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ABSTRACT

The main aim of this research is to study the effect of contaminants on the behavior of water-based muds
using different contaminant concentrations to know the rheological properties of muds under evaluated

temperatures.

Five types of water-based muds (Spud mud, FCLS mud, Gypsum mud, Salt-Saturated mud, and
Polymer/KCl mud) including five types of contaminants (Green cement, Plug cement, Gypsum Anhydrate,
and Salt). 25 samples were tested under a temperature of S.C. to 300°F and 100 psi as a differential pressure

to avoid the vaporization of samples.

Most samples were prepared showed a normal trend of rheological properties with test temperatures and
concentration used. No thermal flocculation was observed for all drilling fluids except gypsum and FCLS
muds. Therefore, both plastic viscosity and yield point decreases gradually as temperature increases.

INTRODUCTION

Mud properties are adversely affected by many
conditions encountered during a course of drilling
a well.

Contamination is a term used to describe the
effects of these adverse conditions, such as
drilling through salt domes (NaCl), anhydrite, or
gypsum, and drilling-out a cement plug.>**¢!

Salt contamination is a result of addition of
various salts to the drilling fluid during of certain
formations, completion, or workover. The
commonly encountered soluble salts may be
divided into two groups, i.e., monovalent and
divalent.

The most common monovalent salts
encountered are sodium chloride (NaCl) and, to a
lesser extent, potassium chloride (KCI). The most
common divalent salts that cause contamination
are calcium sulfate (CaSO,), calcium hydroxide in
cement (Ca(OH),), and calcium chloride
(Cally

Divalent salts are introduced into drilling-mud
system during the process of drilling through
different formations. Calcium sulfate, which
exists in nature as gypsum (CaS0;.2H,0) or
anhydrite (CaSO,), is found as thick sections, as
stringers, in make-up water, embedded in sand
stones, silt stones, and shales, and sometimes as
cap-rocks of salt domes. ['2!417]

Many phases of drilling operations require the

use of cement, which is mainly composed of
calcium hydroxide. Calcium hydroxide is

introduced into the drilling fluid as a result of
such operations as squeeze cementing, drilling-out
a cement plug, and running casing. The
contamination effects of cement are similar to
those resulting from contamination which a mono-
valent salt, (118

EXPERIMENTAL WORK

Twenty-five samples of five types of water-
base mud were prepared with different
concentrations of contaminants to be tested under
different temperatures using the Fann viscometer
model 50C. The temperature which used in these
tests were, room temperature, 100, 150, 200, 250,
and 300°F.

The basic compositions of the muds, which are
considered the base, are given below:

1. For fresh water bentonite mud, the basic
compositions which used are: 500 cc tab water
+ 30 ppb bentonite, weighted with barite to
8.72 ppe.

2. For  lignosulphonate mud, the basic
compositions which used are: 500 cc tab water
+ 35 ppb bentonite + 2 ppb QBroxine + 0.2
ppb NaOH + 2.1 ppb CMC, weighed with
barite to 9.24 ppg.

3. For gypsum mud, the basic compositions
which used are: 500 cc tab water + 35 ppb
bentonite + 6 ppb gypsum + 0.7 ppb NaOH + 3
ppb QBroxine + 1 ppb CMC, weighted with
barite to 9.55 ppg.
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4. For polymer mud, the basic compositions
which used are: 500 cc tab water + 2 ppb XC +
4 ppb bentonite + 0.1 ppb KOH + 2 ppb CMC,
weighted with barite to 8.73 ppg.

5. For salt saturated mud, the basic compositions
which used are: 500 cc tab water + § ppb
bentonite + 120 ppb NaCl + 14 ppb zeogel + 2
ppb QBroxine + 0.5 ppb NaOH + 4 ppb CMC
+ 0.5 ppb XC, weighted with Barite to 9.82

PPE.

RESULTS AND DISCUSSION

Fig. (1) shows the effect of the concen-tration
of green cement on the plastic viscosity, yield
point, and apparent viscosity of the polymer/KCI
mud. The effect of the green cement is clearly
indicated that as green-cement concentration
increases, all the rheological properties increase at
certain temperature. This is due to the bridging
flocculation caused by the present of bentonite in
the base mud, and the cation (K, Ca) affect the
swelling of clay particles. Also, increase the
friction forces between particles due to the
increase of solids percentages resulting in an
increase in plastic viscosity.

The effect of temperature on the rheological
properties of different green cement concen-
trations is shown in fig. (2). The rheological
properties decrease a temperature increases.
Increasing temperature cause a decrease in
viscosity of the continuous phase of polymer
muds.

Fig. (3) is clear indication of the effect of
gypsum on the salt —saturated mud rheology. It
showed that, as the concentration of gypsum
increases there is an increase in the rheological
values as a result of electrolyte flocculation.

In fig. (4), it can be seen clearly that all
rheological properties decrease as temperature
increases. Viscosity of the continuous phase
decreases as a result of increasing temperature,
which result in the reduction of plastic viscosity
values through decreasing the friction forces
between particles in the sample. Also increasing
temperature causes decreasing in the attraction
forces between particles causing a reduction in
interaction between the materials, which result in
the reduction of yield point.

As interesting series of experiments are
illustrated in Fig. (5). It showed that the additional
os different concentrations of NaCl on the gypsum

mud caused an increase in all rheological
properties, viscosity increases as a result of base
exchange (Na for any Ca cation present).

Fig. (6) showed that, gypsum mud behavior is
similar to another types of water-base mud, in
which all rheological properties dscrease as a
result of increasing in temperature due to the same
reasons, which are discussed above.

At certain temperature, the effect of plug-
cement on the, as FCLS mud rheology is clearly
indicated that, as contaminant concentrations
increases both the apparent viscosity and yield
point increase, while the plastic viscosity slightly
increases. This is due to the salts dissociation in
water into two groups of cations and anions. As
shown in Fig. (7).

Fig. (8) shows the effect of temperature on
FCLS mud, temperature greater that 200°F lead to
high gelation because of electrolyte presence in
mud which causes an increase in solidification at
high temperature.

Fig. (9) shows that, spud mud appears to be
highly affected by contamination, because the
base mud is prepared without any pretreatment
materials.  The increasing in  anhydrite
concentration cause an increase in all rheological
properties, due to the electrolyte effect. These
electrolytes cause an increase in attractive forces
between planner faces of clay platelets.
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CONCLUSIONS

The following conclusions were drawn from
this work:
I. Spud mud is highly affected by the
contaminants compared with other types of
water-based mud.

2. Cement contamination of FCLS mud has high
effect on gel strength more than the rest of the
other rheological properties.

3. The thermal stability of gypsum mud decrease
in the present in the presence of contaminants.

4. The addition of 0.5 Ib/bbl XC-Polymer
improves the rheological properties of salt-
saturated mud.

5. In spite of the presence of other contaminants,
the polymer/KCl mud hos more thermal
stability than other types of water-based mud.

6. Salt saturated and polymer/KCl mud showed
more contamination tolerance than other
tested types of mud at elevated temperatures.

REFERENCES

1. Allen, G. G., “Drilling Fluid”, Baroid
Petroleum Services, (1977, pp.16).

2. API, “Principles of Drilling Fluid Control”,
(1972, pp. 67, Courtesy of American
Petroleum Institute).

3. Aswad Zaid A. R., “A New Approach for
Selecting the  Best  Non-Newtonian
Rheological Model”, Polymer Plastic tech.
and Eng. Journal, 35(2), 233-241, 1996.

4. Baroid Petroleum Services, 1975, Baroid Mud
technology Handbook.

5. Benson, C.M., Chilinger, G.V., and Larsen,
D.H., “Drilling Fluids  Laboratory™,
University of Southern California Publ.

6. B.K. Sinha, “A new Technique to Determine
the Equivalent Viscosity of Drilling Fluids

under High Temperatures and Pressures”,
SPEJ, (March, 1970, pp. 33-40).

7. ED. Parsons, “Drilling Mud and Fluid
Additives (Chemical Technology Review No.
20)”, Noyes data corporation, New Jersey,
London, England, (1973).

8. Elsen, J. M.; Mixon III, A.M.;and Lal-Iuo,
D.R., “Application of a Lime-Based Drilling
Fluid in a High Temperature/High Pressure

Environment”. SPE Drilling Engineering
(March, 1991).

9. Eric Van Oort; R.G. Bland; S.K. Howard; R.J.
Wiersma; and Lloyd Robenson, “Improving
High — Pressure / High Temp-erature Stability
of Water Based Drilling Fluids”, JPT (June,
1997, pp.634-625).

10.Ferguson, C.K. and Klotzm, J.A_; “Filtration
from Mud Drying Drilling”, Trans. AIME,
Vol. 201 (1954, pp. 30-43).

11.Fisk, J.V.; and Jamison, D.E., “Physical
Properties of Drilling Fluid at High
Temperatures and Pressures”, SPE Drilling
Engineering, Dec. (1989).

12.George G., Binder, Jr., et al., “Evaluating
Barite as a Source of Soluble Carbonate and
Sulfide Contamination in Drilling Fluids”,
JPT, (Dec., 1981, pp. 2371-2376).

13.Gray G.R., Foster, J.L. and Chapman, T.S.;
“Control of Filtration Characteristics of Salt
Water Mud”, Trans. AIME, Vol. 146 (1942,
pp. 117-125).

14.Grat, G.R., Neznayko, M., and Gilkeson,
PW. “Some Factors Affecting the
Solidification of Lime Treated Muds at High
Temperatures”, API Drill. Prod. Prac. (1952,
pp. 72-81).

15.Green  H., “Industrial Rheology and
Rheological Structures”, John Wiley and
Sons, NY, (1949, pp. 13-43).

IRAQI JOURNAL OF CHEMICAL AND PETROLEUM ENGINEERING, 2001,Vol. 2, September 33



