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The Future of Shale Management, Today
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The extraction of resources from geologic formations, including geothermal energy, olil Swellable proppants are prepared as a nanocomposite of a water-reactive metal or A rigid sphere model was developed to evaluate effective porosity and safety margins of 0.295 mm
) . . ) - . . : : : ) . .. .. . ) . . . 1 L Phase |, SN Phase 1 - 6000
and gas, and in-situ mineral recovery relies on the ability to communicate hydraulically compound with a hydrolysis-resistant polymeric binder. The original proof of principle baseline XOProp™ versus commercially available ceramic and ultralight proppants. I :
(through fluid) with the formation. Many, if not most, of these formations must be used iron particles in a polysulfone polymer, appropriate for 150-180°C formation - o : : a Applied load to Percent I I I - 5000
foppant size: 400 micron Elastic | Yield Strength (load press contact | proppant face full | failure over | Porosity £ 08 | I
accessed through relatively low permeability rock. Extracting these resources requires conditions. Above about 150°C under anaerobic conditions, the iron reacts with water Fracture Load: 2,000 psi Modulus | of the Proppant | "¢ " . : - E I I 6242 psi 'z
: ) cubic packing load b " I " - 4000 o
gaining access through drilling and stimulation (enhancing fracture conductivity) and forms black Fe304, undergoing a 217% volumetric expansion. Other reactions Gpa Mpa inches psi < 06 " : " £
o ie e 3
i .- : : : : . - Initiation of o
techniques. The ability to characterize, develop, and control complex fracture networks evaluated included hydration of oxides such as CaO and MgO, hydration of lamellar Fused Silica 41 1108 0.000918045 187328.2273 17% 0.209209 S : : Regional : 4300 - 3000 2
through geologic formations is essential to the extraction of geologic assets. It is materials such as clays, and hydration/oxidation of reactive metals such as Zn, n-Si, and Bauxite (A1203) 165 2100 0.000577161 | 473954.4606 56% 0.212483 G 04 i I Stress 2 oo
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reservoirs is due to closure of unpropped fractures due to natural closure forces as evaluated for stability and properties. For typical oil and gas conditions of 70-90°C, CaO- : I " I - 1000
- e . FracBlack (ROM theoretical ave. | 125 0.001994215 | 39699.70805 119% | 0.188132 I I
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This project is investigating the formation, application, and subsurface and production production simulation by FracGeo, using its geosimulation codes. Contributions from ] Well Recovery
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of multifunctional proppants, such as expandable proppants, can be enabling in 3000 psi 5000 psi 3000 psi 5000 psi decline curve by offsetting crack closure due to formation stresses. Using estimated The net impact on production g oo
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the following benefits: Soherical brobsants permeability, production curves for a typical carbonate unconventional formation were the natural fractures is eroughly = ° ! 2 Tim:years 4 > ©
usping beag-fopr?ning simulated. 239 for the We” mOde”ed. m Expandable Proppant m Conventional Proppant
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Extending fractures offers the opportunity to intercept high angle natural fractures and
enhance the amount of formation accessed by stimulation. Three phases of natural
fracture expansion: Phase | - fracture opening and proppant transport due to hydraulic

B Fracture Initiation and extension: Expandable rigid proppants with GPa modulus
can apply 1000-10,000(+) PSI force while retaining permeability and fluid access.
These forces are sufficient to initiate and extend fractures.

Proppant Bead Expansion

In lower strength formations, polymer and expandable proppants outperform hard
proppants at less than monolayer coverage due to embedment/rock fracture. This is

. - - : : illustrated using a rock failure point of 2000 psig.
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