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This is a continuation of the tech talks, discussing technical topics, that I write on Sundays. For
the past few weeks I have been writing about some of the techniques used in producing the gas
from shales, and that will likely continue for another week or two.Because of the need to
condense the topic into a relatively short post I would ask those familiar with the topics to
understand that I have had to shorten the description and gloss over some details in order to
keep the main theme clear. But further comments to help readers understand the techniques
better (or questions when it isn't) are appreciated.

Equipment used for hydraulic fracturing a well (Primer)

There is a simple test that I use in one of my introductory classes, where I give the students a
rectangle of paper and ask them to pull it apart, then I give them a rectangle with a cut half way
through it perpendicular to the length, and half-way down, and ask them to pull that apart. It
tears apart much more easily, and it is how I start a lecture on the role of cracks in causing
materials to fail. You apply that principle about every time you pull open a package with a
serrated top. The deeper cuts focus the force you are pulling with over a small area, making it
easier to part the package and extract the candy, nuts or whatever without having to pull so hard
that, when the package tears, you throw the contents around the neighborhood.

Today I want to talk a little more about perforating the wall of a well, and a bit more about
hydrofracing. They are not necessarily used together, but both are ways of getting cracks out
from the immediate wall of the wellbore so that the valuable fluid on the other side can have an
easier path into the well.

To begin with the topic of perforating a well, I have written about this earlier, but more from the
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point of the tools used to do the job. What I'd like to do here is to talk a little more about it from
the rock point of view. As I mentioned last time the rock right around the well can be subject to a
high enough pressure that it will partially fail, or crush, and this can lower the amount of fluid that
can get through, or alternately it might have been damaged in some other way. By bringing in a
tool with a set of shaped charges in it, and then firing these at the appropriate place this problem
can be overcome.

Arrangement of shaped charges (the yellow cylinders) — when the explosive goes off the cones
collapse and small liquid metal jets shoot out of the open end, through the casing, concrete and
into the rock, creating a channel. (Core Labs)

The charges aren’t all necessarily fired at one time or place, even though, for the illustration
below, they appear to be.

Representation of shaped charges firing and penetrating the casing, cement and wall (OSHA)
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The jet of metal that shoots out of the cone will travel into the rock roughly 10 cone diameters, as
a rough rule of thumb, and this carries a channel, or tunnel, out through the damaged rock into
the surrounding reservoir. The collapse and creation of the channel happens very fast:
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Penetration of a perforating charge into Plexiglas after 3, 12, 21 and 30 microseconds. Marks
are in cone diameters. (after Konya*)

The channel is initially hollow, and drives a set of small and large cracks out into the rock around
the line of the charge.

AR

Jet penetration through Plexiglas (note the lateral cracks away from the line of penetration.
The dark section is due to a change in background. (after Konya*)

However, while it is easier to show the damage that the jet does by showing how it penetrates
Plexiglas, this is not rock, but it does show some of the events that occur. When, for example,
(vide the discussion on jointed shale last week) the jet shoots into rock where there are clear joint
planes defined, then these act to stop the crack growth (perhaps in the way that those who used
to remember stopping cracks growing in old cars by drilling a hole at the end of the crack. It
distributes the stress that was causing the crack to grow when focused on the tip, over a larger
area so that it drops below the critical level). Or the stress is high enough to cause cracks to form
and be reflected back at the jet.
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Jet damage confined between two adjacent planes when the charge is fired into plates that run
parallel to the direction of the jet. (after Konya*)

If the charge is not carefully designed and used, therefore, it might not be as effective as initially
hoped, and this becomes even more true if the pieces of metal that are formed when the cone
collapses are carried into the channel and partially block it. There are different strategies,
depending on the well and the surrounding rock and it is one of those things in life where, if you
got it right the results are almost immediately obvious — as is the converse.

Creating cracks that go out into the surrounding rock has become a vital part of the economic
production of gas from the shales around the country, as we have discussed, and having a starting
crack in the right direction, whether it is a natural joint in the rock, or a crack that has been
deliberately created helps control where the crack starts and how it grows.

initial notch

crack with |
ink

Crack growing out from a drilled hole in Plexiglas, the small notch at the top of the hole
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controlled the direction of the growth of the crack (We put ink in the hole to show how the fluid
goes into the crack).

In the above picture you can see that when the hole was pressurized, a crack grew, and ink flowed
into the crack, as it formed, but, when the pressure came off, the crack closed and most of the ink
was forced back out of the crack. (We created the pressure by firing an air rifle pellet into the
hole).

So if we are going to have a useful crack we need to have it open after we take the pressure back
off — after all we need to get the fluid back out of the well, so that the gas can pass up the well for
collection.

Now it is not quite as easy to grow the crack, or prop it open as I may have suggested earlier, and
to explain some of the issues in a little more detail I am going to use an example and some details
from the Modern Shale Gas Primer.

When you decide to frac the well, and each well is different, as is just about every location, so
there is a significant amount of preparation and knowledge required to work out the procedure
required at that particular point. Bear in mind that the crack that you are going to have to grow
needs to stay in the shale layer, and not go out beyond it into the surrounding rock. One of the
reasons for this is, apart from giving the gas a path to the well, if it goes outside the reservoir rock
then the gas can escape, or, alternately, other fluids can gain access to the well. This is particularly
true of the Barnett where the rock immediately below it, the Ellenberger limestones, can hold a
lot of water that can muck up the gas recovery if it gets into the fractures. (Given this degree of
control and the large distance below the ground to the reservoir rock, this is why a lot of the fears
that the frac job will damage the ground water tend to be dramatically overstated).

In the example cited, which is from the Marcellus shale, the treatment of the frac takes a total of
18 steps, and because some of these are fairly similar I am going to go through them in groups.
First the hole is treated with an acid, to clean away any remaining debris and mud from the
drilling operation and to clean any fractures around the hole, so that they can be used to help the
frac grow. After the acid the hole is filled with an initial polymeric fluid, largely water, but
containing the “Banana Water” that I referred to in an earlier post. This is a friction reducing
agent and will help carry the particles used to hold the crack open into the crack in the first place.
The problem with that polymer is that some of the choices available, while good at reducing the
friction to help move the particles, aren’t that good at holding the particles in suspension, and the
last thing we need is for them to settle out in the bottom of the well, and so in the subsequent
steps in the process as the particles (or proppants) are added, there is usually a second polymer
in the mix to hold them in suspension.

Once the hole is full of the slickwater (the official term for the first polymer solution) the initial
frac is made with a fine sand suspended in the fluid. To keep the crack open all along its length we
need sand along the path and the crack gets narrower as it grows deeper. So for the first several
stages of the crack growth the fluid is filled with successively greater concentrations of the fine
sand, so that, in this way, it can penetrate to the deepest part of the fracture.

In the example cited there are some seven of these sub-stages with the fluid being pumped into
the well at some 3,000 gpm but varying the fluid:proppant density to carry more and more of the
particles into the fracture. Once these stages have been completed, then the job is finished by
pumping an additional eight sub-stages of fluid, with this second set containing a larger size of
proppant particles. In this way the area closest to the mouth of the fracture will be held wider
apart to make it easier for the gas to escape. As with the first set of sub-stages, the concentration
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of proppant in the fluid increases as the stages progress. In total, in the example given, some
450,000 Ib of proppant was used to make the fracture, together with some 578,000 gallons of
water.

Once the fracture is created, then the well is flushed to clean out the different fluids, and make it
easier for the gas to get out out of the rock and into the well. (It also removes any loose and
ineffective proppant so that it doesn’t later become a nuisance). If you think that this would need
a lot of equipment you are right!

Equipment used for hydraulic fracturing a well (Primer)

Since there is some discussion of the effects of the different constituents of the fracing fluid on
local waters I thought I would end with the listing of common chemicals used in that liquid, which
is provided in the Primer.

As usual this has had to be a very brief review of the technology and may have oversimplified to
the point of not being clear, so all technical comments and questions are appreciated.

ExHiBT 35: VoLUMETRIC COMPOSITION OF A Gelling
FRACTURE FLUID Agent  seals
il QOSEN e T oebng
aen Y opaw B
Surfactant \\' 1 II.I S Breaker
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Soureer ALL Conniting based on daitn frem & fracture opersiion is the Fayetteville
Shals 2008
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EXHIBIT 36: FRACTURING FLUID ADNTIVES, MAIN COMPOUNDS, AND COMMON UISES,
Additive Main Compound(s) Purpose Common Use of Main
Type Compound
Diluted Acid Bydrochloric acid or Help dissobve minerals and Swimming pool chemical and
(15%) muriatic acd nitiabe crachs in the redk Er
Biccide Glotaraldebyde Elizvinates bacteria in the water | Dizinfectant; sberilize medical
that preduce corrosive and dextal equipment
byproducts
Breaker Ammonine pervaiate Allows a delaped break down of | Eleacking ageat in detergent
the pel polymer chains and hatr cosmetics,
mancfacture of household
plastics
Corrosion M .o-dimethyl formamide Prevents the corresion of the Used in pharmaceuticals,
Inhdbditor Ppr acrylic Shers, plastics
Crosaknker Borate salts Muintaies fuid viscosity a3 Laundry detergents, hand
‘temperabane inereates toaps, iod cosmetics
Friction Polyacrylaside Water trestment, 20dl
Reducer fricnien benween the coaditicmer
Meneral oil i sl the pie Make-up remever, laxatives,
and eandy
Cal Guar e or ypdroxvethyl Thiciens the water in erder to (e o7 %, DR hPaste, Snies,
celulase sutpend the 3und laked goadd, jee cream
Iren Central Citrse anid Prevencs precipitation of mezal Faod addicres, favensg in
oxies feod and beverages: Lemon
Jusce ~ 7% Caric Acid
Ka Potassium chleside Creates 4 brine carrier Quid Low sodiues table a0t
sahstitute
Omygen Ammoniuss bisulfice Removed oxypen (rom the water | Cometicy food and bevrerage
HaTEnger b2 protect the pipe from PrsttINing. witer Iredtment
Cormasea
PH Adasting et or plATIEE Haanaing the efectivensess of Washing soda, detergeats.
.ﬁ‘tﬂ! ckrbon st other companents, uch & 24P, WANET JaEener. it and
croszlimkers oeramics
Prappant SUBSL GUATTE 3and Allews the fractures o ressicn Drinkiag water Blrration. play
e 30 e A3 Can escape fand, concrete, brick mormar
Szl Exhyleme gleeal Prevents seale deponts i the Auteenotive antifseens,
[BREHE Bepe Bownebold ceansers. and de-
WERE afERA
Serfacrany isoprepanal Used 1o inerease the vigcosity of | Glass cleaner, anziperspirant
e fracture fuid and har colar
Heme: The speailic compounds wred in a given fracroring speration will vary Sependsng on oipaay preferense,
source witer qualty and sne-speciic characterisnes of the targey formation. The compounds shows above are
representanve of the majer compounds ured in Epdraulic framaring of gas shaler

* The initial photos in this post were taken as part of the dissertation of Dr Konya, "The use of
Shaped Explosive Charges to Investigate Permeability, Penetration and Fracture Formation in
Coal, Dolomite and Plexiglas" Missouri S&T, 1972.
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