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Abstract

Drilling long horizontal and multilateral wells viitvery low drawdown makes efficient cleaning arichstation treatments
very challenging. None of the conventional chemiakning methods can overcome problems for fitde removal in
long horizontal and maximum reservoir contact wbksause of limitations such as the complex gegnwtmwells, non-

uniform chemical distribution, low contact betwedeaning fluids/filter cake, and high chemical réat rate, especially at
high temperatures.

All of these challenges lead us to develogw system of filter cake removal method that adsreseveral key problems
inherent in the removal of drilling fluid filter &a, cleaning, and stimulation treatments of horiaband multilateral wells.
This system is a water-based drilling fluid thawisighted with calcium carbonate and has a mixtdreolid-acid precursor
and particulate solid-acid reactive material. Thigd has both functions of drilling and completiand can reach total depth
of MRC wells. It has the ability to effectively stulate the whole horizontal sections after drilling

Previous work by the authors on this self4desing drilling fluid system resulted in obtainitige best formula based on
the original water-based mud (SPE 136400). Highpematture high pressure filter press results (SP#88) showed high
filter cake efficiency in cleaning the filter cakénlike the conventional reactive acids such as, It slow reaction kinetics
ensured good distribution of the generated acidsacthe filter cake.

The objective of this study is to determine ltomogeneity of the self-destructive filter cakeage J software and Grabit
software combined with CT scan results were usatktermine the filter cake properties such as piyrgsermeability and
thickness of the self-destructing filter cake syste

Introduction

Exposure of the fluid to reservoir rock is unavdigaduring drilling and workover. In many in-sitydrocarbon reservoir
exploitation processes, cake filtration inhererdbcurs in these reservoirs. Overbalance drillingvefls into petroleum
reservoirs is examples of the processes that @uasess-flow filtration, which leads to a filterkeabuildup over the face of
the porous rock and filtrate invasion into the resg.

Mud fines and filtrates invade the near-weltdbformation and damage this zone.

Filter cake must be removed by different chemical mechanical means. Removing the filter cake @adzomplished by
mechanical means (scraping, jetting) or by subsscaddition of a fluid such as an acid or an enzymedissolve at least a
portion of the filter cake (Willberg and DismukeCH).

All technologies currently used have some thasks. Oxidizers and acids have been used for ygamg to remove filter
cake produced by polymer-based drilling fluids. héligh these materials could be reasonably effedtivattacking
individual components of the cake, they are notemsarily efficient when confronted with the tiglungposite cake laid
down on the formation (Almond 1982; O Driscoll ¢t #988). Therefore, in many cases unreacted palyrsgy in place
and degrade partially (Stanley et al. 1999).

The undesirable side effect of some breakeiigsihigh reaction rate. In the case of stronglsicit can increase the
permeability of many formations by dissolving raclinerals, but at the same time, it can cause agdedeability damage
if dissolved components reprecipitate (Siddiqui &abr-El-Din 2005; Al-Yami and Nasr-El-Din 2009)hélating agents
(Burton et al. 2000), enzymes (Hanssen et al. 19898)lsions (Al-Riyamy 2000), solid-free brines {¢mi and Nasr-EI-



2 SPE/IADC 148124

Din 2009), in-situ generated acids (Al-Moajil ands$¥-El-Din 2007; Binmogbil et al. 2009; Alotaibi&iNasr-EI-Din 2007)
are other chemicals that have been used to rerhevidter cake.

But considering common limitations such asdnefean additional tool or addition of another lub change the physical
or chemical state (Todd et al. 2004), slow or inptete filter cake removal, and non-uniform disttibn of chemicals, also
high reaction rate of some chemicals, especialhigit temperatures prevent effective filter cakaogal. Considering these
limitations can lead to successful drilling and gbetion of wells with minimum damage to the welonsequently, there is
a need for cleanup solutions that have a delayfedtedn filter-cake integrity, allowing the cleansgplution to be circulated
across the entire interval.

This paper studies a self-destructing fluidtegn, which is a water-based drilling fluid systamd is weighted with
calcium carbonate as the solid reactive materidl @olylactic acid as solid acid precursor. Thisdlbas both functions of
drilling and completion fluids. Studies on developiself-destructing fluid system to reach desiremperties are discussed
(Rostami and Nasr-EI-Din 2010a). There are alsoudisions of best particle size distribution ancetand temperature range
for this fluid that has been addressed by (RostardiNasr-El-Din 2010b).

The objectives of this work are to: hpracterize the self destructive filter cake urstatic and dynamic conditions,
2) determine filter cake properties, thickness porbsity using CT scan, 3) obtain the filter cakenpeability, 4) determine
the removal efficiency of the filter cake which foed under dynamic conditions, and 5) asses thaneetgpermeability. A
new CT technique developed by Elkatatny et al. {20 will be utilized in this work.

Experimental Studies

Materials

A water-based polymer drilling fluid was used ire taxperiments, which contained calcium carbonaig<®b0 pm) as a
weighting material, bentonite was used as a vifieosand solid polylactic acid ¢g= 150 um) that functions as solid-acid
precursor. The composition of the drilling fluidgaven inTable 1.

Ceramic disks (10 um) of average permealnlit¢34 md and average porosity of 38 vol% and lbows disk (0.25 in. x
2.5 in.) of an average permeability ranged from ®Q@40 md and average porosity of 18 vol% weralusestimulate the
formation for filtration process at 225 and 300 psi.

Drilling fluid was prepared as p&able 1.The drilling fluid was heated at 28B for 16 hrs under hot rolling and no phase
separation was observed.

Properties of the Drilling Fluid
Table 2 summarizes the properties of the drilling fluiheTmud properties were measured by using mud bal&@nn 35
viscometer and pH meter. The results obtained Werpcf for density measured at 7 and 14.7 psi, 13 cp for a plastic
viscosity measured at 128 and 14.7 psi, 11 |b/10Cftor a yield point measured at 120 and 14.7 psi and a pH value of
9.5 measured at 75.

Table 3 summarizes the results of the sieve analysis, lwhiere made to solid components, which presenteithén
drilling fluid. Fig. 1 gives the ¢, of 0.1 mm.

Results and Discussion

HPHT Filtration

Static and dynamic (150 RPM) HTHP filtration testsre performed using a standard HPHT filter prébe. cell was placed
in a heating jacket and the system was heated38R2The applied differential pressure was 300 pbe Titrate rate was
measured in a 30-min period and the results anrersioFig. 2 for static condition anéig. 3 for dynamic condition.

It was noticed that the ceramic disk and limmes disk have the same spurt volume (3)cat static conditions due to
setteling effect of solid. While at dynamic condiits, the ceramic disk has a 5.2°@purt volume, which is higher than the
spurt volume for limestone disk (3.5 &this was due to the large pore volume of ceratfisk (6 cni) than limestone disk
(3 cnm). Also, the cumulative filtrate for ceramic diskasvgreater than the limestone disk under dynamiditions. The
filtrate fluid viscosity was 0.6 cp at 2Z5and 300 psi, which was obtained using Grace M56BIPHT Rheometer.

CT Scan

The filter cake was scanned in wet conditions fa¥ teramic disk and the limestone diBkg. 4 shows the filter cake
heterogeneity and the formation of two layers urglatic conditions, one layer close to the rockasie and one layer close
to the drilling fluid.Fig. 5 shows the CT results of the filter cake heteroggnmder dynamic conditions.

The thickness of the two layers was obtairgdgiGrabit softwareT able 4 shows that the thickness of the layer close to
the rock surface is constant under static and dimaonditions (0.05 — 0.06 in.) and the layer clos¢he drilling fluid is
much thicker than the previous one (0.1 to 0.11 and it is also constant under static and dynasoitditions. The total
thickness of the filter cake ranged from 0.15 tb/70n.

Table 5 shows the record of the CTN of the ceramic digkestone disk and the filter cake layers in wet dnygl
conditions. The ceramic disk has a CTN of 1400 &1%60 in wet and dry condition, respectively. Thadstone disk has a
CTN of 2000 and 1850 in wet and dry condition, extjvely.
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Using the CTNs fronT able 5, the porosity of each layer of the filter cake éimel filter medium was obtained using Eq. 1.

¢ _ CTwet—CTary

S o TarereCT gt T T @
where
CTwet = CTN of the porous medium saturated with water
CTgy = CTN of the porous medium was dry

CTwater= CTN of water (0.0)
CT,: = CTN of air (-1000)

The final porosity of the ceramic disk was 25 va#@ for the limestone disk was 15 vol%. The poyasitthe layer close to
the disk surface was 25 vol% and the layer clos¢héodrilling fluid has a porosity of 0.0 vol%, vehi lead to zero
permeability after 30 minutes of filtratiomable 5.

Permeability Determination

Elkatatny et al. (2011b) found that the pressuop dhrough the layer close to the rock surface avasnd 40 psi. They used
a drilling fluid similar to the one used in the peat work. Experimental conditions were also simiilae permeability of the
layer close to the rock surface can be obtaineayusi et al (2005) method, Eq. 2.

_ AP
q= kc E, ................................................................................ (2)

where

~
o

average filter cake permeability?m

total thickness of filter cake, m

filtrate rate, fim®.s

filtrate viscosity, Pa.s

pressure drop across the filter cake, Pa

c

T or

P

The filtrate rate is equal to the slope of plottthg cumulative filtrate fluid (cf) versus time (s)fig. 6, and it was 7.4x10
m®/(m?.s) for static and dynamic conditions. The filtratscosity was 6x10 Pa.s, the layer thickness was 0.0015 m, and the
differential pressure was 27579 Pa. the layer pahilisy was calculated using Eq. 2 and it was 218%° m?, which is 2.5
pd.

The overall permeability of the filter cake sv@.0 after 30 minutes of filtration. This was hexmthe layer close to the
drilling fluid had a porosity of 0 vol%.

Removal efficiency

The filter cake was soaked in the HPHT filter ¢dell 20 hrs and the removal efficiency was recoride@iable 6. Figs. 7 and
8 show the limestone disk and the ceramic disk d@fterremoval process for 20 hrs soaking with deiethiwater. It was
noted that for the filter cake formed under statiaditions the removal efficiency was nearly 79whjle for the filter cake
formed under dynamic conditions was 85%. The rerheffiziency was calculated using Eq. 3.

W3

Efficiency = %, ........................................................ (3)

Where
W, = the weight of the disk saturated with water, g
W, = the weight of the disk with filter cake, g
W; = the weight of the disk after removal process, g

Retained Permeability
To measure the initial permeability, a volume 0025 of deionized water was flow through the disk abastant pressure
(60 psi) and the time was recorded. The initiahpesbility of the disk was measured using Darcys . 4.

_ 122.812xqxuxh
- ADT’ ........................................................................ (4)

Where
d = diameter through which water flow, in. (2.25)
h = disk thickness, in. (0.25)
K = permeability of the disk, md
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q = flow rate, criymin (250)
K = fluid viscosity, cp (1)
Ap = differential pressure, psi (60)

The initial permeability of the ceramic disk was41®d and for the limestone disk was ranged from tt0034 md. The
permeability was measured after the removal prodbssfinal permeability, was found 100 md for ttexamic disk and the
limestone disk, which were used to form the fittake under dynamic conditions. The final permeghbdf the ceramic disk,
which was used to form the filter cake under statinditions, was 80 md and for the limestone wasné? as shown in
Table7.

The retained permeability is defined as th®raf pre-exposure fluid permeability to post-egpee fluid permeability,
which expressed as a percentage, Eq. 4

where
k¢ = final permeability, md
k; = initial permeability, md
k; = retained permeability

Fig. 9 shows the reduction in the limestone disk andmgraisk permeability after the removal processe Tétained
permeability was 60 to 65 % for the disk, which wiaed to do the filtration process under staticd@gns and 75 % for the
disk, which was used to do the filtration operatimer dynamic conditions.

Conclusions
1. Self-destructive filter cake was heterogeneousgcivisontained two layers, one layer close to th& sarface and

one layer close to the drilling fluid
2. The layer close to rock surface has a 25 vol% iy da5 pud permeability, and it was less thickrthie layer close
to the drilling fluid
The layer close to the drilling fluid has a 0 vofgrosity, which lead to 0 permeability after 30 otes of filtration
4. The removal efficiency of the filter cake was 85%dar dynamic conditions, which was higher than ursdatic
conditions
5. The retained permeability of the disk, which usedlar dynamic conditions was higher than that urslatic
conditions

w
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Table 1: Laboratory formulas to prepare the equivalent bbll

o . Amount, | Mixing Time,
Component Description/Function )
g minutes
Water Base Liquid 319 | ..
Bentonite Clay for viscosity/API filtrate control 18 20
Carboxymethylcellulose API/HP/HT filtrate control .28 5
Highly oxidized leonardite APl/secondary thinner 04.
5
Caustic soda Alkalinity agent 0.6
Calcium carbonate (50 microns) Weight materialilprid agent 38 10
Calcium montmorillonite clay Simulated solids 10 5
Solid acid precursor Self-destructive solid 21
Table 2: Properties of the self-destructive drilling fluids.
Property Conditions Value Units
Density 75°F 70 Ib/ft®
Plastic viscosity 13 cp
Yield point 120°F 11 1b/100 f&
10 s gel strength 4 Ib/100 ft
10 s gel strength 10 Ib/100 ft
pH 75°F 95 | ...
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Table 3: Sieve analysis of different sold mixes that wesed to prepare self-destructive drilling fluids.

oo | Seesie | Nagi | i
per cent %
20 >0.85 0.14 0.14
30 0.85-0.6 0.12 0.26
40 0.6 - 0.425 0.19 0.45
50 0.425-0.3 0.57 1.01
70 0.3-0.212 2.20 3.22
100 0.212-0.15 4.31 7.53
140 0.15-0.106 6.83 14.35
170 0.106 - 0.09 4.92 19.27
200 0.09 - 0.075 6.00 25.27
325 0.075 - 0.045 25.21 50.48
Pan <0.04 49.52 100.00

Table 4: Thickness determination for the layer close to regkace and the layer close to drilling fluid thfferent disks.

disk Thickness of Layer Thickness of Total
Condition Closeto rock surface Layer closeto Thickness
Name* . s S -
(in.) drilling fluid (in.) (in.)
LM1 0.05 0.1 0.15
LM2 Static 0.05 0.1 0.15
CD1 conditions 0.06 0.1 0.16
CD2 0.06 0.1 0.16
LM3 0.06 0.1 0.16
LM4 Dynamic 0.06 0.1 0.16
CD3 conditions 0.06 0.1 0.16
CDh4 0.06 0.11 0.17

*LM: limestone disk and CD: ceramic disk
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Table5: CTNs for ceramic disk, limestone disk and the tayers of the filter cake in wet and dry conditon

LM1 CD
Layer close| Layer close Layer close | Layer close
Disk to rock to drilling Disk to rock to drilling
surface fluid surface fluid
Wet Conditions 2000 1050 500 1400 1100 500
Dry conditions 1850 800 600 1150 850 650
Por osity, vol% 15 25 0 25 25 0
Table 6: Filter cake removal efficiency under static aydamic conditions.
condition W* (g) W,*(g) W5*(g) Efficiency %
CD3 Static 46.40 59.41 49.19 78.55
i
LM2 38.88 51.65 41.50 79.48
LM4 , 43.70 57.53 46.00 83.37
Dynamic
CD4 47.20 52.00 47.90 85.42

*W ; = the weight of the disk saturated with water
*W, = the weight of the disk with filter cake
*W 3 = the weight of the disk after removal process

Table 7. Permeability calculation of the disk before aftérathe filtration operation.

Disk Initial errrflegi)jilit
per meability, md P md Y,

LM2 108 72

CD3 134 80

LM4 134 100

CD4 134 100
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Fig. 1. Grain size distribution of drilling solid mixekat were used to prepare the drilling fluid.
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Fig. 2. Cumulative filter volume as a function of the squerot of time, static conditions.
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Fig. 3: Cumulative filter volume as a function of filtratidime, dynamic conditions.

a. 10 microns ceramic disk

-

b. limestone disk
Fig. 4: Filter cake heterogeneity as shown by the 2D CT scan wstdtc conditions, a) ceramic disk and b) limestdisk.

a. 10 microns ceramic disk

b. limestone disk

Fig. 5: Filter cake heterogeneity as shown by the 2D CT scan uha@mic conditions, a) ceramic disk and b) limesto
disk.
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Fig.6: Li et al. (2005) method used to determine the filter cake permeability by plotting the cumulative filtrate

volume versus time.
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Beforeremoval After removal

a. effect of removal process on limestone disk.

Beforeremoval

After removal

b: Effect of removal process on 10 microns ceraiisk.

Fig. 7: The removal process for a filter cake formed ursdiatic conditions for 20 hrs soaking, a) limestdisk, b) ceramic
disk.
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Beforeremoval

After removal

Beforeremoval

a: effect of removal process on limestone disk.

After removal

b: Effect of removal process on 10 microns ceraifisg.

Fig. 8: The removal process for a filter cake formed under dynamic conditions for 20 hrs soaking, a) limestone

disk, b) ceramic disk
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Fig. 9: Reduction in limestone disk and ceramic disk pehility after removal process.



