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ABSTRACT

Wellbore stability is considered as one of the most challenges during drilling wells due to the
reactivity of shale with drilling fluids. During drilling wells in North Rumaila, Tanuma shale is
represented as one of the most abnormal formations. Sloughing, caving, and cementing problems
as a result of the drilling fluid interaction with the formation are considered as the most important
problem during drilling wells. In this study, an attempt to solve this problem was done, by
improving the shale stability by adding additives to the drilling fluid. Water-based mud (WBM)
and polymer mud were used with different additives. Three concentrations 0.5, 1, 5 and 10 wt. %
for five types of additives (CaCl,, NaCl, Na,SiOs, KCI, and Flodrill PAM 1040) was used.
Different periods of immersion (1, 24 and 72 hours) were applied. The results of the immersion
test showed that using 10 wt. % of Na>SiOs for WBM gives a high recovery percentage (77.99 %)
after 72 hr, while the result of the dispersion test (roller oven) of 10 wt % of sodium silicate with
WBM was (80.97 %) after 16 hr. Also, the immersion test result of 10 wt% of sodium silicate
with polymer mud was (79.76 %) after 72 hr and the results of dispersion test (roller oven) of 10
wt. % of sodium silicate with polymer mud was (84.51 %) after 16 hr.
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1. INTRODUCTION

Managing wellbore stability is represented as one of the important parameters during drilling for
petroleum production. The amount of distribution water around the shale is significantly
influenced the borehole stability and shale deterioration. Prior research has studied the effect of
transportation of fluid as a result of chemical activity and hydraulic pressure gradient (Mody and
Hale, 1993), (Onaisi, et al., 1993), (Sherwood and Bailey, 1994), (Van Oort, et al., 1996),
(Sharma, et al., 1998) and (Ghassemi, et al., 1998). When shale in contact with drilling fluids,
water will adsorb on the clay minerals. The absorption of water is led to increasing the interlayer
spacing between clay surfaces. The chemical composition of drilling fluid, amount and distribution
of water with the shale itself is influenced the shale stability. Prior researchers have studied shale
stability problems for investigating a suitable solution to solve this problem by using different
types of additives such as; oil-based mud, CaCl;, NaCl/KCL, NaClI/KCL/Amine, K
Acetate/Polymer Fluid, Polymer system, Potassium chloride (KCI)/Polymer, and series of
different Nano-silicate substances with water-based mud (Sandra Gomez and Wenwu, 2012),
(Simpson and Dearing, 2000), (Nediljka, et al., 2004), (Friedheim, et al., 2011), (Brady and
Michael, 2012), (Wenwu, et al., 2014) and (Peter, et al., 2016). Drilling fluid interaction with
shale formation or movement toward the shale may be led to huge problems within few hours
(Farrokhrouz and Asef, 2013) such as bit balling, caving, stuck pipe and increase in torque and
drag. During drilling wells in North Rumaila, Tanuma shale is represented as one of the most
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abnormal formations in North Rumaila and it is located at a depth from (2102 -2126 m MD). The
main goal of this study is to overcome such problems by improving the drilling fluid properties
through different additives types and concentrations. To understand the effect of these additives,
the chemical and thermal drilling fluids interaction with shale samples were studied as well as
shale properties.

2. Experimental work
Experimental works include shale-drilling fluid interaction tests, which provide information about
the recovery for shale samples.

2.1 Preparation of Samples

Tanuma Samples collected from the North Rumaila oil field at a depth of 2120 m. Its description
is illustrated in Table 1. Two techniques were used for cleaning samples from drilling additives
and hydrocarbons. First, the hydrodynamic compounds were removed by using the soxhlet method
with the addition of three materials (benzene, methanol, and toluene) after that, the samples were
kept for three hours inside the soxhlet device. Second, wet sieving was used to clean samples from
salt additives as shown in Figure 1.

Figure 1. Tanuma shale samples.

Table 1. Characterization of Tanuma formation (Halliburton, 2015).

Depth Description of Tanuma formation

2102-2104 m Shale (50%): Medium-dark grey, olive-grey, slightly hard,
commonly fissile and slightly calcareous in place, occasionally
thinly laminated.

Limestone (50%): Mudstone to Wackestone, very light grey,
yellowish-grey, light olive-grey, soft, firm in place, fine
crystalline, earthy luster, argillaceous, no visible porosity, no oil

show.
2104-2110 m Shale (70%)

Limestone (30%)
2110-2120 m Shale (100%)
2120-2126 m Shale (60%)

Limestone (40%)
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2.2 Drilling Fluid Preparation

Water base mud according to API-specification and Polymer mud were used in this study.
Hamilton Beach mixer was used for mixing of 350ml of water with 22.5g of bentonite for
preparing WBM and mixing it for 20 min in the mixer (Assi, et al., 2018). For ensuring good
hydration of bentonite, the mixture was aged in a sealed container for 24 hr. After that, different
concentrations (0.5, 1, 5, and 10 wt. %) of salts were added to WBM and mixed for 10 min.
Preparing polymer mud was done by adding fixed quantities of PAC Polymer, KOH, KCI, and XC
polymer to the hydrated mixture of bentonite. The mixture should be mixed for 2 min after adding
each additive to ensure the distribution of materials into the matrix of drilling fluids. Finally, the
solution of polymer mud should be mixed for 10 minutes before adding (0.5, 1, 5 and 10) wt % of
salts concentrations and mixed for 10 min (Salam, et al., 2019).

2.3 Experimental procedure

Tanuma samples were soaked in (WBM and polymer mud) of drilling fluids with different
additives. Five types of salts additives (Potassium chloride, sodium chloride, calcium chloride,
sodium silicate, and Flodrill) with different concentrations (0.5, 1, 5 and 10 wt %) and at (1, 24
and 72) hrs soaking period time were applied.

Flodrill PAM 1040 is used as an inhibitor for shale formation. The flodrill pam 1040 is a mixture
with a granular solid and white appearance. The range of its pH is 5to 9 at 5 g/l and relative density
i5 0.6 to 0.9 as well as it is considered as a soluble in water. The flodrill pam 1040 is supplied from
SNF SA Company/France. In this study, flodrill additive with 2 to 4 1b/bbl concentration was used.
Immersion and dispersion tests were applied to get the recovery percentages for the Tanuma shale.
The dispersion test was conducted by a rolling oven in order to measure the recovery percentage
at 100 C° The immersion test means the recovery percentage at room temperature and static
condition. The recovery percentage is the weight of samples after immersion divided by the weight
of samples before immersion and it can be described in the equation below for immersion and
dispersion test.

Wa

L %100 (1)

Recovery (Wt. %) =
Wh
The initial moisture content had been determined by weighting shale samples before and after
drying in an oven with 100 C° for 24 hours as below

MC (Wt. %) = 22 % 100 )

Ws

Cation exchange capacity (CEC) is represented as a practical method to measure the reactivity of
shale. The CEC of dry clay can be measured with methylene blue titration. The methylene blue
solution was prepared by adding 2.5 gm of methylene blue to 500 ml of water and mixing by a
stirrer for 15 min. Shale sample 0.5 was added to 30 ml of distilling water and mixed by a stirrer
for 30 min, then the shale sample was titrated with methylene blue until the light color appeared
(Adesoye, 2009). The CEC value was calculated according to the following Eq. (3)

1000 100

CEC = MB added cc * MB8.47Y WOIm — (3)
319.87 vol. of MB solution cc clay dry wt (gm)
CEC = Burette reading *3.1262 meq/100 gm
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2.4 Equipment
e Reflected and transmitted microscope
Roller oven
Oven
Balance
Magnetic stirrer
Burette

3. Results and Discussion
3.1 Drilling fluids impact on the shale samples
3.1.1 Immersion test

The activity between the additives and shale samples has a direct effect on the values of shale
recovery (Gomez, 2006). The recovery percentage of 0.5% of KCI salt with WBM was 71.3 %
after 1 hour, while 1% of KCI with WBM gave 73.2 %, 5 % of KCI with WBM gave the recovery
after 1 hr with a recovery of 78.4 % and 10 % of KCI with WBM resulted in 80.7 %, the results
show the concentration of salts has a direct effect on the recovery percentage of samples
(Mohammed, et al., 2019). WBM with 0.5 % KCI resulted in recovery percentage 60.2 % after
72 hr, the recovery percentage of adding 1 % KCI with WBM after 72 hr was 63.9%, 5 % KCI
with WBM the recovery was 70.1 %, and 10 % of KCI with WBM after 72 hr with a percentage
of recovery of 73.1% as shown in Table 2 A. The recovery percentages of shale samples increased
when the concentration of salts increased and reduced when immersion time increased as shown
in Table 2. Shale has the ability to adsorb the positive ions because of the negative ions found on
the shale surface and react with the positive ions. So, the ions such as Si*4, K*, Na*, and Ca?*
adsorbed on the surface of the sheet (M-I Swaco, 1998). The recovery of 0.5 % NaCl with WBM
was 67.1 % while the value reduced to 55.7 % after 72 hr. The values of recovery of shale increased
to 72.4 %, 75.2 %, and 76.9 % after one hour when increasing the concentration of NaCl to 1, 5,
and 10 % respectively as shown in Table 2 B. WBM with 0.5 % CaCl, resulted in recovery
percentage 67.2 after 1 hr and 54.3 % after 72 hr. 1% CaCl, with WBM the recovery after 1 hr was
72 % and 60.8% after 72 hr. Increasing the concentration of CaCl, to 5 % and 10 % led to an
increase in the recovery percentage to 74.8 % and 76.4 % respectively after 1 hr Table 2 C. WBM
with 0.5 % sodium silicate gave 64.28 % recovery percentage after 1 hr and 52.86 % after 72 hr.
WBM with 1% Na,SiOs gave 65.55 % recovery after 1 hr and 54.13 % after 72 hr. The recovery
of 5 % of Na>SiOs with WBM was 77.46 % after 1 hr and 73.11 % after 72 hr. WBM with 10 %
of NazSiozgave 82.19 % recovery after 1 hr and 77.99 % after 72 hr Table 2 D. The sodium silicate
salt gave a better recovery percentage at 5 and 10 % concentration while the recovery was low at
0.5 and 1 % concentration (Mohammed, et al., 2019). The recovery results of polymer mud with
salts additives are better than WBM with the salts as shown in Table 3 A, Table 3 B, Table 3 C,
and Table 3 D.
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Table 2. Immersion results of WBM for Tanuma A: KCI, B: NaCl, C: CaCl,, D: Na,SiOs.

KCl + WBM B NaCl + WBM
90 a0
i 2 3
e
" 70 g 60
E- 60 ] 50
> 50 = 40
[=]
P ;3
[+4
o 30 @ 10
£ 20 0
b 10 1hr 24 hr 72 hr
0 m0.5% NaCl +
1hr | 24hr | 72hr WEM 67.1 63.4 557
H05%KCl+
713 | 646 | 602 W 1% NaCl +
WBM WEBM 724 68.4 613
B 1% KCI+WBM 73.2 68.1 63.9 25% NaCl + <) s 51
H5%KCl+WBM| 784 74.4 70.1 WBM ' ' -
H10%KCl + B 10% NaCl+
WBM 80.7 76.4 731 WEM 76.9 75.8 707
_—'_—i
CaCl, + WBM Na,Sio; + WBM
90 90
80 80
a; 70 a; 70
g 60 ] 60
8 50 8 50
& 40 2 40
@ 30 o 30
2 20 2 20
@ 10 @ 10
0 0
1hr 24 hr 72 hr 1hr 24 hr 72 hr
m0.5%CacCl2 + m0.5% Na2sio3 +
WBM 67.2 62.3 54.3 WEM 64.28 | 59.17 | 52.86
m1%cCacCl2+ B 19% Na2sio3 +
WEM 72 67.4 60.8 WEM 65.55 | 61.68 | 54.13
5% CaCl2 + 74.8 73.6 67.2 5% Nazsio3 + 77.46 | 75.46 | 73.11
WBM : : : WBM : : :
m10%CaCl2 + 6.4 756 202 W 109% Na2sio3 + 8219 80.64 2799
WBM - : : WBM : : :
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Table 3. Immersion results of PM for Tanuma A: KCI, B: NaCl, C: CaCl,, D: Na2SiO3

A KCl + PM B NacCl + PM
90 a0
a0 80 -
70 § 70 -
Pl 60
&0
%‘ § 50
8 50 = a0
& 40 2 30
2 &
g a0 20
20 10
0 T T I
10 1hr 24 hr 72hr |
0 ® 0.5 % NaCl + *
1hr 24 hr 72 hr P 70.6 68.8 60.1 ‘
WOS5%KCHPM| 7512 | 7152 | 6841 ‘W1%NaCl+PM 728 | 701 | 623 |
| 1 1 |
= 1% KCl + PM 78.31 74.47 60.72 5% NaCl + PM| 773 75.4 691 |
5% KCl+ PM 20.71 77.54 75.62 | [
W10 Nachs: 78.2 76.4 738 ‘
m10%KCl+PM| 82,77 80.67 77.12 PM
Q0 90
80 80
= 70
= 70 g o
50 = 40
o 40 i 30
Y
= 30 “ 20
3 10
20 pt ‘
10 | 1hr 24hr | 72hr
o ® 0.5 % Na2sio3 +| .
24hr | 72hr | pitimer 65.37 60.1 53.43
m0.5% CaCl2 + f oot 1
PM 71.64 ‘ 64.29 | 5581 ‘ W1%Ma2slod = | ecaa. | 632 | S5y
‘ | | | Polymer
m1%CaCl2 + PM 7494 \ 70.72 63.49 | | .
- ~ ‘ WMS%Na2siod+ | 949 | 7737 | 7373
®5%CaCi2 + PM | 77.46 | 74.68 68.75 | Polymer
13 @ a =3 i
0% Caciz + 804 | 77.431 | 7317 ‘ 10% Na2sio3 + | o091 | 8227 | 7976
PM Polymer ‘ [

3.1.2 Dispersion test

Dispersion analyzes for shale, were conducted using different drilling fluids at 100 C°. Table 4
and Table 5 show the recovery percentage of shale calculated after the dispersion test. The
recovery percentage of 0.5 % KCI with WBM after 16 hr was 61.74 % and the recovery increased
to 71.68 % at 10 % of KCI. 0.5 % of CaCl., with WBM gave a percentage of recovery of 63.14%,
while 10 % of CaCl. gives 72.54 %. 0.5 % of NazSios with WBM gave a percentage of recovery
of 66.13%, while 10 % of Na,SiOs gave rise to 80.97 %. The maximum recoveries obtained with
polymer mud + 10 wt % Na,SiO3z and polymer mud + 10 wt % KCI were 84.51 % and 77.68 %

88



Number 5 Volume 26 May 2020 Journal of Engineering

respectively. The temperature and dynamic motion of the roller oven had a direct effect on the
result of shale recovery, as observed in the results of the dispersion test, Table 4 and Table 5. The
recovery of the dispersion test after 16 hr is less than the recovery of the immersion test after 24
hr at the same concentration. The temperature of the dispersion test is considered as an influential
factor in the weakening of the bonds between the parts of shale due to increasing the vibration of
the molecules and this will lead to an increase in the movement of water toward the lattice of shale.
Thus more samples of shale were crashed into fines and the percent recovery was decreased. The
polymer mud has recovery percentage better than WBM due to the effect of the polymer
encapsulation and hydrate ability during exposure which led to increases in its surface area
therefore blocked and covered shale surface. This condition is represented as an encapsulation of
polymer (Adesoye, 2009).

Table 4. Dispersion results of WBM for Tanuma A: KCI, B: NaCl, C: CaCl, D: NazSiOs

A KCl + WBM B MacCl + WBM
Roll oven Roll oven

74 74
72 | 72 |
v 70 |

w® 68 ® gag |

=55 | =

§ § 66 |

= g7 | & B4
6O | B2
58 | 60 |
56 | 58 |
mOS| 6174 mOS| 63.14
mi 64.38 mi 64.82
s 682,04 s 69.71
= i0 7168 = i0 72.54
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C cac'z + WBM D N325i03+ WBM
Roll oven Roll oven
72 90
70 80
68 70
» 66 » 60
c 50
g o £
8 62 o
o (-4 30
60 20
58 10
56 0
[ 16
=0.5 615 ’ =0.5 66.13
=1 | 63.84 =1 | 67.24
w5 68.61 ‘ w5 78.39
=10 7112 il =10 | 8097

Table 5. Dispersion results of PM for Tanuma A: KCI, B: NaCl, C: CaCl, D: Na;SiOs

A

BOD
78
76
74
72
70
68
66
b
G2

Recovery %

[mo.s]
e
-

|m10 |

KCl + PM
Roll oven

67.94
69.91
74.37
77.68

=10

MacCl + PM
Roll oven

16 hr
66.95
BE.62
7249
75.24
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C cacl, + PM D Na,Sio, + PM
Roll oven Roll oven
76
74
72
s 70
E‘ 68
66
&
= 64
62
60
S8
=05 | 6381 =05 | 66.73
=1 67.92 =1 68.38
=5 71.56 =5 78.83
- 10 F4.98 - 10 #4.51

3.2 Fluid Improvement and Special Fluid Formulation

As defined previously, Flodrill PAM 1040 is a special additive used with polymer mud and tested
with the Tanuma shale. Table 6 shows the result of immersion and dispersion tests of Tanuma
shale samples. Two concentrations were used 0.55 % and 1.10 % with polymer mud. The recovery
percentage of 0.55 % Flodrill was reduced from 96.02 % after 1 hr to 93.48 % after 72 hr, and the
recovery result of 1.1 % concentration was reduced from 97.02 % after 1 hr to 94.55 % after 72
hr. The recovery of the dispersion test at 0.55 % concentration was 92.769 % while 1.1 %
concentration the recovery was 94.735%. Flodrill PAM 1040 represents a better inhibitor for
Tanuma shale because the Flodrill has the ability to form gelatin that’s will cover (coat) the shale
and prevent the interaction with water.

Table 6. Immersion and dispersion results for Tanuma A: Immersion test, B: Dispersion test.

FloDrill PAM 1040 FloDrill PAM 1040
98 Roll oven
97 | 95
® 96 94.5
=
g 95 » 94
o
3 g
: a4 3 93.5
2 g
& 93 & 93
@
92 g 925
91 T 92
0.55% 1.10%
™ 1Hr 96.02780596 97.02377159 915 | t
- - - — - — — i 2gm agm
W24 Hr 94.51084337 95.84190613 1 1
} ! |m16 92.769 94.735
™72 Hr. 93.48783079 94.55934979 ' + .
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3.3 Native moisture content

Native moisture content (NMC) represents the total molecules of water inside samples of shale.
It's well-known as the percentage of water mass founded in the samples to the total weight of the
samples (Adesoye, 2009). The result of NMC is 0.17 for the Tanuma shale sample. The tendency
of Tanuma shale to moisture is very low due to the nature of kaolin mineral which has a low
activity to the water. The quantity of moisture is considered as a function of various factors with
the predominant clay minerals in shale. The content of moisture represents the quantity of clay
minerals that has the ability to moisture tendency.

3.4 Cation Exchange Capacity

Clay minerals can adsorb certain cations and anions because of the cation exchangeable state. They
are changing with other cations or anions due to interaction with such ions in a water solution. The
result of CEC for Tanuma was 10.85 Meq/100 gm, and this result is located within the range of
the kaolin group depending on Table 7 (Adesoye, 2009).

Table 7. Cation exchange capacity (Adesoye, 2009).

Clay Mineral CEC (Meqg/1009)
Smectite (Montmorillonite) 80-150
Chlorites 10-40
[lites 10-40
Kaolinites 3-15

4. CONCLUSIONS

1. Sodium silicate resulted in a good recovery percentage for Tanuma shale at 5 and 10 %
concentration because of the ability of sodium silicate to cover and block the shale samples and
reduces the interaction of water with shale.

2. Flodrill PAM 1040 represents a better inhibitor for Tanuma shale due to the Flodrill which can
form gelatin that covers (coats) the shale and prevents the interaction with water.

3. Results of the dispersion test after 16 hr were less than immersion test results after 24 hr because
of the effect of temperature and dynamic motion.

4. The weakness of bonds between parts of molecules as a result of increasing molecule vibration
leads to an increase in water movement into the shale structure.

5. Different additives could be added, such as nano-materials rather than the additives used in the
present research to test the stability of shale.

REFERENCES

e Adesoye, K. (2009). "Shale Characterization for Evaluating Shale-Drilling Fluid Interaction".
Norman, Oklahoma: University of Oklahoma.

e Assi, A.,, Khazeem, R., Salem, A. and Ali, A. (2018) "Studying the Effects of Different
Polymers on Rheological Properties of Water Base Muds", Journal of Engineering, 24(12),
pp. 12-25. DOI: 10.31026/j.eng.2018.12.02.

92



Number 5 Volume 26 May 2020 Journal of Engineering

Brady, F., and J. Michael (2012). "Potassium Silicate-Treated Water-based Fluid: An Effective
Barrier to Instability in the Fayetteville Shale". IADC/SPE Drilling Conference and Exhibition.
San Diego, California: IADC/SPE Program Committee, 1-6.

Farrokhrouz, M., and M. R. Asef (2013). "Shale Engineering". 6000 Broken Sound Parkway
NW, Suite 300: Taylor & Francis Group, LLC.

Friedheim, J., Q. Guo, S. Young, and S. Gomez (2011). "Testing and Evaluation Techniques
for Drilling Fluids-Shale Interaction and Shale Stability". 45th US Rock Mechanics /
Geomechanics Symposium. San Francisco: ARMA Technical Program Committee. 1-7.
Ghassemi, A., A. Diek, and J. Roegiers (1998). "A solution for stress distribution around an
inclined borehole in shale". Int. J. Rock Mech. & Mining Sci.

Gomez, S.A (2006). "Laboratory method to evaluate the fracture development in hard shale
formation exposed to drilling fluids". AADE Fluid /conference.

Halliburton (2015). "Basis of Design (BoD) for Mishrif High Angle well". Basrah: Bp Iraq
N.V (ROO) - Rumaila.

M-I Swaco (1998). "M-1 Manual".

Mody, F.K., and A.H. Hale (1993). "A borehole stability model to couple the mechanical and
chemistry of drilling fluid shale interaction". SPE.

Mohammed, K., A. Alwassiti, and M. A. AL-Bidry (2019). "Experimental Study on Tanuma
Shale Stability Using Drilling Fluids with Different Additives". 1st International Conference
on Petroleum Technology and Petrochemicals. Baghdad: 10P Conference Series: Materials
Science and Engineering.

Nediljka, G.M., S. Katarina, and M. Davorin (2004). "Laboratory Investigations of Silicate
Mud Contamination with Calcium". N. Gaurina-Medimurec, K. Simon, D. Matanovi¢:
Laboratory investigations.

Onaisi, A., A. Audibert, M. T. Bieber, L. Bailey, J. Denis, and P.S. Hammond (1993). "X-ray
tomography visualization and mechanical modeling of swelling shale around the wellbore". J.
Pet. Sci. Engng. 313 - 329.

Peter, J. B., B. R. Reddy, H. Matt, and T. Pete O'Connell (2016). "Functionalized Nanosilicas
as Shale Inhibitors in Water-Based Drilling Fluids". Offshore Technology Conference.
Houston, Texas: OTC Program Committee. 1-17.

Salam, M., Al-Zubaidi, N. and Al-Wasiti, A. (2019) "Enhancement in Lubricating,
Rheological, and Filtration Properties of Unweighted Water-Based Mud Using XC Polymer
NPs", Journal of Engineering, 25(2), pp. 96-115. DOI: 10.31026/j.eng.2019.02.07.

Sandra Gomez, and He. Wenwu (2012). "Fighting Wellbore Instability: Customizing Drilling
Fluids Based on Laboratory Studies of Shale-Fluid Interactions". IADC/SPE Asia Pacific
Drilling Technology Conference and Exhibition.

Sharma, M.M., M. Yu, and M.E. Chenevert (1998). "The role of osmotic effects in fluid flow
through shales". Proc. R. Soc. London A, 365 - 377.

Sherwood, J.D., and L. Bailey (1994). "Swelling of shale around a cylindrical wellbore", Proc.
R. Soc. London A, 161 - 184.

Simpson, J., and H. Dearing (2000). "Diffusion Osmosis-An Unrecognized Cause of Shale
Instability". IADC/SPE Drilling Conference. New Orleans: Society of Petroleum Engineers.
1-8.

Van Oort, E., A.H. Hale, F.K. Mody, and R. Sanjit (1996). "Transport in shale and the design
of improved water-based shale drilling fluids". SPE Drilling and Completion. SPE. 137 - 146.

93



Number 5 Volume 26 May 2020 Journal of Engineering

e Wenwu, H., L.G. Sandra, S.L. Russell, and T. David (2014). "Shale-Fluid Interactions and
Drilling Fluid Designs". International Petroleum Technology Conference. Doha, Qatar: IPTC
Programme committee, 1-12.

ABBREVIATIONS

War = weight after immersion

W, = weight before immersion

MC = moisture content

W,, = weight of water removed by drying
W, = Weight of shale samples before drying
CEC = Cation exchange capacity

MB = Methylene blue

NMC = Native moisture content

WBM = Water based mud
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