


A TYPICAL MARCELLUS DRILLING SITEA TYPICAL MARCELLUS DRILLING SITE   
REQUIRES ABOUT FIVE ACRES

Photo from Chief Oil and Gas, 2008



DRILLING DEPTH TO THE BASE OF THE MARCELLUS SHALE

From Boswell, 1996



HORIZONTAL VS. 
VERTICAL DRILLING

Vertical 
drillingg

Horizontal
drilling



STANDARD LAND-BASED ROTARY DRILLING RIG

As the kelly turns, it 
turns the drill stem, 
which includes thewhich includes the 
drill bit and all of the 
hollow pipe above it.

Air, water, and/or 
d illi d ddrilling mud pumped 
down the center of 
the drill stem sweeps 
drill cuttings and g
formation fluids back 
to the surface for 
storage in a lined 
drilling pit

Illustration from Britannica Online Encyclopedia, 2011

drilling pit.



T b

THE MUD MOTOR – ESSENTIAL TECHNOLOGY FOR          
DRILLING HORIZONTAL WELLS

Top sub

Power section

Surface adjustable 
bent housingg

Near-bit 
t bili

The mud motor,  developed in 
the 1970s, is driven by the stabilizerthe 1970s, is driven by the 
hydraulic pressure of drilling 
fluid circulated down the drill 
string

This allows the bit to be rotated 
while most of the drill pipe 
remains stationary

Illustration modified from Society of 
Petroleum Engineers, 2007

Steering is accomplished by 
aligning the angle of the mud 
motor to the desired direction



MWD - a system that takes drilling-
related measurements downhole and

MEASUREMENT WHILE DRILLING (MWD) 

related measurements downhole and 
transmits data to the surface without 
disturbing the drilling operations

MWD tools are part of the drill stringMWD tools are part of the drill string 
just above the bit

Mud Pulse Telemetry - sends 
messages as a sequence of pressuremessages as a sequence of pressure 
pulses in the drilling fluid 

Electromagnetic (EM) Telemetry 
- uses currents passing through theuses currents passing through the 
rocks being penetrated

Acoustic Telemetry - uses the drill 
string as the transmission medium andstring as the transmission medium and 
acoustic extensional waves as the data 
carrier

A technician sitting at a computer, g p
either at the well site or at a remote 
location, guides the drill bit through the 
subsurface to its intended destination



WELL CASING

Casing is “. . . designed to keep what isCasing is . . . designed to keep what is 
in the hole . . . in the hole and what is not 
in the hole . . . out of the hole.” 
(Dan Billman)

Casing is designed to protect g g p
groundwater and coal seams from 
drilling fluids and drill cuttings, and to 
keep groundwater and rock fragments 
out of the borehole.



CASING DESIGNS
Conductor – prevents 
soil and other materials 
from entering the hole

Surface – protects 
groundwater aquifers 
and coal seams from 
invasion of gas drillinginvasion of gas, drilling 
fluids, and other 
materials

Intermediate – when 
used, provides , p
protection of the hole 
against caving in weak 
rock and allows the use 
of drilling fluids of 
different densities for 
the control of lower rock 
units

Production – set across 
or within the reservoiror within the reservoir 
rock where well 
completion (perforation 
and hydraulic 
fracturing) take place 
and the resulting oiland the resulting oil 
and/or gas flows to the 
surface or is pumped 
out



LOGGING THE HOLE

•• Wire-line or geophysical 
logging – performed after 
drilling to determine the 
physical and chemicalphysical and chemical 
characteristics of the rocks 
downhole.  A set of sondes
consisting of various kinds of SONDESg
detection equipment is lowered 
into the hole, then various 
parameters are recorded by 
computer as the sondes arecomputer as the sondes are 
raised to the surface

• Commonly run logs in 
Pennsylvania wells include 
gamma ray, neutron, density, 
lithodensity, sonic, caliper, 
resistivity cement bond andresistivity, cement bond, and 
casing collar

Diagram modified from Integrated Ocean Drilling Program, 2008 



Small holes are punched through the

PERFORATING THE CASING AND FORMATION

Small holes are punched through the 
casing and cement and into the rock at 
specific intervals with engineered 
explosive devicesexplosive devices

These provide pathways for hydraulic 
fracturing fluids and proppants to enter g p pp
the formation to do their jobs

Illustration modified from Wiley and others, 2004



HYDRAULIC FRACTURING

Hydraulic fracturing or “fracing”* i th fHydraulic fracturing, or “fracing” , is the process of 
forcing large amounts of water, sand, and chemicals 
through perforations in the casing and cement and into the 
rock formation to create breaks (fractures) in the brittlerock formation to create breaks (fractures) in the brittle 
rock

Fracing is not a new technology – it has been in g gy
existence since the late 1940s, and has been used in 
Pennsylvania since the 1950s to stimulate production in 
wells that otherwise would not be commercially productive

Approximately 100,000 wells in Pennsylvania have 
been fraced since 1960 with few, if any, problems 

* There is no “k” in hydraulic fracturing, so there is no “k” in 
fracing.  “Frack” and “fracking” are misspellings that 
should be avoidedshould be avoided.



A TYPICAL PA MARCELLUS HYDRAULIC FRACTURE USES
ABOUT 2.9 MILLION GALLONS OF WATER

Photo courtesy of Dan Billman



ANATOMY OF A FRAC JOB:  WATER AND SAND 
INJECTED INTO A WELL UNDER HIGH PRESSURE

Illustration modified from Durham, 2007



FRAC  BARRIERS

A frac barrier is a rock 
formation that supposedly 
keeps hydraulically 
generated fractures fromgenerated fractures from 
penetrating upward and 
downward into adjacent 
rock formations.

Frac barriers for the 
Marcellus include the 
underlying Onondaga 
Limestone and theLimestone and the 
overlying Tully Limestone.



WAYS TO DRILL AND FRAC A 
MARCELLUS WELL

Green arrows indicate the orientation of J1 
fractures and blue ovals indicate the gas 
drainage area in the Marcellus:drainage area in the Marcellus:

A – a vertical well will produce a relatively 
smaller amount of gas because the borehole may 
or may not intersect a limited number of J1 
joints.  Even fracing the well will have a limited 
effect.

B – a horizontal well drilled parallel with the J1 
joint set will produce relatively a smaller amount 
of gas for the same reason as in A.

C – a horizontal well drilled perpendicular to the 
J1 joint set will intersect numerous J1 joints, and 
thus have the ability to drain a much larger area.thus have the ability to drain a much larger area.



MOST OPERATORS IN PENNSYLVANIA ARE DRILLING HORIZONTAL 
MARCELLUS WELLS ORIENTED PERPENDICULAR TO THE J1 JOINT SET       

(SEE PART 2:  BASIC GEOLOGY FOR EXPLANATION)
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