water quality standards will not apply.” "

The Susquehanna River Basin Commission

The Susquehanna River Basin Commission (SRBC) is the primary agency overseeing water re-
lated activities in the SRB. It came into existence in December 1970 through the adoption of the
Susquehanna River Basin Compact by the 91% U.S. Congress™" and the legislatures of New
York, Pennsylvania, and Maryland. A compact is an agreement between states, under the con-
sent of Congress, which forms an independent regulatory body tasked with the management of a
resource shared by the member states: in this case, surface water. This compact created the
SRBC as a separate regulatory agency with the power to write and enforce its own laws and reg-
ulations within the jurisdictional boundaries of the SRB."*' The Commission has a representa-
tive from each of the three states within the SRB — Maryland, New York, and Pennsylvania —
and one representative from the federal government.”" 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).™ " |n 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 as-
signed.

Regulations in the Susquehanna River Basin

The SRBC’s ability to create and enforce regulations makes it decisively different from organi-
zations in other parts of the country not having these rights. This legal right 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 environmental 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.

Regulated Volumes

The SRBC has developed a sophisticated groundwater management program, including regula-
tion of all significant groundwater withdrawals in a program which considers both the aquifer
and associated surface water impacts of all proposed well development projects." i~ 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 rate of withdrawal.”*™

The SRBC evaluates any project that proposes to withdraw either 100,000 gallons per day (gpd)
or more, or the consumptive use of 20,000 gpd — both based on a 30-day average.* Any water
taken out of the SRB is treated as a consumptive use and falls under the SRBC’s authority for
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approval based on the 20,000 gpd requirement.”™ Water used for hydraulic fracturing of the
Marcellus Shale has been labeled as a consumptive use by the SRBC.*"

Passby Flow Requirements

A regulation of the SRBC is the enforcement of passby flow requirements for streams and rivers:
“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 aver-
age, consecutive 7-day flow that would occur with a frequency or recurrence in-
terval of one in ten years. A 10-year low flow event has a 10 percent chance of
occurring in any one year.” "

SRBC is currently undertaking research evaluating alternative methods to determine the best pa-

rameters to be used for passby flow requirements.

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.*" 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. Activities of the DRBC are overseen by appointed rep-
resentatives from the four governors and the Division Engineer from the NAD-USACE
representing the federal government.*' 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 man-
agement, flood damage reduction, and recreation. "

Regulations in the Delaware River Basin

Through the establishment of the Delaware River Basin Compact, the DRBC became the main
regulatory authority in the DRB. The compact allows the DRBC to establish and enforce regula-
tions on the waters inside their jurisdictional boundaries. In general, the DRBC, the SRBC, state
and federal agencies have similar requirements for water withdrawals, transfers, water use and
quality. DRBC decisions involve the issue of supplying water to New York City and its sur-
rounding metro areas. As a result, the DRBC must carefully balance water use allocations by
industrial/commercial activities, including large withdrawals such as the large volumes required
for hydraulic fracture of the Marcellus Shale.

There is a concern that when water withdrawals are allotted, the total allocation may result in
saltwater encroachment. If too much freshwater is taken out of the basin, there is a risk that
saltwater from Delaware Bay may extend further upstream and impinge on fresh water dominat-
ed 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 brackish water en-
croaches, it may impact both the streamside vegetation and the freshwater aquatic community.



Regulated Volumes

The DRBC requires approval for surface water withdrawals exceeding 100,000 gpd, based on a
30-day average.”""”*** 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 Penn-
sylvania Groundwater Protection Area.° The Southeastern Pennsylvania Groundwater Protection
Area is categorized differently from other areas in Pennsylvania. “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 im-
pacts aquatic life, and can reduce the capacity of waterways in the region to assimilate pollu-
tants.”® For this reason the area has special withdrawal regulations. Within the Southeastern
Pennsylvania Groundwater Protection Area, the DRBC requires approval for withdrawals ex-
ceeding 10,000 gpd, based on a 30-day average."

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.®"

Summary

Considerable attention is being focused on Marcellus Shale as a major source of natural gas.
This has several important implications:
e 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 develop-
ment.

e The use of horizontal drilling and hydraulic fracturing focuses regulatory and NGO atten-
tion on issues surrounding the withdrawal of large volumes of water from sources suffi-
ciently close to the gas exploration sites.

e 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 manage-
ment. Gas well operators new to the Marcellus region may find water management plan-
ning 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 with-
drawals. In general, this part of the U.S. is blessed with ample amounts of precipitation making
water readily available. However, it is important to understand that although many streams, riv-
ers, and lakes may be theoretically viable water sources based on available volume alone, it is a
much smaller subset of water bodies that have practical potential for use by the natural gas indus-
try. The costs of transporting water to the well site can quickly and dramatically exceed the sim-
ple cost of obtaining the water. Operators will work to minimize these costs by securing permit-



ted withdrawals as close as possible to their planned development areas. Therefore, it is the
ground and surface water sources most proximal to the well sites that will be most desirable.
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 meet-
ing the water needs of their development plans.

The primary issues with water withdrawal will be the regulations governing permitting proce-
dures including 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 agen-
cies, whose regulations reflect the needs of individual states or watersheds, requires that gas well
operator be keenly aware of the specific issues and approaches to permitting unique to each loca-
tion
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Conclusion

All activities proceeded according to schedule in the first quarter of the project. The project
Management Plan and the Technology Status Assessment were submitted on or before the sche-
duled dates. Data collection under Tasks 2.0 and 3.0 is proceeding as planned. All milestones
were met as scheduled for this quarter, and no problems have been encountered to date.

Milestone Status Table

Budget Pe-  Milestone Description
riod

I Completion of PMP
Completion of Technology Status As-
sessment
Develop project web-site
Completion of Initital issue Analysis
Complete Site Visits
Deliver topical report

Status

Completed
Completed

Completed
On Track
On Track
On Track

Planned
Completion
Date
12/04/09
11/14/09

12/04/09
03/30/10
09/30/10
09/30/10

Actual
Completion
Date
12/01/09
11/14/09

12/04/09
03/29/10
On Track
On Track



COST/PLAN STATUS

Baseline Reporting
Quarter

YEAR 1 Start:10/01/09 End: 09/30/10
Ql Q2 Q3 Q4

YEAR 2 Start: 10/01/10 End: 09/30/11
Ql Q2 Q3 Q4

YEAR 3 Start: 10/01/11 End: 09/30/12
Ql Q2 Q3 Q4

Baseline Cost Plan

(from SF-424A)
Federal Share

Non-Federal Share

Total Planned (Federal
and Non-Federal)

Cumulative Baseline
Cost

114,998 114,998 114,998 114,998
29,281 29,281 29,281 29,281

144279 144279 144279 144,279

144,279 288,558 432,839 577,115

83,511 83,511 83,511 83,511
21,232 21,232 21,232 21,232

104,743 104,743 104,743 104,743

504,169 644,912 749,655 854,398

64,652 34,546 34,546 34,552
16,708 11,025 11,025 11,025

81,360 45,570 45,570 45,570

935,758  1,017,11  1,098.47  1,179,83
8 8 8

Actual Incurred Costs
Federal Share
Non-Federal Share

Total Incurred Cost-
Quarterly (Federal and
Non-Federal)

Cumulative Incurred
Costs

140,061 14,462
1,260 40,000

141,321 54,462

141,321 195,783

Variance
Federal Share
Non-Federal Share

Total Variance-
Quarterly (Federal and
Non-Federal

Cumulative Variance

(25,063) 100,536
28,021 (10,719)

2,958 89,817

2,958 92,775
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