Repedés konduktivitast befolydsold tényezdk, kdztuk
a ,proppant pack” és a kdzetmechanikai jellemzdk
vizsgdalata

Investigation of parameters influencing fracture

conductivity including proppant pack properties
and rock mechanical characteristics
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Purpose of Research & Intuition
» Aim of HF is productivity improvement

» Plis highly dependent on Fc

» Interaction between proppant and
fracture surface

» Investigation of proppant
embedment

Fig. 2: Illustration of propped fractures
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Fig. 1: Proppants in fracture
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The analytical model
(Li et al.)

» Only mathematical and physical
considerations

» Can be used in wide range

> Assumptions must be taken into  Fig. 3: Boundary condition with Mohr circles
account

» Boundary conditions
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Fig. 5: Two mutually squeezed elastic spheres Fig. 6: Mutually squeezed plate and sphere
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PULSE

earth energy engineering

Real Situation

2 2 2
— 1.04D(K? )% 1—v? §_+_D1 1—vZ 1—-vi\3 [1—-v2\3 P
Monolayer @=L p E n [\ 7F r 7 2%,
t‘z l lpr}
= ¥ LTI T T ) 2
1 T T _ 2 1-1/1 3
Press Pi ﬁ = 1.04D{ K P £
Y — ) 1
\'\.\_ ‘ ﬂ%nr / l l 5 2 1 — V% 1 — V% % 1 —_ V% % p
r s e A h = 1.04D, (K 3 _ D, —
: e A p)(51+52) (E)+E

Fig. 7: Stress analysis for a single proppant

Deformation:
superposition of each
layer’s deformation

Multilayer

Embedment is the same

Fig. 8: Proppant paving in multiple layers

Eurépai Unioé
Eurépai Regionalis
Fejlesztési Alap

MAGYARORSZAG : —
KORMANYA BEFEKTETES A JOVOBE




PULst

earth energy engineering

Fracture Conductivity

Affected by:

» Proppant size

> Closure pressure

» Elastic modulus and
Poisson's ratio of

proppant

> Elastic modulus and
Poisson ratio of the
formation

> Inifial fracture aperture
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Sensitivity Test: Effect of proppant size

diameter
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Fig. 9: Fracture permeability in function of proppant Fig. 10: Relationship between the three variables and

proppant diameter
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Sensitivity Test: Effect of proppant size
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Fig. 11: Fracture conductivity as a function of proppant diameter

and elastic modulus of proppant
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earth energy engineering

Sensitivity Test: Effect of closure pressure
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Fig. 12: Fracture conductivity as a function of closure Fig. 13: Fracture conductivity as a function of closure pressure

pressure and proppant size and elastic modulus of proppant
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Proppant Selection

Combination of the analytical analysis system
and the Unified Fracture Design (UFD) model
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Fig. 14: Dimensionless productivity index as a function of dimensionless
conductivity index
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Field Example

Proppant Data
Prappant Parmeahifity is calculated based on the following parametars:
BH Static Temparature: 123 degC
Stress on Proppant! 307 bars
Proppad Fracture Cone.: 488 kgfm2
Average Young's Modulus: T2TTE+06 psi
Proppant Data
Proppant Name Spacific Mean Pack Permaability
Gravity Diameter | Porosity {md)
{mm) {%)
20/40 SinterLita 340 0724 [YA 333234
16/30 InterProp G2 308 1.035 1.2 A76BAD

Proppant Parmeability Plot
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Fig. 15: Proppant Data Report
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Calculated Fc was equal to 863
mDm

Max Hyd Frac Half-Length I‘I 90.0m EQJ NetPressure |85 bars
Fropped Frac Half-Length |1 539m Efficiency |D.2?1

EOJ Hyd Frac Half-Length |1 357 m @ducﬂviw |895 mel.m )}

EQJ Hyd Height at Well IBE.? m Awerage Gel Concentration |1 23.6kgfm3

EOQJ Hyd Width atWell IEI.? e Effective Fcd IE.B
Fropped YWidth at \Well |3.2 mm Max Surface Fressure |541 bars
Average Propped Width |3_2 mm Estimated Closure Time |1 07.1 min

—Segment—— —Awerage Property: EOJ— ——Awerage Propery: ACL
Segment | Segment | Slurry Fack Frop. | Propped | Fropped| Frop. Gel Conduc-
Fram To Height Height Canc. Wiclth Height Canc. Canc. fivity

m m m m kgPA mrm m kg/m2 kg3 ml.m
0.0 475 66.3 0.0 1089 39 556 .61 99.8 1013
475 34.9 714 0.0 1086 39 1.5 E.61 79.2 a1
949 142.4 605 0.0 16E5E 4.2 60.2 7.28 60.3 928
142.4 18949 19.2 0.0 408 1.2 351 2.23 2518 266

Fig. 16: Post Job Report
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Field Example
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Long-term conductivity
Reference conductivity, md-ft @ 250°F (121°C) 2 Ib/ft?, 250°F, with 2% KCI | Between Ohio sandstone 6000 - ——[12/18]
20000 —_ ———[16/30
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Fig. 17: Conductivity from technical data sheet Fig. 18: Calculated conductivity based on
technical data sheet
Closure Pressure [psi] 12/18[mD’ft] 16/30 [mD'ft] 20/40 [mD'ft] 30/60 [mD'ft] 40/70 [mD'ft]
5961 2963 1528 694 355
5279 2625 1353 615 315
4733 2353 1214 552 282
4265 2121 1094 498 255
3851 1916 988 450 230
3479 1731 893 406 208

Table. 1: Calculated conductivity based on technical data sheet
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Conclusion

>

Proppant embedment, deformation, change of fracture
aperture, fracture conductivity can be computed with the
analytical model

Assumptions mean limitations (sphericity, elastic behavior
etc.)

Impact of all the Iinfluencing parameters can be
determined (proppant size, closure pressure, Young's
modulus of proppant and formation efc.)

Combined the model with UFD and others, a kind of
technical optimization of proppant selection can be
executed

Comparison can be made between Fc values from
fechnical data sheets and calculated ones ¢,
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Nomenclature

Symbol

o

Denomination

change in fracture aperture
proppant deformation
Poisson’s ratio of proppant
Poisson’s ratio of formation
porosity

pore tortousity

diameter of proppant
thickness of the formation
elastic modulus of proppant
elastic modulus of the formation
proppant embedment
distance coefficient

closure pressure

radius of pore throat

Dimension

[mm]

[mm]

[Mpal]
[MPa]

[mm]

[MPa]

[um]
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Koszonom megtisztelo figyelmiket!
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