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Hydraulic Fracturing and its
Potential Environmental Effects

Preface

Hydraulic Fracturing (HF) is a longstanding technique emerged in the
early 1940s, it was soon adopted to develop oil and gas wells in many
countries.

Recently, HF gained much focus after its wide use in tight oil and gas
fields. Acid jobs in the 1930s may have been the cause behind using HF, as
operators noticed that when injecting acid at high pressure, the reservoir
acceptability eventually increases. Thus, it is believed that early acid jobs
were also indirect fracturing jobs. However, the first recorded direct HF job
took place in 1947 in Hugoton gas field, West Kansas, USA.

Some authors use the term Breaking or Cracking to denote the same
technique, but fracturing is more accurate terminology as HF doesn’t break
or crack the rock, it rather creates tiny fissures or enlarges the microscopic
existing ones to diameters that mostly don’t exceed 1 mm.

Simply speaking, HF is a process to inject a fluid (mostly water with
other additives) at high pressure in a low permeability formation to create/
enlarge fractures, this allows trapped oil and/or gas to flow towards the well
bore. In other words, HF is an act of increasing the area of rocks linked to
the well. Accordingly, the importance of HF stems from a simple idea: a
highly porous reservoir with reasonable volume of hydrocarbons, but the
permeability is too low to allow the hydrocarbons to move, therefore the
reservoir rocks must be fractured to allow the fluids to move.

As a rule of thumb, a gas reservoir with less than 1 millidarcy and an
oil reservoir with less than 10 millidarcy must be stimulated. Carbonate
rocks permeability ranges between 0.1- 1 millidarcy, while permeability of
shale reservoir could be as low as 10 ** to 10 ® millidarcy.

Rapid advances in exploration and drilling techniques have
contributed to a very large number of conventional oil discoveries, the rise
in conventional oil prices has contributed to the re- evaluation of resources
that were once considered out of economic viability.
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This study has focused on USA experience to show the effectiveness,
results and consequences of HF. USA was taken as an example because of
the numerous number of wells fractured in different basins which has led to
an obvious change in the USA oil production trend line, this in turn has
influenced the global oil markets.

It concluded that HF needs large amounts of water that could reach
400 thousand barrels per well. Due to the obvious decline in shale oil/ gas
wells production, re-fracking and/ or drilling mean more water
requirements. It showed that using HF in very deep formations is still out of
reach of current technologies.

A variety of chemicals are used in HF fluids. Although the proportion
of chemicals is usually small (about 0.5%), the large amount of water means
that the amount of chemicals used is also high. Companies often keep the
names of the materials used in the HF processes as a commercial secret, this
has made public opinion in many countries stands against HF.

Many studies have shown that HF fluids if leaked into groundwater
or surface water, might form a potentially serious hazard to the environment,
and can contaminate the soil in case of spillage. However, it is a fact that
most if not all other industries have the same risk factor.

It is unreasonable and not possible to ignore the environmental impact
of oil and gas production in general and HF in particular, but it is also
unreasonable to exaggerate these effects as if hydraulic operations are solely
responsible for all damage to the environment. It is therefore necessary to
emphasize that each industrial process has its side effects, the logical and
sustainable response is to try to reconcile the extent to which human
societies need this process and to minimize such potential effects.

In practical terms, it is not possible to define a pinch mark that reflects
the cost of HF. The cost of water sources, infrastructure, equipment,
expertise, taxation, energy costs, etc., are different from one place to another
within the United States of America, and within the rest of the world.
However, it is possible to draw attention to a fiscal range that reflects the
share of the costs of HF compared to the costs of the total drilling.

This study through the examined examples showed that the cost of
the HF in general ranges from 45 to 62% of the total cost of the well.
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