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Drilling Fluid Challenges in Tarim Basin

* High formation pressure with deep salt layer --
-Calls for Ultra-high density drilling fluids (over
MW 2.4 (20ppg), killing fluid density up to 2.8

(23ppg))

* Gypsum formation with mudstone and even
potential salt-water bed---Calls for NADF

* Encounter borehole stability, stuck pipe, high
pressure brine influx and downhole losses
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Emulsifier Development

* Project Target
v Emulsifier for NADF, 220-250°C
v MW up to 2.4 S.G.
v'ES over 600V
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Emulsifier Development

* uHT emulsifiers are patent caStOf O||
pending products.

e Selectively crosslinking ORGANIC
structures contribute the —
temperature stability. Skin Care

* Main raw materials are
organic food grade vegetable - | @
oils, such as corn oil, soybean L @
oil, and Castor oil, etc.
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Emulsifier Development

1200

ES Stability

v MW over 2.4
v ES over 600V
v" HR temp: 225°C
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Emulsifier Development

Electrical Stability
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Emulsifier Development

Rheology Temp Stability
HR Temp 245°C
MW 2.2
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DF Rheology, PV (cP), YP (Lb/100ft2),
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Field Trial Parameters

Typical properties
Well Density, HTHP, HTHP F.L
section |g/cm3 PV, mPa.S ES, V F.L.mL |[Cake, mm|10" gel |10'gel
Salt Layer |2.20-2.40 |45-85 >=400 <=15 <=12 1~4 5~12
Production
Layer 1.82-1.95 |45-85 >=400 <=10 <=10 1~3 4~10
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Field Trial, Tarim Field Lab

Density, HTHP, HTHP F.L
Mud g/cm3 PV, mPa.S|ES, V F.L.mL [Cake, mm|10" gel 10' gel
20160628 2.41 90 1115 3 6 5
20160628C 1.9 53 910 2.8 5.5 4.5
Density, HTHP, HTHP F.L
Mud g/cm3 PV, mPa.S|ES, V F.L.mL [Cake, mm|10" gel 10' gel
20160701-1 2.4 75 1087 3.8 5 5.5
20160701-2 1.8 33 837 5.4 4 4.5
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Field Trial

* Trial section DF requirement

: Gel : :
Depth | Density ES HTHP YP LD Solid | Ex. Lime
m | @) | O v ey | e | GO e | ki)
22~ | 240~ |80:20~ 3~ 8 /5~
3002 250 |90:10 |20 =3 >~20 16 =9 =
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Field Trial

M.W. vs Well Depth
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Field Trial

ES vs Depth
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Field Trial

PV&YP vs Depth
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Field Trial
Gel strength vs Depth
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Field Trial
HTHP Fluid Loss
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Field Trial

EX Lime vs Depth
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Conclusion

* High performance emulsifiers were
successfully used (467 to 3118 meters)
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