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ABSTRACT

A new type of amine based anti-collapse drillingidflis developed with strong inhibition for solvitgdration

swelling, hole shrinkage, and serious mud-makingpfams while meeting with mud shale formation iriZomtal

drilling in Sulige gas field. Performance evaluaticesults show that the good compatibility betwesganic amine
inhibitors and drilling fluid is conducive to maaih the high temperature stability of the drillifigid, and improve
the drilling fluid filtration performance; the aménbased drilling fluid, with good inhibition, strgnpollution

resistance, temperature resistance, resistancealwwm, and small damage for gas reservoirs, betotegthe clean
water based drilling fluid system. Field applicaticesults show that the drilling fluid system isiéficial to improve
wall stability of mud shale formation in Sulige dietd, solve the problem of hard control of drillj fluid rheological
property in mud shale formation, and to achievertfguirements of protecting reservoir. This amimsdd drilling

fluid can satisfy the need of drilling in Suligesgiéeld.
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INTRODUCTION

Amine based drilling fluid is a new kind of watead®ed drilling fluid developed in recent years [1-Bgen already
extensively used in foreign countries, it is thefprred system for water sensitive mud shale dgillDue to the higher
inhibition and anti-balling ability of organic angg, the amine based drilling fluid has the charesties of strong
inhibition, high rate of penetration, good reservpiotection, and the environmental protection[4-8]ith the
large-scale development of horizontal wells andzuomital section extending, sticking and other madigt accidents
occurred frequently while meeting with mud shaledwse of strong heterogeneity of gas reservoiulig&gas field.
The density of drilling fluid will be increased wly to balance formation pressure, but leadingi¢h drilling fluid
solid content, high friction, and also can't effeglly inhibit mud shale collapse, and then bringagirisk to horizontal
section construction. According to the charactiessif gas geology in Sulige gas field, based lamge number of lab
experiments[7], this paper determined the stroiipitory amine based drilling fluid formula, expexnted and
evaluated the related performance to the drilllaglfsystem, and analyzed the field applicatiore&tff

EXPERIMENTAL SECTION

1.Formula of amine based anti-collapse drilling fluid

Formula of amine based anti-collapse drilling fluisl as follows:1.0-1.5%G319-FTJ organic inhibitor)
+0.2-0.3%KPA (non-permeability stabilizer +0.2-0.3%G310-DQT(viscosifien +2%-3%G309-JLS(fluid loss
additive) +2-3%G301-SJS fluid loss additive +0.02-0.03%FW-134 wettability reversal agent .
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2.Performance evaluation of amine based anti-collapse drilling fluid

2.1 High-temperature resistance evaluation

In order to accurately simulate the site conditjcadd 0.3%G310-DQT to the base slurry to measunpeeature
resistance of this drilling fluid system. After hgifully dissolved, measure the corresponding parémce before and
after hot rolling 120116 hours, the results are shown in the followingl&d..

Tab.1resultsof drilling fluid resistance temper atur e experiment

AV PV YP Primary recovery Secondary recovery
NO. H (mpa.s (mpa.s YP/PV
PH(mpa-s P2 (pa) (%) (%)
before hot roling8 32.5 20 17 0.85
after hotroling 8 27.5 17 10.50.61

95.44 94.58

Table 1 shows that after 120 hot rolling, this drilling fluid system performaads good, especially the primary
recovery and secondary recovery, around 95%; Tehecesl rate of secondary recovery is very low, atés$ good
inhibition. Therefore, the amine based anti-colkagslling fluid can resist 1201 high temperature.

2.2. Weighting performance evaluation
Lime powder is added into this drilling fluid to amure weighting performance, and then measureotfiesponding
performance before and after hot rolling 1206 hours.

Tab.2 results of drilling fluid heavyweight additive experiment

AV PV
. YP FL Gell0" /10

Formula Density (g/cf) (mpa.s (mg)a.s (pa) (ml) (Pa/Pa) PH
1 before hot rolling 1.14 24.5 15 95 7.8 4.5/8 8
# after hot rolling 1.14 25.5 17 85 6.6 3/6 8
2 before hot rolling 1.27 29.5 16 135 8 5/9 8
# after hot rolling 1.27 33.5 21 125738 4/8 8
3 before hot rolling 1.38 32 19 13 10 5/9 8
# after hot rolling 1.38 31.5 19 12516 4/8 8

After hot rolling, standing to observe the stapiliff weighting system, Table 2 shows that the sanphot layered
after standing for 24h, and no change to the rlggcdd properties; it is the same after standingdf®in; the sample is
some layered, but little change to the rheologicaperties after standing for 72h. Therefore, treotogical properties
of this drilling fluid system are stable after wieiimg, only water loss increased.

2.3.Clay pollution resistance evaluation

Amine based anti-collapse drilling fluid contairionic groups, and organic amine polymer will @afate clay when
the clay content in the system increases to ainesitue, making the viscosity of this drilling tlsystem rise suddenly
and changing the rheological property. In ordeintestigate the clay resistance of this amine bas#ihg fluid,
adding gingtongxia bentonite into the base slurrgneasure the related performance, as shown ireabl

The Table 3 shows that the viscosity of drillingidl system slowly rises along with the increasbeeaftonite content,
when the bentonite content is more than 4%, theosity rapidly rises along with the increase oftberte content, and
the drilling fluid form appearance of beancurd whka added amount is above 5%.Therefore, bentcoitent

should be strictly controlled in this drilling fdisystem.

Tab.3results of drilling fluid clay pollution resistance experiment

AV PV v R
NO. mpa.s (mpa.s H Test phenomenon record
(mp2-© (M25 (pay (mi) P P
base slurry+1% bentonite 26 165 95 10 85 good rheological property
base slurry+2% bentonite34.5 22 12592 85 good rheological property
base slurry+3% bentonite 37 23 14 8.6 8.5 good rheological property

base slurry+4% bentonite 47 27 20 7.4 g5 Change torheological properyMud

thickening
base slurry+5% bentonite / / / [ Rapidly form appearance of beancurd
base slurry+6% bentonite / / / [ Rapidly form appearance of beancurd
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2.4.Anti-pollution ability on calcium evaluation
Add amount of CaCl2 into the base slurry of drdliftuid, the results are shown in the following T&a8.

Tab.4 results of drilling fluid calcium contamination resistance experiment

The viscosity meter reading) Gell0’

Formula 600 300 200 100 6 3PH /10'(Pa/Pa)
base slurry 58 40532 22 6 47 4/6
base slurry +200mg/IG4 48 30 25 17 5 47 4/6
base slurry 400mg/IGa 49 30 24 175554 7 4/6
base slurry +600mg/IG4 485 30 255 17 6 47 4/6
base slurry +800mg/IG4 48 30 25 17 5 47 4/6
base slurry +1000mg/IGa 49 31 25 17 5 47 4/6
base slurry +1200mg/IGa 48 30 25 17 5 47 4/6

The Table 4 shows that the rheological propertgrifing fluid is stable after adding CaCl2, so thesistance to
calcium of this drilling fluid system can reach D2f@g/I.

2.5.Stability evaluation
Due to the long construction time onsite, stabditdrilling fluid must be considered. Compare ameasure the related

performance before and after adding organic amhgmper G319-FTJ, the results are shown in the ¥ahg Table 5.

Tab.5 results of drilling fluid stability experiment

The viscosity meter reading) Gell0'

Formula 600 300 200 100 6 3 " poPara) M)

Oh 56 41 33 24 8 557 7/14 12.8
24h 54 39 30 23 7 5 7 7/14 13.6
1% bentonite + 0.5%G319-FTJ+ 0.3 %KPAM+ 0.3%G310T1DQ 48h 53 44 36 26 8 6 7 8/16 12.6

+0.5%PAC-L 72h 55 42 34 245715 5 7 8/16 13

lﬁ“ 52 35 28 19 5 4 7 6/12 16

oh 50 33 27 19 554 7 5/10 18
24h 49 32 27 18 5 3 7 4/8 17.6

. 48h 36 24 19 13 4 3 7 2/4 22

0, 0, 0, - 0, -

1% bentonite + 0.3 %KPAM+ 0.3%G310-DQT +0.5%PAC-L o0 25 23 25 5 & 3 o oo
lﬁ“ 27 17 14 10 3 2 7 214 24

Experiment data in Table 6 show that the rheoldgicaperties of this amine based anti-collapsdingilfluid can
remain relatively stable even after 144 hours,ibwill significantly reduced after 48 hours if G3FTJ is absent,
which shows that the adding of organic amine pohgn@319 - FTJ is conducive to the stability of thiéling fluid
system.

3 .Comparison between different inhibitive drilling fluid system

In order to show the advantages of this amine bangdollapse drilling fluid, inhibitive compariads made between
this amine based drilling fluid and several inhitdrilling fluid systems currently used in Suligas field (including
Double potassium ion polymer drilling fluid systesiljcate drilling fluid, and cationic polymer diiig fluid), the
results are shown in the following Table 6.

Tab.6 inhibitive comparison of several kind of drilling fluid systems (below 8017)

Drilling fluid First recovery (%)Secondary recovery (%)
amine based polymer drilling fluid 95.64 94.78
silicate drilling fluid 100 86
double potassium ion polymer drilling fluid 88.4 72.6
cationic polymer drilling fluid 94.14 92.52

Table 6 shows that silicate drilling fluid has thighest first recovery, but with the secondary vecyp 86%; although
the first recovery and secondary recovery of Antiased polymer drilling fluid and cationic polymeillchg fluid is
very close, the cationic polymer drilling fluid $ge can't resist 120 high temperature.
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4.L ab core evaluation

The following Table 7 is core damage evaluatioradahowing obviously that four core damage rat6.186 on
average, belonging to minor damage. Amine baseetaltapse drilling fluid system, with small reseiv damage,
basically belongs to the cleaning fluid.

Tab.7 results of core damage experiment

Well NO. Core NO.Formatior

3 2 3 2
Kl(l()j um KZ(l()j MM bamage rate (%6pamage rate on average (%)

Su 1#-18 75# He 7 0.7644 0.7147 6.5

Su 1#-18 77# He 7 0.8599 0.8195 4.7 6.1
Su 1#-19 103# He 8 0.3320 0.3078 7.3 '
Su 3#-13  215# He 7 0.5690 0.5354 5.9

Note: Differential pressure: 3.5 Mpa; Time: 2.5The temperature: 24-27, K1 and K2 represent the permeability before aftdralamage.

5 .Field application

Field application is carried out in 3 wells in $digas field, the drilling fluid performance paraemns are shown in the
following Table 8. Su 2#-30H well drill in large ct@®n of the continuous mudstone, cumulatively 318vith the
longest one up to 252 m ($4038m -- 4290m); Su 24-@8ll through 331m mudstone safety; Su 5#-56H @ri30m
fragile mudstone, no dropping pieces, no collaped,no hole shrinkage, borehole unimpeded, wethdiar regular,
friction coefficient of drilling fluid slider is cotrolled below 0.07, the torque is less than 9KNkegp tripping friction
under 12T, without blocking and sticking phenomenaehich show that this amine based anti-collapdémdy fluid
has good effect of preventing collapse.

Tab.8 performance parameters of drilling fluid in horizontal section

Well NO. Depth (m) p(g/cnt) FV(s) PV(mPa.s) YP(Pa) FL(mI) Kf PH
4085 1.25 72 32 18 2.0 0.0437 9
Su 2#-30H 4127 1.25 78 34 19 2.0 0.0437 9
4250 1.25 70 34 22 2.0 0.0437 9
3728 1.22 66 28 13 3 0.0349 9
Su 2#-38H 3829 1.22 66 27 13 2 0.0437 9
3947 1.22 65 26 13 3 0.0612 9
4069 1.16 55 26 6 2 0.0437 8
Su 5#-56H 4190 1.16 55 26 8 3 0.0612 8

RESULTSAND DISCUSSION

The amine based anti-collapse drilling fluid hasodjanhibition, and can resist 120  high temperatdrke
rheological properties of this drilling fluid systeare stable after adding lime power, the resigtancalcium of this
drilling fluid system can reach 1200 mg/l.

The viscosity of drilling fluid system slowly risedong with the increase of bentonite content, wiienbentonite
content is more than 4%, the viscosity rapidlygialong with the increase of bentonite contentr&foee, bentonite
content should be strictly controlled in this dni§j fluid system.

Compared to the inhibitive drilling fluid currentlysed in Sulige gas field, the recovery of this rembased
anti-collapse drilling fluid is higher. With smalhmage to reservoir, this drilling fluid is condeesto the borehole wall
stability and protects the reservoir.

Field application is carried out in 3 wells in digas field, which show good effect in wall stiypéhnd hole cleaning,
no collapse, no dropping pieces, and no sand getimd no obvious blocking and sticking in trippifdpis drilling
fluid can meet the requirements of horizontal wleillling in Sulige gas field, and has wide applioatprospect.
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