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Anastasiia Laura*

ANALYSIS OF FRACTURING FLUID SYSTEM,
EFFECT OF ROCK MECHANICAL PROPERTIES
ON FLUID SELECTION
1.

INTRODUCTION

7KHIUDFWXULQJÀXLGLVDPDLQFRPSRQHQWRIWKHK\GUDXOLFIUDFWXULQJWUHDWPHQW2SHQLQJ
the fracture and transportation propping agent along the length of the fracture are the principal
IXQFWLRQRIIUDFWXULQJÀXLGV6XFFHVVRIK\GUDXOLFIUDFWXULQJWUHDWPHQWVGHSHQGVRIWKHVSHFLDO
ÀXLGVSURSHUWLHV,QDGGLWLRQÀXLGVVKRXOGEUHDNDQGFOHDQXSIUDFWXULQJWKHWUHDWPHQWLVRYHU
SURYLGHJRRGÀXLGORVVFRQWUROH[KLELWORZIULFWLRQSUHVVXUHGXULQJSXPSLQJDQGEHDVHFRnomical as is practical.
1RZDGD\VPDQ\GLIIHUHQWW\SHVRIÀXLGVXVHGIRUIUDFWXULQJWUHDWPHQWV$OOUHVHUYRLUV
are varying in terms of geological structure, temperature, permeability and pores pressure
WKDWUHTXLUHDVSHFLDOVHOHFWLRQRIIUDFWXULQJÀXLGV
)UDFWXULQJ ÀXLGV FDQ EH FDWHJRUL]HG DV RLO RU ZDWHU EDVHG XVXDOO\ ³FURVVOLQNHG´ WR
provide the necessary viscosity, mixtures of oil and water, called emulsions, and foamed
oil- and water- base systems that contain nitrogen or carbon dioxide gas. [1] Water is the one
RIWKHFRPPRQIUDFWXULQJÀXLGRIDOOIUDFWXUHGZHOOVXVHLW)RUH[DPSOHIUDFWXULQJ
treatments for shale gas in the Marcellus basin employ about 1 million gallons of water for
vertical wells and 3-6 million gallons for horizontal wells.
Materials and proppant used in hydraulic fracturing have undergone tremendous changes
VLQFHWKH¿UVWFRPPHUFLDOIUDFWXULQJWUHDWPHQWZDVSHUIRUPHGLQZLWKIHZVDFNVRIFRDUVH
VDQGDQGJHOOHGJDVROLQHDVWKHFDUULHUÀXLG>@7KH¿UVWIUDFWXULQJÀXLGVZHUHRLOEDVH7KHHDUOLHVW
IUDFWXULQJÀXLGVZHUHK\GURFDUERQEDVHGDQGXWLOL]HG³QDSDOP´WRREWDLQWKHUHTXLUHGYLVFRVLW\
,QWKHVZDWHUEDVHÀXLGVWKLFNHQHGZLWKJXDUEHFDPHYHU\SRSXODU%\WKHVPRUHWKDQ
SHUFHQWRIIUDFWXULQJÀXLGVZHUHFURVVOLQNHGZDWHUEDVHVV\VWHPV7\SLFDOO\PRUe than 65 perFHQWRIDOOIUDFWXULQJWUHDWPHQWVXVHZDWHUEDVHJHOVYLVFRVL¿HGZLWKJXDURUK\GUR[\SURS\OJXDU
* $*+8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\)DFXOW\RI'ULOOLQJ2LODQG*DV.UDNRZ3RODQG
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[2] Gelled oil treatments and acid fracturing treatments each account for about 5 percent of the
WRWDOIUDFWXULQJSURFHVV0RVWO\WKHÀXLGVJHOOHGE\DSRO\PHULFJHOOLQJDJHQW7KHWKLFNHQHGRU
JHOOHGÀXLGKHOSVNHHSWKHSURSSDQWZLWKLQWKHÀXLGGXULQJWKHIUDFWXULQJRSHUDWLRQ$ERXW
percent of all treatments contain an energizing gas. Additives are used to increase viscosity at high
WHPSHUDWXUHVWREUHDNYLVFRVLW\DWORZWHPSHUDWXUHVRUWRKHOSFRQWUROOHDNRIIRIWKHÀXLGWRWKH
formation. A wide variety of chemical additives are used in hydraulic fracturing. The chemical
FRPSRVLWLRQRIWKHK\GUDXOLFIUDFWXULQJÀXLGVGHSHQGLQJFRQGLWLRQVRIWKHVSHFL¿FZHOO
)UDFWXULQJÀXLGVPXVWEHVWDEOHDWKLJKWHPSHUDWXUHVSXPSLQJUDWHVDQGVKHDUUDWHV)RU
IUDFWXULQJWUHDWPHQWVXVHVHYHUDOW\SHVRIIUDFWXULQJÀXLGVDQGÀXLGDGGLWLYHV
7KHW\SHVRIÀXLGVLQFOXGH
ȭ
ȭ
ȭ
ȭ
ȭ

:DWHUEDVHGÀXLGV
2LOEDVHGÀXLGV
(QHUJL]HGÀXLGV
Multi-phase emulsions
Acid Fluids
The additives include:

ȭ
ȭ
ȭ
ȭ
ȭ
ȭ
ȭ

2.

Gelling agents
Crosslinkers
Breakers
Fluid loss additives
Bactericides
Surfactants and Non-emulsifying agents
Clay control Additives.

TYPES OF FRACTURING FLUIDS

(DFK ÀXLG KDV LWV DGYDQWDJHV DQG GLVDGYDQWDJHV ,Q 7DEOH  SURYLGHV D OLVWLQJ RI WKH
GHVLUDEOHDQGXQGHVLUDEOHDVSHFWVRIPRVWDYDLODEOHÀXLGV\VWHPV$GHVFULSWLRQRIDOOWKHGLIferent components used for hydraulic treatments is provided in Side Bar 1. [4]
Table 1
4XDOLWDWLYHÀXLGVHOHFWLRQFKDUW
Low Pump
Pressure

Proptransport

Stable

Life

Breaking

FormaWLRQÀXLG

Fluid
Recovery

Fluid Loss

Ease to
Mixing

Cost

Compatibility

Prop Pack
KfW

Viscosity

Water Frac1

5

5

1

3

3

5

3

4

1

5

5

2

Linear Gel

3

5

3

3

3

4

3

4

2

5

4

Linear Gel3

5

5

3

3

3

4

3

4

2

5

4

3

3

5

5

5

3

4

3

5

4

3

Fluid System

2

Borate X-Link

168

Table 1. cont.
Delayed Borate X-Link2

3

3

5

5

5

3

4

3

5

3

3

4

Delayed Metalic X-Link

3

3

5

2

2

3

4

3

5

3

3

Delayed Metalic X-Link5

3

3

5

2

2

3

4

3

5

3

3

9(6

5

3

5

4

4

2

1

3

2

2

1

Nitrogen Foam

5

2

5

3

3

5

4

4

5

2

1

6

CO2 Foams

5

2

5

3

3

5

4

5

5

2

1

Gelled Propane

5

3

4

4

3

4

5

4

4

2

1

Poly Emulsion(K1)

4

1

5

5

5

4

4

3

5

2

3

Lease Grude

2

3

2

5

5

5

5

3

2

5

5

2

3

4

4

4

4

3

3

3

4

3

7

Gelled oil

Qualitative rate 1 to 5 where 1 is poor, 3 is moderate and 5 is excellent.
1. Uses Polyacrylamide (PAA) as a friction reducer;
2. Uses Guar, HydroxyPropyl Guar or GarboxyMethylHydroxyPropyl Guar (CMHPG) as
gelling agent;
3. Uses HydroxyEthyl Cellulose (HEC) or CarboxyMethyhydroxyEthyl Cellulose
(CMHEC) as gelling agent;
4. 8VHV7LWDQLXPRU=LUFRQLXP&URVVOLQNHUVIRU*XDU+3*DQG&0+3*JHOOLQJDJHQWV
5. 8VHV7LWLQLXPRU=LUFRQLXP&URVVOLQNHUVIRU&0+(&JHOOLQJDJHQWV
6. 8VHVD9LVFR(ODVWLF6XUIDFWDQWV\VWHPDVWKHJHOOLQJDJHQW
7. Uses a Phosphate Ester Crosslinked with an Aluminum Salt and acitivated with a base.
3RVVLEOHFRPSRQHQWVLQDIUDFWXULQJÀXLGDUHOLVWHGLQ7DEOH>@ZKLFKLQGLFDWHVWKH
FRPSOH[LW\RIDIUDFWXULQJÀXLGIRUPXODWLRQ6RPHDGGLWLYHVFDQ¶WXVHGWRJHWKHUVXFKDVRLO
gelling additives in a water-based system.
Table 2
Components in Fracturing Fluids
Component

Function/remark

Water based polymers

Thickener, to transport proppant, reducer leakoff in formation

Friction reducers

Reduce drag in tubing

Fluid loss additives

)RUP¿OWHUFDNHUHGXFHOHDNRIILQIRUPDWLRQLIWKLFNHQHULVQRWVXI¿FLHQW

Breakers

Degrade thickener after job or disable crosslinker (wide variety of chemical
mechanisms)

(PXOVL¿HUV

For diesel premixed gels

Clay stabilizers

For clay-bearing formations

Surfactants

Prevent water-wetting of formation

1RQHPXOVL¿HUV

Destroy emulsions

pH-Control additives

,QFUHDVHWKHVWDELOLW\RIÀXLG HJIRUHOHYDWHGWHPSHUDWXUHDSSOLFDWLRQV
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Table 2. cont.
Component

Function/remark

Crosslinkers

Increase the viscosity of the thickener

Foamers

)RUIRDPEDVHGIUDFWXULQJÀXLGV

Gel stabilizers

Keep gels active longer

Defoamers

Break a foam

Oil-gelling additives

6DPHDVFURVVOLQNHUVIRURLOEDVHGIUDFWXULQJÀXLGV

Biocides

Prevent microbial degradation

Water-based systems

Common

Crosslinked gel system

Increase viscosity

Oil-based systems

Used in water sensitive formation

Polymer Plugs

Used also for other operations

Gel concentrates

Premixed gel on diesel base

Resin-coated proppants

Proppant material

Ceramics

Proppant material

3.

REQUESTS FOR FRACTURING FLUIDS
)UDFWXULQJÀXLGVPXVWPHHWDQXPEHURIUHTXLUHPHQWVVLPXOWDQHRXVO\>@
1. )OXLGVPXVWEHFRPSDWLEOHZLWKWKHIRUPDWLRQPDWHULDODQGIRUPDWLRQÀXLGV
2. )UDFWXULQJÀXLGVDEOHWRVXVSHQGLQJSURSSDQWVDQGWUDQVSRUWLQJWKHPGHHSWRWKHIUDFture;
3. Can develop the necessary fracture width to accept proppants or to allow deep acid
penetration;
4. Low friction pressure down the tubing;
5. 0XVWEHDQHI¿FLHQWÀXLGDQGHDVLO\WRUHPRYHIURPWKHIRUPDWLRQ
6. Must be stable so that it will retain its viscosity;
7. Stable under treating temperatures in the fracture;
8. 7KHIUDFWXULQJÀXLGVKRXOGEHFRVWHIIHFWLYH

4.

WATER-BASED FRACTURING FLUIDS

:DWHUEDVHGIUDFWXULQJÀXLGVDUHXVHGLQWKHPDMRULW\RIK\GUDXOLFIUDFWXULQJWUHDWPHQWV
QRZDGD\V >@7KHVH IUDFWXULQJ ÀXLGV KDYH PDQ\ DGYDQWDJHV:DWHU LV FKHDSHU WKDQ RWKHU
W\SHVRIIUDFWXULQJÀXLGV,WGRHVXVLQJZDWHUEDVHGÀXLGVYHU\HFRQRPLFDO:DWHUEDVHGÀXids can increase hydrostatic head compared with oil, gases and methanol. Water is incombusWLEOHDQGFDQ¶WEHD¿UHKD]DUG7KLVW\SHRIÀXLGLVHDVLO\YLVFRVL¿HGFRQWUROOHGDQGUHDGLO\
available. The main advantage of using is ease of mixing and ability to recover and reuse the
water. The disadvantage is the low viscosity which results in a narrow fracture width.
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:DWHULVLQH[SHQVLYHDQGZLGHO\DYDLODEOHÀXLGLQPRVWDUHDVRIWKHZRUOGEXWQRWDOO
water could be used for fracturing treatments. Rheology properties can be adjusted as desired
very easily adjusted polymer loading and additive loading even during the job if required
either in stages or continuously. [8]

5.

OIL- BASED FRACTURING FLUIDS

1RZDGD\VZHFDQREVHUYHDQHYROXWLRQRIWHFKQRORJ\RIRLOEDVHIUDFWXULQJÀXLGV7KH
WHFKQRORJ\RIXVLQJWKLVÀXLGVHYROYHGIURPVROLGFDUER[\ODWHGDVVRFLDWLYHSRO\PHUVWRDOXminum-carboxylated associative polymers to aluminum-phosphate associative polymers, [8]
and then to iron-phosphate ester technology. The aluminum phosphate ester gels have been
LPSURYHGWRJHOPRYHFUXGHRLOVDQGWRHQKDQFHWHPSHUDWXUHVWDELOLW\7KHHDUOLHVWYLVFRVL¿HG
RLOVZHUHQDSDOPW\SHÀXLGV
2LOEDVHÀXLGVDUHRSHUDWLRQDOO\GLI¿FXOWWRKDQGOHDQGH[SHQVLYHEXWWKHVHÀXLGVDUH
OHVVGDPDJLQJWRDK\GURFDUERQEHDULQJIRUPDWLRQWKDQZDWHUEDVHÀXLGV7KHPDLQDGYDQWDJHRIIUDFWXULQJWUHDWPHQWVZLWKRLOEDVHÀXLGVFRPSDUHGZLWKZDWHUEDVHGÀXLGVWKDWVRPH
formations can to imbibe large quantities of water, while others are water sensitive and will
VZHOOLIZDWHULVLQWURGXFHG7KXVRLOEDVHÀXLGVDUHQRZXVHGRQO\LQIRUPDWLRQVWKDWDUH
NQRZQWREHH[WUHPHO\ZDWHUVHQVLWLYH:KHQXVLQJWKHVHÀXLGVWKHUHDUHJUHDWHUFRQFHUQV
UHJDUGLQJ SHUVRQQHO VDIHW\ DQG HQYLURQPHQWDO LPSDFW DV FRPSDUHG WR PRVW ZDWHUÀXLGV
Gelling problems can occur when using high viscosity crude oils or crude oils which contain
a lot of naturally occurring surfactants.
,QPRVWFDVHVWKHSXPSLQJIULFWLRQRIRLOEDVHVÀXLGVLVKLJKHUWKDQDGHOD\HGFURVVOLQNHGZDWHUEDVHGÀXLGV\VWHP3XPSLQJSUHVVXUHDUHDOVRKLJKHUEHFDXVHRIDODFNRIK\drostatic head of the hydrocarbon compared with water.[10] In particular, the preparation
and quality control of gelling crude oil require much more care than those of water-based
ÀXLGV

6.

ACID FLUIDS

$FLGÀXLGVXVHGIRUORZSHUPHDELOLW\DQGDFLGVROXEOHURFNV,WLVIRUPDWLRQVVXFK
as limestone (CaCO3) or dolomites (CaCO3 × MgCO3). These materials react easily with
hydrochloric acid to form chlorides and carbon dioxide. Also acids are used in carbonate
formations, acid fracturing in sandstone formations has been not a common practice due
to the low rock solubility of mud acid. The best choose for acid treatments is reservoir
ZLWKWHPSHUDWXUHOHVVWKDQ)DQGWKHPD[LPXPHIIHFWLYHVWUHVVRQWKHIUDFWXUHOHVV
than 5,000 psi.
Acid fracturing has the advantage that no problem with proppant cleanout will appear. In
particular, acids may be mixed with a gelling agent and encapsulated with oils and polymers.
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$FLGIUDFWXUHÀXLGVZLWKSURSSLQJDJHQWVDUHQRWUHFRPPHQGHG,IDSURSSLQJDJHQWLVXVHG
ZLWKDFLGWKH¿QHVSOXJXSWKHSURSSLQJDJHQWUHVXOWLQJLQYHU\ORZIUDFWXUHFRQGXFWLYLW\
*HQHUDWLQJK\GURÀXRULFDFLGLQVLWXPDNHVLWSRVVLEOHWRSHUIRUPDFLGIUDFWXULQJRIVDQGVWRQH
formations with the assistance of partial monolayer’s of effectively placed propping agents
and to create enlarged propped fractures. [11]
Acid fracturing is a well stimulation process in which acid is injected into a formaWLRQ DW D SUHVVXUH VXI¿FLHQW WR IUDFWXUH WKH IRUPDWLRQ RU WR RSHQ H[LVWLQJ QDWXUDO IUDFWXUHV$V WKH DFLG ÀRZV DORQJ WKH IUDFWXUH SRUWLRQV RI WKH IUDFWXUH IDFH DUH GLVVROYHG
%HFDXVH ÀRZLQJ DFLG WHQGV WR HWFK LQ D QRQXQLIRUP PDQQHU FRQGXFWLYH FKDQQHOV DUH
created that usually remain when the fracture closes. The effective length of the fracture
is determined by the etched length, which depends on the volume of acid used, its reacWLRQUDWHDQGWKHDFLGÀXLGORVVIURPWKHIUDFWXUHLQWRWKHIRUPDWLRQ7KHHIIHFWLYHQHVVRI
the acid fracturing treatment is determined largely by the length of the etched fracture.
Practically, acid fracturing is less complicated because no propping agent is employed.
$OVRWKHGDQJHURISURSSDQWVFUHHQRXWDQGWKHSUREOHPVRISURSSDQWÀRZEDFNDQGFOHDnout from the wellbore after the treatment are eliminated. The major barrier to effective
IUDFWXUHSHQHWUDWLRQE\DFLGDSSHDUVWREHH[FHVVLYHÀXLGORVV,QDGGLWLRQDFLGOHDNRIILV
extremely nonuniform and results in wormholes and the enlargement of natural fractures.
7KLVJUHDWO\LQFUHDVHVWKHHIIHFWLYHDUHDIURPZKLFKOHDNRIIRFFXUVDQGPDNHVÀXLGORVV
FRQWUROGLI¿FXOW

7.

FOAMS AND EMULSIONS

(PXOVLRQIUDFWXULQJÀXLGVKDYHEHHQXVHGIRUPDQ\\HDUV7KH\KDYHH[WUHPHO\KLJK
friction pressure resulting from their high inhere viscosity and lack of friction reduction.
:DWHU HPXOVLRQ IUDFWXULQJ ÀXLGV ZHUH LQWURGXFHG LQ WKH PLG7KHVH IUDFWXULQJ ÀXLGV
yielding higher friction pressure than comparable water-based gels but it was indeed a breakthrough in our industry and continue to be used widely as a very cost-effective, functional
fracturing system. The cost-effectiveness of an oil emulsion implies that the load oil can be
produced back and sold. The use of oil-in-water emulsion has decreased recently with the
increased cost of crude oil. The emulsion is broken in the formation when the surfactant that
created the emulsion is absorbed into the formation.
)RDP ZDV QRW ZLGHO\ XVHG DV D IUDFWXULQJ ÀXLG XQWLO WKH PLG )RDP IUDFWXULQJ
ÀXLGVDUHFRQVWUXFWLQJVLPSO\DJDVLQOLTXLGHPXOVLRQ:KHQOLTXLGDQGJDVDUHPL[HGJDV
bubbles are created by turbulence. The gas bubbles provide high viscosity and excellent propSDQWWUDQVSRUWFDSDELOLWLHV7KHIRDPZKLFKFUHDWHGE\EXEEOHVHPXOVL¿HGLQWKHOLTXLGZLOO
break out slowly with time. Advantage is inherent energy in the gas and that minimizing the
DPRXQWRIÀXLGSODFHGRQWKHIRUPDWLRQDQGLPSURYLQJUHFRYHU\RIIUDFWXULQJÀXLG,QSUHSDUing foam typically uses 65% to 80% less water than in convention treatments, simply promote
cleanup in low-pressure formation. Disadvantages much more care must be taken in running
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DIRDPIUDFWXULQJWUHDWPHQWVIURPDPHFKDQLFDOSRLQWRIYLHZ,WLVYHU\GLI¿FXOWWRJHWKLJK
sand concentration in foam fracturing.
*HQHUDOO\DQ\ÀXLGWKDWKDVWZRSKDVHVRIDQGYLVFRVLW\LQFUHDVHEHFDXVHRISUHVHQFH
of the second phase can be considered a foam or emulsion. The typical foams or emulsions
used in the industry are limited to about 70 to 80 quality to minimize frictional effects due to
WKHKLJKYLVFRVLW\7KHKLJKYLVFRVLW\RIWKHIRDPVKHOSWKHÀXLGVKDVJRRGÀXLGOHVVFRQWURO
2QHRIWKHSRWHQWLDOSUREOHPVXVLQJIRDPVLVWKDWWKHUHFRYHUHGÀXLGFDQFRPHEDFNDVIRDP
which might be a nuisance to surface equipment.

8.

ENERGIZED FLUID

)UDFWXULQJ ÀXLG LV RIWHQ HQHUJL]HG HLWKHU ZLWK 12 or CO2 to minimize the amount of
OLTXLGVLQWURGXFHGLQWRWKHIRUPDWLRQDQGWRHQKDQFHUHFRYHU\RIÀXLGV,QWKHLQGXVWU\LWLV
XVXDOO\WRXVHWRYROXPHSHUFHQWRIHQHUJL]LQJPHGLXPLQÀXLGV(QHUJL]HGÀXLGVDUH
of particular importance of fracturing under – pressured gas wells. Using N2 or CO2 for enerJL]HGÀXLGKDVDORWRIGLIIHUHQW,QPRVWSODFHV12 is easily available at lower cost than CO2.
Fluids energized with N2 are recovered as soon as possible after pumping ceases. On the other
hand, CO2 XQGHUSXPSLQJFRQGLWLRQVLVDFWXDOO\DOLTXLGRUDVXSHUFULWLFDOÀXLG
7KHDGYDQWDJHVRIHQHUJL]LQJIUDFWXULQJÀXLGVDUHTXLWHREYLRXVSDUWLFXODUO\IRUDIRUPDWLRQZLWKORZERWWRPKROHSUHVVXUH7KHW\SHRIJDVXVHGIRUHQHUJL]LQJDIUDFWXULQJÀXLG
should be considered carefully. The obvious advantages and disadvantages to using CO2 and
N2 should be weighed and the relative cost effectiveness compared before their use.

9.

EFFECT OF ROCK MECHANICAL PROPERTIES
ON FRACTURING FLUID SELECTION

Fluid selection for hydraulic fracturing is based on laboratory data and tests. Hydraulic
fracturing treatments depends on a lot of different factors, such as type of formation, permeDELOLW\IRUPDWLRQÀXLGVFORVXUHVWUHVVIRUPDWLRQURFNPHFKDQLFDOSURSHUWLHVHWF7KHSURSHUWLHV RI GLIIHUHQW GHSRVLWV XVLQJ WHVWLQJDQG WKHLU LQÀXHQFH RQ K\GUDXOLFIUDFWXUHQHWZRUN
creation. The rock mechanical properties are not enough to forecast the fracture geometry. It
LVJXLGHGE\WKHSURSHUVHOHFWLRQRIVWLPXODWLRQÀXLGDQGVWLPXODWLRQGHVLJQ&RPSDUHWKHVHOHFWLRQRIIUDFWXULQJÀXLGFKDQJHVZKHQPRYLQJIURPDGXFWLOHWRDEULWWOHIRUPDWLRQ )LJ 
6OLFNZDWHUWUHDWPHQWLVXVXDOO\RFFXUZLWKSXPSLQJODUJHYROXPHVRIÀXLGXVLQJKLJK
pump rates and low proppant concentrations to create a complex of fractures. Young’s
modulus and low Poisson’s ratio are some of the most important parameters for rock meFKDQLFV ZKLFK FDQ GHWHUPLQH WKH IUDFWXUH JHRPHWU\ IUDFWXUH FRQ¿QHPHQW DQG HDVH RI
fracturing. High pressures also elastically deform the rock away from the fracture face.
This deformation will depend on the pressure above the fracture pressure and Young’s
modulus of the rock.
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Fig. 1.5HODWLRQVKLSEHWZHHQÀXLGW\SHIRUPDWLRQSHUPHDELOLW\
and formation rock mechanical properties. [4]

The Poisson’s ratio, Q, is a measure of how much a material will deform in a direction
perpendicular to the direction of the applied force, parallel to the plane on which stress inGXFHGE\WKHVWUDLQLQDFWLQJ7KH3RLVVRQ¶VUDWLRLVGH¿QHGE\
v=−

εy
εx

<RXQJ¶VPRGXOXV(LVGH¿QHVDVWKHUDWLRRIVWUHVVRYHUVWUDLQ

Ε =−

σ
ε

A higher Young’s modulus is associated with rock strength that has more fracture con¿QHPHQW$ URFN IDLOV XQGHU WHQVLOH FUDFN$ KLJKHU 3RLVVRQ¶V UDWLR VXJJHVWV PRUH WHQVLOH
strength and plastic behavior. Fragility caused by a high Young’s modulus and low Poisson’s
ratio creates a larger number of openings, and less proppant concentration is required to hold
the conductive channels open.
Usually shale formations are negatively charged. It means that the additives selection
must be compatible with the formation. Slickwater solutions are usually best served with
a negatively charged friction reducer.

10. APPLICATION OF HYDRAULIC FRACTURING FLUIDS IN EUROPE
1RZDGD\V LQ (XURSH WKH FRPSRVLWLRQDO GDWD RI IUDFWXULQJ ÀXLGV DUH RQO\ DYDLODEOH
for one shale gas fracturing operation in the UK (Cuadrilla), from Poland (BNK) and for
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a number of fracturing operations in Germany (ExxonMobil). The relative magnitude of
treatments materials and cost of treatments performed in the United States are estimated as
follows: 45 percent for pumping, 25 percent for proppants, 20 percent for fracturing chemicals and 10 percent for acid.
([DPSOHRISRWHQWLDODGGLWLYHVDQGWKHLUDPRXQWVLVVKRZQLQ)LJ>@6SHFL¿FÀXLG
FRPSRVLWLRQVIRUGLIIHUHQWGHSRVLWVPD\GLIIHUVLJQL¿FDQWO\)LJ

Fig. 2.([DPSOHRIIUDFWXULQJÀXLGFRPSRVLWLRQIRUVKDOHIUDFWXULQJ

Fig. 3.)UDFWXULQJÀXLGFRPSRVLWLRQVIRUVKDOHIUDFWXULQJ/HIW([[RQ0RELO*HUPDQ\ÀXLGXVHGLQ
5LJKW&XDGULOOD8.ÀXLGXVHGLQ

As part of New York State’s Draft Supplemental Generic Environmental Impact
6WDWHPHQW 6*(,6  UHODWHG WR +RUL]RQWDO 'ULOOLQJ DQG +LJK9ROXPH +\GUDXOLF )UDFWXULQJ
in the Marcellus Shale, the Department of Environmental Conservation compiled a list of
chemicals and additives used during hydraulic fracturing. The Table 3 below provides examples of various types of hydraulic fracturing additives proposed for use in New York or in
another state of USA. [13]
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Table 3
Examples of various types of hydraulic fracturing additives.
Additive type

Description

Examples

Proppant

3URSSDQWRSHQIUDFWXUHVDQGDOORZVJDVÀXLGV
WRÀRZPRUHIUHHO\WRWKHZHOOERUH

Sand(Sintered bauxite;
zirconium oxide; ceramic beads)

Acid

Cleans up perforation intervals of cement and
GULOOLQJPXGSULRUWRIUDFWXULQJÀXLGLQMHFWLRQ
and provides accessible path to formation

Hydrochloric acid (HCl, 3% to
28%) or muriatic acid

Breaker

5HGXFHVWKHYLVFRVLW\RIWKHÀXLGLQRUGHUWR
release proppant into fractures and enhance the
UHFRYHU\RIWKHIUDFWXULQJÀXLG

Peroxydisulfates

Bactericide/
Biocide

Inhibits growth of organisms that could produce Gluteraldehyde;2-Bromo-2JDVHV SDUWLFXODUO\K\GURJHQVXO¿GH WKDWFRXOG nitro-1,2-propanediol
contaminate methane gas. Also prevents the
growth of bacteria which can reduce the ability
RIWKHÀXLGWRFDUU\SURSSDQWLQWRWKHIUDFWXUHV

Buffer/pH
$GMXVWVDQGFRQWUROVWKHS+RIWKHÀXLGLQRUGHU Sodium or potassium carbonate;
Adjusting Agent to maximize the effectiveness of other additives acetic acid
such as crosslinkers.
Clay Stabilizer/
Control

Prevents swelling and migration of formation
clays which could block pore spaces thereby
reducing permeability.

Salts(e.g.,tetramethyl
ammonium chloride) Potassium
chloride

Corrosion
Inhibitor

Reduces rust formation on steel tubing, well
Methanol; ammonium bisulfate
casings, tools, and tanks (used only in fracturing for Oxygen Scavengers
ÀXLGVWKDWFRQWDLQDFLG

Crosslinker

7KHÀXLGYLVFRVLW\LVLQFUHDVHGXVLQJSKRVSKDWH Potassium hydroxide; borate
esters combined with metals. The metals are
salts
referred to as crosslinking agents. The increased
IUDFWXULQJÀXLGYLVFRVLW\DOORZVWKHÀXLGWR
carry more proppant into the fractures.

Friction Reducer $OORZVIUDFWXUHÀXLGVWREHLQMHFWHGDWRSWLPXP Sodium acrylate-acrylamide
rates and pressures by minimizing friction.
copolymer; polyacrylamide
(PAM); petroleum distillates
Gelling Agent

,QFUHDVHVIUDFWXULQJÀXLGYLVFRVLW\DOORZLQJWKH Guar gum; petroleum distillate
ÀXLGWRFDUU\PRUHSURSSDQWLQWRWKHIUDFWXUHV

Iron Control

Prevents the precipitation of carbonates and
sulfates (calcium carbonate, calcium sulfate,
barium sulfate) which could plug off the
formation.

Ammonium chloride; ethylene
glycol; polyacrylate

Solvent

Additive which is soluble in oil, water & acidEDVHGWUHDWPHQWÀXLGVZKLFKLVXVHGWRFRQWURO
the wettability of contact surfaces or to prevent
or break emulsions

9DULRXVDURPDWLFK\GURFDUERQV

Surfactant

5HGXFHVIUDFWXULQJÀXLGVXUIDFHWHQVLRQWKHUHE\ Methanol;isopropanol;
DLGLQJÀXLGUHFRYHU\
ethoxylated alcohol
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11. CONCLUSION
Hydraulic fracturing is a necessary technique to improve gas production from unconvenWLRQDOUHVHUYRLUV7KHVHOHFWLRQRIIUDFWXULQJÀXLGVLVDPDMRUFRPSRQHQWRIGHVLJQLQJDQGLPSOHPHQWLQJDK\GUDXOLFIUDFWXULQJWUHDWPHQW7KHUHFLSHRIWKHIUDFWXULQJÀXLGPXVWEHFDUHIXOO\
chosen for provide maximum success and continual production over the long term. The choice
RIVWLPXODWLRQÀXLGDQGSURSSDQWSOD\VDYLWDOUROHLQFUHDWLQJWKHVKDSHDQGGLVWULEXWLRQRIWKH
IUDFWXUHQHWZRUN7KHLGHDOIUDFWXULQJÀXLGVKRXOGKDYHPLQLPDOSUHVVXUHGURSLQWKHSLSHGXULQJRSHUDWLRQKDYHVXI¿FLHQWYLVFRVLW\WRGHOLYHUSURSSDQWLQIUDFWXUH)RUVHOHFWLQJWKHÀXLG
very important to choose the main characteristics: availability, viscosity characteristics, safety,
ease of mixing and use, compatibility with formation, ability to be cleaned up from the fracture,
DQGFRVW+RZHYHUYLVFRVLW\SURSHUWLHVDUHWKHPRVWLPSRUWDQWSURSHUWLHVRIIUDFWXULQJÀXLGV
+\GUDXOLFIUDFWXULQJRSHUDWLRQVYDU\ZLGHO\LQWKHW\SHVRIIUDFWXULQJÀXLGVXVHGWKH
YROXPHV RI ÀXLG UHTXLUHG DQG WKH SXPS UDWHV DW ZKLFK WKH\ DUH LQMHFWHG Proppants and
chemicals compose a larger share of the total cost of hydraulic fracture treatments a well.
Water with a simple sand proppant can be adequate to achieve a desired fracture at some
sites. In some cases, water must be thickened to achieve higher proppant transport capabilities. Thickening can be achieved by using linear or crosslinked gelling agents. Crosslinking
LVWKHPRVWFRVWHIIHFWLYHZD\RILQFUHDVLQJWKHYLVFRVLW\RIWKHÀXLG&URVVOLQNHUVDUHFRVWO\
DGGLWLYHVFRPSDUHGWRVLPSOHOLQHDUJHOVEXWDÀXLG¶VIUDFWXULQJHI¿FLHQF\FDQEHJUHDWO\LPSURYHGXVLQJFURVVOLQNHUV8VXDOO\DJHOOHGZDWHURUFURVVOLQNHGJHOÀXLGLVXVHGDVWKHSDG
ÀXLGWR¿OOWKHZHOOERUHDQGEUHDNGRZQWKHIRUPDWLRQ)RDPVDUHHVSHFLDOO\XVHIXOLQZDWHU
VHQVLWLYHRUORZSUHVVXUHUHVHUYRLUV7KHVHIUDFWXULQJÀXLGVFDQEHXVHGWRFRQVLGHUDEO\UHGXFHWKHDPRXQWRILQMHFWHGÀXLGUHTXLUHG7KHUHGXFHGZDWHUYROXPHUHTXLUHPHQWWUDQVODWHV
into a space and cost savings at the treatment site because fewer water tanks are needed.
)RDPIUDFWXULQJÀXLGVDOVRSURPRWHUDSLGÀRZEDFNDQGUHGXFHGYROXPHVRIÀRZEDFNZDWHU
requiring disposal. One of the easiest methods of creating viscosity to control leak-off and
suspend the proppants is to add guar gum. The guar derivatives are generally safe to dispose
into the environment, crosslinker may not be, and this can restrict their application. If there
DUHFRQFHUQVDERXWWKHHIIHFWRIXVLQJDZDWHUEDVHGÀXLGLQWKHUHVHUYRLURLOEDVHGIUDFWXULQJÀXLGVDUHXVHG6XFKFRQFHUQVDUHSUHYDOHQWLQORZSHUPHDELOLW\JDVZHOOVDQGVHQVLWLYH
formations. In general, acid fracturing is best applied in shallow, low-temperature carbonate
reservoirs. The best candidates are shallow, in which the reservoir temperature is less than
)DQGWKHPD[LPXPHIIHFWLYHVWUHVVRQWKHIUDFWXUHZLOOEHOHVVWKDQSVL
6HOHFWLRQRIWKHIUDFWXUHÀXLGLVDFULWLFDOGHFLVLRQIRUIUDFWXUHWUHDWPHQW)UDFWXUHÀXLG¶V
selection is based on factors such as determination if the reservoir is water sensitive, reservoir
temperature and pressure, the expected value of fracture half-length.
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