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Conventional OIl and Gas

4 things Needed

1. Pressure

2. Temperature

3. Organic Matter
4. Someplace for
the oil and gas to go




Fracking 3 Things Needed

1. Pressure
2. Temperature
3. Organic Matter

Sh:_l.e_ gas

Water table

1000s of metres

Hlﬁﬂpmsunhcmmg Fine particles Shale gas flows into the

(proppant) keep pipe and up the well

the fractures open



Fracking Proppants

AProppants are used in Oil and Gas recovery via fracking
Aat NBLJAE GKS K2fSa |yR TN Odd
A Must be strong and have good permeability.
A Needs to bgpumpablegreat distances.

A Frequently requires viscosity modifiers to keep suspensions
viable.

AHigh Value Product, Large Market.

A $80 to $500 per ton.
A Largest cost in fracked well.

A +$7 billion industry at peak, ~30 to 40 million tons.
A Production is currently rebounding.
A Fracking will produce the bulk of future energy in U.S.



CarmanKozenyequation for flow
through a packed bed
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Q is the volumetric flow rate
A is the face area of the bed
L is the depth of the bed,
n LS8 the applied pressure drop
Ad GKS @G2AR @2fdzyS 2F¥ UK
S is the volume specific surface of the bed
UL is the viscosity of the fluid



Void Volume () and Packing

Hexagonal Close Packing D vVp ¢ T& 1~26%
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Ash Smooth Surface Low Drag
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Pressure Differentigp

|
p = 9,360 psi lithostati€ 3,470 psi hydrostatic A

8,000 feet deep weJ
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1ISO 13502 Proppant Tests

A4. Standard Sampling

A5. Storage

A6. Sieve Analysis

A7. Proppant Sphericity and Roundness
A8. Acid Solubility.

A9. Turbidity.

A10. Procedures for determining proppant bulk density,
apparent density and absolute density.

A11l. Proppant crushesistance test.
A12. Loss on ignition of restoated proppant.



/. Sphericity and Roundness
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Figure B.1 — Chart for visual estimation of sphericity and roundness
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No Apparent Surface Changes for
Ponded Ash with Depth or Age

Depth 130 feet Kingston Cell




Size Distribution of Ash Proppants

Size Data for Proppant Sample
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3. Particle Size From Cardinal

Low Settling Velocity
0.30.4 cm/svs Proppant 80 um

47 cm/s for 20 x 40 mesh quartz sand Raw Eeed 30 um
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High Hydraulic Conductivity from

Classified Ash
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1.8E-02

1.6E-02

1.4E-02

1.2E-02

1.0E-02

8.0E-03

6.0E-03

4.0E-03

2.0E-03

0.0E+00

8.61E05

Raw

7.83E04
0/
H Classified

1.55E02

4.69E03 |

125x63 um 150x74 pm
Particle Size

1.32E02

150x74 +10%

7.75E03

150x74 +20%




Fracture percent as function of
pressure
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Void volume as function of pressure
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Trends In Proppant Properties,
Finer Is better, More Is better
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Oil Well production

I Quick hit v slow burn

Typical production curves of
different kinds of oil well
Peak production=100%

m== Tight-oilwell* === Conventional well
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Source: International Energy Agency  *Including shale



Filling micro fractures Is important

b. Poorly Sorted Angular Proppant Sand

a. Well Rounded Ceramic Proppant



Proppant Recovery Field Trials



The UK CAHRUFormMaterials
Classifier/Thickener Technology

ASpecifically for Ash Ponds.
A 12 years in development from bench to demonstration.
A Patented.

ADesigned to be Fed from a Dredge.
A High solid flows.
A Only fast approach for rapid decommissioning.
A Operates in saturated conditions.

ASimultaneously Recover Products and Thicken
A Including High Performand@ozzolan
A Proppants
A Cenospheres
AFillers
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