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ABSTRACT 

Thi s paper di scusses the development of a novel 
fracture treatment technique which uses a nonreactive, 
buoyant diverter to control upward propagation of 
vertical fracture during the treatment. It is neces
sary to control such growth to prevent fracture pene
tration into undesirable zones, such as gas cap, 
water-beari ng or nonproductive zones, and to promote 
maximum fracture extension within the producing inter
va 1 • 

Results of field evaluations indicate that the new 
treatment technique is successful. It offers a unique 
solution to preventing upward fracture growth that is 
independent of the formation properties and geologic 
stress environment. 

I NTROOUCTI ON 

The ability to control vertical propagation of 
fractures has always been of considerable interest in 
hydraulic fracture treatment design. Uncontrolled 
vertical growth can lead to problematic production of 
water or gas. In addition, optimum lateral extension 
of the fracture cannot be achieved because the fluid, 
proppant and pumpi ng energy are wasted in propagating 
the fracture out-of-zone. 

Studies to identify parameters which are consid
ered to be influential to the containment of hydraulic 
fractures are well documented. Most of the authors 
have concluded that in-situ minimum horizontal stress 
contrast between the pay zone and the barrier is the 
dominant factor in arresting or at least restricting 
vertical growth of fractures. Warpinski et al. 1 found 
that a stress di fference of 200 to 500 psi (1.4 to 3.5 
MPa) between a basal ash-flow layer and an ash-fall 
tuff layer was necessary to contain the fracture 
within the ash-fall tuff. Teufel and Clark2 concluded 
that an increase of 700 psi (5 MPa) in horizontal 
stress was requi red for compl ete fracture contai nment 
in a number of limestones and sandstones. These ex-

*References and illustrations at end of paper. 

perimentally deri ved stress differences serve only to 
indicate the magnitude of the stress contrast and thus 
should not be generalized. 

Inherent properties of the interface also con
tribute to fracture containment. Teufel and Cl ark2 
suggested that if shear strength of the interface is 
small relative to the tensile strength and minimum 
horizontal compressive stress of tha bounding layer, 
vertical fractures may turn into interfacial fractures 
at the interface and containment is, in effect, 
achieved. However, this typ~ ?of containmen~ may be 
very temporary. Hanson et al."- showed experlmentally 
that after the fracture is laterally displaced at the 
interface, it can still grow into the bounding layer 
if the frictional properties of the interface 
change. Daneshy3 found that at shallow depth, a 
weakly bonded interface may stop fracture growth. 
Others 1,4,13,14 indicated that a stress discontinuity 
(i.e., fault) may terminate the fracture. 

Contrast in material properties (elastic modulus, 
porosity, density, etc.) and pore pressure generally 
has only secondary effects on containment. Elastic 
modulus is m~rr influential than the other material 
properties;l, ,3 however, it may only be able to 
reduce the width of the out-of-zone fracture, not stop 
it. 

Treatment parameters whi ch may i nfl uence fracture 
geometry are fluid viscosity and density, proppant 
concentration, pump rate and placement of perfora
tions. The number and placement of perforations can 
be manipulated to ensure that the fracture is initi
ated in-zone, but once the fracture has propagated 
away from the well bore, the materi a 1 propert i es and 
stress environment will again be the governing fac
tors. By varyi ng fl ui d propert i es, proppant concen
tration and/or injection rate, frictional pressure 
drop along the fracture faces might be kept below the 
mlnlmum horizontal stress difference between the 
confining zone and the pay zone. Nolte and Smith 6 

provided a method to detect the possible onset of 
undes i rab 1 e growth of fracture hei ght from treating 
pressures which may allow corrective actions to be 
taken during the treatment or, at least, provide 
useful information to design subsequent treatments for 
similar wells. However, the use of treatment parame-
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