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Abstract. This paper presents the results of rheological, electrochemical 2nd filtration analyses of Umm-
cr-Radhuma shales in Saudi Arabia. The analyses indicate that these shales could be used as i basic con-
stituent of drilling fuids. A prelumimasry assessment of the raw miatesial future requitements in the drilling
operations in Saudi Arabia is made,

The mincralogical and chemical analyses of Umm-er- Radhuma shales showed the presence of
palyporskile in these sediments. These shabkes consisted of more than Y5'% cluy size particles most of which
were fess than (.2 um in size. The rheological behavior of palygorskite based fluids have been studicd with
and without the addition of chlorides and/or hydroxides of Na, K. Ca and Mg. The changes in the rheolog-
ical properties have been correluled wilth the mineralogy of the used clays.

It is believed that Saudi Arabia will invest huge sums of money to increase its oil preduction capacity
in arder to meet the expected oil demand increase in the 20s. Drilling activitics will consume a big share
of the investment, Iis found thai, the use of Umm er Radhuima natural iesoucces in the drilling of o1l and
water wells in Saudi Arabia will save millions of dollars that otherwise would have to be spent onimporting
the raw materials from elsewhere.

Introduction

Bentonite and palyporskite are widely used as mud constituents in the drilling oper-
ations, Otherindustrial and commercial applications also cxist. Although, the usc of
these clays in applications other than drilling activities might represent a big share of
the total consumption in Saudi Arabia, this paper’s purpose is achieved by only look-
ing at their cansumption in the drilling activities. Unfortunately, accurate data of
clay consumption in Saudi Arabia are not available. However, our personal com-
munication with concerncd authoritics indicated that the present consumptionin the
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drilling operations of oil, gas and water alone can reach up to 70 thousand tons a year
[1]. Almost all locally consumed clays are imported. Tn the 1990 dollars, the Cargo
Insurance Freight (CIF) cost is 85 dollars per ton. A simple calculation shows that the
present cost of using clays in the local drilling industry is about 6 million dollars per
year.

Hiistorical und Future Drilling Activities in Saudi Arabia

Table 1 is a histarical list of the number of wells completed and footage drilled
in Saudi Arabia between 1977 and 1989. The historical data representing total
number of wells drilled und total footage in the same period as well as projected
figures till year 2000 are shown in Figs 1and 2. 1tis clearly indicated by these figures
that the historical drilling activities can be effectively correlated with the historical
international crude oil prices during the period 1977-88. It is this fact that would be
used to project the futurc trend of the drilling activities in Saudi Arabia.

Table 1, Historical drilling uctivities in Saudi Arabia

Year Number of wells completed Total drilled Fuotage
1977 177 1.216.360
1978 126 301,856
1979 in 772,901
1980 185 1,244 927
1981 182 1,277,301
1082 166 1,203,302
1983 190 1,433,317
1984 107 854,295
1985 95 692,856
1986 % 214,318
1987 2 175,098
1988 17 133 385

1989 23, 184,525

Sourte: QAPEC data base
* Estimated

World crude oil demand is rising gradually and this trend is expected to continue
in the future. Oil supply from the non-OPEC and from QOPEC members other than
the Arabian Gulf countries is reaching its maximum or decreasing. These factors,
among others, are calling for an increase for the Saudi vil in the future. A huge
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investment program designed to restore Saudi production capacity to 10 million bar-
rels per day is on its way [2]. This major project is also aimed to maintain the position
of Suudi Arabia as the OPEC higgest producer and the world exporting leader. A
previously unexplored area south-east of Riyadh is considered to be a major future

expansion for drilling operations,
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Based on the facts mentioned above we attempted to project the future trend of
the drilling activitics in Saudi Arabia. This atternpt is schematicaliy shown in Figs 1
and 2. It is estimated that the average yearly growth of these activities until the year
2000 is 16 percent for the base case and 12 and 2{) percent for the low and high
scenarios, respectively.

Commercial Prospective of Umm er Radhuma Clay

1t is uncertain at this stage to speculate about the commcrcial feasibility of Umm
cr Radhuma clay. However, the size of the formation and the clay quantities that can
be found in the outcrop warrant a serious consideration to pursue an extensive feasi-
bility study. Other factors that justify such a project are the bright futurc for drilling
activitics as shown earlier and the ever increasing clay consumption in other applica-
tions. A major market for Saudi clay can also be found in the neighboring Gulf Coop-
eration Council {GCC) countries. It is expected that the drilling activities in the GOCC
countries are to follow a similar trend as in Saudi Arabia, Expoerting Saudi clay to the
international market must be taken into consideration to play a major role in any
serious Saudi clay industry. Finally, we would like to stress the fact that, this subject
must be looked at seriously by the drilling industry in the Kingdom as it will save the
country a good sum of hard currency.

Geological Background

Geologically, the Arabian Peninsula is divided into two structural provinces.
The western province, known as thc Arabian Shicld, consists of igneous and
mctamorphic rocks. The eastern part, known as Lhe Arabian Shelf, consists of a
sequence of continental and shallow water marine sediments ranging in age from
Cambrian to Pliocene. Plaeozoic, Mesozoic and lower tertiary strata are exposed in
the center of Saudi Arabia forming a great curved belt bordering the shield [3].

The clay under investigation belongs to Umm er Radhuma formation. It forms
a wide helt of 50-100 km extending more than 1200 km from the northern boarder of
Sandi Arabta 10-Wadi Al-Dawassir south. Fig. 3 is a schematic presentation of the
formation location and extension in Saudi Arabia[4]. In many places along its exten-
sion, formation rocks can not be identified because of the thick Neogene sediments
and desert sand which go back to the quaternary ¢ra. 1t is worthwhile to mention that
the formation extends south and cast below the Empty Quarter sands which outcrops
back at the boundaries of the huge desert [S]. Thickness of Umm er Radhuma forma-
tion reaches up to 240 meters (790 ft) at its ideal section in Hafer Al Batin north east
of Saudi Arabia. Its thickness increases cast and south to 435 meters (1430 ft) in the
Empty Quartcr basin and goes up (o 500 meters (1640 ft) north of Hofouf, The for-
mation thickness decreases down. The exposures of the Umm er Radhuma forma-
tion forms a gently undulating but rough surface with low isolated hills and benches
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[6]. The formation consists of a repetitional series of calcitic and dolomitic limestone.
At the bottom of Umm er Radhuma and top of Aruma formations, a light yellow fis-
sile shale interrelated ocassionaly with thin bed of gypsum is exposed near Khurays,
eastern Saudi Arabia as shown in Fig. 4. The top of the formation is composed of
marl and shale near the central and southern provinces of Saudi Arabia.

Fig.4. Umm er Radhuma shales outcropping near Khurays
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Experimental

A thorough characterization of Umm er radhuma shales was carried out by
physical, mineralogical, chemical and thermogravimetric analyses.

The importance of physical characterization goes back to the fact that clays
which contain high amounts of non-clay minerals, particularly of silt and sand sizes
are not suilable {or drilling fluids. These materials have abrasive action on pumps
and other drilling equipment and import undesirable properties to muds. A
granulometric analysis of samples was made after soaking clays in hot water for 24
hours.

Oricnted clay films on glass slides were prepared after having been dried at 40-
50°C in an oven. The slides (normal, saturated with ethylene glycol, and heated up
to 550°C} were analyzed with a Philips X-ray tube operated at 35 KV and 15 mA.
Untreated powder samples were also analyzed by X-ray diffraction.

A complete chemical analysis by HF dissolution and elemental determinations
by AATTS atomic absorption device using acetylene and nitrous oxide guses were
carried out on the whole sample.

The three forms of water present in clay minerals namely zeolitic water, bound
water (at the edges of the vetahedral sheet), and structural hydroxyles were deter-
mined by thermogravimetric analysis. The amount of these waters were compared
with those calculated by Caillere and Henin [7], on the basis of ideal palygorskite
structures.

All rheological properties were tested using the standard devices offered by
courtesy of Baroid Petroleum Services.

Technical Evaluation Results and Discussion

The granulometric analysis showed that, the samples from Umm er Radhuma
shales are characterized by their extreme fineness. They virtually contain no signifi-
cant sand or silt fractions. More than 95% of the constituting grains have diameters
less than 2 pm.

The X-ray diffraction patterns for Umm er Radhuma formation (Fig. 5) proved
that, these shales are composed exclusively of palygorskite mineral. The diffractog-
rams showed peaks at 10.46, 6.34, 5.40, 4,49, 4.13, 3.69, 3.18 and 2.59A, almost
identical to those given by the Joint Committee on Powder Diffraction $tundards to
playgorskite. In some cases, it is believed by some investigators that palygorskite is
invariably associated with montmorillanite by weathering |8] or by addition of mag-
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nesinm [9, pp. 271-293]. Although. none of these transformations is investigated in
the studied samples, palygorskite may be altcred 1o montmorillonite under hydro-
thermal conditions when drilling in high temperature wetls, This alteration will have
negative cifect on the rheological properties of suspension if salt water is used.
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Fig. 5. X-ray diffractograms of Umm er Radhuma shales

Tuble 2. Chemical analysis of Umm ¢t Redhuma shales

S‘;;'.’k 50 ALO, FesOu Ca0 MzO Na:O KO L.OL*  Totl
! 45.27 1.3 164 0.60 9.46 1.26 0.55 28.11 99.22
2 4954 1109 462 096 9.13 087 0.57 2368 160,40
3 345 9.4 416 108 10.21 1.9 050 29.65 100.65
4 5824 13.10 458 A.00 1.98 0.30 0.80 15.64 100.64
5 4458 9.97 365 M 583 1.12 0.60 2748 99,31
6 4999 1.0 413 1.2 5.74 traces 135 26,30 99.97
7 49.08 10.84 .73 2w 7.04 1.5 143 2302 100.14
& 4880 1054 370 1.86 0.48 1.63 126 2557 99,84

"* Loss of ignition

Tuble 2 shows the total chemical composition of the studied samples. The low
percentage of CaO and the high specific surface area are the main reasons for the
good rheologic behaviour. The presence of soluble salts in these shales was also obvi-
ous from the low electrical resistivity of their filtrate in filtration loss experiments
(Table 3).
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Table 3, Rheological measurements in the presence of chlorides and hydroxides for Umm er Radhuma Shales

Composition P Hy K Y.P. H R GS F.L. MCT
of suspension PPE (c.p) (e.p.) Ib/10DR P Qum. IH/100 0 mL/7.5mm  in/32
8.67% clay +

sl 870 1425 40 205 54 039 99.5 105 48
8.67 clay +

% NaCl + H.0 8.70 26.75 6.5 40.5 56 024 20.5/31.3 9.6 4.6
R.70% clay + & X

1% (.“r‘.ll 2 H:O 8.70 17.25 4.5 255 52 030 12.5/12.5 104 4.9
R.70% clay +

14 NaOH +H.0 8.67 47.00 30.0 340 7.6 0.19 7712 170 6.3
8.70% clay + a7 7.50 B ) 5 5
1% Ca(OH), il Al LA 7.6 0.36 2.5/8 150 5.6
+H,0

The three forms of water in the structure of palygorskite were compared
with the ideal amounts calculated on the basis of the structure of palygorskite
Siy (Mg)s O, (OH), (OH,),* 4(H,0). The results indicated that there are more
structural hydroxyles in the studied samples than those proposed for the ideal struc-
ture calculated by Caillere and Henin [7].

The electron micrograph of the original clay sample clearly indicated the fibrous
structure of the clay as shown in Fig. 6.

Fig. 6. Electron micrograph of Ummer Radhuma palygorskite
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Fig.7. Effective viscosity-shear rate relationship for different concentra-
tlons of Umm er Radhuma clay

The principal interest of measurements of apparent viscosity at various shear
rates (Fig. 7) is to investigate the clay concentration, at which the suspension
behaviour will be changed. The rheological behavior of Umm er Radhuma shales
was similar to that of commercially used cluys as shown in Fig. 8.

The concepts involving shear stress and shear rate and their measurement ena-
ble a mathematical descripuion of the flow of drilling fluids. The shear rate/shear
stress rutio of a non Newtonian fluid is not constant, which is true for most drilling
fluids. Fig. 9 shows typical relations for the studied samples, These figures indicate
the presence of relations which accurately describe flow characteristics of a drilling
fluid over the shear rate ranges normally encountered in the drilling operations.
Umm er Radhuma shales posses pseudoplastic behaviour. The log-log plot of various
rheograms {Fig. 10} gives the following mathematical relation:

1=Ky"
where

T shear stress (Ib/100 £1%)
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v shear rate (sec’’)
K consistency index (1b/100 )
n measure of the degree of deviation of fluid from Newtonian behaviour

The limits which define the interpreted domains of fluid behaviour are primarily

dependent upon morphology, granulometry, specific surface area and microporosity
of clay minerals [19].

‘The cttect of clay concentration on the rheologic properties particularly viscos-
ity and yield point was studied (Figs 11and 12). [n general, viscosity depends on the

concentrations of the solids put into the mud. The relation is given by the following
equation:

logp, = - A+Blong
which pives
b, = A;C;‘f
where

k, dpparent viscosity

€, clay weight %
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A intercept with the ordinate

B slope of the linc

A and B arc functions of numerous purameters such as clay minerals content, mea-
surement devices and operating conditions.

The yield point is also dependent on electro-chemical charges in the mud under
flowing conditions. Particles of clay may be charged so that they attract each uther
and hence produce a high yield point or particles may repel one another and con-
sequently give lower yicld point.

The same relations between yicld point and clay concentration are described by
the cquation:

YP =A C.l'?
where

Y.P. = yield point

The other measured properties are shown in Table 3. These properties include
density, resistivity, pH, gel strength filtration loss and mud cake thickness, in the
casc of suspensions composed only of distilled water and clay, as well as by addition
of various chlorides and hydroxides of sodium, calcium, magnesium and potassium.
Among these chemicals, sodium hydroxide is distinguished by its positive cifcet on
rheological properties. Umm er Radhuma suspensions showed good rheology in
fresh water as well as in Sea water. Only filtration was higher in sea water suspen-
sions. "The addition of CMC controlled filtration loss as shown in Fig. 13, The
optimum shear stress/shear ratc relationship was obtained by mixing Umm er
Radhuma clays with aquagel “bentonite™ at a ratio of 7:3 as indicated by Fig. 14, The
caustic soda is used to control pH and to improve the rheology of suspensions by pre-
cipitating of calcium and/or magnesium according to the following reaction:

2Na(OH} + M™" — M(OH), + ZNa™

where M™™ denotes calcium or magnesium ions. The supression or pregipitation of
these undesirable ions results in better physio-chemical properties of mud.

When 1% chloride (NaCl, KCl, CaCl,, and MgCl,} was added to clay-water sus-
pensions, the order of promoting effect of the cations on the rates of alteration of
palygurskite seemed to be as follows: Mg " = Ca’ ' =Na'' at 400°F. When hydro-
xides were added at the same concentration, the divalent cations (Mg™ ™ and Ca,,)
showed a much higher promoting effect than monovalent cations (Na ¥ and K*)[8].
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Fig. 13, Effect of chemical additives an filiratiun properties of Umm er Radhuima clay suspen-
sions

Conclusions
On the basis of our analysis, the following conclusions arc given:

The mineralogical and chemical characterization proved the exclusive presence
of palygorskite mineral in Umm cr Radhuma formation. The non-clay minerals
characterized in Umm er Radhuma (gypsum, dolomite and quartz) were of no
sufficient importance. This suggests that, the clay could be commercially used
as a basic constituent in drilling fluids.

The rheology of Umm er Radhuma shales indicated the presence of pseudo-
plastic behaviour of suspensions very close to the commercially used clays. For
all suspensions and beyond the Newtonian limits, it is observed that;

¢ Decrease of the apparent viscosity as the shear rate increases,

®  Increase of viscosity and yield point with the increase of clay percent,
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® Influence of chemical covironment of suspensions on rhcologic
behaviour,

®  Improvement of theology of activated clay by sodium hydroxide. Starch
and CMC controlled filtration whereas bentonite “aquagel” improved vis-
cosity.

The result of adding chlorides and hydroxides to palygorskite fluids was lower-
ing of viscosities. However, in the presence of some electrolytes, poor Reolog-
ical behaviour was obtained due to the palygoeskite alteration. From engineer-
ing point of vicw, these types of clays could be successtully used in oil-well dril-
ling fluids, since they are comparable with industry standurds.

A serious commercial evaluation of Umm er Radhuma clays must be consi-
dered by the Saudi oil industry as all factors presented in this paper showed a
positive prospective.
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