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1 Introduction After hiring, all personnel must complete the Basic Mud Logging School, which provides a general overview of the petroleum industry, with emphasis on formation evaluation and wellsite safety. Upon completion of this course, a probationary period provides newly hired employees with further hands-on field training. As the employee gains further experience, he/she will be required to further take the following courses: Basic Hardware School DLS Software School Trainee Pressure Engineering Advanced Hardware School Wireline Interpretation School



PRINTED IN SINGAPORE



 2001 INTERNATIONAL LOGGING, INC.



1



2 Sedimentary Rocks 2.1 Introduction Sedimentary rocks are those formed at or near the Earth's surface by the depostion (by water, wind or ice), accumulation and lithification of sediment (detrital rock) or by the precipitation from solution (chemical rock) and/or growth in position by organic processes (e.g., carbonate reefs). They are formed at or near the earth's surface at relatively low temperatures and pressures. They typically occur in layers (strata) separated by bedding planes and differences in composition. Sedimentary rocks are the most common rocks exposed on the Earth's surface but are only a minor constituent of the entire crust, which is dominated by igneous and metamorphic rocks. They consist 75% of all rocks exposed at Earth's surface. Many of you will work more with sedimentary rocks than with the other rock types.



2.1.1 Sedimentary Environments Sedimentary rocks are formed in a variety of environment where sediment accumulates. Sedimentary environments typically are in the areas of low elevation at the surface, which can be divided into continental, shoreline, and marine environments. Each environment is characterized by certain physical, chemical, and biological conditions, thus sedimentary rocks hold clues to ancient environments and Earth history.



2.1.2 Diagenesis and Lithification Lithification is a complex process whereby freshly unconsolidated deposits of sediments are converted into rock. The main processes of lithification are: •



Compaction



•



Cementation



•



Crystallization



The physical, chemical and biologic changes that occur under conditions of pressure (up to 1 kb) and temperature (maximum range of 100°C to 300°C) that are normal to the outer part of the Earth's crust to the deposited sediments from the time of their initial deposition to their lithification and after it are known as diagenesis. In very thick sedimentary sequences, diagenesis may grade into metamorphism, and the sediment will change from a sedimentary rock to a meta-sedimentary rock to a metamorphic rock. Some geologists restrict the term to the initial phase of post-sedimentary changes, occurring in the zone where the sediment is still unconsolidated, the process being complete when the sediment has been converted to a more or less compact sedimentary rock. In this usage, the term is equivalent to early diagenesis as used in the U.S. There is no universally excepted definition of the term, and no delimitation (such as the boundary with metamorphism). The main processes of diagenesis are:
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1. Compaction 2. Recrystallization 3. Solution 4. Cementation 5. Authigenesis (neocrystallization) 6. Replacement 7. Bioturbation The degree to which each of these processes contributes to the diagenesis of any given sediment is controlled by such factors as: •



Composition



•



Pressure (due to burial)



•



Temperature



•



The composition and nature of the pore fluids



•



Grain size



•



Porosity and Permeability



•



The amount of fluid flow



Note that any sediment that has been deposited is subject to diagenesis, not just siliciclastics.



2.1.2.1 Compaction The simplest diagenetic change is compaction. Compaction is the process by which the volume of sediment is reduced as the grains are squeezed together. The reduction in volume as the pore space is reduced helps to hold the rock together by binding the grains closer together and increasing the friction between grains. Intergranular fluid is expelled as volume is reduced. The degree of compaction is controlled by such factors as grain shape, sorting, original porosity, and the amount of pore fluid present.



2.1.2.2 Recrystallization Recrystallization is a process in which physical or chemical conditions induce a reorientation of the crystal lattices of mineral grains. These textural changes cause the sediment to become lithified. It occurs in response to such factors as pressure, temperature, and fluid phase changes. It also occurs because of solution and reprecipitation of mineral phases already present in the rock.



2.1.2.3 Solution Solution refers to the process in which a mineral is dissolved. As fluids pass through the sediment, the unstable constituents will dissolve and are transported away or are reprecipitated in nearby pores where conditions are different. The dissolution of PRINTED IN SINGAPORE
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soluble minerals by a solution under saturated with respect to that mineral depends on pH, Eh, temperature, pressure, PCO2, ion strength etc. Common minerals to dissolve are evaporates such as halite, sylvite and anhydrite. This process is important because it commonly leads to secondary porosity. Pressure solution is a process that occurs as pressure is concentrated at the point of contact between two grains in the sediment. This causes solution and subsequent migration of ions or molecules away from the point of contact, towards an area of lower pressure where the dissolved phase can be reprecipitated.



2.1.2.4 Cementation Cementation is the process in which chemical precipitates (in the form of new crystals) form in the pores of a sediment or rock, binding the grains together. Some common cements are quartz, calcite and hematite, but a wide variety of cements are known, such as aragonite, gypsum, and dolomite. Pressure solution produces locally derived cement, but many cements consist of new minerals previously in solution in the fluid phase. Cementation reduces porosity by filling in the pore spaces between the grains. Higher pH and higher temperatures favor carbonate cements. Lower pH and low temperatures favor quartz or chert cements. Syntaxial overgrowths are formed when cement growth occurs as and an extension of existing detrital "crystal". The reverse process, called decementation, also is thought to occur. There is evidence that decementation has occurred in calcareous sandstones, in which case the calcareous cement or grains are dissolved in the same manner as the solution of limestones. The frosted and etched surfaces of quartz grains in some friable and loosely cemented sandstones seem to indicate the former presence of a carbonate cement that has been leached.



2.1.2.5 Authigenesis (Neocrystallization) Authigenesis (neocrystallization) is the process in which new mineral phases are crystallized in the sediment or rock during diagenesis. These new minerals may be produced: •



By reactions involving phases already present in the sediment (or rock)



•



Through precipitation of materials introduced in the fluid phase, or



•



From a combination of primary sedimentary and introduced components.



This process overlaps with weathering and cementation. It usually involves recrystallization and may result in replacement. Authigenic phases include silicates such as quartz, alkali feldspar, clays and zeolites; carbonates such as calcite and dolomite; evaporite minerals such as halite, sylvite and gypsum, as well as many others. Examples of authigenesis are: •



Pyrite from iron minerals under reducing conditions



•



Oxidation of iron minerals under oxidizing conditions (rusting)



•



Alteration of clay minerals
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•



Formation of clay minerals by feldspar alteration



•



Alteration of volcanic ash



2.1.2.6 Replacement Replacement involves the essentially simultaneous dissolution of existing minerals and the precipitation of a new mineral in situ. Replacement may be: •



neomorphic: where the new grain is the same phase as the old grain, or is a polymorph of it (i.e. albitization; replacing a grain with a more Na-rich plagioclase grain).



•



pseudomorphic: where the old grain is replaced with a new mineral but the relict crystal form is retained,



•



allomorphic: an old phase is replaced with a new phase with a new crystal form



Although there are many replacement phases, dolomite, opal, quartz, and illite are some of the most important phases. Examples of replacement are: •



Petrifaction of organic matter



•



Silicification of carbonates



•



Replacement of fossil material by pyrite



2.1.2.7 Bioturbation Bioturbation refers to the physical and biological activities that occur at or near the sediment surface which cause the sediment to become mixed. Burrowing and boring by organisms in this way, can increase the compaction of the sediment and usually destroys any laminations or bedding. During bioturbation, some organisms precipitate minerals that act as cement.



2.1.3 Classification of Sedimentary Rocks There are three major categories of sedimentary rocks are recognized: 1. Terrigenous clastic sedimentary rocks 2. Carbonates (limestone and dolomite) 3. Noncarbonate chemical sedimentary rocks The next two types could be termed as chemical sedimentary rocks. The sediments of chemical sedimentary rocks are soluble material produced largely by chemical weathering and are precipitated by inorganic or organic processes.
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2.1.3.1 Terrigenous Clastic Sedimentary Rocks (or Clastic Sedimentary Rocks) Terrigenous clastic sedimentary rocks are composed of the detrital fragments of preexisting rocks and minerals and are conventionally considered equivalent to clastic sedimentary rocks in general. The term clastic (Greek: "broken") describes the broken and worn particles of rock and minerals that were carried to the sites of deposition by streams, wind, glaciers, and marine currents. Because most of the clasts are rich in silica, they are also referred to as siliciclastic sedimentary rocks. Siliciclastics are further subdivided based on grain diameter into conglomerate and breccia, sandstone, siltstone, and finer-than-silt-sized mudrock (shale, claystone, and mudstone). The simplest way of classifying coarse clastic sedimentary rocks is to name the rock and include a brief description of its particular characteristics. Conglomerates and breccias differ from one another only in clast angularity. The former consist of abraded, somewhat rounded, coarse clasts, whereas the latter contain angular, coarse clasts. Thus, a pebble conglomerate is a coarse clastic sedimentary rock whose discrete particles are rounded and range from 4 to 64 millimeters (0.2 to 2.5 inches) in diameter. A more precise description reveals the rock types of the mineral fragments that compose the conglomerate--for example, a granite-gneiss pebble conglomerate. Sandstones are abundant in the geologic record and provide an enormous amount of information about depositional setting and origin. Many classification schemes have been developed for sandstones. Most schemes emphasize the relative abundance of sand-size quartz, feldspar, and rock fragment components, as well as the nature of the material housed between this sand-size "framework" fraction. Varieties of fine clastics include siltstone (average grain size between 1/16 and 1/256 millimeter) and claystone (discrete particles are mostly finer than 1/256 millimeter). Siltstones occur in thin layers rarely thick enough to be classified as formations. They contain less alumina, potash, and water than shales but more silica; in addition to mica, they may contain abundant chlorite and other micaceous clay minerals. Although many shales contain more than 50 percent silt, not all are siltstones; siltstones differ from these shales in that they commonly are chemically cemented and show such features as cross-bedding (i.e., lamination inclined to the main bedding plane), cut-and-fill structures, and flowage within a layer. Claystone generally has less than 1/3 silt where silts are small quartz grains that may be large enough to be seen with a hand lens. Shale is any fine clastic sedimentary rock that exhibits fissility, which is the ability to break into thin slabs along narrowly spaced planes parallel to the layers of stratification. Despite the great abundance of the fine clastics, disagreement exists as to what classification schemes are most useful for them, and an understanding of their origin is hindered by analytical complexities



2.1.3.2 Chemical Sedimentary Rocks: Carbonates The carbonates, limestones and dolomites, consist of the minerals aragonite, calcite, and dolomite. They are chemical sedimentary rocks in the sense that they possess at least in part a crystalline, interlocking mosaic of precipitated carbonate mineral grains. However, because individual grains such as fossil shell fragments exist for some period of time as sedimentary clasts, similar to transported quartz or feldspar clasts, most carbonates bear some textural affinities to the terrigenous clastic sedimentary rocks. They make up the bulk of the nonterrigenous sedimentary rocks.
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Limestones are for the most part primary carbonate rocks. They consist of 50 percent or more calcite and aragonite (both CaCO3). They are the most abundant chemical sedimentary rocks. Limestones originate by both chemical and biological processes. A considerable amount of calcium carbonate is known to precipitate directly in open warm ocean and quiet water. In their life processes, many plants extract calcium carbonate from water, and invertebrate animals use it to construct their shells or hard parts. Corals are one important example of organisms that are capable of creating large quantities of marine limestone. The simple invertebrate animals secrete calcite-rich skeletons to create massive reefs, such as the best-known Great Barrier Reef in Australia. Dolomites are mainly produced by the secondary alteration or replacement of limestones; i.e., the mineral dolomite [CaMg(CO3)2] replaces the calcite and aragonite minerals in limestones during diagenesis. A number of different classification schemes have been proposed for carbonates, and the many categories of limestones and dolomites in the geologic record represent a large variety of depositional settings. For mud logging purposes the Dunham classification is used.



2.1.3.3 Noncarbonate Chemical Sedimentary Rocks The noncarbonate chemical sedimentary rocks include several rock types that are uncommon in the sedimentary rock record but remain important either from an economic point of view or because their deposition requires unusual settings. Specific varieties discussed below include siliceous rocks (cherts), phosphate rocks (phosphorites), evaporites, iron-rich sedimentary rocks (iron formations and ironstones), and organic-rich (carbonaceous) deposits in sedimentary rocks (coal, oil shale, and petroleum). They differ in many respects from carbonate sedimentary rocks and terrigenous clastic sedimentary rocks. However, there is no single classification that has been universally accepted. This is a reflection of the great variation in mineral composition, texture, and other properties of these rock types. Such rocks as ironstones and banded iron formations (limonite, goethite, hematite, siderite, and chamosite), phosphorites, evaporites (rock salt, gypsum, and other salts), siliceous rocks (cherts), and organic-rich (carbonaceous) deposits of oil, natural gas, and coal in sedimentary rocks occur in much less abundance than carbonates and siliciclastic sedimentary rocks, although they may form thick and widespread deposits. Classification schemes that incorporate all types of noncarbonate chemical sedimentary rocks do not exist because no triangular or tetrahedral scheme can accommodate all of them.
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3 Properties of Oil and Gas 3.1.1 Definitions Hydrocarbons are substance made of hydrogen and carbon (among other elements). They grade through three states of matter: gases, liquids and solids. Petroleum exploration is largely concerned with the fluids (gases and liquids). There are several specific forms of hydrocarbons: •



Dry gas - contains largely methane, specifically contains less than 0.1 gal/1000ft3 of condensible (at surface Temperature and Pressure) material



•



Wet gas - contains ethane, propane, butane and up to the molecular weight where the fluids are always condensed to liquids



•



Condensates - hydrocarbons which are gasses in the subsurface where temperatures are high, but condense to liquid when reach cooler, surface temperatures



•



Liquid hydrocarbons - commonly known as oil, or crude oil, it does not refer to refined hydrocarbon products



•



Plastic hydrocarbons – like asphalt



•



Solid hydrocarbons - refers to hydrocarbons that are in a solid state at surface conditions, usually brittle, and often shiny and glossy in appearance



•



Gas hydrates - Solids composed of water molecules surrounding gas molecules, usually methane, but also H2S, CO2, and other less common gases.



3.1.2 Properties of Oil 3.1.2.1 Physical properties Crude oils from different parts of the world, or even from different depths in the same oilfield, contain different mixtures of hydrocarbons and other compounds. They vary greatly in their chemical composition. Their physical properties such as color, specific gravity, and viscosity vary widely because they consist of mixtures of thousands of hydrocarbon compounds. They vary from light colored (yellow, green) volatile liquids to thick, dark oils - so viscous that they are difficult to pump from the ground. Their viscosity generally decreases with temperature, so that oil at surface is less viscous than oil in subsurface. 3.1.2.1.1



Specific gravity Based on specific gravity and relative mobility crude oils are generally classified as tar sands, heavy oils, and medium and light oils. The widely used American Petroleum Institute (API) gravity scale is based on pure water, with an arbitrarily assigned API gravity of 10º. Liquids lighter than water, such as oil, have API gravities numerically
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greater than 10. Crude oils below 20º API gravity are usually considered heavy, whereas the conventional crude oils with API gravities between 20º and 25º are regarded as medium, with light oils ranging above 25º.



In general, viscosity and API gravity are inversely related.



3.1.2.1.2



Boiling and Freezing Points It is impossible to refer to common boiling and freezing points for a crude oil because the individual compounds have widely differing boiling points and solidify at different temperatures. However an important temperature reading called the pour point is always determined. The pour point is the temperature below which crude oil becomes plastic and will not flow and it affects the recovery and transport of oil. Pour points range from 32º C to below -57º C.



3.1.2.2 Measurement systems In the United States, one barrel of oil is equivalent to 42 gallons. The weight per barrel of API 30º light oil would be about 306 pounds. In many other countries, crude oil is measured in metric tons. For oil having the same gravity, a metric ton is equal to approximately 252 Imperial gallons or about 7.2 U.S. barrels.



3.1.2.3 Chemical Composition 3.1.2.3.1



Introduction Oil is largely composed of carbon and hydrogen and other components that include sulfur, oxygen, hydrogen and other elements. The limited chemical composition is misleading - there are hundreds of different compounds that can be generated from carbon and hydrogen. These compounds divided into:



3.1.2.3.2



•



Hydrocarbons which contain only hydrogen and carbon



•



Hetero-compounds contain elements in addition to hydrogen and carbon



Hydrocarbon Content Almost all crude oil have 82 to 87 percent carbon by weight and 12 to 15 percent hydrogen. The more viscous bitumens generally vary from 80 to 85 percent carbon and from 8 to 11 percent hydrogen. Crude oil can be grouped into four basic chemical series: paraffins, naphthenes, aromatics and olefins. Most crude oils are mixtures of these four series in various and seemingly endless proportions. No two crude oils from different sources are completely identical.
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Figure 1 4 most common hydrocarbon chemical series (from Encylopaedia Britannica).



The paraffin (alkane) series of hydrocarbons, also called the methane (CH4) series, is a saturated straight-chain series that has the general formula CnH2n + 2. The series comprises the most common hydrocarbons in crude oil. Alkanes with less than 5 carbons are gas. Those with 5 to 15 carbon atoms are liquids. While those with more than 15 carbon atoms are viscous liquids and solids. Largest molecule recorded from crude oil contains 78 carbons. There are two types of alkane isomers (i.e. molecules with identical compositions, but different structures): •



Straight chain, called "normal alkanes" e.g. normal butane, these have higher boiling points than the branched alkanes



•



Branched chain, called "isoalkanes" e.g. isobutane



The paraffins that are liquid at normal temperatures but boil between 40º and 200º C (approximately between 100º and 400º F) are the major constituents of gasoline. The naphthene (cycloalkane) series has the general formula CnH2n and is a saturated closed-ring series composed of 5 and 6 member rings. All are liquid at surface temperature and pressure. They compose approximately 40% of oil. The residue of the refinery process is asphalt, and the crude oils in which this series predominates are called asphalt-base crudes. The aromatic series has a composition based on the benzene ring - six carbon ring with the general formula CnH2n - 6 and is an unsaturated closed-ring series. They have a sweet smell thus they are named aromatics. They constitute only a small percentage of most crude oils. Its most common member, benzene (C6H6), is present in all crude oils. The olefin series (also called alkene series) consists of unsaturated hydrocarbons containing one or more pairs of carbon atoms linked by a double bond. They are classified in either or both of the following ways:
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•



Cyclic or acyclic (aliphatic) olefins, in which the double bond is located between carbon atoms forming part of a cyclic (closed-ring) or of an open chain grouping, respectively.



•



Monoolefins, diolefins, triolefins, etc., in which the number of double bonds per molecule is, respectively, one, two, three, or some other number.



Ethylene, propylene, and butylenes are examples of acyclic monoolefins. They are rare but are formed in huge quantities during the cracking of crude oil to gasoline. 3.1.2.3.3



Hetero-Compounds (Non-hydrocarbon) Sulfur is the third most abundant atomic constituent of crude oils. The total sulfur in crude oil varies from below 0.05 percent (by weight) up to 5 percent or more in heavy Mexican or Mississippi oils. Generally, the higher the specific gravity of the crude oil, the greater is its sulfur content. The excess sulfur is removed from crude oil during refining, because sulfur oxides released into the atmosphere during the combustion of oil would constitute a major pollutant. The oxygen content of crude oil is usually less than 2 percent by weight and is present as part of the heavier hydrocarbon compounds in most cases. For this reason, the heavier oils contain the most oxygen. Nitrogen is present in almost all crude oils, usually in quantities of less than 0.1 percent by weight. Sodium chloride also occurs in most crude oils and is usually removed like sulfur. Many metallic elements are found in crude oils. Among the most common metallic elements in oil are vanadium and nickel, which apparently occur in organic combinations as they do in living plants and animals. Crude oil also may contain a small amount of decay-resistant organic remains, such as siliceous skeletal fragments, wood, spores, resins, coal, and various other remnants of former life.



3.1.3 Properties of Gas 3.1.3.1 Definitions Given a strict definition by the petroleum industry of gas being "a mixture of hydrocarbons and varying quantities of non-hydrocarbons that exists either in the gaseous phase or in solution with crude oil in natural underground reservoirs". The common gasses in reservoirs can be divided based on their origins: •



Inorganic - Helium, Argon, Krypton, Radon



•



Mixed inorganic and organic - CO2, H2S



•



Organic - Hydrogen, Methane, Ethane, Propane, Butane



The various descriptive terms for natural gas: •
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•



Associated gas - Also known as the "gas cap". It is free gas (not dissolved) that sits on top of, and in contact with, crude oil in the reservoir.



•



Non-associated gas - Free gas that is trapped without a significant amount of crude oil.



•



Natural gas liquids - The liquids that can be, and are liquified, in the field and at gas processing plants. They include the wet gases, natural gasoline, and condensate.



•



Sweet Gas (and Oil) - Contains no H2S



•



Sour Gas (and Oil) - Contains H2S.



3.1.3.2 Components of Natural Gases To be written at a future date.



PRINTED IN SINGAPORE



 2001NTERNATIONAL LOGGING, INC.



12



4 Petroleum Generation and Accumulation 4.1 Death, Decay and Burial Billions of years ago, the sun fuelled life on earth. The presence of four simple elements (carbon, hydrogen, nitrogen and oxygen) created the conditions for life. They combined to form amino acids. From the first living cell to ourselves millions upon millions of plant and animal species have sprung up and then vanished; billions upon billions of creatures have lived and died. Oil and gas are derived almost entirely from decayed animals, plants and bacteria. Many special circumstances have to be in place for hydrocarbons to form. Being made up of carbon, hydrogen, nitrogen and oxygen, most organic waste is destroyed and digested by bacteria. However, some was deposited on the beds of inland seas, lagoons, lakes, river deltas and other oxygen-poor aquatic milieus, and were thus protected from bacterial action. In these areas, vast amounts of plant material accumulate. Bacteria breaking down this material may use up all the available oxygen, producing a stagnant environment that is unfit for larger grazing and scavenging animals. The plants, bacteria and the chemicals derived from their decay become buried in silts and muds and are preserved. Organic matter mingled with sediment (sand, salt, etc.), and then accumulates in layers over many millions of years, the oldest layers being buried beneath ones that are more recent. By their sheer mass, these sedimentary layers sink naturally. The continuous action of plate tectonics at work in the Earth's mantle breaks up these layers and precipitates them still more deeply into the Earth's crust.



4.2 Maturation The further these sedimentary layers sink in the sedimentary basin, the higher the temperatures and pressures rise. Here the remains of living things are “cooked”. Temperatures within the Earth’s crust increase with depth causing sediments, and any organic material they contain, warm up. This causes fats, waxes and oils from algae, bacteria spores and cuticle (leaf’s skin) to link and form dark specks of kerogen. Kerogens are dark-colored and insoluble in water and petroleum solvents. They have an indefinite and complex mixture of compounds with large molecules containing mainly H and C but also O, N, and S. It may consist of compacted organic material. It is the source of most hydrocarbons generated.
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Figure 2 Kerogen (from UKOOC).



Figure 3 Woody kerogen (from UKOOC).



A unit of rock that has generated and expelled "significant", "migratable," or "commercial" amounts of oil or gas is called a source rock. Terms such as "effective source rocks" or "potential source rocks" are commonly used interchangeably. Potential source rocks are those that can, but have not yet, expelled hydrocarbons. To alleviate the confusion that exists with regard to use of the term "source rock," Wallace G. Dow presented a list of source rock definitions in 1977 that were slightly modified by Colin Barker in 1979. The various types of source rocks depend largely on their state of maturity and the distinctions are important in petroleum system studies. A trap that is formed after a source rock became inactive for example will not contain oil or gas generated from that source rock even though geochemical data appear favorable. Below is a list of source rock definitions from Dow and slightly modified by Barker: Term



Definition



Source rock



A unit of rock that has generated oil or gas in sufficient quantities to form commercial accumulations. The term "commercial" is variable and the terms "migratable" or "significant" are often substituted. Source rock is synonymous with "effective source rock".



Limited source rock



A unit of rock that contains all the prerequisites of a source rock except volume. Cannot be defined by geochemical data alone but requires geological information as to the thickness and aerial extent.



Potential source rock



A unit of rock that has the capacity to generate oil or gas in commercial quantities but has not yet done so because of insufficient catagenesis (thermal maturation). The distinction between source rocks and potential (immature) source rocks are essential in petroleum system studies and when correlating oils to their source rocks.



Active source rock



A source rock that is in the process of generating oil or gas. Active source rocks have oil window maturities and are at or
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Term



Definition close to their maximum burial depth. The distribution of active source rocks is essential in petroleum system studies. Active source rocks cannot occur at the surface.



Inactive source rock



A source rock that was once active but has temporarily stopped generating prior to becoming spent. Inactive source rocks are usually associated with areas of overburden removal and will generate hydrocarbons again if reburied. Oilrock correlations are best done between oils and active or inactive source rocks.



Spent source rocks



A source rock that has completed the oil and gas generation process. A spent oil source rock can still be an active or inactive source for gas. We feel that proper and consistent use of these source rock terms will help mitigate the confusion that exists in the literature and in interpreting and using source rock data.



Table 1 Table of source rock definitions.



As the source rock becomes hotter, long chains of hydrogen and carbon atoms break from the kerogen, forming waxy and viscous heavy oil. At higher temperatures, shorter hydrocarbon chains break away to give light oil and then gas. Light oil is the more valuable crude. This process is called thermal degradation and cracking. When the source rock starts to generate oil or gas it is said to be mature. The most important hydrocarbons are gas, oil, oil containing dissolved gas, and gas condensate. Gas condensate is light oil, which is gaseous at high underground temperatures and pressures.



4.2.1 Formation and Maturation of Kerogen There are three major steps involved in the formation and maturation of kerogens from organic matter. These are: •



Diagenesis



•



Catagenesis



•



Metagenesis



4.2.1.1 Diagenesis Aquatic and terrestrial organic matter that is preserved in sediments is converted to kerogen by biological and very low temperature processes termed diagenesis. Diagenesis happens at shallow depths. It includes biogenic decay (bacteria) and abiotic reactions. Diagenesis produces the following products: kerogen (the solid remaining), methane, carbon dioxide (bicarbonate at most pH), water, H2S. The major change to the solid is that its oxygen content is reduced, but the hydrogen/carbon ratio isn't changed greatly.



4.2.1.2 Catagenesis As sediments are more deeply buried, kerogen is converted into oil and gas by thermal processes known as catagenesis. Fluid hydrocarbons are released from the PRINTED IN SINGAPORE
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solid matter. Initially liquids are released and later at higher temperatures gas. The hydrogen/carbon ratio decreases, but the O/C ratio doesn't change much.



4.2.1.3 Metagenesis With continued burial, the sediments are subjected to extreme pressure and thermal stress, organic matter is metamorphosed into methane and graphite by a process called metagenesis. The H/C ratio continues to decline in the solid as the fluid H/C ratio increase.



4.2.2 Oil and Gas Windows As the kerogen is subjected to deeper burial and increased pressure and temperature, it begins to release hydrocarbons. The rate and types of hydrocarbons released depend on the rate of heating and the length of time available for heating. Special environment where oil and gas is generated is called the oil window and the gas window, respectively. Empirical evidences for the temperature for oil vs. gas generation are: •



Oil generation: 60°C to 120°C, (some authors have put it at 65°C and 150°C) called the "oil window"



•



Gas generation: 120 to 225° C, called the "gas window"



These temperature ranges for the beginning and end of oil generation (the oil window) depend largely on the type of organic material in the source rock.



4.3 Migration Many observations indicate that hydrocarbons found in reservoir beds did not originate there: 1. Hydrocarbons form at depth through increased temperatures and pressures. Since they accumulate at shallower depths compared to the source rock, they must have moved away after formation. 2. Hydrocarbons are found in secondary porosity. They must have flowed in after the porosity formed. 3. Hydrocarbons typically found in the highest portion of laterally continuous porous and permeable beds. It implies upward and lateral migration 4. Oil, gas and water are stratified according to their densities. That implies they are free to move laterally and vertically. Very often oil and gas have a mind of their own. Due to their physical properties, they have a tendency to move about from the source rock and away from it. This is called migration. There 2 types of migration: •
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Primary Migration – It is the release of oil from kerogen and its movement in the narrow pores and capillaries of the source rock to the reservoir rock.
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•



Secondary Migration – It is the movement of hydrocarbons within the reservoir. The buoyancy of the fluids drives it and the migration occurs when the hydrocarbons are fluid.



Migration is a slow process, with oil and gas Traveling perhaps only a few kilometers over millions of years. Many things can trigger migration. It can be triggered both by: •



Natural compaction: Most sediments accumulate as a mixture of mineral particles and water. As they harden to become rock, some water is expelled and dispersed. If the rocks contain oil or gas, this is also expelled.



•



Process of oil and gas formation: As hydrocarbon chains separate from the kerogen during oil and gas generation, they take up more space and create higher pressure in the source rock. This way, oil and gas ooze through minute pores and cracks in the source rock and thence into rocks where the pressure is lower.



Oil, gas and water migrate through permeable rocks. This means that liquids and gas can freely move about cracks and pore spaces between the rock particles that are interconnected, and are large enough to permit fluid movement. Fluid cannot flow through rocks where these spaces are very small or are blocked by mineral growth; such rocks are called impermeable. Oil and gas also migrate along large fractures and faults, which may extend for great distances. Oil and gas, being lighter than water, tend to rise toward the Earth's surface. If there's nothing to stop them, they ultimately seep out through the surface, or solidify as bitumen Much oil is dispersed in isolated blobs through large volumes of rock. However, when large amounts become trapped in porous rocks, gas and oil displace water and settle out in layers due to their low density. Water is always present below and within the oil and gas layers. .



4.4 Accumulation Oil and gas fields need to be trapped in permeable reservoir rocks, such as porous sandstone or fractured limestone, and capped by a seal called a cap rock. Impermeable rocks like clays, cemented sandstones or salt act as seals. Cap rocks must be sufficiently impermeable to act as a barrier to further migration. Extensive marine shales and dense evaporite beds are ideal regional cap rocks. For a regional cap rock to be effective, it should not be strongly fractured. Evaporites are ideal because they bend without breaking even at low temperatures and pressures. Probably the world’s best regional cap rock is the Upper Jurassic Hith Anhydrite of the Middle East.



4.4.1 Porosity Porosity and permeability are the most important physical properties of these reservoirs. Porosity, φ, is an opening in a rock. Strictly speaking it is a ratio:



Porosity = Open space / total volume of the rock plus opening PRINTED IN SINGAPORE
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Porosity is often multiplied by 100 so that it can be expressed as a percentage.



4.4.1.1 Morphological and Genetic Classification of Porosity There are two genetic types of porosities: 1. Primary porosity 2. Secondary porosity Primary porosity is formed when the sediment is deposited. Secondary porosity is formed after sedimentary deposition. There are three types of morphologies to the pore spaces: 1. Caternary - the pore opens to more than one throat passage; it is the best type because the hydrocarbons in the reservoir can be flushed from rocks 2. Cul-de-sac - the pore opens to only one throat passage; the pores cannot be flushed, but they can produce hydrocarbons by release of pressure (e.g. gas expansion) 3. Closed pore - where there is no connection with other pores and they cannot produce any type of hydrocarbons Morphological types (1) and (2) are called effective porosity because they allow hydrocarbons to move into and out of them. Morphological type (3) is ineffective porosity because no hydrocarbons can move in or out of the rock.



4.4.1.2 Porosity Measurements Porosity can be measured using three techniques: 1. Wireline logs – It is one of the primary uses of wireline logs. Different types of logs can be used for porosity measurements depending on lithology (Sonic, Neutron and Density) 2. Seismic - Through a change in acoustic impedance (v*r) density decreases with increasing porosity. 3. Direct measurements of cores – This generally involves filling pore space with gas, measuring the volume of the gas, and independently measuring the volume of the rock and porosity.



4.4.2 Permeability 4.4.2.1 Definition Permeability is a measure of the ability of fluids to pass through a porous medium. This is a more difficult variable to measure in reservoir rocks, but in many ways may be more important than porosity. Intrinsic permeability, K, represents a property of the porous reservoir only, specifically the size of the pore openings. The unit of measure used in the oilfield for intrinsic permeability is the darcy which is defined as: (1cP)(1cm3/sec)/(1cm2)/(1atm/1cm) = 9.87 * 10-9 cm2 PRINTED IN SINGAPORE



 2001NTERNATIONAL LOGGING, INC.



18



Most petroleum reservoirs have permeabilities less than 1 Darcy, so they are reported as millidarcy (md). Relative permeability is the ratio of the effective permeability to the total permeability of the rock. The effective permeability is the permeability of one of the phases at some saturation.



4.4.2.2 Measuring Permeability Although permeability is one of the more important aspects of a reservoir, it is difficult to measure. It can be measured with Drill Stem Tests (DST) or estimated with wireline log response. It also can be measured directly on core samples with permeameters.



4.4.3 Reservoir Rocks A reservoir rock is a subsurface body of rock having sufficient porosity and permeability to store and yield hydrocarbons at a commercial rate. It contains little, if any, insoluble organic matter. Therefore, it is unlikely that the vast quantities of oil now present in some reservoir rocks could have been generated from material of which no trace remains. Therefore, the site where commercial amounts of oil originated apparently is not always identical to the location at which they are ultimately discovered. Porosities in reservoir rocks usually range from about 5 to 30 percent, but not all the available pore space is occupied by petroleum. A certain amount of residual formation water cannot be displaced and is always present. The porosity and permeability of carrier and reservoir beds are important factors in the migration and accumulation of oil. Most petroleum accumulations have been found in clastic reservoirs (sandstones and siltstones). Next in number are the carbonate reservoirs (limestones and dolomites). Accumulations of petroleum also occur in shales and igneous and metamorphic rocks because of porosity resulting from fracturing, but such reservoirs are relatively rare. Reservoir rocks may be divided into two main types: (1) those in which the porosity and permeability is primary, or inherent, and (2) those in which they are secondary, or induced. Primary porosity and permeability are dependent on the size, shape, and grading and packing of the sediment grains and on the manner of their initial consolidation. Secondary porosity and permeability result from post-depositional factors, such as solution, recrystallization, fracturing, weathering during temporary exposure at the Earth's surface, and further cementation. These secondary factors may either enhance or diminish the inherent conditions.



4.4.4 Traps A petroleum trap concentrates the petroleum fluids at particular locations, allowing commercial exploitation. Petroleum traps provide what is known as closure at the level of the petroleum-bearing reservoir. There are two main types of traps: •



Structural traps



•



Stratigraphic traps
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Figure 4 Examples of traps. The trap in e was formed by more complex events.



In reality most traps are formed by more complex sequence of events, and cannot be classified so rigidly. For example, in (e) the reservoir rock was first folded and eroded, then sealed by an impermeable rock that was deposited later over the eroded structure. In order to trap migrating oil and gas, structures must exist before hydrocarbon generation ceases. It could take, for example that sea trap structures can exist 125 million years ago, but the were not filled with oil until 100 million years later.



4.4.4.1 Structural Traps Structural traps are traps formed by Earth movements. Examples of structural traps are: •



Fault traps



•



Anticlinal traps (80% of the world’s oilfields are in this category)



•



Rocks are domed over rising salt masses



A fault trap occurs when the formations on either side of the fault have been moved into a position that prevents further migration of petroleum. For example, an impermeable formation on one side of the fault may have moved opposite the petroleum-bearing formation on the other side of the fault. The impermeable layer prevents further migration of petroleum.



Figure 5 A fault trap (from Maverick Energy).



An anticline is an upward fold in the layers of rock, much like an arch in a building. Petroleum migrates into the highest part of the fold, and an overlying bed of impermeable rock prevents its escape. (80% of the world’s petroleum fields are in this category). PRINTED IN SINGAPORE
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Figure 6 An anticline trap (from Maverick Energy).



4.4.4.2 Stratigraphic Traps Stratigraphic traps are traps that result when the reservoir bed is sealed by other beds or by a change in porosity or permeability within the reservoir bed itself. Examples of stratigraphic traps are: •



A tilted or inclined layer of petroleum-bearing rock is cutoff or truncated by an essentially horizontal, impermeable rock layer (unconformity). An unconformity is a surface of erosion. If reservoir beds beneath an unconformity are tilted, and impermeable beds above the unconformity form a seal, then a trapping geometry results. The giant Midway-Sunset oil field in the San Joaquin Valley is an example of an unconformity trap. Prudhoe Bay field in Alaska is another.



Figure 7 An unconformity acting as a seal.



•



Petroleum-bearing formation pinches out. If a porous reservoir rock is encased within an impermeable seal, such as shale or salt, then a trap may form at the updip pinchout of the reservoir (i.e., where the reservoir thickness decreases to zero). The Gatchell sand in the East Coalinga Extension field in the northern San Joaquin Valley is an example of an updip pinchout.



Figure 8 A stratigraphic trap showing a pinch out.
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Figure 9 A stratigraphic trap surrounded by impermeable formation (from Maverick Energy).



•



Change in porosity and permeability in the reservoir itself. If a reservoir rock suddenly loses porosity and permeability in the updip direction and becomes a seal, then a trap may result. The updip change may result from decreasing grain size, or from more clay or cement in the pore spaces. North Coles Levee field in the San Joaquin Valley is a small anticline, some might say just a wrinkle, on the east side of the giant Elk Hills field anticline. Some geologists think that a permeability barrier prevents the oil at North Coles Levee from leaking updip into Elk Hills.



4.4.5 A Final Word Only about 2% of the organic matter dispersed in sediments becomes petroleum. Of these only 0.5% of it gets accumulated in reservoirs.
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5 The Search for Hydrocarbons 5.1 History of Use The ancient Sumerians, Assyrians, and Babylonians used crude oil and asphalt ("pitch") collected from large seeps at Tuttul (modern-day Hit) on the Euphrates for many purposes more than 5,000 years ago. Hydrocarbons was then used in warfare, medication (externally on wounds and rheumatism, internally as laxative) and waterproofing (for caulking boats). Early in the Christian era, the Arabs and Persians distilled crude oil to obtain flammable products for military purposes. Probably because of the Arab invasion of Spain, the industrial art of distillation into illuminants became available in Western Europe by the 12th century. As industries grew in the last century, the demand for lubricants increased. The supplies of natural oils and greases from beef and mutton tallow, lard and castor oil and from whales were not enough. In 1847, James Young began retorting oil from oil shales in Scotland. Paraffin, used for candles, and kerosene (coal oil), used for lamps were some of the products. Kerosene became cheaper than whale oil, which previously had been used in lamps. This greatly expanded the demand for oil products initiating the first oil boom. In 1859, "Colonel" Edwin L. Drake drilled a 59-foot well and produced oil at Oil Creek, Pennsylvania. This marked the beginning of the modern oil business where large volumes of hydrocarbons were extracted from the subsurface. Because of this discovery, so much oil was discovered and produced that the price of kerosene dropped to nearly nothing. This was the first oil bust. The oil bust continued until the mass production of the internal combustion engine, and the development of mass-produced automobiles. The auto created another large demand for hydrocarbon products, and caused a second oil boom. With the second oil boom, and First World War, large multinational oil companies developed. BP, Shell, Exxon, Gulf, Texaco, Mobil, Socal were known as The Seven Sisters. Thousands of "independent" oil companies were born. The majors and some of the minor oil companies are vertically integrated. That is they explore, produce, refine, and market the products. Thus when crude oil prices are low, they make money in the refining business, when crude oil prices are high; they make money in the exploration/production business. In 1960, the Organization of Petroleum Exporting Countries (OPEC) was founded. It was composed of countries whose economy was based on oil exports. These countries include Iraq, Iran, Kuwait, Saudi Arabia, Venezuela, Algeria, Dubai, Ecuador, Gabon, Indonesia, Libya, Nigeria, Qatar, and United Arab Emirates. By the 1970's, OPEC countries produced 2/3 of the world’s oil. Thus they were able to control the price of crude oil. By limiting production, the price increased rapidly through the 1970's. The result was conservation, a worldwide recession, and drop in consumption of oil.
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About the same time, major oil deposits were discovered in the North Sea. The combined drop in consumption and the increase in production from the North Sea (largely from Norway) caused a major slump in oil prices and a bust in the early 1980's an. Two more oil busts happened between the mid 80’s and the end of the 20th century.



5.2 Exploring For Oil and Gas 5.2.1 Sedimentary Basins Layers of sedimentary rock that are thickest in the middle of basins cover large areas of the continental crust. Nearly all oil and gas is found in such basins, which are formed over many millions of years by stretching of the crust combined with sagging. The North Sea is an example.



Figure 10 Arabian-Iranian sedimentary basin (from Encyclopaedia Britannica).



There are approximately 600 sedimentary basins and about 160 of these have yielded oil, but only 26 are significant producers and seven of these accounts for more than 65 percent of total known oil. The Arabian-Iranian sedimentary basin is the main producing basin and it contains more than 20 supergiant fields. Supergiant fields are those with 5,000,000,000 or more barrels of recoverable oil. No other basin has more than one such field. Another 240 basins have been explored, but no significant commercial discoveries have been made.



5.2.2 The Job of the Geologist The geologist's job is to observe, explore and scrupulously record any clue to the possible presence of hydrocarbons below ground. They attempt to reconstitute a scenario that may have been written long time ago by tracing the history of these
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deposits and their lateral variations in order to identify places where oil might have become "trapped." To do this they examine rocks and take samples to ascertain their nature and date the strata from which they were taken. Aside from exploration work, they are also involved in selecting the best exploration permits, locating explorations wells over these traps, and appraising fields following discovery. Geologists work with a variety of other specialists, like geophysicists, reservoir engineers, sedimentologists, biostratigraphers, structural geologists, and geochemists. Petroleum geologists, meanwhile, use all of their colleagues' data in order to describe the geometry and characteristics of the oil reservoir. Oil companies sometimes call in outside experts, including academics and private consultants with leading edge techniques or equipment. They are used occasionally, as companies do not need them continuously. Computer engineers help geologists in using software to visualize cross-sections, maps and other geological data. Combined with aerial and satellite photographs, the geologist's observations then serve to formulate initial hypotheses: yes, there could be oil down there, below ground, and it could be worthwhile looking further.



5.2.3 The Job of the Geophysiscist 5.2.3.1 Introduction The geophysicists study the physical properties of the subsoil. Varieties of methods are used at this stage, and a comparison of their results serves to enrich the geologist's findings. They initially use gravimetry, magnetometry, and later seismic surveys. The first two are regional in scale, less costly than seismic and are used to identify potentially oil-bearing sedimentary basins.



5.2.3.2 Gravimetry Gravitometers measure the strength of the Earth's gravitational pull. These tools measure gravity, to give some idea of the nature and depth of strata depending on their density. This is not the same all over the Earth because of the different densities of the rocks. Igneous rocks like granite are denser than sedimentary rocks. Granite near the surface will have a stronger pull than the same lump deeper down, so measurements help to build up more information about the layers of rock.



5.2.3.3 Magnetometry Magnetometers measure very small changes in the strength of the Earth's magnetic field. Sedimentary rocks are nearly non-magnetic and igneous rocks have a stronger magnetic effect. Because of these different effects on the magnetic field, measurements can be made to work out the thickness of the sedimentary layers that may contain oil. They give an idea of the depth distribution of crystalline terrains that have NO chance of containing any oil. Magnetomer surveys are generally performed from the air.



5.2.3.4 Seismic Survey Once the contours and depth of the sedimentary basin have been ascertained, seismic refraction and more often, seismic reflection techniques are used. These methods measure very precisely the travel time of sound waves generated by a shock PRINTED IN SINGAPORE
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applied to the ground or sea. These methods are more expensive than gravimetry and magnetometry; but it is essential to discovering oil and gas fields. There is more data obtained offshore than onshore. Since ships can travel easily in all directions, seismic measurement is in fact easier at sea than on land. Oil companies rarely have the necessary equipment and personnel to conduct field measurements themselves. They therefore contract with outside geophysical service companies to conduct seismic surveys. The oil companies' in-house geophysicists oversee these campaigns. The “shock” is caused by dropping a heavy weight, a mechanical vibrator, a bubble of high-pressure air; or by an explosion. The shock wave is reflected or refracted by the geological strata back to the surface, where it is picked up by a highly sensitive microphone called a geophone (or hydrophone at sea). The way in which the waves are propagated varies as they pass through the different strata. The geophysicist at the surface listens to the echo of these waves and records them. If the point from which the sound wave was generated, and the speed at which it travels through the different rocks are known, then one can deduce the depth of the stratum from which the wave was reflected. The geophysicist's seismic recordings are fed into powerful computers. The terrain is mapped by means of isochronic lines. Isochronic lines are points on the ground at which the waves take exactly the same time to be reflected / refracted at the surface. By plotting all of the points identified on a grid covering the topographical map, one can map the depths of the main strata. Geophysicists create an image of the subsurface deposits and their deformations, to help geologists identify traps. Two and three-dimensional images of the underground strata, and the resulting seismic maps and vertical sections are created. They serve to determine whether certain strata are likely to contain hydrocarbons. In coordination with the geologist, they interpret the image to extrapolate the geometry of the trap.



5.2.4 Arriving At a Decision Geologists, geophysicists, petroleum architects, together with drilling, production and reservoir engineers all supply data to economists and financial planners. All these results are aggregated and studied. By juggling figures, parameters and probabilities, they seek to work out a possible strategy for developing the reservoir in the event of confirmation of the presence of hydrocarbons. By collating and comparing their experience, expertise and findings, their conclusions are the result of a team effort. If the decision is that it is worth taking a gamble, they are going to have to drill down to that zone. The best location for the siting of the drill rig is determined based on the existing state of knowledge of underground conditions and the topography of the terrain. This is generally sited vertically above the thickest part of the stratum thought to contain hydrocarbons.



5.3 World Distribution of Oil To be published at a future date.
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6 The Drilling Rig 6.1 Introduction A rotary drilling rig is designed to produce only one product – a hole. A drilling contractor owns most rigs. Oil companies, often called operators, own most of the wells. The contractor must provide the equipment and machinery to drill a well to the specified depth. This consists of hoisting, circulating, rotating components, a derrick or mast to support them, and the power to drive them. Rigs are divided into two categories: •



Onshore



•



Offshore



Offshore rigs are subdivided further into six basic types; each designed to suit a certain type of offshore environments: •



Barge



•



Drilling Tender



•



Submersible



•



Jack-up



•



Structure rig



•



Semi Submersible



•



Drillship



6.2 Onshore Rigs Onshore rigs are all similar. The most common arrangement for a land drilling rig is the cantilever mast (also called a jack-knife derrick) which is assembled on the ground, then raised to the vertical position using power from the drawworks (hoisting system). These structures are composed of prefabricated sections that are fastened together by large steel pins. The mast is raised as a unit by the hoisting line, Traveling block and drawworks. On the wellsite, the mast is usually set onto a substructure that is 8 to 40 feet high.
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Figure 11 A land rig.



Some have their masts permanently attached to a large truck to enhance their portability (see picture below). Some land rigs can be moved by helicopter and are called heli-rigs.



Figure 12 A truck-mounted rig.



In some locations, older standard derricks are still used. This four-legged structure has to be completely dismantled every time the rig is moved. Most of the time it is left in place over the well. These derricks are not in much use today. Before a land rig is brought in and assembled, the area needs to be cleared and leveled and access must be available. In dense jungle locations where the site is far away from a navigable river, heli-rigs are used. On the North Slope of Alaska and in other similar areas, site preparation includes an insulating layer to separate the permafrost from the heat in the rig floor area.
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Figure 13 A rig in a jungle.



6.3 Offshore Rigs 6.3.1 Barge Barges are mobile, shallow draft, flat-bottom vessels equipped with a derrick, other necessary drilling equipment and accommodations. Tugboats usually tow them to the location with the derrick lying down. Once on location the lower hull is flooded until it rests on the bottom. The derrick is then raised and drilling operations are conducted with the barge in this position.



Figure 14 A swamp barge.



There are two basic types of barge rigs: •



Conventional



•



Posted
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A posted barge is identical to a conventional type except the hull and superstructure are separated by 10 to 14 foot columns, which increases the water depth capabilities of the rig. Barge workover rigs typically differ from barge drilling rigs both in the size of the hull and the capability of the drilling equipment. Because workover operations require less pulling power and mud system capacity, a smaller, lower capacity unit can be used. In addition, workover rigs, which are equipped with specialized pumps and handling tools, do not require heavy-duty drill pipe. Operating costs for workover rigs are lower because the rigs require smaller crews, use less fuel and require less repair and maintenance. Because of limited space on the drilling barge, utility barges are positioned alongside the barge rig and are used to: •



Store materials



•



A container for cuttings that are dumped from the drilling barge



Barges are built to work in 8 to 20 feet of water. They are used primarily in swampy areas or very shallow coastal areas. They can be found operating in the swamps of river deltas in West Africa and Kalimantan, the US Gulf Coast or in the coastal areas of shallow lakes such as Lake Maracaibo, Venezuela.



6.3.2 Drilling Tender Drilling tenders are usually non-self-propelled barges or semi-submersibles that are moored alongside a platform. They contain the quarters, mud pits, mud pumps, power generation, and other equipment needed to drill an offshore well. The only equipment on the platform is the derrick equipment consisting of the substructure, drillfloor, derrick and drawworks. Drilling tenders allow smaller, less costly platforms to be used for development projects. Self-erecting tenders carry their own derrick equipment set and has a crane capable of erecting it on the platform, thereby eliminating the cost associated with a separate derrick barge and related equipment. Older tenders frequently require the assistance of a derrick barge to erect the derrick equipment set.
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Figure 15 A drilling tender rig.



6.3.3 Submersible Submersible rigs are larger than barges and somewhat similar in configuration to the semi-submersible rigs, but the lower hull of the rig rests on the sea floor during drilling operations. A submersible rig is towed to the well site where it is submerged by flooding its lower hull until it rests on the sea floor with the upper hull above the water surface. Pumping out water from the lower hull refloats the rig. Submersible rigs typically operate in water depths of 12 to 85 feet, although some submersible rigs are capable of operating at greater depths.



Figure 16 A submersible rig.



6.3.4 Jack-Up Jack-ups are mobile self-elevating drilling rigs, equipped with legs and are designed to operate in shallow water, generally less then 350 ft deep (107 m deep). Jack-up rigs are very stable drilling platforms because they rest on the seabed and are not subjected to the heaving motion of the sea. Their barge-like hull may be ship-shaped, triangular, rectangular, or irregularly shaped and is supported on a number of lattice or tubular legs. The hull of the rig includes the drilling rig, jacking system, crew quarters, loading and unloading facilities, storage areas for bulk and liquid materials, helicopter landing deck and other related equipment. The derrick may be located over a drilling slot indented in one side of the structure or it may be cantilevered over the side, allowing the rig to drill wells on platforms or single-well caissons.
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Most jack-up rigs have three, four or five legs that are either vertical or slightly tilted for better stability. A few of the earlier jack-ups have eight or ten. The legs may be independent steel feet (“spud cans”) or may have a lower hull (“mat”) attached to the bottom of them. Independent leg rigs are better suited for harder or uneven seabed conditions while mat rigs are better suited for soft bottom conditions.



Figure 17 A jack-up.



Moving a rig from one location to another involves jacking the hull down into the water until it is afloat and then jacking up its legs with the hull floating on the surface of the water. The hull is then towed to the new drilling site by tugs (some jack-ups are self propelled) with the legs raised, projecting only a few feet below the deck. It can only be towed only in good seas and at a slow speed. When the rig reaches its location, electric or hydraulic jacks lower the legs to the ocean floor until a foundation is established to support the drilling platform. The jacking operation continues until the hull is raised out of the water to a level that is above the highest expected waves. The final air gap is usually some 60 feet (18 m) or more above the waves. Drilling operations are then conducted with the hull in its raised position. There are generally two types of jack up rigs: •



Cantilever jack-up



•



Slot type jack-up



A cantilever jack-up allows the drill floor to be extended out from the hull, allowing it to perform drilling or workover operations over pre-existing platforms or structures. Certain cantilever jack-up rigs have "skid-off" capability, which allows the derrick equipment set to be skidded onto an adjacent platform, thereby increasing the operational capacity of the rig. Slot type jack-up rigs are configured for the drilling operations to take place through a slot in the hull. These rigs are usually used for exploratory drilling, since their configuration makes them difficult to position over existing platforms or structures. The chief disadvantage of the jack-up is its vulnerability when being jacked up or relocated. One of their advantages is that they are cheaper than other mobile offshore rigs.
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6.3.5 Structure Rigs These rigs are mounted on production platforms. All the necessary auxiliary equipment is secured on the deck of the platform. The derrick and substructure are capable of skidding to different positions on the platform. After all the wells have been drilled and completed on a platform the rig may be dismantled and removed from the platform. In some locations, a barge tender supports the drilling activities on the platform. The barge contains the mud pits, pumps, and accommodations. It is connected to the platform by a stairway called the widow maker. There are five basic designs of fixed platforms: •



Piled steel platforms



•



Concrete gravity structures



•



Caisson-type monopod structures



•



Guyed towers



•



Tension leg platforms



Figure 18 Different platform types (from World Oil).



6.3.6 Semi-submersible Semi-submersible rigs or “semis” are floating drilling rigs that by means of a water ballasting system can be partially submerged so that the pontoons (lower hulls) are below the surface wave action during drilling operations (60-80 feet below the water line). They are supported by a number of vertical stabilizing columns (usually eight) which support an upper deck fitted with a derrick and associated drilling equipment. The upper deck is attached to the pontoons by large columns. They maintain their position by a series of anchors and mooring lines or by dynamic positioning. Dynamic positioning uses computer-controlled on-board propulsion units (pitch propellers or “thrusters”) controlled by a satellite navigation system to maintain the position of a vessel with respect to a point on the seabed. PRINTED IN SINGAPORE
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Some semi-submersibles are self-propelled; however, most need the assistance of tugs when they are relocated. Some semi-submersible rigs are capable of operating in the "submersible" mode, sitting on the bottom in water depths of approximately 40 to 50 feet (See submersible rigs).



Figure 19 A semisubmersible.



“Semis” differ from each other principally in their displacement, hull configuration, and the number of stabilizing columns. Most types have a rectangular deck. Others may have decks that are cruciform shaped, wedged shaped, pentagonal or triangular. The most usual hull arrangement consists of a pair of parallel rectangular pontoons, that may be blunt or rounded, or individual pontoons or caissons at the foot of each stabilizing column. Both hulls and columns are used for ballasting as well as storing supplies. Pontoons and columns are ballasted to make the center of gravity of the semi-submersible low; therefore, making it very stable. They can operate in water depths of 20 ft to 2000 ft. Its operational depth is limited by mooring equipment and riser handling problems.



6.3.7 Drillship A drillship is a self-propelled ship capable of drilling in deep water up to 6000 ft + and offer greater mobility than either jack-up or semi-submersible rigs, but are not as stable when drilling. “Floaters” like the “semis”, they either are anchor-moored or dynamically positioned. Anchor-moored drillships are generally more limited in terms of water depth than dynamically positioned drillships. The drilling slot on a drillship is through the midsection of the vessel, its center of gravity. It is called a moon pool. The derrick mounted above it gives the drillship its distinctive appearance. Drillships typically have greater storage capacity than semi-submersible drilling rigs. This enables them to carry more supplies on board, which makes them better suited for drilling in remote locations. However, drillships are generally limited to calmer water conditions than those in which semi-submersibles can operate, and thus cannot compete as well as semi-submersibles in areas with harsh environments, such as the North Sea.
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Figure 20 A drillship.
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7 Rig Components 7.1 Introduction The four basic drilling functions are: •



Hoisting



•



Rotating



•



Circulating



•



Well controlling



The derrick or mast, drawworks, blocks and the hook accomplish hoisting functions. The swivel, kelly-cum-rotary table or the top drive system accomplishes rotating functions. The mud pumps/mud pits, standpipe, return line and the solids control equipment carry out circulating functions. Blowouts and kicks are controlled using the blowout preventers, choke system and mud-gas separator.



7.2 Derrick or Mast A derrick or mast is the steel structure that will support the drill stem. A standard derrick is a structure with four supporting legs resting on a square base. Derricks must be assembled piece by piece. Because of this, masts have replaced derricks. The most common mast in land rigs is a cantilevered mast. When it is raised and lowered, it looks something like the blade of a jackknife being opened and closed. That is why it is sometimes referred to as a jackknife mast.
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Crown



Monkey board Mast



Drawworks Doghouse V-door Catwalk Pipe Rack Figure 21 Parts of a mast and the substructure.



The mast or derrick is erected on a substructure. The derrick and the substructure serve three main purposes: •



Support the rig floor and the weight of the whole drill stem or casing while it is being moved vertically or temporarily stacked on one side of the derrick.



•



Provide space and support for rig floor equipment (e.g. drawworks, driller’s console, doghouse) and workspace for the crew.



•



Provide space under the floor for the blowout preventers.



7.3 Power System Most rigs use diesel internal combustion engines as prime movers. There are two common means of transmitting the power from the prime movers to the rig components: •



Mechanical



•



Electrical (mostly in use today)



The diesel-electric system has a number of advantages over the mechanical system: •



Elimination of heavy and complicated compound and chain drives.



•



Engines can be placed away from the rig floor thereby reducing noise.
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7.4 Hoisting System 7.4.1 The Drawworks The drawworks consists of a revolving drum around which heavy steel cable (the drilling line) is spooled. It has an auxiliary axle, called the cat shaft, which crosses through it, which has a revolving drum, called the cathead spool. On either end of the cat spool are two special catheads. These two catheads are: •



Makeup or spinning cathead (located on the driller’s side) is used to tighten the drill pipe joints.



•



Breakout cathead (located opposite the driller) is used to loosen the drill pipe joints.



Breakout cathead



Drilling line Drum



Figure 22 Drawworks with breakout cathead on the right.



The two main purposes of the drawworks are: •



Lift pipe out of the hole.



•



Lower pipe back in the hole.



7.4.2 Traveling and Crown Blocks and Drilling Line The Traveling block, crown block and drilling line support the load of the drill pipe in the derrick or mast as it is being moved in or out of the hole. The drilling line is made of wire rope generally from 1 1/8 to 1 ½ inches in diameter. The drilling line undergoes a certain degree of wear as the blocks are moved. It should be “slipped” (moved) and replaced with a new section from a continuous spool periodically (“cut”). Before cutting a section of drilling line, the amount of work done by the wire rope should take into account. Wear is determined by the weight, distance and movement that the drilling line travels over a given point. From the supply reel the drilling line passes through the deadline anchor before it is run up to the sheaves of the crown block (a large multiple pulley system). The pulleys on the crown block are called sheaves (pronounced as “shivs”). The line is threaded (reeved) over a sheave on the crown block and threaded over a sheave on the Traveling block. It is then raised up to the crown block to be reeved over another PRINTED IN SINGAPORE
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sheave in the crown block. This is done a number of times until the correct numbers of lines have been strung up. The number of sheaves needed on the crown block is always one more than the number required in the Traveling block. For example, a ten-line string requires six crown block sheaves and five Traveling block sheaves. The number of lines is one but, since the line has been reeved through the crown block and Traveling block several times, it gives the effect of many lines. The number of lines strung depends on the weight to be supported. The more weight to be supported the more lines are needed.



Traveling blocks can double and triple the weight lifting capacity of the engine, draw-works, etc. The limiting factor is the capacity of the mast or derrick.



Once the last line has been strung over the crown block sheaves, the line will be wrapped around the drum on the drawworks. The part of the line between the drawworks and the crown block is called the fastline. The fastline moves as the Traveling block is raised or lowered. The deadline runs from the deadline anchor to the crown block. The deadline is firmly clamped to the deadline anchor.



Deadline anchor



Deadline



Figure 23 Deadline and deadline anchor.



Note: Stringing is usually done with the mast lowered.



The Traveling block has a large hook to which the drill stem is attached. The swivel or the top drive system (TDS) has a cylindrical steel bar called a bail that attaches to the hook. The elevators are connected to the hook by two other bails.
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Eye Hook



Figure 24 A Traveling block.



Elevators are a set of clamps (hinge or ring) with a locking device that are latched onto a drill pipe or casing to allow the driller to raise or lower the drill string or string of casing. On each side of the clamp or elevator is a lug or eye, which holds the elevator bails or links. The bails are attached to the hoist. The bore of the elevator is slightly larger than the outside diameter of the pipe, permitting it to slip up against the pipe coupling or collar when the pipe is suspended.



Figure 25 Elevators.



Figure 26 Elevator bails.



7.5 Drill Stem The American Petroleum Institute (API) and the International Association of Drilling Contractors (IADC) defines the drill stem as all members in the assembly used for drilling by the rotary method, from the swivel to the bit, including the kelly, drill pipe with tool joints, drill collars, and various auxiliary equipment. The drill stem consists:
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•



Swivel and kelly (kelly, kelly cock, kelly saver sub) or Top Drive System



•



Drill String (drill pipe plus the bottom hole assembly: heavy weight drill pipe, drill collars, crossover subs, shock subs, bumper subs, stabilizers, jar, MWD/LWD)



•



Bit



7.5.1 Swivel The swivel is attached to the Traveling block by a large bail. It consists of a housing with trunnions to which the supporting bail is fastened and is equipped with a packing unit which prevents leakage where the rotating and stationary parts meet. The swivel has three main functions: •



It supports the weight of the drill stem.



•



It allows the drill stem to rotate.



•



It provides a pressure-tight passageway for the mud to be pumped down inside the drill stem.



Drilling fluid comes in through the gooseneck (a curved pipe that connects the swivel to a hose carrying the mud). Bail



Gooseneck Swivel



Figure 27 Swivel.



7.5.2 Kelly and Rotary Table The kelly is a three-, four- or six-sided 40-foot long pipe that is the upper part of the drill stem. The kelly has two main functions: •



It serves as a passageway for the drilling fluid on its way to the hole.



•



It transmits the rotary movement to the drill pipe and bit.
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Traveling block



Hook Bail Elevator bails or links Swivel Swivel Elevators



Kelly



Figure 28 Traveling block, swivel and kelly.



The upper kelly cock is recognizable as the bulge on the upper part of the kelly. It can be closed to shut off well pressure coming from inside the drill string.



Figure 29 Upper kelly cocks.



The lower kelly cock or drill stem valve is usually made up between the lower end of the kelly and the top of the drill pipe joint. This has the same purpose the upper kelly cock and is used when the upper kelly cock is hard to reach (i.e. when a connection is being made).
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The drill pipe screws into a device onto a device called the kelly saver sub or saver sub or kelly sub. The saver sub screws onto the bottom of the kelly. It saves wear on the threads of the kelly.



Kelly bushing



Kelly saver sub



Figure 30 Kelly bushing and kelly saver sub.



The kelly fits into a square or hexagonal opening called the kelly bushing or drive bushing. This in turn fits into the master bushing or rotary bushing, which is part of the rotary table. As the master bushing rotates, the kelly rotates, the drill string and bit rotate.



Figure 31 Kelly bushing in rotary table.



A motor drives the rotary table. It also accommodates the slip. The slip is a tapered device lined with gripping elements that hold the pipe suspended in the hole.
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7.5.3 Top Drive System Drilling a well using a rotary table, kelly bushing and a 45-ft kelly was the industry standard for many years. For many years, drillers extended the drill string with the “making-a-single-connection” process. This method of handling pipe and joint makeup remained unchanged, apart from minor improvements such as kelly spinners, until the advent of top drive drilling systems. Top drive systems are used to rotate the drill string and allow adding a 90+-ft stand of drill pipe, eliminating two thirds of the conventional single-pipe drilling connections. A TDS system provides the rotating power of a conventional rotary table drive while eliminating the need to “pick up” the cumbersome swivel/kelly combination. It allows tripping, circulation, rotation and the running of casing as well as providing 90-ft back reaming capabilities to reduce the chance of stuck pipe. A TDS system has three major parts: •



Motor housing and swivel assembly



•



Motor frame/guide dolly



•



Pipe handler assembly



Traveling block



Motor housing and swivel assembly



Motor frame / Guide dolly



Pipe handler assembly



Figure 32 Parts of a Top Drive System.



The motor housing and swivel assembly has two major parts: •



Integrated swivel bail and stem



•



Electric drilling motor and transmission



If the integrated swivel bail is connected directly to the Traveling block or motion compensator frame, the drilling hook is eliminated and the TDS working height is shortened. PRINTED IN SINGAPORE
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The integrated swivel stem functions as the main output shaft driving the drill string. The electric drilling motor and transmission, located next to the stem, rotates the stem. The motor frame/guide dolly attaches to the motor housing assembly. The entire assembly moves vertically on two rails installed in the derrick or mast. The pipe handler assembly, below the motor and swivel housing assembly, can make or break drill pipe at any height in the derrick. The pipe handler assembly also includes two sets of IBOP valves. Internal blow out preventer (IBOP) valves connect to the end of the drive stem. The driller can close the upper IBOP at any position in the derrick from the driller’s console. A second, lower IBOP can be manually closed while controlling the kick. Hoses provide the hydraulic, pneumatic power and cooling water services to the TDS and the DC power and AC power/control. A drill pipe elevator hangs from a pair of conventional links that attach to the link adapter. Actuating the link tilt swings the elevator out to facilitate picking up pipe.



7.5.4 Miscellaneous Rig Floor Equipment The following rig-floor tools allow for the attachment and removal of drill pipe at rigfloor level, for hoisting loads, minimize spillage and protect the box and pins of drill stem parts: •



Slips



•



Tongs



•



Spinning Wrench



•



Power Tongs



•



Kelly Spinner



•



Power Slips



•



Air Hoist



•



Lifting Subs



•



Pipe Washer



•



Mud Box



•



Protectors



7.5.4.1 Slips Slips are used to support the drill string or casing string and hold it suspended in the borehole. They are composed of wedge-shaped steel dies fitted in a frame with handles. There are three types of slips: one used for handling drill pipe, one used for handling a drill collar and one for casing. They are placed between the drill pipe, drill collar or casing joint and the sides of the master bushing in the rotary table when making a connection or tripping.
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Figure 33 Slips used for handling drill pipe.



Figure 34 Slips used for handling casing (right) and drill collars (left).



7.5.4.2 Tongs Tongs are used for tightening and loosening drill pipe and drill collars. Two sets of tongs are used, one to hold the drill string and the other to tighten the joint. They are called the “make-up” and “breakout” tongs. The “make-up” tongs are located on the driller’s side. The “ breakout” tongs are located opposite the driller.
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Figure 35 Tongs.



7.5.4.3 Spinning Wrench The spinning wrench is used for rapidly spinning out or spinning in the drill pipe or drill collar when breaking out or making up the pipe. It is suspended from a wireline anchored in the derrick. Some are operated by air pressure while some are hydraulically powered. It is swung onto the pipe above the tool joint. The final torque, however, is applied using the “normal” tongs.



Figure 36 A spinning wrench.



7.5.4.4 Power Tongs Power tongs like the spinning wrench are either air or hydraulically powered. In breaking a connection power tongs are used to loosen the pin from the box before the spinning wrench is used. In making up a connection, the spinning wrench is first used to initially tighten the connection. The power tongs are then used to torque up the joint or stand.



7.5.4.5 Kelly Spinner A kelly spinner has a similar working principle as a power tong. It attaches to the lower part of the swivel and is helpful in making connections. It eliminates the need for a spinning chain and it improves both the speed and the safety of making and breaking connections. PRINTED IN SINGAPORE
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Figure 37 Kelly spinner (from JT Oilfield).



7.5.4.6 Power Slips The driller controls some power slips; the downward force applied by the roughnecks and released by a foot pedal set other types of power slips. Most are operated by air from the rig’s air supply. The following are the advantages when power slips are used: •



Reduces crew fatigue



•



Increases safety for personnel



•



Provides protection against damage to the drill pipe: They are more accurate than manual slips and thereby reduces damage to the drill pipe.



7.5.4.7 Air Hoist The air hoist or automatic winch is used to load and unload pipe, tubing and equipment. Compressed air is used to run the air hoist. Air hoists may lift objects from 1000 to 10000 pounds.



7.5.4.8 Lifting Subs Lifting subs are short pieces of pipe with a pronounced upset, or shoulder, on the upper end. They are not part of the drill stem but they screwed into drill pipe, drill collars and casing to provide a positive grip for the elevators. They are also called as lifting nipples or hoisting subs.



7.5.4.9 Pipe Washer A pipe washer is a rubber ring that fits around the pipe and cleans mud off as the pipe comes out of the hole. It also keeps junk from falling into the hole while tripping in.



7.5.4.10 Mud Box The mud box is a case that closes around a stand of wet pipe coming out of the hole. It helps keep the mud from spewing all over the crew and the rig floor by directing the mud back into the mud pits.
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7.5.4.11 Protectors Thread protectors are used on drill pipes and drill collars to protect threads and shoulders from damage. Stabbing protectors guide the stand of drill pipe that is being stabbed to make a connection. They protect tool joint threads and shoulders. They usually constructed of rubber and they have a funnel-shaped top. Pipe protectors keep tool joints from rubbing against the casing.



7.5.5 Drill string The drill string is made up: •



Drill pipe



•



Heavy Weight drill pipe



•



Drill collar



•



Jars



•



Crossover sub



•



Shock sub



•



Bumper sub



•



Stabilizer



•



Bit sub



7.5.5.1 Drill pipe Each length of drill pipe is approximately 30 to 31 feet long. It is available in a variety of strengths and it is anywhere from 2 3/8 to 6 5/8 in (6 to 17 mm) in diameter. A single drill pipe is called a joint or joint of pipe. Each end of the joint is threaded. The end of the joint with interior threads is the box, the end of the joint with exterior tapered Vthreads is the pin. The threaded ends of the pipe are called tool joints and are actually separate parts that are welded onto the outside of the pipe. As the drill pipe joints are subjected to great torsional strains the threads should be thoroughly cleaned and lubricated before making up each joint. The lubricant (called pipe dope) aids in preventing the joints from becoming galled.
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Figure 38 Drill pipe on pipe rack on an offshore rig.



7.5.5.2 Bottom Hole Assembly The bottom hole assembly or BHA is the entire drill string less the drill pipe. This would include the drill collars, heavy weight drill pipe, jars, subs, stabilizers and mud motors. The functions of the BHA are: •



Protect the drill pipe from excessive bending and torsional loads



•



Control the direction and inclination in directional holes



•



Drill a more vertical and straighter holes



•



Reduce the incidence of dogleg severity, key seats and ledges



•



Assure that casing can be run in hole



•



Increase drill bit performance by reducing rig and drill string vibrations



•



As a tool in fishing, testing, and workover operations



•



Not to place too much weight on the drill bit



7.5.5.3 Drill Collars Drill collars are heavy, thick-walled joints of pipe used just above the bit in the drilling string. They provide additional weight at the lower end of the string to help keep the
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hole uniform and straight. They are approximately 30 feet long and heavier than drill pipes. The outside diameter is larger than that of the drill pipe but small enough to clear the wall of the hole. Outside diameters range from 31/8 to 11 inches. Unlike, drill pipes that have tool joints welded on, they have boxes and pins cut into them. Drill collars are used to: •



Provide weight to the bit for drilling



•



Act as a pendulum to keep the hole straight: The pendulum effect is the tendency of the drill string to hang in a vertical position due to the force of gravity. The heavier the pendulum the stronger is the pendulum effect.



•



Maintain rigidity and keep the drill string in tension: The neutral point (where buckling forces are zero) should be kept well down in the drill collar assembly.



•



Help support and stabilize the bit so that it will drill new hole aligned with the hole already drilled: Bit stabilization ensures hole alignment and proper bit performance because the bit is made to rotate on its axis.



Figure 39 Drill collars on pipe rack on an offshore rig.



Most drill collars are round but they may also be spiraled. Spiralled drill collars are used chiefly in smaller-diameter holes and in directional drilling. They provide a passage for mud to exit and thereby relieve the pressure differential and prevent differential sticking. The term packed-hole refers to the fact that the drill collars or stabilizers in the lower part of the assembly are only about 1/8 inch smaller than the diameter of the hole.



7.5.5.4 Heavy Weight Drill Pipe Heavy weight drill pipes are drill pipes with a body weight that is 2 – 3 times greater than standard drill pipe. They are used as part of the BHA and are located directly below the first stand of drill pipe.
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7.5.5.5 Tubings Tubings are special steel pipe that ranges from 1 1/4 to 4 1/2 in. (3 to 11 1/2 cm) in diameter and comes in lengths of about 30 ft. (10 m).



7.5.5.6 Stabilizers and Subs The crossover sub is used to link different sizes and types of pipe. The shock sub is run behind the bit. Its main function is to absorb the impact of the bit bouncing on hard formations. The bumper sub has telescoping joint to help maintain a constant weight-on-bit (WOB) and still keep the drill string in tension when drilling from a floater. A stabilizer is a sub with “blades”. It has two functions: •



To keep the drill collars centered in the hole



•



Maintain a full gauge hole



Figure 40 An integral blade stabilizer.



The use of a reaming stabilizer provides the cleanest and straightest hole, as the reamer centralizes the bit and the drill string in the hole. Apart from the problems involved when attempting to log, run casing, cement, complete and test, bit life is drastically reduced and rate of penetration is slowed, as rings of uncut bottom develop due to drilling off-center. For best results, stabilizers should be between 3 mm and 6 mm (1/8" and ¼") less in diameter than the drill bit. The first stabilizer should be positioned as close as possible behind the drill bit with the next stabilizer following the first or second rigid drill collar. A reamer is a sub that is run between the bit and drill collars to provide gauge hole while drilling in hard formations. The bit sub is a short sub with a box on both ends. This allows the bit to be joined to the drill string.



7.5.6 Bits The drill bit is probably the most critical item of a rotary rig operation. It is the most refined of the rotary-rig tools, available in many styles, and is more highly specialized for every condition of drilling than any other tool on the rig. To select the proper bit, some information must be known about the nature of the rocks to be drilled. There are four main types of bits used for rotary drilling. There are several variations within these types, primarily based on the cutting structure used for drilling the rock. There are four main types of bits: •
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•



Roller cone or rock bits (steel-tooth and insert bits)



•



Diamond bits



•



Polycrystalline diamond compact (PDC) bits



Most bits have nozzles or jets that direct a high velocity stream of mud to the sides and bottom of the bit. Two other drilling tools used during rig operations are: •



Reamers



•



Hole Openers



7.5.6.1 Drag Bits The earliest rotary drill bit designs were the drag and fishtail bits, which sheared and scraped soft formation. These bits are manufactured from high-grade, heat-treated steel, either forged or cast according to size. Blades are wing-shaped with thinner cutting edges. Today the cutting edges are faced with tungsten carbide inserts that can be sharpened. The bit body has a central hole. Fluid flushes cuttings away from the cutting edges keeping them clean and cool. Drag bits are available in either three-way or four-way design with wings shapes of regular step-type for softer formations and heavy duty for harder consolidated formations.



Figure 41 4-wing drag bits.



Unfortunately, these bits could not be used to drill harder formations. They were made obsolete by the introduction of roller bits. They could only be used in soft formations, and are rarely used today.



7.5.6.2 Roller Cone Bits Roller cone bits, commonly called tri-cone bits, are the most common bits used today. The bit has three cones that are free to turn as the bit rotates, a forged steel body and a cone axle or pin that forms part of the body. The cones have roller bearings fitted at the time of assembly. The shape of the cutting surfaces and the design of the teeth are varied to drill in a variety of formations. Some have inter-fitting or self-cleaning teeth. All cutting surfaces are flushed or cleaned by the circulating fluid. There are two types of rock bits, depending on how the teeth were manufactured: •



Milled-tooth bits



•



Tungsten Carbide Insert (TCI) or Insert bits
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7.5.6.2.1



Milled-Tooth Bits Milled-tooth bits have steel teeth that have been milled on the cones. The teeth of the bit are responsible for cutting or gouging out the formation as the bit is rotated. The teeth vary in size and shape, depending on the formation they are expected to drill. The teeth may be long, slender and widely spaced for drilling “soft” formations or short and broad for drilling hard formations. For longer life, the steel teeth may be hardfaced with abrasion-resistant material.



Figure 42 A milled-tooth bit.



Long slender tooth-bits will produce large, freshly broken cuttings from soft formations. Broad tooth-bits and insert bits will produce smaller, more rounded, crushed, and ground cuttings from hard formations. The rock bit has numerous bearings and seals, and therefore their cutting ability and cone rotation deteriorate in a short time, causing a decline in the penetration rate and the quality of the cuttings. 7.5.6.2.2



Insert bits These bits generally have tungsten carbide inserts (teeth) are pressed into the cones instead of steel teeth milled into the cones. Because of this, these type of bits are called Tungsten Carbide Insert (TCI) bits. These bits are specially designed for use in hard abrasive formations, such as limestones, dolomites, granites and hard, sandy shales normally too hard for steel tooth bits. They last longer when drilling hard formations. The inserts can come in a variety of shapes, from long chisel shapes for firm formations to short round buttons for hard, brittle formations. The diamond gage chisel insert is the latest development in insert bit technology. Figure 43 Insert bits.
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Figure 44 Different types of inserts.



7.5.6.3 Diamond Bit Diamond bits are composed of three parts: •



Diamonds



•



Matrix



•



Shank



Diamond bits consist of a solid powdered tungsten carbide composite matrix body, which is bonded to the steel shank, with central ports for mud circulation. They do not have cones and teeth; instead they have several boart-grade diamonds. The diamonds are held in place by the matrix and are embedded into the bottom and sides of the bit. The cutting action of the bit depends upon grinding and scraping as the bit rotates on bottom. This produces fine cuttings and rock flour, which, due to frictional heating, often show signs of thermal degradation. Diamond bits are usually slightly smaller than tri-cone bits to prevent diamond damage while being run into the borehole. The design of diamond bits varies greatly in the shape of the head, the size and setting of the diamonds, and the watercourses for cooling. The advantages of diamond bits are, because of the simplicity of its design and the hardness of its cutting structure, its long drilling life and they can drill almost any formation. Its disadvantages are: •



High cost



•



Slow ROP



•



Unresponsive to changes in lithology



•



Poor quality of drill cuttings
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Figure 45 A diamond bit.



7.5.6.4 Polycrystalline Bits Polycrystalline (PDC) drill bits are sometimes called Stratapax or TSP (Thermally Stable Products). The PDC bit has blades studded with large, hard, abrasionresistant drilling blanks manufactured from a bonded mass of microcrystalline synthetic diamonds. For harder formations, the PDC bit may look like a diamond bit, but the small diamonds are replaced with larger PDC blanks.



Figure 46 A PDC bit.



PDC bits produce large, fresh, sheared cuttings with little surface damage or mechanical deformation. They are relatively cheap and drill very quickly in soft to moderately hard formations. In very hard formations or when drilling with unsuitable drilling parameters PDC bits can produce churned and ground cuttings (almost as bad as the diamond bits). The cutting structure of these bits is composed of man-made diamond dust/crystals bonded to a tungsten carbide stud. These studs are then either pressed or molded into the bit body. Because of the crystal structure in the cutter, it is self-sharpening (exposing new crystals while others are broken off). They are used in soft to mediumhard formations.



7.5.6.5 Under-reamers and Hole Openers Hole Openers and under-reamers are tools that are run immediately above a bit to enlarge the hole size. Rotating cones built out from the central stem does hole opening. Both types perform similar functions, but the cones of an under-reamer are built into retractable arms that are held out while drilling by the pressure of the drilling fluid being circulated down through the center of the tool. In this way, it may be run in PRINTED IN SINGAPORE
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or pulled out through a smaller diameter of the borehole before the arms are extended and underreaming operations begin.



Figure 47 Hole openers.



7.5.7 Motion Compensation System This system is used entirely on offshore floating rigs, semi-submersibles and drillships. There are three basic motion compensation components: •



Drill string Compensator



•



Marine Riser and Guideline Tensioner



•



Telescopic Joint



7.5.7.1 Drill String Compensator The drill string compensator system (see figure below) is designed to nullify the effects of rig heave on the drill string or other hook-supported equipment. It is mounted between the hook and traveling block. The compensator is connected to rig-floor mounted air pressure tanks via a hose loop and standpipe, and is controlled and monitored from the drillers control console. While drilling, the drill string compensator controls the weight-on-bit. The driller intermittently lowers the traveling block to account for drill-off (extra hole) and to maintain the compensator cylinder within its stroke capacity, while the drill string compensator automatically maintains the selected bit weight. As the rig heaves upward, the compensator cylinders are retracted, and the hook moves downwards to maintain the selected loads. Actually, the hook remains fixed relative to the seabed; the rig and compensator moves, producing relative motion between the hook and rig. The motion of the drill string is relative to the rotary table.
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Figure 48 Drill string motion compensation system (from EXLOG).



7.5.7.2 Marine Riser and Guideline Tensioners The functions of the marine riser are to provide a path for the returning drilling fluid, from the borehole to the surface and to guide the drill string and other tools to the wellhead on the sea floor. Riser tensioners provide tension to the marine riser through a system of cables joined via sheaves to a series of pneumatic cylinders, as seen in the figure below. Its purpose is to maintain the riser tension at all times regardless of rig heave. Common practice is to install four to six tensioners. Compensation for vertical movement several times the length of the stroke is possible due to multiple cable sheaves around the piston. Guideline tensioners operate on the same principle as the riser tensioners. Their purpose is to maintain the correct tension in the guidelines between the rig and the guide-base (located on the sea floor), regardless of rig heave.
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Figure 49 Riser and Guideline Tensioner Systems (from EXLOG).



7.5.7.3 Telescopic Joint The telescopic joint is used to compensate for the vertical motion of the rig. It is located at the top of the marine riser. It is comprised of an outer barrel and inner barrel. The outer barrel contains the packing elements that form the seal around the inner barrel. The inner barrel has a stroke length from 45 feet to 55 feet that can be mechanically locked in the closed position for ease of handling on the rig.



7.6 Circulating System In order for you to drill a well, fluid must be circulated downward through the drill stem, around the bit and upward in the annulus. The annulus is the space between the drill string and the wall of the hole or casing. (For further reading on the circulating system, see section on Drilling Fluids Engineering.)



7.6.1 Drilling Fluids and Mud Conditioning Equipment The drilling fluid is usually a liquid, but it can also be gas or air. If the drilling fluid is liquid, it is mostly made up of water, although, occasionally oil is a major component. Both types of drilling fluids are called mud because that is what they appear to be. Special clays, like bentonite, are added to give body to the mud. Barite and sometimes hematite is added to increase the density of the mud. Chemicals are used to control the viscosity of the mud and to improve the ability of the solid particles in the mud to deposit a layer on the wall of the hole. This cake is called a wall cake. Drilling fluid returning from the borehole contains drilled cuttings, mud solids, other particles, and sometimes hydrocarbons - all of which must be removed before the mud is suitable for recirculation. In addition, treatment chemicals and clays must be added to the mud system from time to time to maintain the required properties. The equipment necessary to perform these functions: •
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•



Mud Tanks or Mud Pits



•



Mixing Hopper



•



Standpipe and Rotary hoses



•



Mud Conditioning Equipment o



Shale Shakers



o



Hydroclones (desanders, desilters)



o



Decanting Centrifuges



o



Mud Cleaners



o



Vacuum Degassers



7.6.2 Mud Tanks and Pumps The drilling fluid or mud is mixed and stored in the mud tanks or mud pits. A mud hopper is used to pour most of the dry ingredients needed to make the mud. Agitators are used to keep mud stirred up in all parts of the mud pit. The most common types of agitators are the mud gun and the mechanical agitator. A mud gun agitates the mud with a high velocity mud stream emanating from its nozzle. This nozzle could be directed to any portion of the mud tank. A mud gun requires a high pump pressure and a considerable volume of mud to get good results. Even though several mud guns may be used, the agitating efficiency is low. Mechanical agitators are more efficient than mud guns. They have paddle-like projections that are driven by a motor to mix the mud in the mud pits.



Figure 50 Pit room in an offshore rig.



The mud pump is the primary component of any circulating system. It is used to move large volumes of fluids of fluids at high pressures from the pits, through the drill stem, to the bit. There are at least two mud pumps in a rig. There are two types of mud pumps: PRINTED IN SINGAPORE
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•



Duplex – double-acting, reciprocating pumps; there are not many duplex pumps in operation today



Figure 51 A duplex mud pump.



•



Triplex – single-acting pumps; have three pistons and are lighter and smaller than duplex pumps; can be operated at higher pressures than duplex pumps



Figure 52 A triplex mud pump.



When air or gas is used, compressors replace mud pumps. Mud pits are not needed when air or gas is used to drill a well.



7.6.3 Mixing Hopper Powdered chemicals and materials, as well as solids, needed by the mud are added using the mixing hopper. There are many types of hoppers in use. The jet hopper, initially developed for cementing operations, is the most common hopper in use. A mixing pump or centrifugal pump circulates mud in the mud pits PRINTED IN SINGAPORE
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through the jet and lowers the static pressure creating a vacuum causing the material in the hopper to be sucked and mixed with the mud.



Figure 53 A jet hopper.



7.6.4 Standpipe And Rotary Hose The standpipe is a steel pipe mounted vertically on one side of the mast. The standpipe is firmly anchored to the derrick and it serves to suspend the rotary hose so that it is clear of the rig floor when the kelly/swivel or top drive system nears the rotary table. It allows the vertical movements of the drill string nearly twice the length of the rotary hose. It also allows drilling fluid to move from the mud lines coming out from the mud pump to the rotary hose.



Standpipes



Figure 54 Two standpipes on the drillfloor. Note: ILO pressure transducer on standpipe no. 1 (left).



The rotary hose or kelly hose is attached to a gooseneck on the standpipe and a gooseneck in the swivel.



7.6.5 Accessories Drilled cuttings, other particles from the hole and sometimes gas, have to be removed from the mud system before it is suitable to be recirculated. Mud chemicals and water have to be regularly added to maintain the physical properties of the drilling fluid at desired levels. Shale shakers, the settling pits (or sand traps), desanders, desilters, centrifuges, degassers and mud cleaners remove unwanted solids and gas from the returning mud. The mixing hopper is used to add dry chemicals to the mud.



PRINTED IN SINGAPORE



 2001NTERNATIONAL LOGGING, INC.



62



7.6.5.1 Shale Shaker The shale shaker is the first mud cleaning equipment that encounters the returning mud. It contains one or more sloping and vibrating screens. The screens let the mud fall through but prevent large solids from going into the mud pits. The solids travel to the edge of the screen where they are “dumped”. Some of them are caught as geological samples. There are two types of shale shakers: •



Circular/elliptical motion shale shakers



•



Linear motion shale shakers



The circular/elliptical shale shaker uses elliptical rollers to generate a circular rocking motion to provide better solids removal through the screens. The linear motion shale shaker a forward and back rocking motion to keep the fluids circulating through the screens.



Figure 55 A linear motion shaker.



7.6.5.2 Settling Pit or Sand Trap The settling pit or sand trap is located below the shakers. It is the first pit that receives the returning mud from the shakers. The pit has a sloped bottom so that particles that passed through the shaker screens will segregate out, by gravity, and settle towards cleanout valves. These valves are opened periodically in order to dump the solids that have accumulated.



7.6.5.3 Centrifugal Separation Devices There are two types of centrifugal separation devices namely:



7.6.5.3.1



•



Decanting centrifuges



•



Hydrocyclones



Decanting Centrifuges The decanting centrifuge salvages materials that are to be retained in the mud system. It consists of a cone-shaped, horizontal steel drum (or bowl) that rotates at high speed using a double screw-type conveyor within the drum that moves the
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coarse particles to the discharge port and back to the active system. The conveyor rotates in the same direction as the outer bowl but at a slightly slower speed.



Figure 56 Cross-section of a decanting centrifuge. Arrows indicate the path of solids and liquids (from EXLOG).



For low-density mud systems a single centrifuge unit set for total solids discard is used. The primary function of a centrifuge is not to control total percent solids in a system, but rather to maintain acceptable and desirable flow properties in that system. Two centrifuges operating in series are recommended for the following systems: •



Invert emulsion (i.e., synthetic and oil-based systems)



•



High-density, water-based systems



•



Water-based systems in which base fluid is expensive (i.e., brines)



•



Closed loop



•



Zero discharge



The first centrifuge unit is used to separate barite and return it to the mud system. The second unit processes the liquid overflow from the first unit, discarding all solids and returning the liquid portion to the mud system.



Note: Centrifuge efficiencies are influenced by mud weight and mud viscosity.



7.6.5.3.2



Hydrocyclones Hydrocyclones, classified as desanders or desilters, are conical solids separation devices in which hydraulic energy is converted to centrifugal force in order to separate the solids from the rotating fluid. A pump is used to feed the drilling mud through a tangential opening into the feed chamber (the large end of the cone-shaped housing). The centrifugal forces thus developed multiply the settling velocity of the heavierphase material, forcing it toward the wall of the cone. The lighter particles move inward and upward in a spiraling vortex to the overflow opening at the top. The discharge at the top is the overflow or effluent. It is returned to the mud system. The discharge at the bottom that contains the coarse solids (which are discarded) is the underflow. The underflow should be in a fine spray with a slight suction at its center.
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Figure 57 Hydroclone cross section. Arrows indicate direction of flow (from EXLOG).



Even though hydrocyclones are effective in removing solids from a drilling fluid, their use is not recommended for fluids that contain significant amounts of weighting materials or muds that have expensive fluid phases. When hydrocyclones are used with these fluids, not only will undesirable drilled solids be removed, but also the weight material along with base fluid, which can become cost-prohibitive.



Hydroclones are often used on low-weight, water-based muds to remove coarse drilled solids. 7.6.5.3.2.1



Desanders Desanders consist of a battery of 6-inch or larger cones. Even though desanders can process large volumes of mud per single cone, the minimum size particles that can be removed are in the range of 40 microns (with 6-inch cones).



Figure 58 A desander.



7.6.5.3.2.2



Desilters Desilters consist of a battery of 4-inch or smaller cones. Depending on the size of the cone, a particle size cut between 6 and 40 microns can be obtained.



PRINTED IN SINGAPORE



 2001NTERNATIONAL LOGGING, INC.



65



Figure 59 A desilter.



7.6.5.4 Mud Cleaner The mud cleaner is a solids separation device that combines a desilter with a screen device. The mud cleaner removes solids using a two-stage process. First, the desilter processes the drilling fluid. Second, a high-energy, fine-mesh screen shaker processes the discharge from the desilter. This method of solids removal is recommended for muds containing significant amounts of weighting materials or having expensive fluid phases.



Note: When recovering weight material with a mud cleaner, be aware that any fine solids that go through the cleaner's screen are also retained in the mud. Over time, this process can lead to a fine-solids buildup.



Figure 60 Mud cleaners.



7.6.5.5 Degasser The degasser is a device that removes the gas from the mud before it is recirculated down the hole. Gas-cut mud is mud containing gas. It should not be recirculated down the hole because it decreases the density of the mud, which could lead to a blowout.
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There are two types of degassers:



7.6.5.5.1



•



Mud-gas separators – for high-pressure gas and mudflows during kicks



•



Vacuum degassers – for separating entrained gas



Vacuum degasser The vacuum degasser gets mud from one of the mud pits. As the mud enters the top of the degasser and streams down an inclined plane that extends the whole length of the feed pipe, a vacuum in the vapor space causes the gas to leave the mud. The liberated gas is removed from the tank by a vacuum pump. The degassed mud returns to the pits ready to be recirculated.



Figure 61 Vacuum degasser.



7.6.5.5.2



Mud-gas separator (See the section on Mud-gas separator under Well Control Equipment.)



7.7 Well Control Equipment A kick is an influx of formation fluids into the well bore. This happens when the pressure in the formation (pore pressure) is higher than the mud density. A blowout is an uncontrolled kick. A blowout is very undesirable because: •



It endangers the lives of the crew.



•



It destroys the rig.



•



It may damage the environment.



7.7.1 Blowout Preventers Blowout preventers or BOP’s, is a device attached to the casing head that in conjunction with other equipment and techniques, are used to close the well in and allow the crew to control a kick before it becomes a blowout. There are three basic types of blowout preventers on a drilling rig: •



Annular Preventers
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•



Ram Preventers



•



Rotating Head



Usually several blowout preventers are installed on top of the well in a stack, called a BOP stack. The annular preventer is always on top of the ram preventers. Several preventers are installed so that a kick, or impending blowout, can be controlled even if one of the preventers fails.



Figure 62 A BOP stack (from Phil Gavinda).



7.7.1.1 Annular Preventer An annular preventer has a rubber sealing element that, when activated, closes tightly around the kelly, drill pipe or drill collars or the open hole (if there is no pipe in the hole). The seal is effected by compression of a reinforced elastomer packing element.



Figure 63 An annular preventer (from Hydril).



7.7.1.2 Ram Preventer Ram preventers consist of rams (large steel valves) that have sealing elements. There are generally three types of ram preventers: •



Pipe ram



•



Blind ram



•



Shear ram



Pipe rams close on the drill pipe and are not able to effect a seal on an open hole. PRINTED IN SINGAPORE
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Blind rams are used to close an open hole effectively. Shear rams are blind rams that have a cutting edge to cut the drill pipe completely, thus sealing the hole. They are used mainly in subsea systems.



Figure 64 Ram preventers (from Hydril).



7.7.1.3 Rotating Blowout Preventer The rotating blowout preventer (RBOP) is also called a rotating head or a stripper head. They are continuously closed around the drill stem by means of a heavy-duty stripper rubber that rotates with the drill string. Packing provides a seal between the rotating and stationary elements. Rotating heads are especially useful in drilling with air, gas, foam or any other drilling fluid whose hydrostatic pressure is less than the formation pressure.



Figure 65 Rotating blow out preventer.



7.7.1.4 Drilling Spool Choke and kill lines may be connected to side outlets of blowout preventers. Using side outlets on BOP’s reduces the number of stack connections by eliminating the drilling spool. But many drilling contractors prefer these lines to be connected to a drilling spool installed below at least one preventer capable of closing on pipe. By using a drilling PRINTED IN SINGAPORE
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spool the possible erosion to the less expensive piece of equipment is localized and it allows additional space between rams to facilitate stripping operations.



7.7.2 Accumulator The blowout preventers are opened and closed by hydraulic fluid, which is stored under pressure in an accumulator. Several bottle- or ball-shaped containers are located in the operating unit, and the hydraulic fluid is stored in these containers. Highpressure lines connect the accumulator to the BOP stack. The accumulator is located at least 100 feet from the BOP stack.



Figure 66 Accumulators.



A master control panel is used to operate the preventers. A master control panel should be located at a safe distance from the wellbore. Another master control panel should be located on the rig floor or another place that is convenient for the driller to operate.
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Figure 67 BOP master control panel on rig floor.



7.7.3 Choke Manifold When a kick occurs, closing in the well using one or more of the blowout preventers is only the first step that must be taken to kill the well (bring the well under control). In order to kill the well, the kick must be circulated out and mud with the proper weight must be pumped and circulated. The choke manifold is a series of valves, chokes, gauges and lines that is connected that controls the rate of flow from the well when the blowout preventers are closed. When the well is shut in, the kick is circulated out through the choke line and manifold.



Figure 68 Choke manifold.



A choke is a valve. There are two types of chokes: •



Adjustable chokes



•



Fixed chokes
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An adjustable choke is operated hydraulically and has an opening that is capable of being restricted. The choke may vary infinitely in opening from fully closed to fully open. They are controlled from a remote panel on the rig floor. A fixed choke has a flow restriction of permanent size.



7.7.4 Mud-Gas Separator The mud-gas separator is essential for handling a gas kick. It separates the flammable gas from the mud so that the gas can be burned off (flared off) at a safe distance from the rig. Most mud-gas separators are made of a vertical length of large diameter pipe. Interior baffles are used to slow the mud-gas stream. A gooseneck arrangement at the bottom allows the relatively gas-free mud to flow back to the shakers. The gas vent pipe at the top permits the gas to be flared without too much backpressure on the mud. During a kick the well is shut-in and mud circulated through the choke manifold. The flow is diverted from the flow line or choke manifold to the mud-gas separator. The separator releases the gas that is then carried by the vent line at the top to a remote flare.



Figure 69 Mud-gas separator.
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8 The Drilling Crew 8.1 Toolpusher The toolpusher or rig superintendent is the man in charge of the rig and overall drilling operations. Generally, he is on call 24 hours a day and lives in the rig site. In many rigs, there are two toolpushers. A day toolpusher, who is the senior toolpusher, works during daytime and a night toolpusher who works the night shift.



8.2 Driller and Assistant Driller The driller is in charge of drilling. He operates the drilling machinery. He is under the direct supervision of the toolpusher and is the overall supervisor of the floormen (or roughnecks). He and other members of the crew work 8- to 12-hour shifts, called tours (pronounced “towers”). Another driller and crew relieve them. In most areas, the driller has an assistant called the assistant driller. The assistant driller is second in command in the rig floor and relieves the driller at intervals during their tour.



8.3 Derrickman The derrickman in the absence of an assistant driller is second in command to the driller. He works on the monkeyboard when the pipe is being pulled out of or being run into the hole. The monkeyboard is a small platform up in the derrick. It is at a level even with upper end of a stand of drill pipe (about 90 feet of pipe equals one stand). When the drilling is going on the derrickman is responsible for maintaining the mud or repairing the pumps and other circulating equipment. In some rigs, a pumpman is in charge of maintaining the mud pumps. He is under the charge of the derrickman.



8.4 Motorman and Mechanic The motorman is responsible for the engines, engine fuel, air compressors, water pump and other accessories. The rig mechanic is an all around handyman when it comes to the mechanical components of the rig. In some rigs there are also assistant mechanics.



8.5 Electrician The rig electrician maintains and repairs the electrical generating and distribution system on the rig.



8.6 Floorman The floorman or roughneck is responsible for handling the drill pipe during connections or trips. A full drilling crew can have 2 to 4 roughnecks per tour. Floormen also maintain equipment and do some rig housekeeping.
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8.7 Roustabouts Roustabouts handle the equipment and supplies that are constantly being supplied to the rig. In some land rigs there are no roustabouts.



8.8 Crane Operator The crane operator handles the cranes on offshore rigs to load and unload equipment, supplies and personnel.
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9 Safety Provisions To be published at a future date.
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10 Drilling and Completing a Well 10.1 Introduction Drilling a well determines whether the assumptions and/or estimates made are true. Aside from proving or disproving the geological and geophysical estimates, the most important thing in drilling is to drill an in-gauge hole as quickly and safely as possible at the specified location and to the target depth. The oil company employs a drilling contractor to drill a well. A number of service companies are also hired to perform services in aid of drilling. Their contracts are separate from that made with the drilling contractor. Some of these services are: •



Drilling Fluid (Mud) Engineering



•



Drill Returns (Mud) Logging



•



Casing



•



Cementing



•



Fishing



•



Directional Drilling



•



Measurement While Drilling



•



Wireline Logging



•



Coring



•



Formation Testing



•



Completions



After a well is spudded, routine drilling consists of: •



Drilling in increments the length of either one joint of pipe or a stand of three joints of pipe



•



Making connections



•



Tripping to change the bit when it is worn or is not suitable to drill the formation or to clean the hole



10.2 Routine Drilling Operations 10.2.1 Connections When the kelly or top drive has been drilled all the way down (called the kelly down position), it is pulled up and a new joint or stand of drill pipe is added.
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If the rig uses a kelly to drill a well, a joint of drill pipe is picked up and placed in the mousehole, ready to be connected. The mousehole is used to stow the next joint of pipe until it is to be added to the drill string. Below are the steps involved in making a connection using a kelly: 1. At kelly down, the slips are set into the rotary table and the crew breaks out the kelly.



Figure 70 Breaking kelly off the suspended drill pipe to make a connection.



2. They swing it over to the joint in the mousehole.



Figure 71 Swinging kelly over to drill pipe in mousehole.



3. The joint is made up to the kelly (“stabbed”) and tightened with chain tongs and/or tongs.
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Figure 72 Tightening drill pipe-kelly connection using chain tongs.



Figure 73 Tightening using tongs.



4. The new joint is picked up and “stabbed" and spun into the drill pipe hanging in the rotary. Before the new joint is “stabbed”, pipe dope is put on the box of the suspended drill pipe and the pin of the new joint.
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Figure 74 New joint is picked up and stabbed into suspended drill pipe.



5. It is tightened using the tongs or power tongs and a spinning wrench. The spinning wrench is used to make the initial tightening. The tongs or the power tongs are used to fully tighten the connection. The make-up tong is used to tighten the connection.



Figure 75 Using a spinning wrench to tighten connection.



PRINTED IN SINGAPORE



 2001NTERNATIONAL LOGGING, INC.



79



Figure 76 Using tongs to tighten connection.



6. The slips are pulled out and the drill string is lowered into the hole to drill another joint length.



Figure 77 Pulling the slips prior to running the pipe in the hole.



If the rig uses a top drive system to drill the well, stands of 3 joints are added to the drill string at the “kelly down” position. Below are the steps involved in making a connection using a top drive system: 1. At the “kelly down” position, the slips are set into the rotary table and the crew breaks out the joint connected to the top drive. 2. A new stand of drill pipe is picked up and “stabbed" and spun into the drill pipe hanging in the rotary. Before the new joint is “stabbed” and spun, pipe dope is put on the box of the suspended drill pipe and the pin of the new joint.
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3. Initial tightening is done with the spinning wrench. Final tightening is done using the tongs. 4. The slips are pulled out and the drill string is lowered into the hole to drill another joint length. 5. Using a top drive saves the connection time of two joints.



10.2.2 Trips When making a trip out of the hole (sometimes called POOH – pull out of hole), drill pipe is handled in "stands” of usually two (approximately 60 ft) or three joints each (approximately 90 ft). Smaller rigs generally handle the two-joint stands. Pipe is pulled out from the hole and racked in the derrick. Below are the steps involved in pulling out pipe during a trip: 1. If a kelly is used, the kelly, rotary bushings and swivel are placed in the rathole. A rathole is similar to a mousehole and it is used to stow the kelly when not it is not in use during the trip. This step is for rigs that use a kelly. 2. The elevators are latched around the pipe just below the tool joint box, which provides a shoulder for the elevators to pull against.



Figure 78 Elevators are latched onto the toolbox of the joint.



3. The slips are removed from the rotary table and the pipe is then pulled from the hole.
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Figure 79 Pulling out slips prior to pulling the stand.



4. When the top of the stand has been pulled past the derrickman, standing on the monkey board, the pipe is secured in the rotary table using slips. 5. The connection is loosened with the breakout tongs or power tongs and/or a spinning wrench.



Figure 80 Breaking connection using spinning wrench.



6. The derrickman puts a rope around the pipe and releases the stand from the elevators. The bottom of the stand is swung to one side of the drill floor where it is set down.
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Figure 81 The stand being set down on the rig floor.



7. The derrickman racks the top of the stand in fingers in the derrick to secure it. The drill collars and bit are the last to come out of the hole. Using a bit breaker and the breakout tongs loosens the bit. The bit breaker is placed in the rotary table. "Tripping in" the hole (or RIH – run in hole) is just the reverse procedure of tripping out. Some rigs have a pipe handling system, which provides three racker arms mounted at different elevations in the derrick. Each racker consists of a carriage that travels across the width of the derrick on tracks, an arm that is powered toward and away from the centerline of the well through the carriage, and a racker head that is fitted to the end of the arm. The head closes around the drill pipe or collar to stabilize it; and in the case of the intermediate racker, the head is actually used to lift the stand for setback.



10.3 Mud Engineering 10.3.1 Introduction: Drilling with Mud Drilling is accomplished by rotating the drill string by means of a power-driven rotary table or Top Drive System, with a bit attached to the bottom of the pipe. The bit cuts and breaks up rock material as it penetrates the formation. Figure 82, shows the mud circulatory system. Drilling fluid or mud is pumped from the mud suction pit (1) by the mud pumps (2) through a discharge line to a standpipe (3). The standpipe is a steel pipe mounted vertically on one side of the mast. From the standpipe the mud passes through a reinforced rubber hose, called the kelly hose or rotary hose. This is connected to the swivel via the gooseneck. As the mud enters the swivel (4) it flows down the drill stem (5 and 6) and exits at the bit. Drilling fluid swirls in the bottom of the hole picking up material broken by the bit, and then flows upward in the annulus (space between the walls of the hole and the drill PRINTED IN SINGAPORE
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pipe), carrying the cuttings to the surface and clearing the hole (7). The drill pipe and bit deepen the hole as the operation proceeds. At the surface, drilling mud flows into the shakers (8) and into a ditch to a settling pit where the cuttings settle to the bottom (9). From the settling pit the fluid overflows into the mud suction pit from which it is picked up through the suction hose of the mud pump (2) and recirculated through the drill pipe. In the rotary drilling method the casing pipe is not introduced until after the drilling operations are completed. The walls of the hole are held in place by the pressure of the mud pump against the sides of the hole.



Figure 82 Mud circulation system (from Elf).



10.3.2 Functions of Drilling Fluids Initially, the primary purposes of drilling fluids were to clean, cool and lubricate the bit and continuously remove cuttings from the borehole. But today what started as a simple fluid has become a complicated mixture of liquids, solids and chemicals for which mud engineers are contracted by the operating company to maintain. Today, the drilling fluid must permit the securing of all information necessary for evaluating the productive possibilities of the formations penetrated. The fluids' characteristics must be such that good cores, wireline logs and drill returns logs can be obtained. Numerous types of mud are available for various hole conditions. Factors such as depth, types of formations, local structural conditions, etc., all enter into the choice of a particular mud. A drilling fluid must fulfill many functions in order for a well to be drilled successfully, safely, and economically. The functions and corresponding properties of a drilling mud are: 1. Remove drilled cuttings from the borehole (viscosity) 2. Carry and release the cuttings at the surface (viscosity/gel strength) 3. Suspend cuttings and weight material in suspension when circulation is stopped (gel strength) 4. Release cuttings when processed by surface equipment 5. Allow cuttings to settle out at the surface 6. Control subsurface pressures (mud density) 7. Prevent the borehole from collapsing or caving in (mud density) PRINTED IN SINGAPORE
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8. Protect producing formations from damage that could impair production 9. Clean, cool, and lubricate the drill bit and drill string. This is the simplest and one of the most essential duties of drilling mud (additive content) 10. Seal porous and permeable zones with an impermeable filter cake (water loss) 11. Help support part of the weight of the drill string/casing (density) 12. Ensure maximum information from the formation drilled 13. Do all of the above, without damage to the circulation system or upon the formation adjacent to the hole Occasionally, these functions require the drilling fluid to act in conflicting ways. It can be seen that items #1-3 are best served if the drilling fluid has a high viscosity, whereas items #4-5 are best accomplished with a low viscosity. Items #6 & 8 are often mutually exclusive because drilled solids will tend to pack into the pore spaces of a producing formation.



10.3.2.1 Controlling Subsurface Pressures 10.3.2.1.1 Mud Weight The pressure exerted by the mud column at the bottom of the borehole is a function of the mud density and column height. It must be sufficient to prevent a kick. A kick is situation wherein formation fluids enter the well. If the pressure exerted by the mud column falls below that which is necessary to hold back formation pressures, then a kick will occur. If this condition is remains unchecked for even a short period of time, the mud density may be reduced (“cut”) so severely that a blowout will occur. A blowout is an uncontrolled kick. On the other hand, it is not practical or economical to have the mud weight too high. Excessive mud weights result in: •



Low rates of penetration: The rate of penetration is reduced rapidly as the pressure differential between the mud hydrostatic pressure and the formation pressure increases.



•



Fracturing of weak formations that may cause the loss of drilling fluids (lost circulation): If this situation is not addressed the hydrostatic level will be severely reduced causing formation fluids to enter the hole and causing a blowout.



Density is also important in preventing unconsolidated formations from caving into the borehole. The effects of mud weight on mud logging are: •



Hydrostatic pressure in excess of formation pressure might cause a loss of circulation. If circulation is lost, then the cuttings, drilling mud and any formation fluids they may contain are also lost. The way in which a lost circulation zone behaves generally indicates the type of porosity of the formation into which the fluid is being lost. Three types of formation can be recognized:
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1. Coarse, permeable unconsolidated formations: There is normally some loss by filtration into these formations, until an impermeable filter cake if formed. If pore openings are large enough, then loss of whole mud occurs. Other than in extreme cases, this is a slow, regular seepage loss. Partial returns are maintained. 2. Cavernous and vugular formations: Loss is usually sudden and of a finite amount, after which full returns are maintained. 3. Fissured or fractured formations: Fractures may be natural or induced and opened by the hydrostatic pressure. Losses of drilling mud are large and continuous. •



Formation pressures that approximate or are greater than the hydrostatic pressure may cause a kick to occur, depending on permeability. In low permeability formations, like shales, cavings may occur, making cuttings analysis difficult.



10.3.2.1.2 Pressure Control Terminology The following terms must be understood when discussing pressure-control terminology: •



Hydrostatic Pressure



•



Pressure Gradient



•



Equivalent Mud Weight



•



Apparent and Effective Mud Weight



•



Pore Pressure



•



Overburden Pressure



10.3.2.1.2.1 Hydrostatic Pressure Hydrostatic pressure is the pressure that exists due to the mud weight and vertical depth of the column of fluid. The size and shape of the fluid column have no effect.



Hp or P (psi) = 0.519 x MW (lbs/gal) x TVD (feet)



Or



Hp or P (bars) = 0.0981x MW (g/cc) x TVD (meters)



Where: MW = Mud Density TVD = True Vertical Depth
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10.3.2.1.2.2 Pressure gradient Pressure gradient is the rate of change of hydrostatic pressure with depth for any given unit of fluid weight. That is,



Pressure gradient = P/TVD = 0.0519 x MW



The pressure gradient for fresh water (MW= 8.33 ppg) is:



Pressure Gradient = 8.33 x 0.0519= 0.432 psi/ft



The pressure gradient for typical formation water (MW = 8.6 ppg) is:



Pressure Gradient = 8.6 X 0.0519 = 0.446 psi/ft



The value 8.6 ppg is an average used worldwide, but may not fit local conditions. However, this value should be used until a local value is determined. 10.3.2.1.2.3 Apparent and Effective Mud Weight or Effective Circulating Density The mud weight measured at the pits is the apparent mud weight going into the hole, and will exert a hydrostatic pressure equal to the hydrostatic pressure. This is a static pressure. But if the mud is circulated, additional pressure is placed against the formation due to frictional effects in the mud. This additional pressure, called Effective Mud Weight (EMW) or Effective Circulating Density (ECD), can be estimated by calculating the pressure loss in the annulus using Bingham’s, the Power Law or Modified Power Law formulae. Bingham’s formula for calculating ECD is:



Pressure loss (psi) = (PV x V x L) / (60000 x (dh-dp)2) + (YP x L) / (200 x (dh-dp))



Where, L = section length (ft) YP = yield point (lb/100 ft2) (dh-dp) = hole diameter minus pipe outside diameter (inches) PV = plastic viscosity V = annular velocity in laminar flow (ft/min) In calculating the ECD, each section of annulus should be considered separately and losses summed to total loss. International Logging uses computers to calculate the ECD using the Power Law formula.
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The effective mud weight, EMW, or effective circulating density, ECD, is the equivalent mud weight for the sum of the hydrostatic pressure plus the pressure loss in the annulus.



ECD = MWo + pressure loss / (0 0.0519 x TVD)



Therefore the Bottomhole Circulating Pressure is,



Bottomhole Circulating Pressure (BHCP) = ECD x 0.0519 x TVD



When pipe is pulled out of the hole, the pressure on the formation is reduced by an amount of similar magnitude to the pressure loss in the annulus. That is, MWe = MWo - pressure loss / (0.0519 x TVD) Where, We = equivalent weight during POOH A safe rule of thumb is to use an actual mud weight required to balance the formation pressure and add to this a mud weight equivalent to twice the annular pressure loss. That is,



Mud Weight for safe trip = Wo + 2 x (pressure loss / (0.0519 x TVD)) 10.3.2.1.2.4 Pore Pressure Pore pressure is the pressure that is exerted by fluids contained in the pore space of the rock and is the strict meaning of what is generally referred to as formation pressure. All rocks have porosity to some extent. If permeability also exists and formation pressure is greater than mud hydrostatic pressure, a kick will occur. In impermeable formations (such as shales), excessive pore pressure is confined and will produce sloughing or caving.



10.3.2.2 Removing and Suspending the Cuttings The most important factors of the drilling mud involved in carrying the cuttings up the borehole and suspending them when circulation is stopped are: •



Annular Velocity (the speed at which the mud travels up the borehole)



•



Viscosity



•



Gel Strength



10.3.2.2.1 Viscosity Viscosity is the resistance to flow. It is the resistance that the drilling fluid offers to flow when pumped. It affects the ability of the drilling fluid to lift the cuttings out of the borehole. It is dependent on the amount and character of the suspended solids.
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Viscosity is ordinarily measured in the field using a Marsh Funnel. The funnel is filled with one quart of drilling fluid, and the elapsed time to empty the funnel is recorded in seconds. The measurement of Funnel Viscosity is sec/qt (seconds per quart). This value is normally maintained between 40 and 50. 10.3.2.2.2 Gel Strength Gel strength refers to the ability of the drilling fluid to develop a gel as soon as it stops moving. Its purpose is to suspend the cuttings, mud solids in the borehole, and not permit them to settle around the bit when circulation is halted. In general, gel strength should be low enough to: •



Allow the cuttings to be removed at the surface



•



Permit entrained gas to be removed at the surface



•



Minimize swabbing when the pipe is pulled from the borehole



•



Permit starting of circulation without high pump pressures



The gel strength is most commonly determined with a Fann VG (Viscosity/Gel) Meter and is expressed in lbs/100ft2 (pounds per 100 square feet). Drilling muds ordinarily have gel strengths between 5 and 30 lbs/100ft2. 10.3.2.2.3 The Effect of Viscosity and Gel Strength on Drill Returns Logging Below are the effects of viscosity and gel strength on drill returns logging: •



If the viscosity or gel strength (or both) is too high, the drilling fluid tends to retain any entrained gas as it passes through the surface mud cleaning equipment, with the effect that the gas may be recycled several times. Swabbing of the borehole may also introduce extraneous gas anomalies.



•



Fine cuttings may be held in suspension so they cannot be removed at the shale shakers and settling pits, thus recycling and contaminating the cuttings samples. Also, cuttings consisting of clays or other dispersible material may be dissolved.



10.3.2.3 Cooling and Lubricating the Bit and Drill string Practically any fluid that can be circulated through the drill string will serve to cool the bit and drill string. Lubrication, however, commonly requires special mud characteristics that are gained by adding oil, chemicals and other materials.



10.3.2.4 Sealing Porous and Permeable Zones with an Impermeable Filter Cake The hydrostatic pressure of the column of drilling fluid exerted against the walls of the borehole helps prevent the caving of unconsolidated formations. A plastering effect, or the ability to line permeable portions of the borehole with a thin, tough filter cake, is also produced. API and high temperature-high pressure fluid loss values have no engineering value since no correlation can be established between them and dynamic filtration. However, it is the pattern of change in these values that could be significant. Dynamic filtration is a balance between pressure differential, depositional forces, erosive forces across the filter cake and erodability of the cake’s matrix. For these PRINTED IN SINGAPORE



 2001NTERNATIONAL LOGGING, INC.



89



reason’s cake toughness rather than thickness or fluid loss should be a more significant criterion for evaluating dynamic filtration changes. At this time, however, there is no way to objectively measure cake toughness, only gross changes can be observed. Nevertheless, control of the filtration rate (water loss) is necessary for two reasons: 1. A poor quality filter cake may cause excessive water loss and produce an excessively thick filter cake; thereby reducing the diameter of the borehole that increases the possibility of sticking the drill string and the swabbing effect when pulling the drill pipe. 2. High water loss can cause deep invasion of the formations, making it difficult to interpret wireline logs. Shales do not possess permeability; therefore, shale problems occur because of wellbore stresses within shale or wetting by the liquid mud phase. Neither of these conditions will be affected by fluid loss.



10.3.3 Types of Drilling Fluids There are four basic drilling fluid types: •



Water-based muds



•



Low solids muds



•



Oil-based muds



•



Air, Gas, Mist systems



10.3.3.1 Water-Based Muds 10.3.3.1.1 Components of a Water-Based System This is the most commonly used type of mud system. It is a three-component system consisting of water, and reactive and inert solids that are suspended in water. A number of reactive and nonreactive solids are added to obtain special properties. 10.3.3.1.1.1 Water This may be fresh water or salt water. Seawater is commonly used in offshore drilling and saturated saltwater may be used for drilling thick evaporite sequences to prevent them from dissolving and causing washouts. Saturated saltwater is also used for shale inhibition. 10.3.3.1.1.2 Reactive Solids The reactive solids found in drilling fluids are: •



Clays



•



Dispersants



•



Filtration Control Agents



•



Detergents, Emulsifiers and Lubricants
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•



Defoamers



•



Sodium and Calcium Compounds



Clays are the basic material of mud. It is sometimes referred to as “gel”. It affects the viscosity, gel strength and water loss. Common clays are: •



Bentonite - for fresh water muds



•



Attapulgite - for saltwater muds



•



Natural formation clays that hydrate and enter the mud system



Dispersants reduce viscosity by adsorption onto clay particles, reducing the attraction between particles. Examples of dispersants are: •



Tannins



•



Quebracho



•



Phosphates



•



Lignite



•



Lignosulphonates



Filtration Control Agents control the amount of water loss into permeable formations by ensuring the development of a firm impermeable filter cake. Some commonly used filtration agents are: •



Starch - pregelatinized to prevent fermentation



•



Sodium Carboxy-Methyl Cellulose (CMC) - organic colloids, long chain molecules that can be polymerized into different lengths or “grades”. The grades depend on the desired viscosity.



•



Polymers - for example cypan, drispac, used under special conditions



Detergents, Emulsifiers and Lubricants assist in cooling and lubricating. They are also used for a spotting fluid in order to free stuck pipe. Defoamers are used to prevent mud foaming at the surface in mud tanks or surface cleaning equipment. Sodium Compounds precipitate or suppress calcium or magnesium that decreases the yield of the clays. Calcium Compounds inhibit formation clays and prevent them from hydrating or swelling.
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10.3.3.1.1.3 Inert Solids Inert solids added to the mud system are: •



Weight Material



•



Lost Circulation Material (L.C.M.)



•



Anti-friction Material



Weight Materials are finely ground, high-density minerals held in suspension to control mud density. Common weight materials are: •



Barite



•



Hematite



•



Galena



Lost Circulation Material (L.C.M.) is added to the mud system in order to plug the lost circulation zone. It is available in many sizes and types to suit particular circulation loss situation. The L.C.M. materials commonly used are: •



Fibrous: wood fiber, leather fiber



•



Granular: walnut shells (nut plug), fine, medium, coarse



•



Flakes: cellophane, mica (fine, coarse)



•



Reinforcing Plugs: bentonite with diesel oil (gunk), time setting clays, attapulgite and granular (squeeze)



If none of these materials successfully plug the lost circulation zone, the zone must be cemented off. Anti-friction materials are added to the mud system to reduce torque and decrease the possibility of differential sticking. The most frequently used materials are inert polyurethane spheres. More frequently it is used on high angle directional wells, where torque and differential sticking are a problem. 10.3.3.1.2 Types of Water-Based Muds There are two types of water-based mud systems in use: •



Low pH



•



High pH



10.3.3.1.2.1 Low pH Water-Based Muds Low pH water-based muds have a pH of 7.0 to 9.5. There are four types of low pH water-based muds in use: •
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•



Brackish water low pH muds are muds using seawater, brackish water or hard water. Source water here may be from open sea or bays.



•



Saturated saltwater low pH muds are muds where the liquid phase is saturated with sodium chloride, although other salts may be present. These may be prepared from fresh water or brine.



•



Gyp treated low pH muds are gypsum-treated muds. They are also called gyp-based muds. They are formulated by conditioning the mud with commercial calcium sulfate (plaster).



10.3.3.1.2.2 High pH Water-Based Muds High pH water-based muds are muds with a pH greater than 9. There are two types of high pH water-based muds in use: •



Lime treated high pH muds are made by adding caustic soda, lime, clay and an organic thinner. These muds normally have a pH greater than 11.



•



Fresh water high pH muds are muds treated with products that bring the pH level above 9. These would include most alkaline-tannin treated muds.



10.3.3.2 Low Solids Muds A low solids system is a mud wherein solids content is less than 10% by weight or the mud weight is less than 9.5 ppg. It may either have a water or oil base.



10.3.3.3 Oil-Based Muds These mud systems have desirable properties as completion fluids or when drilling production wells because they do not react with clays and their filtrate will not damage the formations. They are expensive and difficult to run and maintain. Their use in exploration wells, other than in certain troublesome evaporite and clay sections, is limited because it complicates geological evaluation. The four basic types of oil-based mud systems used are: •



Emulsion (oil/water) System - in which diesel or crude oil is dispersed in a continuous phase of water.



•



Invert Emulsion (water/oil) System - in which water is dispersed in a continuous phase of diesel/crude oil. These may contain up to 50% by volume of water in the liquid phase.



•



Oil muds - The IADC identifies oil muds as, “usually a mixture of diesel fuel and asphalt; not emulsions at the start of their use in drilling. Viscosity is controlled by the addition of diesel fuel to thin, and asphalt compounds or organo clays to thicken. Weight is increased by the addition of barites. As a rule, oil muds will either form without emulsions with formation water or from other sources of water contamination.”



•



Oil-base muds - Bulletin D 11 of the API, defines oil-base mud as “a special type drilling fluid where oil is the continuous phase and water the dispersed space. Oil-base mud contains blown asphalt and usually 1 to 5% water emulsified into the system with caustic soda or quick lime and an organic acid. Oil-base muds are differentiated from invert emulsion muds (both water-
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in-oil emulsions) by the amounts of water used, method of controlling viscosity and thixotropic properties, wall-building properties and fluid loss.” When oil-based mud systems are in use, special considerations must be made regarding formation evaluation.



10.3.3.4 Air, Gas, Mist Systems Compressed air, natural gas or mist is occasionally used as a drilling fluid (at times with a foaming agent to improve carrying capacity). Air drilling is used principally in hard clay or rock formations or in areas where there is little formation water. Air drilling is basically the same as mud drilling except that a compressor assembly including cooling system, air receiver and unloading system replaces the mud pump. The air line is connected to the swivel hose at the top of the kelly or top head drive. The air is forced down through the drilling pipe and out through the holes at the bottom of the rotary drill bit. A small stream of water is often introduced into the air system to help cool the drill bit and control dust. The air serves to cool the drill bit and force cuttings up and out of the hole.



10.4 Casing and Cementing 10.4.1 Casing 10.4.1.1 Introduction Casing is strong steel pipe used to ensure a pressure-tight connection from the surface to the casing depth. There are at least seven important functions of casing: •



To prevent the hole from caving in or being washed out;



•



To prevent contamination of freshwater sands by fluids from lower zones;



•



To exclude water from the producing formations;



•



To confine production to the wellbore;



•



To provide a means of controlling the well;



•



To permit installation artificial lift equipment for producing the well;



•



To provide a flow path for producing fluids.



10.4.1.2 Casing Types An oil and gas well will typically require three types of casing: •



Conductor casing



•



Surface casing



•



Production casing



Other casing types that may be required to be run in a well are:
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•



Intermediate casing



•



Liner



10.4.1.3 Conductor Casing Conductor casing or pipe is used: •



As a channel to raise the mud high enough to return to the mud pits;



•



To prevent erosion around the base of the rig;



•



To provide for attaching the BOP stack where shallow gas is expected;



•



To protect the subsequent casing strings from corrosion;



•



To support some of the wellhead load on locations where the ground is soft.



The hole for the conductor pipe may be drilled and the conductor set in the usual fashion. It can also be pile driven with a pile driver. Conductor pipe is usually 16 inches to 48 inches in diameter and it could be 300 feet deep or more.



10.4.1.4 Surface Casing Surface casing is set deep enough to protect the well from cave-in and washout of loose formations that are encountered near the surface. It is to prevent freshwater sands from being contaminated with drilling mud, gas, oil and saltwater. It is the starting point for the casing head and other fittings that will be left on the completed well. The diameter of the surface casing must be less than the conductor casing. Surface casing is usually set from 300 to 4000 feet deep.



10.4.1.5 Production Casing Setting the production casing is one of the main objectives in drilling for oil and gas. This will isolate the producing reservoir from undesirable fluids. It is the protective housing for the completion tubing and other equipment to be used in producing the well. The production casing is often the last casing set in a well.



10.4.1.6 Intermediate Casing The primary purpose of the intermediate casing is to protect the hole. It is generally used to seal off weak zones that might break with the use of heavy mud. It is sometimes used to seal off salt and anhydrite zones that may contaminate the drilling mud or cause pipe sticking and key seats. It is also used to seal off older production zones in order to drill deeper. The number of intermediate casing strings set depends on the depth of the well and the problems encountered in drilling. Their size ranges from 5 to 13 3/8 inches in diameter.



10.4.1.7 Liner A liner is an abbreviated string of casing used to case the open hole below existing casing. It extends from the setting depth up into another casing string, usually PRINTED IN SINGAPORE
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overlapping around 100 feet above the lower end of either the intermediate or production casing. They are suspended from the upper casing by a liner hanger. They are often cemented in place. Production liners are sometimes not cemented. The principal advantage of using a liner is the lower cost because only a short string of pipe is needed instead of a complete string back to the surface. The other advantages are: •



They also provide a means of testing a lower zone with less cost.



•



There is also less danger of the casing being stuck because a liner can be run in a shorter amount of time.



•



If drilling has weakened the casing string, additional pipe may be tied back to the surface from the top of the liner.



Some problems encountered with liners are: •



Liner seals sometimes leak.



•



Difficulty in disengaging the liner string from the running tool.



10.4.1.8 Running Casing The individual joints of casing on the pipe rack, all with thread protectors in place, are measured and numbered in the order in which they are to be run in the hole. The first joint is the joint with the casing shoe. A wiper trip is made with a used bit to clean and condition hole before the casing is run. This is to ensure that the hole is in good shape and cleaned of cuttings and excess wall cake before the casing is to be cemented. After the wiper trip, the casing is picked up, stabbed in, made up and slowly lowered into the hole. Stabbing is the process of guiding the end of the pipe into a coupling or tool joint when making up a connection. The casing usually is periodically filled with mud as the pipe is run in the hole. Each joint is filled while the next one is being picked up and prepared for stabbing. Since it is generally not possible to completely fill every joint of casing, running casing is temporarily stopped after every five to ten joints run in to completely fill the string. Casing is filled with mud for two reasons: •



If the casing is filled as each joint is run, there will be less time for the string to be motionless, when the pipe is in open hole. Many casing strings have been stuck while the string is being filled.



•



Large diameter casing might collapse if run in the hole too far without being filled due to the greater pressure outside the pipe.



Mud returns should be carefully monitored carefully. If the casing string is filled up after every joint, theoretically the pit volume should increase by the amount of mud that the steel displaces. When the float shoe and casing collar are conventional, that is, not the automatic fill types, the amount of fluid displaced from the hole as each joint of casing is run in should equal the volume of the external diameter multiplied by its length.



PRINTED IN SINGAPORE



 2001NTERNATIONAL LOGGING, INC.



96



In some wells, circulation is broken at regular intervals while casing is being run in the hole. However, most operators run the full casing string before attempting to circulate if proper mud returns were observed. As a precaution, the casing is lowered slowly to minimize pressure surges and thus prevent lost circulation. Pressure surges due to fast running speeds can break the formation down. Mud will be lost and this could result in an expensive and time-consuming problem later on. When the casing is at its setting depth, circulation is established equal to the internal volume of casing before cementing the well. Care should be taken not to pump the mud at a fast rate in order to minimize pressure surges. The pumping rate should immediately be reduced when losses are observed. The reasons for circulation through the casing after reaching bottom or the casing setting depth: •



Condition mud in the hole and to flush out cuttings and wall cake prior to cementing.



•



Test the surface piping system.



Movement of the casing by reciprocation and/or rotation is commenced as soon as the entire casing has been run. This is continued while circulation is being carried out. One disadvantage of rotating the casing is that the casing may not withstand the torsional stress and may bend or twist.



10.4.1.9 Landing Casing Landing the casing involves the transfer of the casing’s string weight to the wellhead by means of a casing hanger that seats in the casing head and seals the annulus between the outer and inner casing strings.



10.4.2 Cementing 10.4.2.1 Introduction Oil well cementing is the process of mixing and placing cement slurry in the annular space between a string of casing and the open hole. The cement sets, bonding the pipe to the formation. Five factors are important to a good cementing job: 1. Cleaning the annulus without gouging, enhancing cement bonding to the wellbore 2. Centering the casing in the hole in order to form a uniform sheath of cement around the casing and minimize the chances of a channeling effect on the cement job 3. Strengthening the cement in the annular space to allow for proper perforation in the producing zone; 4. Bonding the cement to the casing surface to eliminate the possibility of a microannulus 5. Providing the necessary pipe movement, either rotation or reciprocation, to increase turbulence, improve circulation, and provide complete displacement of the drilling fluid with cement
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10.4.2.2 Cement Volume Requirements The most elementary method of estimating the top of cement behind the casing is volume of the open hole calculated from a caliper log less the displacement volume of the pipe. Additional cement slurry is required to obtain complete fill because of fluid loss by filtration. This excess factor varies with local field conditions, drilling methods, types of drilling fluid, and admixes used with the cement. Usually 15 to 25 percent excess cement is used when a caliper log is available. This amount is raised to 50 to 100 percent when the true hole diameter is not known. Proper selection of the amount of excess cement to use depends on the reliability of hole volume data and prior experience. The cement slurry volume must is determined to establish the volume of materials to be employed in the slurry. Factors involved in this calculation include the ratio of mixing water to cement, the type of cement, and the amount of additional materials such as gel. This ratio can usually be obtained from the cement supplier. After the unit volume of the specific cement slurry to be employed has been determined, the top of the cement behind the casing may be estimated by comparison of the total slurry volume with the volume of space behind the casing. The calculated top of cement is not a precise figure because exact fill-up is seldom obtained.



10.4.2.3 Mixing Dry cement is mixed with water to form a slurry. It is important to use the cleanest water available when mixing slurry. The cement's setting time is affected by water impurities such as chlorides or silt, particularly at depths of 10,000 feet or more. There are three types of systems used to mix and pump the cement slurry in use: •



Hydraulic jet mixer



•



Recirculating mixer



•



Batch mixer



The hydraulic jet mixer was the first system used widely for mixing cement. It is simple in design, reliable, and rugged in operation. The jet mixer makes use of a partial vacuum at the throat of the hopper and a turbulent flow of fluids to intermingle the particles of dry cement from the hopper with water in the pipe leading away from the hopper. In continuous mixing, spot cheeks of the slurry density in the sump tub are the usual manner of slurry weight control. Automatic density-measuring devices are provided. The recirculating mixer is the more modern system for cement mixing. It is widely used because it produces a smoother and more homogeneous cement slurry. It operates by forcing dry cement and water into a mixing chamber. The dry cement is mixed with the water prior to mixing it with the recirculated slurry. After the cement and water are thoroughly mixed with the recirculated slurry, part of the mixture is pumped to the displacement pumps, and part of the slurry is recirculated to be mixed with more dry cement and water.
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Recirculating mixer



Batch mixer



Figure 83 Offshore cementing unit.



The batch mixer is the third type of cement mixer that is used. Its mixing operation is simple. Cement and water enter the mixing chamber from the top and they are blended together by a stream of air that enters the mixing chamber from the bottom. The batch mixer is used to prepare specific volumes of slurry to exacting well requirements. The primary disadvantages of a batch mixer are uneven mixing and volume limitations. However, units with multiple mixing tanks provide enough capacity for continuous cementing along with the volume precision of the batch mixing system.



10.4.2.4 Pumping Cement After the casing is landed, the cementing lines are made up in preparation to pump the cement. A device called the cementing head, or plug container, is made up on the top joint of casing that is hanging in the elevator. The cementing head provides a connection from the cementing pumps so that cement may be circulated. A discharge line from the cementing pump is attached to the cementing head on the rig floor. Also placed in the cementing head are a bottom wiper plug and a top wiper plug.



Figure 84 Cementing plugs.



The following is a single-stage cement procedure: 1. After the cementing lines have been connected and a pre-job safety meeting is held, the surface cementing lines are pressure tested.
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2. A 10 to 50 barrel-spacer or mud preflush is pumped before the cement slurry is pumped. The spacers commonly used are: water, acid washes (10% acetic acid and 5-10% hydrochloric acid) and nonacid washes. Water serves as a flushing agent and provides a spacer between the drilling mud and the slurry. Water assists in the removal of some wall cake and flushes mud ahead of the cement, thereby lessening contamination. It does not affect the setting time of the cement. Acetic acid (10 percent) with a corrosion inhibitor and surfactant is sometimes used as a wash ahead of cement. It is fairly effective and normally does not cause casing corrosion. Hydrochloric acid (5 to 10 percent) is sometimes employed, but corrosion is possible even though a water spacer is used between the acid and cement. Nonacid washes may be beneficial if a large volume of water cannot be used for fear of reducing the hydrostatic head. 3. The bottom plug is dropped and the cement slurry is pumped. It wipes mud off the inside of the casing and keeps the mud separated from the cement. As the cement slurry from the pump discharge reaches the cementing head, the bottom plug starts down the casing with slurry behind it. 4. Bottom plug stops at the float collar. The pump pressure increases and ruptures the diaphragm in the plug and the slurry goes through and out in the annulus. 5. Once the calculated cement volume has been attained, the top plug, which is solid, is released to wipe cement off the inside walls of the casing. In addition, it reduces the mixing of cement and the displacement fluid behind the plug. 6. The cement is displaced with mud using the rig pumps. 7. The top plug bumps into and seats in the bottom plug. The pump pressure increase indicating that it had bumped into the bottom plug. This signifies the end of the displacement operation. 8. The rig pump is shut down and the pressure is bled off in order to determine whether the backpressure valve in the casing string is holding satisfactorily. Pressure on the casing should be released before the cement sets because if the cement is allowed to set and the pressure is released, the casing pulls away from the hardened cement, loosening the bond. With the pressure released in the casing, the valve in the float collar closes to keep cement from backing up in the casing.



10.4.2.5 Considerations after Cementing After bleeding off the pressure, the time comes for waiting for the cement to harden. This time is called waiting-on-cement, or WOC. Generally, WOC time starts when the plug bumps the float collar and ends when the cement plug is drilled out. WOC time is required in order for the cement to attain sufficient strength in order to: •



Anchor the pipe and withstand the shocks of subsequent operations



•



Seal permeable zones for prevention of movement of formation fluids behind the pipe



The top of cement can be checked by running a temperature survey or by running a cement bond log (CBL).
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Cement Bond Logs may be used to determine cement tops, although they are most often used to determine the quality of the cement-to-casing bond. Temperature surveys should be run 2 to 4 hours after mixing, when the heat of the setting cement is most apparent. An instrument is lowered into the well to make a temperature log. The temperature curves increase gradually with depth. The top of the cement can be located when the curve shows a sudden temperature increase because as cement sets it gives off heat. If the actual top of cement comes out considerably below the calculated top, then perhaps a there was washed out section in the borehole that took a lot of cement to fill. If the cement top is too low, perhaps allowing formation fluid to enter the annulus above the cement, then a squeeze cement job is needed. Another problem occurs when the actual top comes out higher than the expected top. In this case, the cement may have channeled around gelled drilling mud, leaving an uncemented area where fluids or gas may communicate between zones. Casing and cementing jobs are always pressure-tested before drilling ahead. In most areas casing is pressure-tested after the casinghead and blowout preventers have been installed.



10.4.2.6 Casing Accessories Casing accessories are used to: •



Guide casing into the hole



•



To center casing in the hole



•



To scrape mud off the wall of the hole



10.4.2.6.1 Casing Guide Shoe A guide shoe is a heavy collar that is attached to the first length of casing or liner to be lowered into the hole; it has a rounded nose to guide the casing around obstructions. Casing shoes are provided with an inside bevel to guide tools into the casing after the cement or plastic material forming the nose is removed. It has an opening in the bottom to allow drilling mud to enter the casing as it is lowered and for cement to exit.
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Figure 85 9-5/8” casing guide shoes.



A guide shoe is always employed whether or not other casing accessories are used. Three kinds of guide shoes may be used: •



Plain guide shoe



•



Combination float and guide shoe



•



Automatic fill-up guide shoe



Combination float and guide shoes are often used, particularly on long, expensive strings of pipe, because the float device is actually a backpressure valve and it sometimes desirable to have another aside from the float collar. The valve does not allow mud to enter the shoe but allows mud or cement to exit the casing into the annulus. The casing partially filled with mud to keep it from collapsing from the external pressure of the mud in the annulus. A partially empty casing tends to float thereby easing some of the strain on the derrick. The amount of flotation depends on the amount of fluid placed inside the casing string as it is filled from the surface. The idea is to keep enough mud inside the casing to prevent collapse, but not so full as to lose flotation. Floating casing into a well is only done with very long and very heavy strings of casing.



Figure 86 A float shoe.



A variation of the guide and float shoe is the differential, or automatic, fill-up shoe. This device permits a controlled amount of fluid to enter the bottom of a casing string PRINTED IN SINGAPORE
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while it is being run into the hole. The valve in this shoe keeps mud from getting into the casing at first, but only to a point. As the casing and differential fill-up shoe gets deeper into the hole, mud pressure causes the valve to open and mud to enter the casing. Most automatic fill devices can be made inoperative by filling the casing from the top and applying pressure. Automatic shoes and collars then revert to function as regular backpressure valve devices. The use of automatic fill-up equipment tends to eliminate one of the causes of lost circulation because it reduces the piston effect of casing in the hole and thereby lowers surge pressure as the casing is lowered into the hole. Automatic fill-up equipment eliminates the need for filling the casing as each joint is made up 10.4.2.6.2 Float Collar In addition to the guide shoe, a float collar is often used. A float collar is similar to a float shoe. Float collars permit the casing to float into the hole, by virtue of the casing's being partially empty. The float collar may be installed on top of the first joint or on top of the second or third joint to go into the hole. This provides space inside the casing for contaminated cement. When the casing has been run to the desired depth, circulation is established through the float valve. It also serves as a check valve in the string to prevent backflow of cement after it is pumped outside the string. The float collar serves as a stop for the top plug when cement is displaced, enabling a quantity of slurry to stay inside the string at the casing shoe, so the operator has reasonable assurance of having good quality cement outside the casing at that point. Some operators employ a float shoe and a baffle collar arrangement instead of a float collar. The purpose of the baffle collar, which resembles a float collar without a backpressure valve, is to stop the wiper plug and leave one or more joints of casing filled with cement. Float collars and shoes are attached to the casing string using thread-locked joints. They withstand greater torque before breaking out than tack-welded casing. The welding of shoes, couplings, and collars may weaken the casing and is avoided whenever possible. 10.4.2.6.3 Multistage Cementing Devices Multistage cementing device is a tool that consists of a ported coupling placed at the proper point in the string. It is used for cementing two or more separate sections behind a casing string. The stage collar is run with long casing strings wherein there is a danger of a formation breakdown if the cement were displaced from the bottom of the string. Cementing of the lower section of casing is done first in the usual manner, using plugs that will pass through the stage collar without opening the ports. After the first cement stage job has been performed, special plugs are dropped to open the multistage tool hydraulically, and fluid is circulated through the stage tool to the surface. After the cement slurry volume has been pumped, a final plug is dropped and the cement is displaced through the ports. The ports are subsequently closed when the final plug reaches the stage collar. 10.4.2.6.4 Centralizers Centralizers are often used on casing to center it in the hole and to allow a uniform cement distribution around the casing to help obtain a complete seal between the casing and the formation. Centering the casing in the hole is necessary for the cement PRINTED IN SINGAPORE
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to form a uniform sheath around the casing to effectively prevent migration of fluids from permeable zones. The force exerted by a centralizer against the borehole to keep the pipe away from the borehole wall is called the restoring force.



Figure 87 A casing centralizer.



Several styles of centralizers are available for matching different well specifications and hole sizes. One type of centralizer is hinged and latches over the casing couplings. Other centralizers are held in position by stop collars. Stop collars keep centralizers and other casing attachments in place on the casing. There are also turbulence generating designs that help clean the annulus and distribute the cement more evenly and uniformly. All the different types offer ample clearance for fluid passage and are extra effective in centering the casing, even in highly deviated holes. 10.4.2.6.5 Cement Scratchers and Wipers Scratchers and wipers help remove filter cake and gelled mud from the well as the casing is moved. This action provides a better bonding for the cement and helps isolate one zone from another in thecemented area. Wipers have looped cables to help clean the wellbore. They have large flow areas between the loops to permit the filter cake to pass through the wellbore. There are two styles of wipers—reciprocating and rotating. Cement scratchers are mechanical wall cleaning devices attached to casing. They help remove filter cake and gelled mud from the borehole wall by abrasion as the casing string is reciprocated or rotated. This action provides a better cement bond and helps isolate one zone from another in the cemented area. Most scratchers may be attached to the casing using mechanical stop collars or clamps. Reciprocating scratchers are normally spaced at 15-to 20-foot intervals throughout the section to be cemented, but rotating scratchers are usually placed opposite the pay zones only.



PRINTED IN SINGAPORE



 2001NTERNATIONAL LOGGING, INC.



104



Figure 88 A casing scratcher.



Strength is added to the cement sheath by using scratchers constructed of a continuous pattern of closely spaced loops. This pattern provides reinforcement in the annular space by lacing the cement with steel cable.



Figure 89 A looped casing scratcher or wiper.



Most operators work the pipe whether it is fitted with scratchers or not. Casing equipped with reciprocating cement wipers is worked up and down for a distance of 5 to 35 feet, depending on the spacing of the devices on the pipe. Casing fitted with rotating scratchers is turned at a speed of about 20 rpm to prevent damage to the casing from torsional stress. Rotation of the casing string in deviated holes may be hazardous due to flexing and coupling damage during rotation.



10.4.2.7 API Classes of Cement Portland cement is the most widely used cement in oil wells. Different cements are made to accommodate different downhole conditions. Altogether eight classes of cement are all produced according to API standards. Classes G and H cements have characteristics that allow them to be used at different depths. Because of these qualities, they are used most often. The eight classes of API Portland cement are: Class A: intended for use from the surface to 6,000 feet when special properties are not required. Class B: intended for use from the surface to 6,000 feet when conditions require moderate to high sulfate resistance. Class C: intended for use from the surface to 6,000 feet when conditions require high early strength.
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Class D: intended for use from 6,000 to 10,000 feet under conditions of moderately high temperatures and pressures. Class E: intended for use from 10,000 to 14,000 feet under conditions of high temperatures and pressures. Class F: intended for use from 10,000 to 16,000 feet under conditions of extremely high temperatures and pressures. Class G: intended for use as a basic cement from the surface to 8,000 feet. It may be used with accelerators and retarders to cover a wide range of well depths and temperatures. Class H: intended for use as a basic cement from the surface to 8,000 feet. It may be used with accelerators and retarders to cover a wide range of well depths and temperatures. Class J: intended for use from 12,000 to 16,000 feet under conditions of extremely high temperatures and pressures or to be used with accelerators and retarders to cover a range of well depths and temperatures. Cement compositions may be broadly classified as: •



Neat mixture



•



Tared mixture



Neat cement is cement without any additives and may take up to 24 hours to harden. Tared cement blends are conveyed to the rig by cementing trucks. The mixtures are popular because of their lower cost and their improved characteristics for the more difficult conditions of well depth and temperature that are now encountered. Cements should be tested under simulated well conditions to obtain the best results because minor variations may be enough to alter the desired response when used with certain additives. The physical properties such as setting time, compressive strength, and tensile strength are mainly functions of the cement composition, fineness of grind, water-cement ratio, temperature, and pressure. Heat and pressures over 3,000 psi accelerate cement setting time.



10.4.2.8 Cement Additives Generally, additives are used to alter setting time, change slurry density, lower the water-loss characteristic, improve flow properties, or improve the strength of the bond with the pipe. 10.4.2.8.1 Retarders In high-temperature formations, retarders are used to prolong the setting time so that the cement can be pumped into place. Commercial retarders include chemicals similar to mud thinners such as lignosulfonates. 10.4.2.8.2 Accelerators For low-temperature formations, an accelerator is used to speed up the setting time. It reduces the waiting-on-cement (WOC) time. Some of the most frequently used accelerators are calcium chloride, sodium chloride, (table salt), and certain forms of gypsum. They cause the cement to absorb or react with water more quickly causing the cement to set and develop strength faster. PRINTED IN SINGAPORE
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Another way to make cement set faster is to use less water when mixing the slurry. But reducing the water makes the slurry thicker and harder to pump into place. So if less water is used, a substance called a dispersant may be used. The dispersant chemically wets the cement particles in the slurry so that they slip past each other and easily flow into place. 10.4.2.8.3 Dispersants Fluid loss is the water lost from the slurry to the formation during slurry placement operations causing a subsequent increase in slurry density and changes in slurry characteristics. Filtration, or water-control, additives such as dispersants and organic cellulose are used to prevent excessive fluid loss. If the volume of water lost is large, the slurry becomes too viscous to pump and a filter cake is formed. This filter cake can bridge the space between the casing and the formation and prevent the rest of the cement from circulating to its intended placement. Water filtering into the formation may also cause problems, particularly in the producing zone preventing oil flow. Dispersants may function as different types of additives, since they allow the slurry to flow easily without much water. They may be used instead of accelerators, heavyweight additives, and filtration-control additives. 10.4.2.8.4 Heavyweight Additives In wells where heavy drilling muds were used, the cement slurry that will be used has to be at least as heavy as the drilling mud. Weighting agents, like barite, sand, and hematite, are added to increase the slurry weight. Dispersants reduce the amount of water needed to mix the slurry. They maybe used to produce a heavy cement slurry. The maximum cement slurry density that may be obtained using dispersants is about 17.5 ppg. By carefully selecting the dispersant ratio and weighting materials, slurry weights up to 22 ppg may be mixed and still be thin enough to be pumped downhole. 10.4.2.8.5 Lightweight Additives In low-pressure zones, the high hydrostatic pressure of long columns of neat cement may fracture the formation and result in lost circulation. Lightweight additives are added to reduce the weight of the slurry. One way to reduce the weight of the slurry is to add more water to it, because water is lighter than cement. However, adding too much water to the slurry will permanently reduce the strength of the cement. Extra amounts of water may also settle out of the slurry and form undesirable channels or water pockets in the set cement. To prevent the water from settling out, bentonite may be added to the slurry. Bentonite acts chemically to hold the water and to keep it from settling out. Bentonite also produces increased volume. This combination of bentonite, cement, and extra amounts of water produces lighter, more versatile slurry. 10.4.2.8.6 Extenders The volume of slurry per sack of dry cement that can be mixed is called the yield of the cement. Any additive that will aid in getting a greater yield from a sack of cement is called an extender. Once an extender is added mixing water will be required in order to mix neat cement. Since water is lighter in weight than cement and is less expensive, the additional water acts to lighten the slurry weight and to give a greater yield per sack of cement, making the slurry less expensive.



PRINTED IN SINGAPORE



 2001NTERNATIONAL LOGGING, INC.



107



10.4.2.8.7 Bridging Materials Zones of lost circulation are sometimes encountered when drilling a well. Bridging agents to control excessive cement loss into the zone are required. The most common materials used for controlling this loss of cement are kolite, gilsonite, and clinton flake. Kolite and gilsonite are coarsely ground hydrocarbon materials, while clinton flake is finely shredded cellophane. 10.4.2.8.8 Other additives Other special additives are used to solve various problems encountered in cementing a well. Examples of these are: •



Fine sand helps to control the strength loss encountered in set cement at temperatures above 250°F.



•



Antifoam agents are used to control the foaming tendencies of some cements.



•



Silica flour helps stabilize the cement so that it remains strong in hightemperature formations.



•



Sodium chloride, or salt, is a very versatile additive. In small amounts, it accelerates the setting time of cement. In large amounts, it retards the setting time. When used with other additives, such as bentonite, it works as a mild dispersant. When cementing through salt zones, saturated salt water should be used to mix the slurry.



10.5 Vertical, Directional and Horizontal Drilling 10.5.1 Vertical Drilling Though it is desirable on most wells to drill as near to vertical as possible no hole is drilled exactly vertically from spud to TD. It is generally accepted that a straight or vertical well is one that: •



Stays within the boundary of a “cone”, as specified by the client (usually about 3 degrees).



•



Does not change direction rapidly (no more than 3 degrees per 100 feet of hole) and form a “dogleg”.



In order for the driller to be sure that he is maintaining a vertical hole within the limits set out in the drilling contract, periodic measurements of the inclination of the hole must be taken. In straight-hole drilling, the measuring device is used to determine inclination or drift. The azimuth of the borehole is not necessary.



10.5.1.1 Preventing and Correcting Deviation A stiff bottomhole assembly (a BHA with many stabilizers) is run when deviation is expected. This BHA will resist any change in direction. The pendulum bottomhole assembly is run to straighten a crooked or deviated hole. Removing the stabilizers near the bit and retaining one upper stabilizer makes a pendulum BHA. Light weight-on-bit is used while drilling.
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10.5.2 Directional Drilling 10.5.2.1 Definitions Directional drilling is the process of directing the wellbore along a trajectory to a predetermined target. While deviation control is the process of keeping the hole contained within a prescribed limit relative to the hole angle.



10.5.2.2 Common Applications of Directional Drilling The most common applications of directional drilling are: •



Multiple wells from artificial structures: Today’s most common application of directional techniques is drilling multiple wells from offshore platforms.



Figure 90 Multiple deviated wells drilled from a platform.



•



Fault drilling: The hole is steered across or parallel to a fault for better production. This eliminates the danger posed by drilling a vertical well through a fault zone that could slip and shear the casing.



Figure 91 Drilling through a fault.



•
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Inaccessible locations: Oil/gas zones or targeted zones that are located in inaccessible locations like under riverbeds, just offshore, under cities, etc. are reached by drilling directional wells from remotely located rigs.
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Figure 92 Drilling in unaccessible locations.



•



Sidetracking and straightening: These are remedial operations. The well is either sidetracked usually to avoid an obstruction, like stuck drill pipe that has been cemented off (Figure 94) or the hole is brought back to the vertical by straightening the crooked hole (Figure 93).



Figure 93 Controlling a vertical well.



Figure 94 Sidetrack wells.



•
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Salt dome drilling: Directional drilling is used to reach zones lying beneath the overhanging cap of the salt dome.
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Figure 95 Drilling underneath the overhang of a salt dome.



•



Relief wells: This is the first application of directional drilling. A directionally drilled well is used to kill a blowout.



Figure 96 Drilling a relief well.



10.5.2.3 Deflection Tools A prime requirement for directional drilling is suitable deflection tools, along with special bits and other auxiliary tools. A deflection tool is a mechanical device that is placed in the borehole to cause the drill bit to be deviated from the present course of the borehole. There are numerous deflection tools available. The selection depends upon several factors, but principally upon the type of formation where the deviation is to start. The most common tools used for deflection are: •



Downhole Hydraulic Motors (with a bent sub)



•



Jet Bits



•



Whipstocks



10.5.2.3.1 Downhole Hydraulic Motors The downhole motor with a bent sub is the most widely used deflection tool. Mud flowing through the motor produces downhole rotary power, thus eliminating the need for rotating the drill pipe. There are types of downhole hydraulic motors: •



Turbine-type motors or turbodrills



•



Positive displacement motors (PDM’s)
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Downhole motors present many advantages over the whipstock. They permit a fullgauge hole at the “kick-off point”, thus eliminating costly follow-up trips to open the hole. Orientation is also more accurate since the motors penetrate along a smooth, gradual curve in build-up and drop-off sections. Corrections, if needed, can be made downhole without making a trip. Finally, downhole motors eliminate the need for clean-up trips due to bridges, doglegs, etc., since the tool can be circulated, rotated and drilled to bottom. 10.5.2.3.1.1 Turbine Type Motor Mud is deflected to the rotor, which is locked to the drive shaft, by the stationary stator. This causes the shaft to turn and the bit to rotate. The number of stages determines the torque generated. A turbine type motor or “turbodrill” consists of the following: •



Multistage vane-type rotor and stator: a stator and a rotor assembly form a stage.



•



Drive shaft



•



Drive sub (bit rotating sub and bearing section)



10.5.2.3.1.2 Positive Displacement Motor A “positive displacement motor” (PDM) consists of a two-stage helicoid motor, a dump valve, a connecting rod assembly, and a bearing and shaft assembly. The helicoid motor has a rubber lined spiral cavity with an elliptical cross-section, which houses a sinusoidal steel rotor. As the mud is pumped, it is forced downward between the rotor and spiral cavity. The rotor is thus displaced and turned by the pressure of the fluid column, which in turn powers the drive shaft and results in a rotational force that is used to turn the bit. 10.5.2.3.1.3 Bent Sub The bent sub is used to impart a constant deflection to the tool. Its upper thread is cut concentric to the axis of the sub body, and its lower thread is cut with an axis inclined 1 to 3 degrees in relation to the axis of the upper thread. In addition, the “hydraulic bent sub” can be locked into position for straight drilling, or unlocked and reset for directional drilling. 10.5.2.3.2 Jet Bits A jet bit has all but one of the jet nozzles are closed off or reduced in size. It can be used to deviate a hole in areas where subsurface formations are relatively soft. To deviate a well using a jet bit: 1. When the bit is on bottom, the open nozzle is oriented in the proper direction. 2. The pumps are started without rotating the drill string. The jetting action literally washes the formation away. 3. After jetting has set a course, the drill string is rotated and weight is added. The bit and drill string will follow the set course because it is the path of least resistance. Extra weight is then applied to bow the collars, and the drilling continues until the correct hole angle is attained.
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10.5.2.3.3 Whipstocks The standard “removable” whipstock consists of a long inverted steel wedge that is concave on one side to hold and guide a whipstock drilling assembly. It also has a chisel point at the bottom to prevent the tool from turning, and a heavy collar at the top to help withdraw the tool from the hole. It is used to initiate the deflection and direction of a well, sidetrack cement plugs, or straighten crooked holes. The “circulating” whipstock is run, set and drilled like a standard whipstock. In this case, the drilling mud flows through a passage to the bottom of the whipstock and circulates the cuttings out of the hole, ensuring a clean seat for the tool. It is most efficient for washing out bridges and bottom hole fills. The “permanent” casing whipstock is designed to remain permanently in the well. It is mainly used to bypass collapsed casing, junk in the hole or to reenter and drill out old wells. After the bit has drilled below the whipstock, increased weight is applied until approximately 20 feet of hole has been drilled. The whipstock is then retrieved and the hole opened to full gauge with a bit and hole opener.



10.5.3 Horizontal Drilling 10.5.3.1 Introduction There are many reasons for operators to drill horizontal wells, the most important being the ability to increase production by penetrating more of the reservoir using this technique. Horizontal drilling enhances many of the reservoir production parameters, for example the minimization of fluid coning problems. Aside from greatly increasing the interval of the reservoir for analysis, horizontal wells provide the geologist, petrophysicist and engineers with an opportunity to evaluate the reservoir in more detail laterally.



10.5.3.2 Basic Horizontal Well Patterns There are three basic borehole patterns: •



Short Radius Well: The targeted formations are “small” with vertical fractures and low energy production characteristics. Build rates are between 1.5 to 3 degrees per foot, and the horizontal section is rarely longer than 1000 feet.



•



Medium Radius Well: The targeted formations are thin, low permeability reservoirs with a limited extent. Build rates are between 8 to 20 degrees per 100 feet and the horizontal intervals may extend up to 4000 feet.



•



Long Radius Well: It is used for “extended reach” wells (e.g. Wytch Farm), and can be used to navigate around fault blocks. Build rates are between 2 and 6 degrees per 100 feet, and the horizontal intervals can exceed 5000 feet.



10.6 Measurement While Drilling Measurement-While-Drilling (MWD) tools are necessary in directional drilling, esp. horizontal drilling. They utilize instruments that transmit the survey data (azimuth, inclination, tool face position) via mud pulse telemetry. This information is then available for surface readout. The MWD operator can keep a constant check on the direction in which a downhole motor is facing thereby making deviation control easier. PRINTED IN SINGAPORE
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There are two MWD systems in use today: •



Probe-based



•



Collar-based



Probe-based tools are generally used in slim hole and short radius applications, while the collar-based systems provide a full range of formation evaluation (FEMWD) services. MWD tools provide constant inclination information to ensure the drill string does not deviate from the planned path, that the target will be intersected and to prevent severe doglegs. They allow surveys to be taken at every connection, eliminating the costly downtime of the earlier survey methods. It also provides the necessary formation evaluation logs (LWD), which would be available after several hours to several weeks after the borehole is drilled if wireline logs were used. The data gathered by these tools is from a formation that has not undergone significant alteration. They are also used in geosteering. Geosteering is a horizontal drilling application that utilizes resistivity measurements to identify bed boundaries and fluid changes. They provide inclination information to ensure that the drill string remains within the reservoir or returns to the reservoir whenever the bit exits the formation. They take the place of wireline logs because wireline tools could not reach the entire length of horizontal wells.



10.7 Wireline Logging Mud logging and core analysis are direct methods of formation evaluation. Wireline well logging is the indirect analysis of downhole features by electronic methods. To log a well by wireline (actually conductor line), an instrument called a sonde is put on bottom, and a recorder plots a graph at the surface as the sonde is raised to the surface.



Figure 97 Sondes of a wireline logging company.



The numerous logs offered by wireline companies today gather data in many different ways under many different conditions. Many, but not all, logging devices can be run in a single sonde in one wireline trip. A specific combination is usually chosen for the PRINTED IN SINGAPORE
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types of formation data needed. Correlation between the curves gives a clear picture of lithology, porosity, permeability, and saturation up and down the wellbore. Caliper logs, spontaneous potential logs, resistivity logs, radioactivity logs, or acoustic logs may be included in a typical logging run.



10.7.1 Caliper Logs A caliper is a tool that measures diameter. A caliper logging sonde measures the inner diameter of the borehole. Arms, springs, or pads are held against the sidewall as the device is pulled out of the hole by wireline. Changes in borehole diameter move the arms in and out and send signals to the surface. Wellbore diameter may vary widely due to lateral bit movement, caving formations, mud cake, or flexure (rock bowing into the wellbore due to overburden stress). These variations are important, since they affect the interpretation of other log data.



10.7.2 Spontaneous Potential Logs The spontaneous potential, or SP, log is the most common and widely run log. It records the weak, natural electrical currents that flow in formations adjacent to the wellbore. Most minerals are nonconductors when dry. However, some, like salt, are excellent conductors when dissolved in water. When a layer of rock or mud cake separates two areas of differing salt content, a weak current will flow from the higher salt concentration to the lower. Usually drilling fluids contain less salt than formation fluids, which may be very salty. As freshwater filtrate invades a permeable formation, spontaneous potential causes weak current to flow from the uninvaded to the invaded zone. More importantly, current flows from the uninvaded rock into the wellbore through any impermeable formation, such as shale, above and below the permeable layer. The SP curve is recorded in millivolts against depth. This value is useful in calculating the formation water resistivity (Rw). The SP log can be visually interpreted to show formation bed boundaries and thickness, as well as relative permeabilities of formation rocks. Because the SP log is so simple to obtain and provides such basic information, it is included in almost every logging run.



10.7.3 Resistivity Logs Resistivity logs record the resistance of a formation to the flow of electricity through it. Conductivity is the inverse of resistivity. Resistivity is expressed in ohm-metres, conductivity in mhos/meter. Some well log formulas use resistivity while others use conductivity. However, all of these formulas describe the same thing: the flow of electrical current. Resistance to this flow depends on: •



How much water the formation can hold



•



How freely the water can move



•



How saturated the formation is with water rather than hydrocarbons



In this way, resistivity is directly related to other formation characteristics. High porosity, high permeability, and high water saturation each lower resistivity. Oil and gas raise resistivity, since hydrocarbons are poor conductors. If well logs show a formation to be very porous and permeable but also to be highly resistive, then it can be inferred that it holds petroleum.
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Common resistivity logs include the lateral focus log, the induction log, and the microresistivity log.



10.7.3.1 Lateral Focus Log The lateral focus log uses a sonde that sends current outward through the rock in a specific pattern. A set of guard electrodes in the sonde focus current sideways into a flat sheet. As the sonde is raised, the sheet of current passes through formation rock. Differences in formation characteristics change the flow of current through the sheet, and these changes are logged at the surface.



10.7.3.2 Induction Log The induction log, involves inducing a current in formation beds. The sonde sets up a doughnut-shaped magnetic field around the wellbore, which generates a current monitored by instruments at the surface. As the sonde is raised through formations, changes in the current are logged. Like the lateral focus log, the induction log is very accurate for investigating thin formation beds.



10.7.3.3 Microresistivity Log The microresistivity log is designed to show resistivities very close to the wellbore. It has two curves: one showing resistivity in mud cake, the other showing resistivity less than one-half foot away in the formation. When the two curves are not identical, an invaded zone is indicated and a possible reservoir has been found. Porosity and permeability can be calculated from the microresistivity curves.



10.7.4 Radiocativity Logs Just as resistivity logs record natural and induced electrical currents, radioactivity logs record natural and induced radioactivity. Traces of radioactive elements are deposited in formation sediments. Over time, water leaches them out of porous, permeable rock, such as limestone and clean sandstone, but cannot wash them out of impermeable formations, such as shale and clay-filled sands.



10.7.4.1 Gamma Ray Logs Gamma ray logs show radiation from these impermeable formations. The gamma ray sonde contains a gamma ray detector, such as a Geiger counter. As the sonde is raised in the hole, a curve is graphed in API standard gamma ray units to show gamma ray emissions from the formation beds. Analysis of the curve allows easy location of shales and other rock types and predicts permeability in low-permeability formations. The gamma ray log is useful for correlation with the neutron log.



10.7.4.2 Neutron Logs The neutron log records induced radiation in formation rock. A radioactive source is loaded into the sonde and sent downhole. As neutron radiation bombards the rock around the wellbore, the rock gives off gamma rays from the neutrons it has absorbed. Some sondes measure the levels of both gamma rays and unabsorbed neutrons. Other neutron logs can be calibrated to the gamma rays emitted by certain elements such as hydrogen, carbon, oxygen, chlorine, silicon, or calcium. The detected amounts of these elements give information about water and hydrocarbon saturations, salt content, and rock types. All neutron logs give good porosity readings.
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10.7.4.3 Density Logs The density log, like the neutron log, uses radiation bombardment, but with gamma rays instead of neutrons. The density log responds to bulk densities in formation beds. Bulk density is the total density of a rock, reflecting rock matrix density, fluid density, and pore space volume. The denser, or less porous, a formation is, the more gamma rays it absorbs. On the other hand, the more porous a formation is, the less rock there is to stop gamma rays. Mathematical formulas for such figures as porosity, hydrocarbon density, and oil-shale yield can be solved with data taken from density curves.



10.7.5 Acoustic Logs Sound travels through dense rock more quickly than through lighter, more porous rock. The acoustic log, also called the sonic log, shows differences in travel times of sound pulses sent through formation beds. Shale and clay, as well as porous rock, slow down the pulses. Using information about formation types from other logs, porosity can be figured from acoustic logs.



10.7.6 Nuclear Magnetic Resonance (NMR) Logs To be published at a future date.



10.7.7 Typical logging runs A wide variety of logs can be taken using a single sonde, but a specific combination is usually chosen for the types of formation data needed. Correlation between the curves gives a clear picture of lithology, porosity, permeability, and saturation up and down the wellbore. Below is a picture of E-log sondes ready to be picked up and made up for a logging job in Bangladesh.
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Figure 98 E-log sondes.



10.8 Coring The purpose of getting cores is to obtain rock samples of sufficient size for: •



Making reservoir analysis tests to determine porosity, permeability and residual oil and water saturations (primary purpose of coring)



•



To establish the physical character of formation boundaries



•



To furnish paleontologic data for age and facies correlation



•



To determine the structural attitude of the beds



•



To provide sedimentary and petrologic data from which depositional and diagnostic environment analysis can be made



If every well could be drilled as one long, continuous core, formation evaluation would be simpler, since the rock could be brought up and examined almost exactly as it occurred downhole. But coring is expensive. Instead, a few well-planned core samples may be taken to tie together and clarify information from the driller's log and the mud log as well as from wireline well logs taken later. Originally, a short piece of pipe called a biscuit cutter was driven into the hole bottom, then jerked out and brought to the surface to obtain a formation sample. Today most coring is done by barrel and sidewall coring methods, and core analysis has become an exact science.



PRINTED IN SINGAPORE



 2001NTERNATIONAL LOGGING, INC.



118



10.8.1 Barrel Cores When the bit is about to enter a formation of special interest, a service company may be brought in to take a barrel core. The coring tool consists of an annular (doughnutshaped) diamond bit to cut the core and a hollow barrel to catch it. Core samples may be of any length, but cores of over 90 feet are hard to handle; a 60-foot core is average. Core diameters range from 11/8 to 5 inches, with 4 inches being the most popular size for core analysis. Despite its advantages over, sidewall coring, barrel coring is done on fewer than 10 percent of all wells cored, since it is costly and timeconsuming. Also, removing the core is sometimes dangerous since it is possible to swab the well and cause a blowout. Sidewall coring is more commonly used than barrel coring.



Figure 99 Core bit at the surface.



10.8.2 Sidewall Cores Sidewall cores are taken generally as a follow-up once the well has been drilled. They are often taken along with wireline well logs. A sidewall-coring gun is lowered on wireline to the formation chosen for sampling, where it may fire thirty or more hollow bullets into the wellbore wall. The bullets are attached to the gun by cables so that they may be pulled out, with the sidewall cores inside them, and retrieved with the gun. The core samples, or plugs, are usually less than 1 inch in diameter and up to 4 inches long. Since sidewall plugs are small and may also have been crushed somewhat, they are not as good as barrel cores for determining porosity, permeability, or fluid saturations. However, sidewall coring is a quick, inexpensive way to sample a selected formation.



10.8.3 Core Analysis The wellsite geologist checks core samples, whether barrel or sidewall, for rock type, physical characteristics, and mineral composition. Fossils help to identify beds. Sidewall cores may be tested for the presence of oil, but they do not reveal as much as barrel cores because of their small size and their mud filtrate content. Core analysis for barrel cores may be very detailed, and tests may be done in a lab. Porosity and permeability may be studied by several techniques. Core analysis can tell more about local reservoir structure than any other formation evaluation method.
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Figure 100 Core sample from retainer section of inner core barrel. Note bleeding oil.



10.9 Fishing 10.9.1 Introduction The technique of removing pieces or sections of drilling equipment left behind in the hole or stuck in the hole is called “fishing”.



10.9.2 Situations Requiring A “Fishing Job” There are three general situations that require a “fishing job”: •



Drill string fatigue failures



•



Stuck pipe



•



Junk (foreign objects) in the hole



10.9.2.1 Drill String Fatigue Failures Below is a list of possible causes of drill string fatigue failures: •



“Twist-off”



•



Parting of the drill string



•



Mechanical failure of the bit, causing some of its parts becoming lost.



A “twist-off” is caused by excessive stress in the drill string. This could happen when the drill string becomes stuck downhole and the rotary table continues to turn. The drill string could also part because of excessive pull when attempting to free stuck pipe.



10.9.2.2 Stuck Pipe Below is a list of possible causes of stuck pipe: •
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•



“Key seating”: “Key seats” are made when drill pipe under tension wears a slot into the wall of the hole.



•



Bridging: Caving or swelling formations could cause bridging.



•



Differential sticking: Differential sticking happens when pipe comes into contact with a permeable formation and the string is held in place by the positive differential pressure existing between the mud and the formation.



•



Sloughing borehole: When shale absorbs water from the drilling mud, it expands perpendicular to the bedding plane and sloughs into the borehole.



•



Junk in the hole: Junk could jam the drill string, particularly the BHA..



10.9.3 Fishing Tools Fishing tools could be classified broadly into: •



Tools used to recover miscellaneous equipment (junk)



•



Tools used to recover pipe (fish)



10.9.3.1 Fishing for Junk When relatively small pieces of equipment are lost in the borehole, they may be retrieved using the following tools: •



“Junk” or “Boot” Sub



•



“Finger-type” or “Poor Boy” Junk Basket



•



Core-type Junk Basket



•



Fishing Magnet



•



Jet Bottomhole Cutter



•



Grapple or Rope Spear



A “junk” or “boot” sub is run immediately above the bit to catch small junk thrown up by the turbulence. It is normally run before running a diamond or PDC bit so that no fragments can damage the bit. A “Finger-type” or “Poor Boy” junk basket cuts a small core. Weight is then applied to bend the beveled fingers inward to trap the junk inside. A “Core-type” junk basket is essentially a mill shoe basket that cuts a small core to trap junk. It has fingers that grip the junk on the trip out. A fishing magnet is used to pick up steel fragments. A jet bottomhole cutter is used when the junk is so large or oddly shaped that it cannot be readily retrieved with regular junk baskets. It breaks the junk into smaller pieces by use of an explosive charge. A grapple or rope spear is used to retrieve wireline cable in the hole.
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10.9.3.2 Fishing for Pipe When the drill string has actually parted or it is stuck in the hole, the operation for correcting the situation is called “fishing”. If the fish cannot be recovered, then it is cemented off and the borehole is sidetracked around it. Some of the tools or techniques used for fishing parted or stuck drill string are the following: •



Mill



•



Overshot



•



Wall-Hook Guide



•



Jar



•



Washover



•



Spotting



•



Safety Joint



•



Free-Point Indicator and String Shot



A mill is used to dress the top of a fish so that the selected fishing tool is able to make a firm positive catch. A mill usually is bladed or blunt; tungsten carbide coated, and is attached to the end of the drill string. An overshot is probably the first tool to be used when it is established that the top of the fish is relatively smooth. It will slide over the fish, center it, and then use a rotary tap or slips to engage the fish. A wall-hook guide is used if the top of the fish is located in a washed out section. It takes the place of the regular guide on the bottom of an overshot. It will engage the fish and guide it into the overshot. A jar is used when the pipe is stuck or when the fish is caught in an overshot and cannot be pulled from the borehole. In normal drilling, the jar is placed in the heavy weight drill pipe section, while in fishing it is located directly above the fishing tool. Jarring provides a method of giving an upward jerk to free the pipe. New mechanical drilling jars hit in both directions with up to 90 tons of force, and they can be cocked and tripped repeatedly to free the string without affecting their preset release point. They are insensitive to torque and therefore will not affect hole orientation while deviating the well.
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Figure 101 A mechanical jar.



A washover is a large diameter pipe with a rotary cutting shoe on the bottom. It is used to “drill over” stuck pipe to free it before fishing. Spotting is used when jarring alone will not free the fish. Oil or special chemicals are spotted around the fish in an attempt to penetrate the wall cake, causing it to deteriorate and make the pipe slick. Spotting with water/oil when differentially stuck, and acid spotting when stuck in limestone is often used in an attempt to free the pipe. A safety joint is a coarse-threaded joint that may be easily released. It is run above a fishing tool in case the fish cannot be freed and the fishing tool cannot be released. A free-point indicator is used to determine at what pointing the borehole is the fish stuck. It is an electronic instrument that can sense torque or pipe movement. It is lowered on a wireline as far as possible and raised slowly while the drill string is being stressed. Below the stuck point, no torque will be sensed. When the instrument detects torque, the free point is reached. The free point indicator is raised until the string shot is positioned opposite the nearest tool joint (or one or two joints above the stuck point). Left-hand torque is applied to the drill string by the rotary table, and the primacord string shot is exploded. Loss of torque in the drill pipe is a definite indication that the tool joint has been loosened. The “backoff” is completed by further left-hand rotation and by picking the pipe up a few feet.



10.10 Formation Testing 10.10.1



Introduction Formation testing may be done before or after casing, cementing, and perforating. The few wells that are completed open-hole, of course, are tested only open-hole. Perforated completions are tested cased-hole. Open-hole testing followed up by cased-hole testing is also standard in some areas.
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The formation test is the final proof of a well's profitability. Cores and logs tell which formations should produce and where to perforate them, but predictions are not the best data on which to base an expensive completion. Instead of guessing about the type of completion needed - or even about whether the well will be productive - the oil company can take advantage of the accurate, hard evidence given by formation tests. Wireline formation testers, drill stem test tools, and well test packages may be used on either open or cased holes. Any or all of these three types of formation tests may be used on a well in considering it for completion.



10.10.2



Wireline Formation Tests A wireline formation test is a quick, inexpensive way to measure pressures at specific depths. Although originally designed to sample formation fluids, this technique has been commonly used for formation testing, either together with other testing methods or alone in well-known fields as a checkup on flow rates. The wireline formation tester is actually run on conductor line. The term wireline distinguishes this test from the others, which involve the running of drill pipe or tubing. The test tool is made up of a rubber pad with a valve in it, a pressure gauge, and testing chambers and sampling chambers interconnected by valves. The tool may be run with a logging sonde or with a bottomhole pressure gauge. The zone to be tested is located by wireline depth measurement or by SP log. A backup shoe kicks out to press the pad against the formation sidewall, forming a hydraulic seal from mud in the wellbore. In cased holes, one or two perforations are made to allow flow into the tool. The pad valve is opened, and formation fluids enter the tool and register initial shut-in pressure. For a flow period, a test chamber valve is opened and a small piston draws fluids at a steady rate while pressure in the chamber is logged at the surface. A second test chamber is usually opened for a second flow period. The final shut-in pressure is recorded after the second flow period. Since the test chambers each hold less than an ounce, fluids drawn into them are almost 100 percent mud filtrate. A sample chamber may be opened to draw a few gallons of formation fluid. In porous, permeable formations, a representative reservoir sample may be obtained in the sample chamber. After a valve is opened to equalize pressure, a getaway shot is fired to release the tool. The tool may then be retrieved, unless it is designed to make more than one test per trip downhole. Wireline formation tests are useful for investigating oil and gas shows, taking quick readings of hydrostatic and flow pressure, and confirming porosity and permeability data from other logs. They allow general predictions for zone productivity and may be used in planning more sophisticated formation tests, such as drill stem tests.



10.10.3



Drill Stem Tests The Drill Stem Test, or DST, has become a kind of temporary, partial completion of the well that provides data on several feet or several hundred feet of producing formation. DST tools come in two basic types, which may be used for open or cased holes:
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•



Single-packer DST tool



•



Straddle-packer DST tool



The single-packer DST tool is used to isolate formations from below the tool to the bottom of the hole. Perforated pipe is made up below the packer. Formation fluids enter the wellbore and flow through the perforations, through the tool, and up the drill stem to the surface. The straddle-packer DST tool isolates the formation bed or beds between two packers. The tool is very similar to the single-packer tool, the lower packer being basically the same as the upper packer except turned upside down. The distance from packer to packer depends on the thickness of the test zone. Formation fluids enter perforated pipe between the packers



and flow upwards. In cased holes, where the smooth metal sidewall of the casing may not provide as secure a seating as in open holes, DST tools include slips to grip the casing and substitute a sturdier packer to bear the increased set-down weight needed to secure a tight seal. DST assemblies normally contain two pressure recorders. One is usually inside the tool, where it is exposed to pressure inside the perforated pipe. The other is usually below the perforated pipe, where it is exposed to pressure in the annulus. If something goes wrong-if the perforations become plugged, for instance - the two recorders will produce pressure charts with telltale differences. The number and placement of DST pressure recorders are matters to be decided by experience and judgment. The pressure charts are metal plates in the recorders that slowly move under a stylus as it etches a pressure curve. This curve can be analyzed for many kinds of production data. Temperature readings may also be taken during the test. An instrument records temperature by etching a curve on a metal plate. Temperatures, though, vary less than pressures across a field and can be easily calculated from mathematical formulas. The main goal of drill stem testing is pressure data.



10.10.3.1



DST Procedures Once a test zone has been chosen, the mud in the wellbore is well circulated and conditioned. Wellbore conditioning gives better DST results and also helps to prevent blowouts caused by the loss of mud weight or by the loosening of a packer in excessively thick mud cake. Cuttings or junk not circulated out of the hole may also damage the DST tool before the test even begins. A cushion of water or compressed gas, usually nitrogen, is often placed in the drill stem when the DST tool is run in. Water is easier to obtain and is most commonly used. The cushion supports the drill pipe against mud pressure until the test starts. Cushions can also be drawn off slowly after the tool is opened to prevent formation fluids from flowing so suddenly that the formation rock is damaged. After the pressure charts are loaded and the DST tool is laid out and ready to run, the proper length of anchor pipe is tripped in to situate the test assembly at the chosen wellbore depth. All test assembly parts are then added. Sometimes drill collars are made up above the tool as a precaution against collapse if no cushion is used. Finally, the rest of the drill stem is carefully tripped in. When the DST tool is in place, the packer seal is set and the test is ready to begin. The tool is opened, and the tubing-casing annulus is monitored for pressure changes that warn of poor packer
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seating. Then the cushion, if any, is bailed or bled off to reduce pressure so that formation fluids may flow up the drill stem. The strength of this first flow is estimated, either by observing the blow in a bubble bucket (for small wells) or by checking data from a surface computer or other surface readings (for deeper, stronger wells). From this estimate the number and lengths of the flow and shut-in periods for the rest of the test are chosen. Most DST’s include two flow and shut-in periods, the second round being given more time than the first. Some longer tests have three rounds. Each round includes a flow period followed by a shut-in period to record hydrostatic formation pressure. The short first round clears out any pressure pockets in the wellbore and removes mud from the drill stem. Produced fluids are caught in a holding tank or burned off as they reach the surface. If they are saved, they may be analyzed later for saturation and other properties. When the test is over, the valves of the tool are closed to trap a clean fluid sample. Then the DST tool is unseated. Fluids in the drill stem are reverse-circulated out to keep crude from being spilled over the rig while tripping out. Finally, the drill string and tool are carefully tripped out, and the fluid sample and the charts are retrieved.



10.10.3.2



DST Interpretation DST data come from two main sources: the pressure charts and the fluid sample taken by the tool. Any fluids caught at the surface and saved in a holding tank have probably lost their gas content and are less representative of reservoir saturations. The pressure curve on the DST chart is used to calculate pressure behavior plots. The curve is a record of pressure over time.



10.11 Completions To be published at a future date.
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11 Formation Evaluation Procedures 11.1 Introduction In the early days of drilling, when cable tools were the only means to make hole, the notion of sampling well bailings to find out what the bit was penetrating seemed unimportant, and even a waste of time. Drilling proceeded until oil and gas flowed, and it continued as soon as production dropped off. If a well was going to produce, it would produce - sampling well bailings would never change that. Today, it is still true that formation evaluation cannot change a well's production potential, but completion techniques suggested by formation data can. Formation evaluation is done routinely. Methods for evaluation of subsurface formations now include the sophisticated use of seismic surveys, records from nearby wells, the driller's log, mud logs, core samples, and a multitude of wireline well logs. Mud logging is a useful evaluation technique that has developed since the advent of rotary drilling in the 1920’s. Since mud circulates constantly during drilling, mud logging can provide information on a continuous formation sample. A mud logger checks mud for oil and gas and collects bit cuttings for analysis. Bit cutting analysis is very useful, since it can tell much about rock types and formation characteristics, which must be known for mapping formation beds. Information gathered by mud logging is recorded on a mud log. Basic mud logging involves: •



Depth and ROP determination



•



Lag time determination



•



Cuttings sampling and lithological description



•



Gas sampling and analysis



11.2 INTERNATIONAL LOGGING OVERSEAS Mud Logging Unit The basic INTERNATIONAL LOGGING OVERSEAS mud logging unit is 27’ x 8’ x 8’ 6” and weighs 10 tons. It contains the following standard equipment: •



Gas equipment (2 FID THD, 2 FID Chromatographs, CO2 Detector, H2S Detectors)



•



1 HP Integrator



•



4 computers



•



1 intelligent chart recorder or 2 continuous recording charts



•



1 Laser jet for printing reports and plot logs



•



1 Epson inkjet printer to plot out logs
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•



2 Microscopes



•



1 Microgas blender



•



Pit Sensors



•



Rig floor sensors (pressure transducers, RPM proximity and torque sensors)



•



Depth sensors (either drawworks, geolograph encoders or block height proximity sensors)



•



Mud property sensors (mud weight, mud temperature and mud resistivity sensors)



•



Mud press, laboratory glassware and chemicals to allow chemical tests on cuttings and mud



•



Equipment for catching samples



•



External monitors for data display



On offshore floating rigs additional equipment is installed: •



Rig-motion compensated depth system



The unit could be equipped handle coring jobs, shale density, shale factor, mineral staining and other specialized tests.



Figure 102 An ILO mud logging unit onboard jack-up EE-IV (now Pride Ohio).



The International Logging Overseas mud logging unit is be able to provide: •
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•



Personnel trained to monitor drilling parameters, monitor mud properties, pit volumes, and monitor gas and its components using FID THA, Chromatograph-Integrator, CO2 and H2S



•



Data processing, storage, display and transmission to off wellsite locations



•



Record on charts drilling parameters



•



Print out, store and display mud logs, pressure logs and other logs needed at the wellsite



•



Personnel trained to do pore pressure monitoring and estimation



•



Personnel trained to perform specialized tests and analyses as required by the client



•



Personnel trained to handle core samples



11.3 Lag Time Determination 11.3.1 Introduction A definite time interval is always required for pumping the samples from a particular depth to the surface where they can be collected. This time interval is called lag time and can be measured in terms of pump strokes and in terms of time. This lag applies to all downhole information, including formation cuttings and the fluids (gas, oil and water) that they contain. The lag always exists and changes continuously as the hole becomes deeper. As such, it is necessary to know the lag and apply it continuously to returning samples. Due to the factors that cause it to change, the lag must be frequently checked and corrected. With the above in mind, lag determination is one of the most fundamental concepts that must be mastered by the mud logger. Lag time will allow for correct correlation with real-time parameters such as depth and drill rate. Lag time is dependent on two factors: the volume of drilling fluid in the annulus and the flow rate of the drilling fluid. The annulus is the space around a pipe in the wellbore, the outer wall being the wall of either the hole or casing. It is sometimes called annular space. The faster the mud is pumped into the borehole, the quicker it returns to the surface. Similarly, an increase in depth means an increase in annular volume, and hence an increase in lag time. As the annular diameter gets larger (due borehole washouts), the annular volume increases and so will lag time. For a given annular volume, the lag time (in minutes) can be calculated by dividing the annular volume (bbls) by the flow rate (bbl/min). When using a time value, it should be remembered that if the flow rate changes, so will the lag. To compensate for such changes, lag time is also converted into pump strokes, so a change in pump speed (spm) will not affect lag time.



11.3.2 Steps in Calculating for Theoretical Lag Determination Theoretical lag (time and strokes) is the most basic calculation performed by a logging crew. Logging crews at various times perform additional calculations based on the lag formula. The steps involved in calculating the theoretical lag time are:



PRINTED IN SINGAPORE



 2001NTERNATIONAL LOGGING, INC.



129



1. Calculate the pump output 2. Draw a well profile 3. Calculate the Theoretical Lag The constant used in volume calculations is 0.000971. Using oilfield units, the formula is:



Volume (bbls) = d2 x L x 0.000971



Where, d = Diameter of pipe, casing, collars or open hole (inches) L = Length of section of pipe, collars, casing or hole (feet) Conversely, you can use 1029.4. Using oilfield units, the formula is:



Capacity (bbls) = (d2 / 1029.4) x L



11.3.2.1 Calculation of Pump Output The first step in the calculation of lag time is the determination of pump output. The formula used in calculating the volume output of a duplex pump is:



Output (gals/stroke) = (0.0515 x Stroke Length x ((– (RodOD)2/2))) x 0.2642 x Efficiency Or Output (bbls/stroke) = 0.000162 x Stroke Length x (2 x LinerOD)2 - (RodOD)2)



The formula used in calculating the volume output of a triplex pump is:



Output (gals/stroke) = (0.0386 x Stroke Length x (LinerOD)2) x 0.2642 x Efficiency Or Output (bbls/stroke) = 0.000243 x Stroke Length x (LinerOD)2 x Efficiency



Where, Stroke Length, Liner diameter, rod diameter = inches Pump efficiency expressed as a decimal (ex. 95% is expressed as 0.95) Once pump output has been determined, the output value should be placed in all forms necessary to perform future calculations. They are:
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•



Barrels per Minute (bbl/min)



•



Gallons per Minute (gal/min)



•



Barrels per Stroke (bbl/stk)



•



Gallons per Stroke (gal/stk)



Let us calculate the following: Determine the pump output in bbls/stroke, at 97% efficiency for a triplex pump with a stroke length of 12 inches and a liner diameter of 6 inches. Output = 0.000243 x 12 x (6)2 x 0.97 Output = 0.10183 bbls/stroke



11.3.2.2 Well Model Once the pump output has been determined, it will be necessary to draw a profile of the wellbore, illustrating and defining the various diameters and lengths. Included should be the inside diameters of the riser, casing, liners and open hole, and the inside and outside diameters of the drill pipe, heavyweight pipe and drill collars. The length of the BHA less the length of the heavy weight drill pipe is considered as part of the length of the drill collars. Draw the well model using this information and update it whenever necessary. Before the bit is run back in the hole, the mud logger has to get a list of the BHA along with the bit information from the rig floor. The information must include the numbers, lengths, OD’s and ID’s of the different components of the BHA. The BHA figures are used in conjunction with mud pump output, to calculate the capacity of the drill string and the annulus. For example, given the following data: Casing / Open hole: 13 3/8” (ID: 9”) @ 4500 ft 9 5/8” (ID: 8.75”) @ 6000 ft 8.5” open hole TD @ 7750 ft Drill string: 6.5” DC (ID: 3.5”) – 500 ft 5” HWDP (ID: 3.0”) – 800 ft 5” DP (ID: 4.276”) – 6450 ft



PRINTED IN SINGAPORE



 2001NTERNATIONAL LOGGING, INC.



131



Figure 103 Well profile.



Looking at the well profile, we see that there are four sections based on the above data. For lag calculations though, we can trim the number of sections down to three: Sections 1 and 4 will still be the same; but, we can join Sections 2 and 3 together since they have the same pipe OD.



11.3.2.3 Theoretical Lag Determination Theoretical lag calculations assume the open hole is in gauge, or the open hole is equal to the bit diameter. Since most bore holes will suffer a certain amount of washout, (which increases the hole size) the theoretical lag is usually an underestimation. This calculation is important when compared to tracer (actual) lag information. It can provide useful information concerning borehole conditions. There are two methods used in calculating theoretical lag: •



Velocity Method - using annular velocities (ft/min)



•



Volume Method - using annular volume (bbls)



11.3.2.3.1 Velocity Method To calculate the theoretical lag: 1. Calculate the annular velocity in each section. Use the formula:
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Annular velocity (ft/min) = 24.51 x Q / (D2 – d2)



Where, Q = flow rate (gpm) D = hole or casing ID (ins.) d = DP/DC OD (ins.) 2. Calculate the lag time for each section. Use the formula:



Lag time (mins) = Length of annular section / Annular velocity of annular section



3. Lag time (mins) = Σ Lag time in each annular section 4. Lag time (strokes) = Lag time (mins) x spm For example: A pump with an output of 0.1018 bbls/stroke is used pumping at a rate of 100 spm. Using the same information used in drawing the well profile, calculate the lag using the Velocity method. Before proceeding ahead, we have to convert the pump output to gals/min or gpm. 0.1018 bbls/stroke x 100 spm x 42 gals/bbl = 427.6 gpm Step 1: (Remember that we can combine Sections 2 and 3 into one section) Annular velocity for Section 1 = 24.51 x 427.6 / (8.52 – 6.52) = 349.35 ft/min Annular velocity for Section 2 = 24.51 x 427.6 / (8.52 – 52) = 221.81 ft/min Annular velocity for Section 3 = 24.51 x 427.6 / (8.752 – 52) = 203.26 ft/min Step 2: Lag time for Section 1 = 500 ft / 349.35 ft/min = 1.43 mins. Lag time for Section 2 = 1250 ft / 221.81 ft/min = 5.64 mins. Lag time for Section 3 = 6000 ft / 203.26 ft/min = 29.52 mins. Step 3: Lag time = 1.43 mins + 5.64 mins + 29.52 mins = 36.59 minutes Step 4: Lag time in strokes = 36.59 mins x 100 spm = 3659 strokes
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These annular velocities will be useful when determining Equivalent Circulating Density (E.C.D.) and pressure losses within the circulating system. 11.3.2.3.2 Volume Method To calculate the theoretical lag: 1. Calculate the annular volume in each section. Use the formula:



Volume (bbls) = (D2 - d2) x L x 0.000971 Or Volume (bbls) = ((D2 - d2) / 1029.4) x L



Where, D = borehole/casing inside diameter (inches) d = drill pipe/drill collar outside diameter (inches) L = length of annular section (feet) 2. Calculate the lag time for each section. Use the formula:



Lag time (mins) = Annular volume / Flow rate (bbls/min) Or Lag time (strokes) = Annular volume / Pump output (bbls/stroke)



3. Lag time (mins) = Σ Lag time (minutes) in each annular section or Lag time (strokes) = Σ Lag time (strokes) in each annular section The major disadvantage of reporting lag time in minutes is that it is affected by changes in flow rate. It is advisable to calculate lag time in strokes. For example: A pump with an output of 0.1018 bbls/stroke is used pumping at a rate of 100 spm. Using the same information used in drawing the well profile, calculate the lag using the Volume method. Step 1: (Remember that we can combine Sections 2 and 3 into one section) Volume for Section 1 = (8.52 – 6.52) x 500 ft x 0.000971 = 14.57 bbls Volume for Section 2 = (8.52 – 52) x 1250 ft x 0.000971 = 57.35 bbls Volume for Section 3 = (8.752 – 52) x 6000 ft x 0.000971 = 300.40 bbls Step 2: (Here we will calculate lag time in strokes)
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Lag time for Section 1 = 14.57 bbls / 0.1018 bbls/stroke = 143 strokes Lag time for Section 2 = 57.35 bbls / 0.1018 bbls/stroke = 564 strokes Lag time for Section 3 = 300.40 bbls / 0.1018 bbls/stroke = 2951 strokes Step 3: Lag time = 143 strokes + 563 strokes + 2951 strokes = 3658 strokes



11.3.3 Actual Lag Determination Using Carbide 11.3.3.1 Introduction During drilling, hole sections have a tendency to become enlarged (“washout”) or may be reduced because of hydrating/swelling formations and/or extreme filter cake build-up. This enlargement or reduction in the hole size affects the lag time when collecting samples. To ensure that samples are collected as close to the correct depth as possible, periodic “tracers” should be dropped to check the actual open hole volume so that the lag for samples can be corrected if necessary.



11.3.3.2 Running a Carbide Bomb The only way of obtaining an accurate lag is by measuring the time or strokes that a tracer takes to return to the surface, after being introduced into the drill string. The most commonly used tracer is calcium carbide. It forms acetylene gas when it encounters the water in the drilling fluid. CaC2+ 2H2O ------> Ca(OH)2 + C2H2 The gas detection equipment detects this acetylene gas when it returns to the surface. The THA will reflect an increase in gas and the Chromatograph will produce a peak between the ethane (C2) and butane (C3) peaks. Dropping carbide serves two purposes: •



It allows for a check on the lag time



•



It serves as a check on the efficiency of the gas equipment



In order to compare different carbide checks, it is important that they be run consistently, using the same amount of calcium carbide each time. A measuring cup is provided in the logging unit for this purpose. The measured amount is 100 ml. The carbide is wrapped in an “envelope” of paper towels or toilet paper, held together with scotch tape. The wrapping material must break up easily so as not to block the jet nozzles. You should use the minimal amount of scotch tape. When a downhole motor or MWD tool is in use, confirm with the drilling supervisor and/or directional driller whether they will allow Carbide Bombs to be run. Some clients are concerned that the paper and carbide going through the tools might possibly cause damage.



WARNING! The reaction of calcium carbide with water is immediate and exothermic. Carbide reacts with water vapor, even moisture on the skin. Carbide should not be handled with bare hands; rubber gloves are provided in the logging unit for PRINTED IN SINGAPORE
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handling carbide. In addition, as acetylene gas is flammable, the “Carbide Bomb” should be prepared just before use to reduce the risk of a build-up of flammable gas in the unit. No smoking is allowed during the preparation of a “Carbide Bomb.” The personnel tasked with dropping the Carbide Bomb should be at the rig floor just before a connection is to be made. The driller has to be informed to get his cooperation. The best place to insert this Carbide Bomb is at the pin end of the next joint (or stand) of pipe going in the hole. Insertion is normally performed at connections. The carbide should be pushed inside the pin just before it is stabbed into the suspended joint on the rotary table. If oil-based mud is being used, dip a stick into the suspended in the rotary table to displace some of the oil-based mud inside the drill pipe. Pour some water into the pipe and insert the bomb in the pin of the next joint prior to the connection. The water allows the carbide to react to release acetylene gas in the oil environment. Once the “Carbide Bomb” is in place, the Total Stroke counter in the DLS computer should be zeroed by the ILO personnel in the unit. The carbide and its by-product, acetylene, will travel down the drill pipe, through the bit and up the annulus before reaching surface. The frequency at which carbides are run is difficult to determine, but under normal circumstances a check should be made every twenty-four hours or 400 ft, whichever comes first. However, if carbide information is required due to suspicions of incorrect lag or washout, then carbides should be run as required.



11.3.3.3 Alternative Tracers The ILO crew must always check keep on the quantity of carbide left in the unit. They have to order from the nearest office or base if their inventory drops to a critical level as determined by ongoing operations. An event wherein the crew runs out of carbide to use should never happen. In the event carbide cannot be used, through client instructions or lack of carbide, alternatives must be used to obtain lag data that are as accurate as possible. A common alternative is to make up a packet of rice in the same way as a “Carbide Bomb” is made. Rice is an acceptable substitute as it is small grained, does not block the jets, and is soft enough not to damage downhole motors. Procedures are the same except that an acetylene peak does not occur. The logger must wait at the shakers before the rice is theoretically due at surface, and note the time when a lot of rice appears. Any difference between theoretical and actual time can be easily calculated back into strokes. However, plain white rice is often difficult to see on the shakers as it becomes coated in mud. One way of increasing its visibility is to coat the rice in bright, preferably fluorescent, paint and allow the paint to dry before being used. Wet, freshly painted rice is no use, as the paint washes off in the mud in the turbulent sections (drill collars and bit). It is better to prepare a large quantity of rice beforehand as this saves time, and the unit will have a ready stock of tracer in case frequent tracer checks have to be run. When air drilling is used, propane is injected into the system for lag determination.



PRINTED IN SINGAPORE



 2001NTERNATIONAL LOGGING, INC.



136



11.3.3.4 Downtime or Surface-to-bit Strokes The number of strokes required for the tracer (or any packet of mud) to travel to the bit from the surface must be taken into account. This is called downtime or surface-tobit strokes. This value (strokes or time) must be subtracted from the total strokes when the acetylene peaks from the time the tracer is detected. To calculate: 1. Calculate the internal volume for each of the different sections of the drillstring using:



Internal volume (bbls) = d2 x 0.000971 x L



Where: d = ID of DP, HWDP or DC, in L = section length, ft 2. Total Internal volume (bbls) = Σ Internal volume 3. Downtime (strokes) = Total Internal volume / pump output (bbls/stk) A pump with an output of 0.1018 bbls/stroke is used pumping at a rate of 100 spm. Using the data used in the well profile, calculate the downtime. Step 1: Internal volume of drill string section 1 = (3.5)2 x 0.000971 x 500 ft = 5.95 bbls Internal volume of drill string section 2 = (3)2 x 0.000971 x 800 ft = 6.99 bbls Internal volume of drill string section 1 = (4.276)2 x 0.000971 x 6450 ft = 114.51 bbls Step 2: Total internal volume: 5.95 bbls + 6.99 bbls + 114.51 bbls = 127.45 bbls Step 3: Down strokes = 127.45 bbls / 0.1018 bbls/stk = 1252 strokes



11.3.3.5 Calculating The Effective Hole Diameter Based On Carbide Once the carbide gas peaks, the reading in the Total Strokes parameter of the DLS computer is noted down. That number is then subtracted from the calculated downtime to arrive at a carbide lag time. The carbide lag time in turn is compared to the theoretical lag. If the carbide lag is significantly different compared to the theoretical lag, then a correction to the open hole diameter in the Annular Parameters of DLS must be made to ensure that future samples are collected at the right time, and from the correct depth. To calculate the average hole diameter based on carbide lag time:
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1. Calculate the downtime in strokes (see section on downtime or surface-to-bit strokes) 2. Carbide lag strokes = Actual strokes from carbide – downtime in strokes 3. Calculate the theoretical lag in strokes 4. Theoretical Open hole volume (bbls) = (Bit diam)2 x 0.000971 x Open hole length 5. Excess Carbide volume (bbls) = (Carbide lag strokes – Theoretical lag in strokes) x Pump output (bbls/stroke) 6. New open hole diameter (inches) = ((Theo. OH vol + Carbide excess vol) / (Open hole length x 0.000971))0.5 Comparison of the theoretical and actual lag data can provide useful information about downhole conditions. After each carbide run, the lag must be updated if significant differences between theoretical and actual figures exist. For example: 1. In our first example, the actual lag is greater than theoretical. We can assume that there is an enlarged open hole section. The effective hole diameter can be calculated as follows: Carbide total strokes: 5200 strokes Pump Output: 0.1018 bbl/stroke Open Hole Section: 1750 ft (7750 ft – 6000 ft) Theoretical Hole Size: 8.5 inch Step 1: Down strokes as calculated in the previous section is 1252 strokes Step 2: Carbide lag strokes = 5200 – 1252 = 3948 Step 3: Theoretical Lag: 3658 strokes (based on previous example) Step 4: Theo. OH vol. = (8.5)2 x 0.000971 x 1750 ft = 122.77 bbls Step 5: Excess strokes = (3948 – 3658) x 0.1018 bbls/stk = 29.52 bbls Step 6: New OH dia = ((122.77 + 29.52) / (1750 x 0.000971))0.5 = 9.47 inches PRINTED IN SINGAPORE
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2. In our second example, the actual lag is less than theoretical. We can then hydrating or swelling formations and/or extreme filter cake build-up can be assumed. This indicates that there are potential tight spots somewhere in the open hole section. However, this has to be supported by other drilling parameters like tight hole while drilling or while making a connection. The effective hole diameter can be calculated by: Carbide total strokes: 4810 strokes Pump Output: 0.1018 bbl/stroke Open Hole Section: 1750 ft (7750 ft – 6000 ft) Theoretical Hole Size: 8.5 inch Step 1: Down strokes as calculated in the previous section is 1252 strokes Step 2: Carbide lag strokes = 4810 – 1252 = 3558 Step 3: Theoretical Lag: 3658 strokes (based on previous example) Step 4: Theo. OH vol. = (8.5)2 x 0.000971 x 1750 ft = 122.77 bbls Step 5: Excess strokes = (3558 – 3658) x 0.1018 bbls/stk = -10.18 bbls Step 6: New OH dia = ((122.77 – 10.18) / (1750 x 0.000971))0.5 = 8.14 inches



11.3.3.6 Recording Carbide Results Carbide results are recorded in the appropriate part of the worksheet and under the Remarks column on the Mud Log. For example: C = 0.025% at 45 V Lag at 7750ft = 3948 strokes “V” is the funnel viscosity of the returning mud at the time the acetylene peak was detected. Carbide = 35 u at 50 V Lag Time = 111% Theo Lag Ave OH dia from Carbide = 9.47 in PRINTED IN SINGAPORE
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11.3.4 Pipe Washout 11.3.4.1 Indications and Importance A pipe washout is a hole anywhere in the drilling string. With pipe rotation, drilling torque and other pipe movements, a small hole in the pipe can lead to a twist-off and expensive fishing operations. While drilling the pump pressure decreases over a period of time and this is accompanied by a gradual rise in the pump rate (strokes per minute). A check of the surface system will verify if the pressure drop is due to a surface leak, or washout in the pump. In the event that nothing is found at surface and no other reason for the drop can be determined, a washout downhole can be assumed. If carbide was run, two acetylene peaks would be observed and a hole or “washout” in the drill string can be assumed. The drill crew must be notified. After ascertaining that there was no surface leak a washout downhole can be assumed.



11.3.4.2 Calculation of Washout Depth An approximate location of the hole can be calculated by using the carbide data. The formula to use is:



Depth of washout, ft = (strokes of first carbide peak x pump output) / (DP cap + Ann cap)



Where, Pump output = bbls/stroke DP capacity and Ann cap = bbls/ft For example: Given: DP = 5 in. OD, 4.276 in. ID Annulus size = 8.5 in. Pump output = 0.1018 bbls/stk Two carbide peaks were observed. The first peak arrived after 3000 strokes. Calculate the depth of the washout. Step 1: DP capacity = (4.276)2 x 0.000971 = 0.01775 bbls/ft Step 2: Annular capacity = ((8.5)2 – (5)2) x 0.000971 = 0.04588 bbls/ft Step 3: Depth of washout = (3000 strokes x 0.1018) / (0.01775 + 0.04588) = 4799.6 ft PRINTED IN SINGAPORE
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This location will be important as it allows the drill crew to pull a fixed number of stands before looking for the washout.



Depth and ROP Determination 11.3.5 Introduction Depth and drill rate (or rate of penetration, ROP) can be the most important parameters monitored by the mud logger. Everyone concerned with the well uses this information. The mud logger must initially secure an accurate depth from the driller at a “kelly down” position. Then by adding the measured length of successive joints of drill pipe, he can determine the exact “measured” depth at any given time. Drill rate for a given interval is simply the time (usually minutes) it takes to drill the interval. To convert this to feet per hour, the following equation is used:



60 minutes per hour / minutes to drill interval x interval (ft) = ft/hr



Depth and drill rate should be annotated on the logging charts continuously. Some recorders do it automatically. On others, the mud logger must do it manually.



11.3.6 International Logging Overseas Ltd.’s Depth Sensors International Logging Overseas Ltd. has in its inventory three depth measuring sensors/systems. They are: •



Crown Block System – Proximity sensors.



•



Geolograph Line System - It allows more accurate “bit depth” location. It is used most of the time with floaters.



•



Drawworks System - Built as an upgrade to the Crown Block and Geolograph Line systems.



To determine depth and rate of penetration, International Logging Overseas uses a system that senses the position of the kelly, the Top Drive or the traveling block. The crown block sensor system and the drawworks system monitor the outlay of drilling line to determine the location of the traveling block, kelly or Top Drive. The Geolograph Line system monitors the outlay of geolograph line emanating from the geolograph recorder in the doghouse or from a self contained reel (as used in floaters) to determine the location of the traveling block, kelly or Top Drive.
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Figure 104 Drawworks sensor.



11.3.7 Depth Corrections The most difficult problem to explain to a Company Man is why your depth, the driller's pipe tally depth, and the drill rate recorder are all different. Unfortunately, it seems that the mud logger is always at fault. When there are situations where in the depths do not coincide sometimes the pipe is “strapped out” of the hole. In strapping out of the hole, the stands are individually measured by a steel measuring line., hence the term SLM (Steel Line Measure). To keep this time consuming and costly process from occurring, the mud logger has to monitor the depth measuring devices constantly. Listed below are several precautions that may help you from getting in this awkward situation. 1. The logger must always check the driller’s addition because the primary reason for depth corrections is errors in the pipe tally. The values must be rechecked each time the logger goes to the rig floor. You can use Excel to check the addition done by the driller. 2. Two non-drilling practices that will result in incorrect depths are reaming and cement drilling. The DLS computer Drilling Logic set points might have been set in a way that the computer could not effectively monitor or recognize the present operations. Reaming depths can be adjusted by knowing in advance the Kelly Downs of the stands or singles to be reamed. When cement is being drilled, the logger must immediately check with the driller at what depth he started to drill and get the kelly downs of the stands or joints to be used in drilling out the cement, float collar and the shoe. The logger should know the distance between the guide shoe and float collar (usually 40 ft) and the depth at which the casing was set. 3. After each trip, always check the length and composition of the bottom hole assembly. The configuration of the BHA may remain the same, but the lengths of the stabilizers, reamers, jars and collars will vary, resulting in an increase or decrease in the BHA length. Do not rely on hearsay. 4. If a kelly-swivel system is being used, occasionally check the length of the kelly. The kelly itself may not change, but the saver sub or kelly cock valve
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may have been replaced, which will increase or decrease the kelly-down value. 5. There are many occasions when a low weight-on-bit is used, several more common ones are: correcting borehole deviations (pendulum effect), breaking in a new bit, drilling with fixed cutter bits, coring, turbo-drilling, and deep wells. This low weight-on-bit results in greater surface hookloads and therefore stretch in the drill string (which is held in tension). If measured depth is determined from the pipe tally, without consideration of pipe stretch, a depth error can result. 6. Wireline tools do not always make it to the bottom of the hole, due to hole fill, so the wireline TD should be shallower than yours and the drillers. A comparison of the drill rate curve with the electric logs may indicate incorrect depths. 7. Samples are not generally corrected for depth, unless the correction is relatively large (exceeding 30 ft). If necessary, sample lithologies may be shifted when compared with the electric logs. 8. The final interpretation of depth is done by a comparison (correlation) of the electric logs, lithologies and ROP curve. If a depth correction was made, place the correction note in the “Comments” or “Remarks” section of the log, stating the previous depth, and the reason for the correction. For example: NOTE: Correction from 10,060’ to 10,035’ due to SLM



11.4 Gas Sampling, Determination and Evaluation 11.4.1 Introduction The ability of the mud logger to interpret the gas curves that are recorded while drilling requires an understanding of the types of gases that occur and their interrelationships with formation pressures, formation porosity, the drilling fluid, and the mechanical drilling parameters. Attempts to simplify nomenclature for gas types and curves have resulted in a great deal of confusion to logging personnel, who must try to explain the difference between, for example, drilled gas and liberated gas, or a gas show and a gas kick. The mud logger must analyze both the source and cause of the gases, for proper gas curve interpretation.



11.4.2 Formation Gas Determination Mud logging is performed by using the returning mudstream as a medium of communication with the bottom of the borehole. There is a general relationship between the kind and amount of hydrocarbons in the drilling fluid arriving at the surface, and the hydrocarbons in the formation as it was drilled, with that portion of mud passing across the bottom. The gases, if present, will be released from the cuttings into the mudstream and entrained, probably in solution, in the drilling fluid. At the surface, it is necessary to remove and detect these hydrocarbons. To do this, the following equipment is used: PRINTED IN SINGAPORE
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•



A gas trap which continuously samples the drilling fluid and simultaneously removes gases from the fluid



•



Equipment to transport and regulate the air-gas mixture from the trap to the detector in the logging unit



•



Gas detector and chromatograph which process the air-gas mixture into concentration and compositional gas readings



11.4.3 Equipment / Hardware 11.4.3.1 The Gas Trap To meet the unique requirements of mud logging, the gas trap must perform the following important functions: •



Extract gases contained in the drilling fluid, independent of such variables as density, viscosity, and gel strength of the mud



•



Sample consistently, regardless of the flow rate through the circulating system



The International Logging Overseas gas trap consists of a cylinder that sits in the possum belly, as near to the flowline exit as possible, or in the flowline, either if the possum belly is not available or if the flowline is long. It allows the mud to continuously pass through it by means of a hole near its base. An agitator motor sits on top of the gas trap and has a propeller shaft extending into the mud. The propeller continually agitates the drilling fluid as it passes through the trap. A continuous flow of air enters through a vent in the top of the trap and is whipped through the mud where the maximum mud surface is exposed. This air-gas mixture is subsequently drawn into the logging unit.



Figure 105 Gas trap in the possum belly.



11.4.3.2 The Vacuum and Pneumatic System After the gases are removed by agitation from the drilling fluid, they are transported via a length of hose to the gas detectors in the logging unit by a vacuum pump. The pump pulls a continuous measured stream of sample gas through the vent in the trap. Formation gases, if present, are continuously extracted from the drilling fluid in the gas PRINTED IN SINGAPORE
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trap, and are mixed with air and carried into the logging unit via a condensate bottle, where water vapor condenses. The flow of air, or air-gas mixture, passes through additional flow-regulation equipment, plumbing, and instruments and arrives at the detector where a continuous gas reading is obtained.



Figure 106 ILO unit vacuum and pneumatic system.



Moisture should be kept out of the gas detection equipment.



11.4.3.3 Total Hydrocarbon Analyzer This system uses a continuous sample fed into a regulated, constant temperature, hydrogen flame. The flame is situated in a high potential (850 volt) atmosphere between two electrodes. As combustion occurs, the gas ionizes into charged hydrocarbon residues and free electrons. A predictably constant ratio of these charged particles moves immediately to the positive electrode (anode), inducing a current at that probe. The amount of current induced is proportional to the total ion charge produced in the flame and increases as the percentage of hydrocarbons in the sample increases. The ion charge becomes a measure of the total number of carbonhydrogen bonds present in the air-gas mixture.



Figure 107. Total Hydrocarbon Analyzer



The FID detector meter displays the percentage of methane-equivalent (C1) hydrocarbons present in the gas sample. It is calibrated to read 1.00 when a 1% methane calibration gas burns in the FID. When burning a ditch sample containing heavier hydrocarbons (those with a greater number of carbon-hydrogen bonds in the molecular structure than in methane), the meter displays a reading reflecting the proportionately greater number of carbon-hydrogen bonds. For example, when burning a 1% concentration of pentane (C5), the meter reads 5.00; when burning a 2% pentane or a 10% equivalent methane mixture, the meter PRINTED IN SINGAPORE



 2001NTERNATIONAL LOGGING, INC.



145



reads 10.00 (2% pentane = 2 x 5 =10 carbon-hydrogen bonds; 10% methane = 10 x 1 = 10 carbon-hydrogen bonds). Each of these readings indicates that the relative concentration of combustible hydrocarbons is 10 times greater than that in the calibration gas. Therefore, it is possible to read more than 100% or 5000 methaneequivalents units.



11.4.3.4 A Word about Units International Logging Overseas uses 50 units to equal 1% methane-in-air. In addition, the mud log heading should explain what calibration gas is being used to determine the gas unit. Because of the varying values of the term “unit”, it is common to report gas readings on the mud log in terms of percent methane-in-air, or parts per million (ppm), in order that well to well comparisons can be made of gas readings.



11.4.3.5 FID Chromatograph Gas chromatography is the physical separation of gases into its components. It has the same functional description as many other analytical instruments: chemical compounds in, signal voltage out. Wellsite gas chromatography has made great advances since the early 1920's. The use of a chromatograph to separate out the components of formation gas has enhanced the ability to perform accurate interpretation of reservoir quality. Previous advancements in gas chromatography have dealt with the type of detector used (CCD, TCD, FID, etc.), the type of column packing materials (diatomaceous earth, polymers, etc.), and the medium through which the gases were separated (Gas-Liquid, GLC or Gas-Solid, GSC). A chromatograph separates and analyzes hydrocarbons in the ditch gas sample to determine how much of each hydrocarbon is contained in the sample. The ILO gas chromatograph is a flame ionization detector (FID). The FID gas chromatograph, utilizes two stainless steel columns, packed with large surface area polymer beads, to separate the gases. Once separation has occurred, the individual hydrocarbons go to a circular chamber inside an aluminum block for detection. This chamber (the FID chamber) completely encloses a hydrogen flame that is not affected by logging unit pressure or by normal amounts of carbon dioxide and nitrogen.



Figure 108 A chromatograph.



Hydrocarbons entering the high potential hydrogen flame are ionized. The detector response will be essentially proportional to the carbon content of the molecule and will depend on the quantity of gas entering the flame per unit of time. The response to ion flow is sent to a high-gain amplifier, then to a chart recorder and recording integrator. The FID has a greater dynamic range and is more linear to higher gas concentrations than the older catalytic chromatograph. It is also less likely to be affected by temperature change.
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11.4.3.6 HP Integrator Integrators are small modular microprocessors, specifically designed to process the output signal from chromatographic instruments. This signal is plotted as a function of time, forming a plot of symmetric peaks, known as a chromatogram. This plot is useful for both qualitative and quantitative analysis. The positions of the peaks serve to identify the components of the sample; the areas under the peaks can be related to concentration. For chromatograms, zero on the time axis corresponds to the moment the sample was injected into the chromatograph's columns and elution was started. The average rate for the molecules to reach the detector is the retention time. The analog signal, after digitization, passes into a ROM operating program, which constantly monitors and operates on the data. Here peaks are detected, and their areas and retention times determined. The CPU performs the arithmetic operations. The processed data are then transferred to the RAM module for storage until the end of the analysis. Another module contains programs for optimizing the data treatment. Instructions as to the choice of programs are entered by means of a keyboard. After analysis is complete, the stored data are written to the online DLS database and are printed out. Data output by the integrator provides a more comprehensive parts-per-million analysis of the lighter hydrocarbons (C1-C5) than would be available from just a chromatograph and a chart recorder. The use of an integrator does not affect the accuracy of the chromatograph. International Logging, Inc. uses the HP 3395, 3396 or 3396a to process and analyze the data the chromatograph produces.



Figure 109 A HP integrator.



11.4.3.7 Chromatogram The recording (or “signature”) of the gas-air mixture is termed a chromatogram. The sensitivity of the detector to each gas is established on a regular basis by passing a calibrated sample through the columns. This calibration mixture contains known concentrations of methane through pentane.
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Figure 110 A chromatogram output by the integrator.



11.4.3.8 CO2 Detector To be published at a future date.



11.4.3.9 H2S Detector To be published at a future date.



11.4.3.10



Blender Gas Analysis Some clients may require the logging personnel to perform blender gas analysis. The gas extracted from this type of analysis is called cuttings gas. The cuttings gas is extremely important as it may form the basis for further evaluation as an indicator of reservoir porosity and permeability. INTERNATIONAL LOGGING utilizes a blender hooked up to one of the THA in the unit to perform the blender gas analysis. The detector is used to check the amount of combustible hydrocarbons in the drilling mud and drill cuttings. It differs from the online THA in that it is a batch system. Samples of the mud and unwashed samples are collected and checked periodically (always during any ditch gas shows). The sample (approximately 200 cc) is placed in a blender jar and agitated for a standard length of time. The resultant air-gas mixture is drawn into the gas detector. The gas readings are read directly and recorded in the worksheet as gas units/percent.



11.4.4 Gas Show Determination and Analysis 11.4.4.1 Definition A gas show is a significant occurrence of hydrocarbon gases detected from the mud stream and identifiable as being the result of the drilling of a specific increment of formation. It is any deviation in gas amount or composition from the established background. To decide whether a gas show is “good” or “poor” requires a total evaluation of all mud logging parameters plus a consideration of many other variables.
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11.4.4.2 Sources of Gas in the Mud Gas can originate from a formation via a number of mechanisms. It is necessary for the mud logger to isolate and monitor these causes to draw the appropriate conclusion. Gas originating from other sources or indirectly from the formation will also be seen in the mud stream. These must be recognized and removed from consideration. There are four sources of gas in the mud. These are: •



Liberated Gas



•



Produced Gas



•



Recycled Gas



•



Contamination Gas



11.4.4.2.1 Liberated Gas One source of gas in the mud stream is liberated gas. This is the gas released from the formation as the bit crushes it. Not all the gas contained in the cuttings is liberated to the mud stream. Some will be trapped in the cuttings because of poor permeability and others will stay in solution dissolved in the mud stream and will not be released at the surface. 11.4.4.2.2 Produced Gas Produced is gas entering the borehole from the walls or bottom of the well when there is no drilling activity. There are two distinct types: •



Produced gas that occurs when a condition of underbalance exists: If there is sufficient permeability, there is a natural tendency for the formation fluids to flow into the borehole because of the negative differential pressure. This “feed-in” of gas, if not controlled, may result in a kick. Examples are trip and connection gases.



•



In a condition of balance or even some overbalance there will be a continual diffusion of fluids between the formation and the hole: This is encouraged by the removal of filter cake by pipe movement and by the flow of mud past the exposed wall.



11.4.4.2.3 Recycled Gas Recycled gas is gas that is not liberated at the surface and is their entrained in the mud stream that is pumped back into the borehole. The recycled gas will present a more diffused gas having a larger proportion of heavy gases, since the more volatile components are often liberated to the atmosphere. Recycled gas usually comes back to the surface after one complete circulation (down time + lag time). 11.4.4.2.4 Gaseous Contaminants When petroleum products are added to the mud or mud additives degrade, we may get anomalous gas shows called contamination gas. Diesel, whether in the form of an oil-based mud or a mud additive to reduce drill string torque or as a spotting fluid to free stuck pipe, is the major contaminant.
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The degradation of organic mud additives like lignosulfonate, soltex, resinex and lignite will result in increased amounts of methane. Contaminants will usually be noticed by an increase in background gas, which will linger after the pumps are off. If the pipe becomes differentially stuck, a heavy oil-based compound (gunk) will be spotted to dissolve filter cake in an attempt to free the pipe. These hydrocarbons will persist long after the pipe is freed. If a hydrocarbon bearing section has been previously drilled or tested, the zone may kick when a condition of underbalance exists. Large volumes of air trapped in the kelly or top drive can be introduced into the mud system and can result in small gas shows, the most common example being kellycut gas. It arrives one lag time plus a downtime after circulation commences. Kelly-cut gas does not reflect increased gas concentration.



11.4.4.3 Gas Types in the Mud Log Two types of gas are found on the mud log. These are continuous and discontinuous gases. Continuous gases are entered as a smooth curve, examples being background gas and gas shows. Discontinuous gases are entered either as a smooth curve or in histogram fashion, or with an alphanumeric designation, examples being chromatograph gas and cuttings gas, and connection gas and trip gas. 11.4.4.3.1 Continuous Gas The following are the types of continuous gases: •



System zero gas: The value of gas seen by a gas detector when circulating a clean, balanced borehole with drill pipe rotating and the bit off bottom. This should be differentiated from True zero gas, which is the value seen by the THA when pure air is passed through its detector, for calibration purposes.



•



Background gas: It is the value “read above system zero gas”, when drilling through a constant lithology. It may vary with drilling, mud or surface conditions without any change in lithology or formation hydrocarbons. This value is plotted on the log.



•



Gas show: It is any significant deviation in gas, amount or composition, from the established background.



These terms defined, “continuous gas” can be stated as “the gas released into the mud stream while drilling is in progress, with no break in the circulating system.” 11.4.4.3.2 Factors Influencing Continuous Gas Readings Several factors will affect the amount of gas liberated into the mud stream. These factors are: •



Downhole factors: flushing, formation pressure



•



Formation characteristics: porosity, permeability, saturation, fluid phase



•



Drilling factors: ROP, bit size and type, hole size, flow rate



•



Surface factors: flowline, gas trap
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•



Hole contamination



Normally, the most important is the drill rate, since the amount of gas released into the borehole is proportional to the speed at which it is cut. Below, we will discuss some of the factors. 11.4.4.3.2.1 Flushing When drilling overbalanced, especially excessively overbalanced, and when permeability exists, the mud will tend to be flushed into the formation. Mud filtrate will invade the formation until it is lined with a filter cake. Flushing will force away the gas from the borehole perimeter and reduce gas readings. Thus, a zone with good gas shows will appear to be water bearing or will recover only filtrate. For example, this could happen in formations where effective porosity (see definition in section 11.4.4.3.2.3) is low; a small volume of fluid will cause gas to be flushed far from the hole. The high impact force of the jet nozzles coupled with a positive differential pressure causes flushing below the bit. It will have most effect if the reservoir has high permeability and effective porosity. This will result in very little gas being detected from reservoirs with high permeability and effective porosity. So, the formation would probably be logged as non-productive. However, wireline logs will log it as a productive zone. There is therefore a possibility that a formation with good porosity and permeability, as evidenced by good ROP, should be suspected of being flushed if little or no gas is detected – esp. when the hole is overbalanced. However, there is also the possibility that the formation contains only little gas. 11.4.4.3.2.2 Fluid Incursions Kicks give big gas readings and they are caused by an underbalanced condition. If the pressure differential is negative or near balance and the formation has very good porosity and permeability a kick could occur. If the permeability is insufficient to sustain a kick, a steady fluid “feed in” may result. If feed in is from a previously drilled zone, it will be noticeable and it will produce a sustained minimum gas background even when circulating, but not drilling. If it is from a formation being drilled increasing flow will occur. In this case, the gas will exhibit a sustained minimum when circulating but will consistently rise as drilling proceeds. Cuttings gas will be high, relative to mud gas. Caving or sloughing of rock fragments into the hole, accompanied by a small amount of gas, characterize how formations with minimal or no permeability, like clays and shales, will react in an underbalanced condition. There will be a minimum gas background and cavings even when circulating. During connections and trips, the reduction in bottomhole pressure may cause a temporary underbalance condition due to pump shutdown or swabbing due to pipe movement. It can be recognized by the appearance of a connection and trip gas at, or slightly less than, the lag time after circulation restarts. Sweeping, which is the delay in the appearance of the gas show until sometime the formation is cut, can occur in formations that are sufficiently thick and have vertical permeability. Because of a balanced or even slightly overbalanced regime the mud flushes back the formation fluids and these displaced fluids enter the hole above the area of bit turbulence. PRINTED IN SINGAPORE
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11.4.4.3.2.3 Formation Porosity and Saturation To be published at a future date. 11.4.4.3.2.4 Fluid Phase Only methane and ethane occur as gases at depth. All other hydrocarbons will be liquid or gas, depending on the pressure and temperature. A liquid may change to a gas due to a decrease in pressure and temperature and will expand as it nears the surface. The THA will then record an increase in gas liberated from the formation. 11.4.4.3.2.5 ROP The drill rate is the most important factor that affects continuous gas readings since the amount of gas released into the borehole is proportional to the speed at which it is cut. A formation identical in all ways will produce higher mud gas readings if drilled at a higher ROP. 11.4.4.3.2.6 Bit Size and Type The second factor controlling the volume of formation cut is the hole size. The size of the bit teeth, which governed by bit type and size, will determine the size of the cuttings produced while drilling. When the cuttings are more numerous and smaller, formation fluids will be more easily liberated from non-effective porosity and inferior permeability, giving improved gas shows. 11.4.4.3.2.7 Flow Rate If the mud flowrate is increased, the volume of gas and cuttings in a fixed volume of mud will decrease. Conversely, the volume of mud passing through the gas trap increases. The net effect should be zero, but it is not. Mud flowrate will not vary greatly within any hole size or in relation to the hole size within sections. This further removes the severity of this effect. 11.4.4.3.2.8 Flowline It is well known that a high degree of degassing occurs in the bell nipple and flowline. The geometry of the ditch will have a considerable effect on the volume of mud and gas available to the gas trap. The location of flowline entry, direction of major flow, and degree of turbulence will all affect the efficiency of the gas extraction system. A high degree of degassing occurs when the flowline is not filled with mud, the flowline angle is steep (thereby promoting turbulence), the flowline is open to the atmosphere and when the flowline enters the possum belly above the mud level. 11.4.4.3.2.9 Gas Trap A gas trap’s efficiency can vary 30%-70%. The mud logger must ensure that the level of the mud must be one inch below the opening near the bottom of the gas trap. ILO personnel must regularly oil and clean the gas trap. The biggest factor that affects efficiency is maintenance and good operation. 11.4.4.3.2.10 Borehole Contamination A common source of gas contamination is the degradation of organic-based additives (e.g. lignosulfonates). The common by-product is methane, although hydrocarbons that are more complex may also be present.



PRINTED IN SINGAPORE



 2001NTERNATIONAL LOGGING, INC.



152



The major cause of contamination is the addition of small amounts of crude or diesel oil. Crude oil may be a more serious contaminant since it will mask later oil shows. Diesel oil is much less of a problem since gases liberated from it and their appearances in samples are untypical for a natural crude. The gas content due to the contamination will vary continually. It is important that the logging geologist regularly re-establish the system zero, above which gas shows are determined. 11.4.4.3.3 Discontinuous Gas Discontinuous gases are produced when drilling is halted, the pumps are stopped, the hole reamed and it is used to describe gases that are batch sampled or read at specific intervals. Gases read at specific depths or time intervals are cuttings gas and chromatograph gas. They are plotted on the mud log as a curve or occasionally a histogram. Trip gas (TG), short trip gas (STG), connection gas (CG), survey gas (SVG), pump-off gas (POG), etc., are produced when drilling is halted, the pumps are stopped or the hole reamed. They are entered as alphanumeric text at the correct depth.



11.5 Other Mud Logging Equipment 11.5.1 Microscope A binocular microscope with several magnifications is used for lithological evaluation and descriptions.



11.5.2 Ultraviolet-Light Box The UV box is used for determining the percentage, physical character, color, and intensity of hydrocarbon fluorescence in drilling fluid, cuttings and core chips. It consists of a box with a viewer on the top, containing ultra-violet tubes and white light bulbs. The 3600Å, long ultraviolet source used by ILO is effective in producing fluorescence in the visible region, since it is itself on the threshold of visibility.



11.5.3 Pit Level Indicators International Logging Overseas uses two types of pit-level indicators. These are: delaval pit sensors and ultrasonic sensors. The delaval sensor has an array of reed switches enclosed in a metal rod. A ball or float rises or falls with the mud level. This movement is detected by a change in resistance in the electrical current from the sensor to the logging unit. Pit level data is continuously recorded in a chart using the maximum allowable chart span to ensure maximum sensitivity so that any changes in pit levels are immediately recognized.



PRINTED IN SINGAPORE



 2001NTERNATIONAL LOGGING, INC.



153



Figure 111 Deleval sensors.



The DLS DAQ computer can monitor up to 12 pits. Analog are used for this purpose. Calculated channels are used to detect any fluctuation in the total mud volume caused by fluid losses or gains they are affected by transfers of mud between pits, but any significant loss or gain to the pit system causes a change in the reading. The PVT also provides information as to available mud, which can assist in the maintenance of the mud system during normal drilling. The PVT reading can be continuously recorded on a chart recorder. The volume of a pit is determined by using vertical float-actuated sensors to measure the mud level in the pit. The microprocessor can also monitor rate of change in each pit as well as the system as a whole. Alarms on each pit, as well as the total volume, add to the effectiveness of monitoring.
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Figure 112 Sonic pit sensor and housing.



11.5.4 Pump Stroke Sensors Pump stroke counters are used to monitor all active mud pumps, primarily for correct lagging of samples to surface. The sensor is a proximity switch installed in a mud pump, which is tripped by the action of the pump's rod. The DLS has a digital counter for each pump, and a stroke per minute (spm) meter.



Figure 113 Pump stroke proximity sensor.



11.5.5 Sensors for Monitoring Mud Properties ILO uses three types of sensors to monitor mud properties of the mud stream going into the hole and leaving the hole. Those monitoring the properties of mud going to enter the hole are emplaced in the suction pit. While those monitoring the properties leaving the hole are emplaced in the shale shakers. The mud temperature sensor is used to monitor the temperature of the mud going into the hole and coming out of it.



PRINTED IN SINGAPORE



 2001NTERNATIONAL LOGGING, INC.



155



Figure 114 Mud temperature probe modified for the blooie line.



The mud weight sensors are used to monitor the density of the mud going into and coming out of the hole. The mud resistivity sensors are used to monitor the resistivity of the mud. The data is used for pore pressure engineering.



11.5.6 Rig Floor Sensors Rig floor sensors that are used are pressure transducers, proximity sensors and torque sensors (either electrical or mechanical). Pressure transducers are used to monitor the hookload, pump pressure and the choke or casing pressure. They come in two ratings of 800 psi (for hookload) and 4000 psi (for pump and casing/choke pressures). Transducers with higher ratings of 10000 and 15000 psi are also used.



Figure 115 A pressure transducer.



A proximity sensor, similar to that used as a pump stroke counter, is used to monitor the rotation of the drill string.
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Either a mechanical or an electrical torque sensor measures total drill string torque.



Figure 116 An electrical torque sensor used to monitor AC.



11.6 Samples and Sample Preparation 11.6.1 Introduction Aside from gas show determination and interpretation, informative drill cutting analysis is another responsibility of the International Logging crew. Cuttings are a source of lithological information with regards to a rock’s character. Along with core samples they remain the most important source of data to the geologist. During and after drilling several types of rock samples may be taken from the wellbore: •



Drill cuttings



•



Core chips



•



Sidewall core samples



•



Unusual samples, such as samples taken from the bit, junk basket and stabilizers



In addition to rock samples, fluid samples can also be obtained. These include: •



Drilling fluid samples



•



Formation fluid samples



11.6.2 Preparing to Get Samples The client selects what type of samples and at what interval these samples will be collected at the start of the well. There are generally three types of samples collected at the wellsite: •
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•



Sieved, rinsed and dried samples bagged into brown Kraft paper clasp envelopes



•



Sieved, rinsed samples for lithological and hydrocarbon evaluation



Other sample types that maybe required being collected are: •



Paleontological samples bagged in cloth bags



•



Geochemical samples in tin cans



•



Mud samples in tin cans



•



Metal shavings bagged in sample cloth bags (if required)



•



Mud and formation fluid in tin cans or appropriate containers



Before samples are to be caught, the mud logger must ensure the following materials used in collecting a sample are ready and available for use: •



Coarse sieve (No. 8)



•



Fine sieve (No. 80 or No. 120)



•



Sample trowel or spade



•



Personal protective equipment (rubber gloves, safety glasses)



•



Cloth bags for unwashed samples (usually Hubco 5” x 7”)



•



Brown Kraft paper clasp envelopes for sieved, rinsed and dried samples



•



Other sample handling equipment (pliers, mud cup, sample trays, white cardboard boxes, 10% HCl etc.)



•



Tin cans (optional, for geochemical and mud samples)



•



Bactericide (optional, for geochemical samples)



•



Bucket (optional if there is a large quantity of samples to be collected)
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Figure 117 Hubco cloth bags and brown Kraft paper clasp sample envelopes.



The cloth sample bags, brown Kraft clasp envelopes and tins (if required) should be then properly marked with waterproof ink. These should be labeled with the following information: •



Oil company name



•



Well name and number



•



Well location (optional)



•



Sample depth interval or Sample depth (for mud samples; not needed for metal shaving samples)



•



Date and Time of collection (for mud, wellbore fluid, metal shaving samples)



•



Set number



For example: ABC Oil Exploration Chrysalis –1 Set A 3500 m When oil-based mud is used It is wise to put the same information on the cloth sack's tag also, because though the ink may be waterproof, it is not oil proof. The markings on the cloth sack may be obliterated with time. Sufficient quantities of white cardboard boxes for storing brown Kraft clasp envelopes have to be made up. After sometime, properly marked cardboard boxes for storing the unwashed samples need to be assembled and marked. Burlap sacks for storing the boxes and white cardboard boxes need to be similarly marked. All these boxes and sacks should also be properly marked with the following information: • PRINTED IN SINGAPORE
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•



Well name and number



•



Well location (optional)



•



Sample depth interval (From x to y). Where x represents the start of the interval of the first sample in the box. It is also the bottom interval of the last sample in the previous box of the same set number. Where y represents the bottom interval of the last sample in the box.



•



Set number



•



Box number (Box x of y) where x represents the present cumulative number of the box and y is the total number of boxes. The number for y will be written when the sample boxes are sent to town during casing periods or at the end of the well.



A record of the shipping details/manifest should be kept in the logging unit's files.



11.6.3 Sample Collection and Preparation 11.6.3.1 Introduction The client selects what type of samples and at what interval these samples will be collected at the start of the well. Common sample intervals range from 5 feet to 30 feet (3 meters). Ideally, a sample interval should be selected so that the mud logger catches four samples in an hour. Sample intervals are generally shortened as the hole is deepened because the ROP is slower. If the client demands a shorter time interval then the sample quality declines and other mud logging tasks are neglected. Regardless of the sampling interval, under no circumstances should the mudlogger neglect their other responsibilities. There are times that the sample interval is shortened. These are in the case of: •



Coring – where the sample interval could be shortened to 1 ft or 0.5 meter intervals, depending on the ROP



•



Areas of geological interest



•



Changes in drilling parameters (drill breaks / reverse drill breaks, torque changes) – occasionally, the companyman or wellsite geologist may want to see what caused these changes



•



Changes in mud properties (viscosity, cut MW, chlorides, etc)



•



Changes in gas content – big gas peaks warrant a spot sample, including a mud sample, to be taken to esp. check on hydrocarbon fluorescence



The process of catching a sample is a three-step process: 1. Catching the sample by removing the cuttings from the drilling fluid 2. Washing the cuttings sample 3. Bagging the cuttings sample
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11.6.3.2 Removing Cuttings from the Mud The principal location for cuttings sampling is the shale shaker. A sample catching board has to be installed at the base of the shale shaker to provide a collection point for composite sampling (interval sampling). It should be noted that shaker vibrations tend to separate the cuttings according to size.



Cuttings piling on top of sample catching board.



Figure 118 Shale shaker and sample catching board.



The desander, desilter and the mud centrifuge are used to remove the finest material. Samples should be collected from the desander or desilter the screens on the shale shakers are coarse and allow sand grains to pass through. Time permitting the desander should be sampled regularly to establish the quantity and the appearance of sand and fine solids commonly contaminating the mud system. If air drilling is used, samples are collected from the blooie line. The valve in the bypass line of the blooie line is opened and the accumulated samples can be retrieved. The bit type will affect the size and quality of cuttings collected, and various hole conditions will dictate the types of sample we see at the surface. Examples are: •



Gumbo clays can plug up the solids control equipment



•



Poor hydraulic cleaning will result in bit floundering and “redrilling” of cuttings



•



Lost circulation and kicks will result in few samples being collected



•



Viscosity and flow rate changes will affect the carrying capacity of the drilling fluid



When the sample is thought to be up the sample catcher or mud logger must go to the shale shaker and collect the composite sample from the sample catching board. Care should be taken at the collection point to ensure that a representative sample is collected safely and with a minimum of cavings. The unwashed sample is placed in the coarse sieve and in the HUBCO cloth bags. The sample catching board is then cleaned of all remaining samples so that fresh sample could accumulate.
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Figure 119 Catching a sample.



When spot samples are taken, the sample bags should be filled progressively to give a representative sample of the entire interval. Spot samples should be taken when there are changes in the drill rate (drill break or a reverse drill break) and gas peaks, as these often indicate changes in formation lithology or porosity. A portion of the unwashed sample may be required for cuttings gas analysis. But this portion requires light rinsing to remove the drilling mud film and not rigorous washing.



11.6.3.3 Washing the Caught Sample To save much of the cuttings' character, whenever samples are washed, the base fluid of the drilling mud should be used to clean the cuttings. For example: •



If a water-based mud, use water



•



If an oil-based, use the base oil



The cuttings are washed through two sieves to remove the mud. The cuttings are initially placed in an 8-mesh sieve. A finer sieve (120-mesh or 80-mesh) is placed underneath and then the cuttings are washed into the finer mesh sieve. It is generally considered that newly drilled cuttings will wash through the 8-mesh sieve, and the cuttings left on the 8-mesh sieve are cavings. A sample of these cavings should be placed on the sample tray for observation. The cuttings on the finer mesh sieve will be the cuttings that will form the bulk of the sample examination. This “wet” representative cuttings sample on the sample tray is then examined under the microscope. A wall-mounted oven is used to dry a portion of the cuttings sample (washed and dried) after it has been washed on the finer mesh sieve.



PRINTED IN SINGAPORE



 2001NTERNATIONAL LOGGING, INC.



162



Figure 120 Cavings in the coarse seive.



Cavings are important because: •



If an increase in cavings content is observed, this could indicate an unstable borehole. The mud logger should note the percentage of cavings every time he catches a sample and any increase in the amount should be reported.



•



Cavings with a splintery, concave appearance may indicate increasing formation pressure.



•



If the cavings are of the same lithology, then by reviewing the mudlog, areas of washouts/hole problems can be pinpointed.



Figure 121 Washing sample from OBM in base oil.



Cuttings from wells drilled with oil-based, oil-emulsion or synthetic muds are usually more representative than those drilled with water-based muds, because they help prevent clays and shales from swelling and sloughing. To wash a sample where oilbased, oil-emulsion or synthetic mud was used: 1. Fill 1 or 2 containers with base drilling fluid (e.g. diesel if mud is diesel-based) outside the unit, in a safe area. PRINTED IN SINGAPORE
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2. Place the fine sieve (80 or 120 mesh) below the coarse sieve (8 mesh) and immerse both in the base oil (or in Bath A if 2 containers are used) and sieve sample. 3. Remove the coarse sieve and immerse the fine sieve again in the base oil (in Bath B (final bath) if 2 containers are used). 4. Check the cavings percentage in the coarse sieve and get a few cavings for the sample to be used for lithological description. Bring the fine sieve to the sink inside the unit and wash the cuttings with a detergent to remove the base oil. 5. Wash the cuttings with water to remove the detergent. 6. Fill a metal tray or trays with cuttings for the wet and dried sample/s. Take a representative sample to be examined under the microscope. 7. Use a detergent degreaser to wash the sample and then rinse with water



WARNING! Extreme care must be taken when cleaning samples in base oils. These oils can cause skin irritation and if not used properly, can be potentially hazardous. Rubber gloves should be worn when catching and washing samples from oil-based muds.



In many areas, particularly top-hole zones of loose sands and clays and shales, it is more difficult and requires several precautions. In those zones, the clays or shales are often soft. Heavy washing will cause them to dissolve and go into suspension. Therefore, care must be taken to wash away as little of the clay as possible or else your sample will be composed of all sand grains. Light washing, on the other hand, yields a sample of amorphous mud. The mud logger must make an estimate of how much clay was washed away when determining the sample composition.



11.6.3.4 “Bagging” the Sample The final objective in the extraction process is the preservation of the samples, for storage and future analysis, and for your sample analysis. Unwashed samples and paleontological samples are bagged in HUBCO cloth bags. Which are air-dried and later put into cardboard boxes or gunnysacks. Some clients require that paleontogical samples be bagged in plastic bags before they are bagged in HUBCO cloth bags. Washed and dried samples are bagged into brown paper clasp Kraft envelopes. The envelopes are stored in white cardboard boxes. A number of white cardboard boxes are sometimes placed inside gunnysacks. Geochemical samples, mud samples and formation fluid samples are collected in tin cans or appropriate containers. The cans are then stored into cardboard boxes. Metal shaving samples are often not bagged. However, if they are, they are bagged in HUBCO cloth bags. Which are in turn put into cardboard boxes or gunnysacks.
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11.6.3.5 Sample Types 11.6.3.5.1 Unwashed Samples This is the first sample that is collected and bagged at every sample interval. To collect and bag an unwashed sample: 1. When the sample is up as indicated by the DLS computer or by the worksheet calculations, pick up the coarse sieve (No. 8), a sample trowel or spade and the required number of properly marked Hubco cloth sample bags. 2. At the shale shakers, collect the sample from the accumulated pile on the sample board. Take the sample from different places in the pile to get a representative sample of the interval. Fill up the Hubco cloth bags and the coarse sieve. If no samples are caught, due to lost circulation, then the sample bag should be properly labeled with “no returns” or “no sample”. 3. Clean the sample board to allow fresh samples to accumulate. 4. Hang the closed cloth bags to air dry. It is preferable that the site where the bags would be hanged is sheltered. 5. When the samples have been sufficiently dried, place them into a cardboard box. 6. When the box is full, write down the interval of the samples in the box. You can also write down the number of sacks in the box. 11.6.3.5.2 Sieved, Rinsed and Dried or Washed and Dried Samples To collect and bag the sieved, rinsed and dried samples: 1. At the sink, place the coarse sieve with the unwashed sample on top of the fine sieve (No. 80 or No. 120). 2. Rinse the sample with the base fluid of the mud. If oil-based, oil-emulsion or synthetic muds see topic on how to wash samples taken from these mud types (Washing a Caught Sample). Take note of the percentage of cavings (coarse cuttings) left on the coarse sieve. Inform the pressure engineer if there is an increase in the percentage of cavings. This is useful information for pore pressure estimation. When drilling using water-based muds through very soft clays, care must be taken to wash away as little of the clay as possible.
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Figure 122 Rinsing the sample.



3. Remove the No. 8 sieve; slightly rinse the accumulated sample in the fine sieve of excess mud. Rinsing with a detergent might be needed to remove excess mud if an oil-based system was used. 4. Use a metal tray to scoop the accumulated sample. Fill the tray with sample. You may need to use more than one metal tray if the sampling program requires more than one set of sieved, rinsed and dried samples. Leave some sample for lithological and hydrocarbon analyses. 5. Place a sample tag on the tray. Sample tags are printed using Excel. Once the sample tags are printed out, the sheet is cut into vertical strips. These strips are stuck to the wall near the sink. 6. Store the sample tray in the oven.



Figure 123 Sample trays in sample oven.



7. After sometime, when the sample is dried use a pair of tongs or alligator pliers to get the sample trays from the oven.



WARNING! Do not handle the trays with your bare hands, as they are hot.



PRINTED IN SINGAPORE



 2001NTERNATIONAL LOGGING, INC.



166



8. Place the tray into the plastic mud cup or similar container. Scoop out the samples into cup. 9. Scoop out the samples and place them into the properly marked brown Kraft clasp envelopes. 10. Place the envelopes into the corresponding white cardboard boxes.



Figure 124 Washed and dried brown Kraft envelopes stored in white cardboard boxes.



11.6.3.5.3 Samples for Lithological and Hydrocarbon Evaluation To collect samples for lithological and hydrocarbon evaluation: 1. Before washing the samples get a small lump of unwashed sample and place it in the corner of the metal tray. 2. After the samples in the fine sieve have been slightly rinsed (see Step 3 of the above section), use a metal tray to collect a sample. Rinse it again slightly and shake the tray to get an even distribution of the sample. The sample must be one layer thick. Thick-layered samples more often than naught give erroneous cuttings percentages. The sand grains tend to settle at the bottom of thick samples.
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Figure 125 Shaking the metal sample tray to get an even one-layer cuttings distribution.



3. Lean the tray against the wall or splashboard of the sink to let the excess water drain off. 4. If there are cavings in the coarse sieve, include a representative sample in the metal tray. 5. Place a tag on the sample tray.



Figure 126 A sample for lithological examination with cuttings one-layer thick. Note sample tag on tray.



6. Observe and describe the sample under the microscope and the UV box. In intervals where very soft and soluble clays have been drilled you can include into your claystone percentage an estimate of the amount of clay that you think has been washed away.
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Figure 127 Observing a sample under the microscope. (CHECK IF PIX CHANGED)



Occasionally the client would want the samples temporarily stored in plastic sample trays or a cutting lithology log would be required.



11.6.3.6 Paleontological Samples 1. Catch unwashed samples and place in either a plastic bag. This will prevent seepage contamination between samples. 2. Place plastic bag into HUBCO cloth bag.



11.6.3.7 Geochemical Samples 1. Collect composite samples at intervals defined in the client’s sampling program from the shale shakers. If oil-based mud is being used or if diesel is added to the mud, the sample should be washed free of the oil-based mud to remove the hydrocarbon contamination. Otherwise, the sample should not be washed free of mud. 2. It is important to take note of what additives are used in the mud. 3. Place cuttings in a one-liter geochemical tin can. 4. After the last composite sample has been caught for the designated geochemical sampling interval, fill the can with clean, fresh water up to 1.0 to 1.5 inches from the top of the can. Ensure that the samples are covered in water. Try not to use saltwater, as it will corrode the cans quickly. 5. Add four drops of bactericide to the can. International Logging Overseas uses Zephiran Chloride. A bactericide is added to prevent the growth of bacteria which can alter the hydrocarbons, forming additional gas. Other bactericides that could be used are: •



Alkylbenzyldimethylammoniumchlorid: solid Alkylbenzyldimethylammoniumchlorid is to be liquefied in warm water and diluted with hot water to obtain a saturated solution (4 drops per can)



•



Any algaecide or bactericide used for swimming pools (4 drops per can)



•



Copper sulfate (saturated solution), 10 ml



•



Rubbing alcohol (isopropanol), 10 ml
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•



Chloroform, 5 ml (last choice)



11.6.3.8 Mud Samples Mud samples provide valuable information about possible contamination of cores and cuttings by mud additives and filtrate. 1. Use a mud cup to get a mud sample from the possum belly or flowline. 2. Fill the can or container with mud. 3. Seal the can or container and ensure that it is marked properly.



11.6.3.9 Metal Shaving Samples Some clients would require the mud logging crew to collect metal shavings from ditch magnets located in either the possum belly of the shale shakers or the flowline. Ditch magnets usually have a rope tied around it so that it can be pulled out and cleaned. Metal shavings are collected at regular time intervals, say once or twice a day. Rubber gloves and safety glasses have to be worn when metal shavings are to be collected. To collect metal shavings: 1. Pull out the ditch magnets. 2. Use a non-magnetic scraper (wood or plastic) to initially scrape the majority of the metal shavings from the magnet/s. Scrape the magnets clean by using one hand with extra protective equipment, rubber gloves and safety glasses. This should be done slowly so as not to cause hand injuries. Place the metal shavings in a bucket. 3. In the unit, place Sieve no. 8 over Sieve no. 80. Put the sample into the coarse sieve. 4. Wash the samples carefully so as not to cause cuts. All formation cuttings and mud are to be removed. 5. Collect all the metal shavings using the metal sample trays. 6. Dry the metal shavings in the oven. 7. When they are dried, weigh the metal shavings using the electronic balance. 8. You may be required to store the samples in cloth bags. If so the bags must be labeled correctly (see Preparing to Get Samples section). 9. Report the weight to the company man.



11.7 Examination and Interpretation of Cuttings Cuttings are examined under the microscope for lithological characteristics, oil staining and porosity in order to depict changes of lithology and appearance of new formations.
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•



Binocular microscope



•



Sample probes and tweezers



•



Sample trays and spot dishes



•



UV box



•



Acids and solvents



•



Water



•



Size and color comparators



Binocular microscope lenses should be kept clean to reduce eyestrain. Lenses should be cleaned with lens paper, facial tissue or very soft cloth. Several types of trays and dishes may be used for examining the sample under the microscope. INTERNATIONAL LOGGING OVERSEAS units are provided with metal sample trays and Samplex plastic trays (trays subdivided into five compartments).



11.7.2 Sample Description 11.7.2.1 Order of Written Description Ensure that cuttings in the sample tray are a single layer. The samples must be representative of the sample found in the sieve because there is a tendency for shape and density sorting while washing the sample. After estimating the percentages of the various sample constituents, the sample has to be described in a logical order. A cuttings description has two major functions: 1. It allows another person to understand the components and structure of the rock and to draw conclusions as to the source, depositional environment, and subsequent history of the formation. 2. It allows another person to recognize the rock whenever it is seen again. Descriptions must be graphic and include all observable features. They are written using abbreviations. The AAPG standard set of abbreviations is normally used, but some clients would require that their own set of abbreviations be used. If there is a feature that does not have an abbreviation, it should be spelled out instead of making up an abbreviation. Descriptions should be written following a standard order. A standardized order of describing cuttings has the following advantages: •



Reduces the chance of not recording all important properties



•



Increases the uniformity of description among geologists and mud loggers



•



Saves time in obtaining specific information from descriptions Never use the “a/a” (as above) abbreviation in any description!



INTERNATIONAL LOGGING OVERSEAS follows the following description format:
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1. Rock Type / Classification - either underlined or capitalized 2. Color 3. Texture – cuttings shape and parting (argillaceous and calcareous lithologies), grain size, grain shape or roundness, sorting, hardness or induration, luster and slaking and swelling 4. Cementation or Matrix materials 5. Fossils and accessories 6. Visual Structures 7. Visual Porosity 8. Oil show descriptions Examples: Sst: lithic, lt gy, off wh, vf-f gr, occ med gr, sbang-sbrd, mod w srtd, fri, arg, mica, glau, p-fr vis por, tr-5% blu wh fluor, slow strmg bl wh cut, no cut color, no res, p oil show. CLYST: lt gy-med gy, occ dk gy, sbblky-blky, mod hd, mic mica, sl calc. Ls: oolitic grainstone, buff-brn, med gr, mod hd, arg, Brach, glau, gd vis por, no oil show.



11.7.2.2 Parts of a Sample Description 11.7.2.2.1 Rock Types / Classification Rock type descriptions consists of two fundamental parts: •



Basic rock name – either underlined or capitalized; some clients would require that the full basic rock name be written. Example: Sst or Ss (for sandstone), Limestone, etc.



•



Proper compositional or textural classification term – lithic, quartzose, oolitic grainstone, packstone, etc.



11.7.2.2.1.1 Siliclastic Rocks The most commonly used method to describe clastic rock type is based upon the grain size and induration of the fragments making up the rock. The three major subdivisions of grain sizes are: 1. Rudaceous: grain size discernible to the naked eye 2. Arenaceous: grain size discernible with a microscope 3. Argillaceous: grain size indiscernible in the field The two major subdivisions of induration are: 1. Unconsolidated: occurring as individual grains PRINTED IN SINGAPORE
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2. Consolidated: grains held together by cement or through dewatering Clastic rock types based on induration are: Rock size



Consolidated



Unconsolidated



Rudaceous



Conglomerate



Gravel



Breccia



Scree



Tillite



Till



Sandstone



Sand



Siltstone



Silt



Claystone



Clay



Shale



Clay/Mud



Arenaceous



Argillaceous



Table 2 Clastic rock types based on induration. Sandstones can be classified into the following: Orthoquartzite – These are quartz sandstones with quartz cement. Quartz constitutes more than 75% of the rock. Greywacke (also called Lithic sandstone or litharenite) - Badly sorted and incompletely weathered fragments and rock materials in a finer grained matrix of similar composition. Quartz constitutes less than 75% of the rock and lithic fragments are more common than feldspars. Arkose - Coarse fragments of quartz and feldspars in calcitic or ferrugineous cement. Quartz constitutes less than 75% of the rock and feldspars are more common than lithic fragments. The major difference between these claystones and shales is fissility. Claystone is a structureless mass of clay minerals. Shale is composed of finely laminated clay minerals exhibiting fissility and showing strong parallelism. 11.7.2.2.1.2 Carbonate Rocks Carbonate rocks are rocks made up of predominately calcium carbonate (CaCO3) and calcium magnesium carbonate (CaMg(CO3)2). Carbonate rocks are difficult to classify, due to the complexity of sources and types of their occurrences. To determine rock type of the cutting samples is to immerse it in 10% Hydrochloric Acid (HCl). Typical reaction rates are: •



Limestone - Sample reacts instantly and violently, it will float on top of the acid and move on the surface. It will completely dissolve within minutes and leave the acid frothy. Oil-stained limestones are often mistaken for dolomites because the oil coating the surface of the cutting prevents acid from reacting immediately with CaCO3, and a delayed reaction occurs.



•



Dolomitic limestone - Sample reacts immediately, but moderately and is continuous. It will move about in the acid from top to bottom.
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•



Calcitic dolomite - Sample reacts slowly and weakly at first, but accelerates to a continuous reaction after a few minutes, with some bobbing on the bottom of the dish.



•



Dolomite – There is a very slow and hesitant reaction. Bubbles evolve one at a time. Acid may have to be warmed for reaction to proceed. It will leave the acid milky.



Calcimeters can assist in determining the percentages of calcium and dolomite in the rock sample. The most common stain test for carbonate determination is Alizarin Red S. A drop of Alizarin Red S is placed on the cutting. Limestone will stain a deep red, while dolomite remains unaffected. Although there are numerous carbonate classification schemes available, the scheme adopted by the petroleum industry is the “Dunham Classification System”. The Dunham classification is based on the concept of grain support. The classification divides carbonate rocks into two broad groups, those whose original components were not bound together during deposition and those whose original components formed in place and consist of intergrowths of skeletal material. The classification is: •



Mudstone (Mdst) - composed of lime mud (smaller than 20 microns) and less than 10% grains. Mud supported.



•



Wackestone (Wkst) - composed primarily of lime mud, with more than 10% grains (larger than 20 microns). Mud supported.



•



Packstone (Pkst) - composed primarily of grains, and grain supported. Greater than 10% interstitial mud matrix and occasionally sparry calcite or pore space.



•



Grainstone (Grst) - composed of grains, and grain supported. Less than 10% interstitial mud matrix.



•



Boundstone (Bdst) - original constituents were bound together and supported in place, by organic growth.



•



Crystalline (Xln) - all original textures are lacking due to the effects of recrystallization. Distinct crystal faces, with occasional relics. Depositional texture recognizable



Original components NOT bound together during deposition Contains mud size particles (clay & fine silt) Mud-supported Less than More than 10% 10% grains grains Mudston e
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Grain supported



Packstone



Lacks mud and is grain supported



Grainstone



Original components bound together during deposition by framework building organisms, encrustation or sediment trapping mechanisms



Subdivide according to classifications based on physical texture such as grain size or diagenesis.



Boundstone



Crystalline Carbonate
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Table 3 Dunham classification system.



11.7.2.2.2 Color It is recommended that colors be described on wet samples under ten-powered magnification. The wet surface will decrease its value (lightness) of color, but does not change the chroma (color saturation). Dried cuttings may be viewed to allow a better discrimination of subtle hues and color shades. The GSA Rock color chart that is supplied in every INTERNATIONAL LOGGING OVERSEAS unit could be used as a basis of color determination. Rock color may be due to: •



Mass effect of the colors of its constituent grains



•



Cement or matrix color



•



Staining of cement or matrix



Below is a table of colors that are imparted by materials found in rocks. Color Yellow, red or brown shades Gray to black



Material Limonite or hematite Carbonaceous or phosphatic material, iron sulfide, manganese



Green shades



Glauconite, ferrous iron, serpentine, chlorite, epidote



Red or orange mottlings



Surface weathering or subsurface oxidation by action of circulating waters



Table 4 Table of colors imparted by minerals on rocks.



When describing color, the mud logger should attempt to distinguish between: •



Rock Particles



•



Staining



•



Matrix and Cement



•



Accessories



Rock color may occur in combination or in patterns, e.g. mottled, banded, spotted or variegated. Suitable descriptions are: Multicolored, Variegated Speckled, Spotted: marked with small colored spots Banded – colors arranged in bands Iridescent – it has lustrous rainbow-like play of color caused by differential refraction of light waves (as from an oil slick) that tends to change as the angle of view changes
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Color can be a useful indicator of depositional environment, especially in argillaceous rocks. Color



Depositional Environment



Red and brown



Oxidizing environment



Green & grey



Reducing environment



Dark brown



Possible source rock



Black



Anaerobic environment



Table 5 Table of colors and possible environment of deposition.



The colors of cuttings could be altered after the samples are caught. Metal fragments in samples can rust and stain the samples. Diamond and sometimes PDC bits could produce very badly streaked and ground up cuttings. Color, in carbonates, may be of less importance than in clastics. Variations in color may be the result of the presence of detrital material (clay) or from the substitution of metallic ions into the mineral lattice. When describing the color of carbonates, always stress the predominant color, though on many occasions the color will be mixed. When this occurs, use a suitable modifying adjective (e.g. variegated, mottled). 11.7.2.2.3 Texture Texture is a function of the physical makeup of rock--namely, the size, shape, and arrangement (packing and orientation) of the discrete grains or particles of a sedimentary rock. 11.7.2.2.3.1 Cuttings Shape (Argillaceous, Calcareous and Chemical Rocks) Descriptive terms used for argillaceous, calcareous and noncarbonate chemical cuttings are: •



Blocky – chunky appearance, often used with subblocky



•



Subblocky – often used with blocky



•



Amorphous – having no definite form; it is quite common with claystones found in the top hole section of the well



•



Elongate



•



Flat or Tabular



•



Platy – flaky; often used to describe shale cuttings; often used with subplaty, fissile and subfissile



•



Subplaty – often used with platy



•



Fissile - capable of being split or divided in the direction of the grain or along natural planes of cleavage; a characteristic of shale; often used with subfissile and platy and subfissile



PRINTED IN SINGAPORE



 2001NTERNATIONAL LOGGING, INC.



176



•



Subfissile – often used with fissile; a property of shales



•



Irregular



•



Splintery – used to describe some carbonates, coals and shales



The mud logger should always distinguish between shale, which exhibits fissility, and claystone, which yields fragments, which do not have parallel plane faces. These terms are not used for the arenaceous / rudaceous cuttings. 11.7.2.2.3.2 Grain or Crystal Sizes (Arenaceous, Rudaceous lithologies and Clastic Carbonates) Grain size is a measure of the energy of the system where the rock was deposited. Along with sorting, it has a direct bearing on porosity and permeability. For example coarse-grained sandstones have often, but not always, larger pore throats, and thus have a better permeability, than finer grained deposits. Size classifications are based on the Wentworth scale.



Table 6 Wentworth scale. The mud logger should always use a standard grain comparator get an accurate visual estimate when he is recording the grain or crystal size. INTERNATIONAL LOGGING OVERSEAS provides a mounted sieved sand grain standard comparator. The comparator could be placed either on top or beside the cuttings in the sample tray. The weighted average, taking into account the amount of each grain size, is reported. Where the largest grains present are much larger than the weighted average, the maximum size should be reported (e.g. gen f-m, occ vf). When the range of grain
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sizes is so large and diverse the minimum and maximum of the range should be noted (e.g. vf –c). Carbonate rocks contain both allochemical grains (grains produced by precipitation somewhere else and transported, usually short distances, to the depositional site and chemically precipitated minerals (either as pore-filling cement, primary ooze, or as products of recrystallization and replacement). Therefore, the grain size described must be a double one, so that one can distinguish which constituent is being described. 11.7.2.2.3.3 Shape Grain shape indicates length of transport. It involves both sphericity and roundness. Sphericity refers to the comparison of the surface area of a sphere of the same volume as the grain, with the surface area of the grain itself. Roundness refers the extent to which originally angular edges and corners of the grain or sediment have been rounded off.



Figure 128 Particle shape - Roundness vs. Sphericity



The five degrees of roundness are: •



Angular – edges and corners are sharp and there is little or no evidence of wear.



•



Subangular – faces are untouched but edges and corners are rounded.



•



Subrounded – edges and corners are rounded to smooth curves. The areas of the original faces have been reduced.



•



Rounded – original faces have been destroyed, but some comparatively flat faces may still be present. All original edges and corners have been smoothened to rather broad curves.
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•



Well-rounded – no original faces, edges or corners remain. The entire surface consists of broad curves. There are no flat areas.



The Grain Size Comparator like the figure above can be very useful in shape determination. In addition, other descriptive terms used for carbonate grains and particles may be used to supplement the above descriptions. For example: Sharp



Elongate



Bladed



Flat



Rod-like Blocky



Platy



Conchoidal



Irregular



Disk



Faceted



Fibrous



Carbonate rocks contain five categories of grain / particle types (see table below). The roundness terminology used for clastic rocks may be used to describe such particles. Grain Type



Example



Detrital grains



Rock fragments, intraclasts



Skeletal grains



Crinoidal, Molluscal, algal



Pellets



Fecal pellets, grains of mud



Lumps



Composite grains, Algal lumps



Coated grains



Oolites, pisolites, encrusted grains



Table 7Table of carbonate grain types.



11.7.2.2.3.4 Sorting Sorting refers to the uniformity of grain size in a sediment or sedimentary rock. Particles become sorted based on density because of the energy of the transporting medium. It involves shape, roundness, specific gravity, mineral composition and size. It is the most difficult and subjective assessment made by the mud logger during sample descriptions. It is generally understood that if more than 50% of the cuttings are of the same modal size, and then the sample is well sorted. Most descriptions contain: Mono-Modal



Poly-Modal



Extremely Well Sorted



Moderately Sorted



Very Well Sorted



Poorly Sorted



Well Sorted



Very Poorly Sorted



Payne (1942) suggested a sorting classification: •
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•



Fair – 90% in 3 or 4 class sizes



•



Poor – 90% in 5 or more class sizes



Figure 129 Grain sorting chart (from K. Simpson)



Sorting in carbonates (as in clastics) is a function of mean grain size. However, due to the various types of grains in carbonate rocks, very little is known about carbonate sorting. Grain Size comparators may also be used to get an objective observation of grain sorting in a sample. 11.7.2.2.3.5 Hardness Hardness is the resistance to scratching. For cuttings examination, it is the physical parameter based on the amount of force required to break apart the cutting, using a sample probe. Induration is the process by which sediment is converted into a sedimentary rock, generally termed diagenesis. However, it is used also to refer to the hardness of the rock or how easily it breaks apart. The Moh's Hardness Scale, though not a quantitative scale, defines a mineral's hardness by its ability to scratch another (one with a lower number). Standard



Hardness



Standard



Hardness



1



Talc



6



Orthoclase



2



Gypsum



7



Quartz



3



Calcite



8



Topaz



4



Fluorite



9



Corundum



5



Apatite



10



Diamond
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Table 8 Moh's Scale of Hardness



Scratching the rock fragment surface is often an adequate way of distinguishing different lithic types. Silicates and silicified materials, for example, cannot be scratched, but instead will take a streak of metal from the point of a probe. Limestone and dolomite can be scratched readily; gypsum and anhydrite will be grooved, as will shale or bentonite. Weathered chert is often soft enough to be readily scratched and its lack of reaction with acid will distinguish it from carbonates. Caution must be used with this test in determining whether the scratched material is actually the framework constituent or the cementing or matrix constituent. For example, silts will often scratch or groove, but examination under high magnification will usually show that the quartz grains have been pushed aside and are unscratched, and the groove was made in the softer matrix material. Common descriptions for Rudaceous and Arenaceous Rocks are: •



Unconsolidated or Loose: Cuttings fall apart or occur as individual grains.



•



Friable: Rock crumbles with light pressure. Grains detach easily with a sample probe.



•



Moderately Hard: Grains detach with sample probe. Cuttings can be broken with some pressure.



•



Hard: Grains difficult to detach. Extreme pressure causes cuttings to break between grains.



•



Very Hard: Grains cannot be detached. Cuttings will break through the grains.



Common descriptions for Argillaceous Rocks, Carbonates and some Chemical Rocks are: •



Soluble: Readily dispersed by running water.



•



Soft: No shape or strength. Material tends to flow.



•



Plastic: Easily molded and holds shape. Difficult to wash through a sieve.



•



Firm: Material has definite shape and structure. Readily penetrated and broken by sample probe.



•



Moderately Hard: Cuttings can be broken with some pressure.



•



Hard: Sharp angular edges. Not readily broken by probe.



•



Very Hard: A lot of force is applied to break the cutting.



Other descriptive terms used for Argillaceous Rocks, Carbonates and some Chemical Rocks include: •



Brittle – easily broken, cracked or snapped



•



Crumbly – easily disintegrates into small pieces; friable



•



Dense - compact
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Remember, this is the description of the cutting as a whole. 11.7.2.2.3.6 Luster Luster is used to define the surface features of the cutting under reflected light. It is best to observe the surface texture with the naked eye and under the microscope, and with wet and dry samples. Rotating the sample tray under the light source also assists in describing the sample's luster. Common terms are: •



Coated - Precipitated or accretionary material on the surface of the cutting. The cutting is not thick enough to develop a visible color.



•



Vitreous, glassy, faceted - It appears as clear, shiny, fresh appearance.



•



Silky, pearly (nacreous), polished - It appears as lightly etched or scoured.



•



Frosted, dull, etched - It appears as deeply etched or scoured.



•



Pitted - It appears as solution or impact pits, often pinpoint size.



•



Striated - It appears as parallel abrasion lines or scratches.



Aside from the common textures discussed above, argillaceous rocks also exhibit observable surface texture under reflected light. Common terms are: •



Earthy



•



Waxy



•



Velvety



•



Resinous



In carbonates, additional terms are used like: •



Rhombic - perfectly formed rhombs of nearly equal size, medium to coarse (usually pure dolomite)



•



Sucrosic - Sugary, similar to rhombic, but finer, lacking the perfection of crystal form (usually calcitic dolomite)



•



Microsucrosic - very finely sugary, often quite friable (usually calcitic dolomite)



•



Grainy - Not vividly crystalline, but with definite grains, often chalky in part (limestone or dolomitic limestone)



•



Oolitic - Spheroidal or smooth-surfaced grains with concentric internal structure



11.7.2.2.3.7 Slaking and Swelling Marked slaking and swelling in water is characteristic of montmorillonite (a major constituent of bentonites) and distinguishes them from kaolins and illites. To test for
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swelling add water to the cutting and observe. Below are the terms used to describe slaking and swelling: •



Non-swelling – doesn’t break up in water even after adding 1% HCl



•



Hygroturgid – swelling in a random manner



•



Hygroclastic – swelling with irregular pieces



•



Hygrofissile – swelling into flakes



•



Cryptofissile – swelling into flakes only after adding 1% HCl



11.7.2.2.4 Cementation or Matrix The difference between “cement” and “matrix” is one of degree, and may not be obvious in the cutting. Cement is deposited chemically and matrix is deposited mechanically. Cement is a chemical precipitate deposited around the grains and in the interstices of a rock as aggregates of crystals. Matrix consists of small individual grains that fill interstices between the larger grains. In general, where intergranular contact does not occur, the fill material between grains is matrix. Common cementing agents are: •



Calcite



•



Silica



•



Sulfates (Gypsum, Anhydrite)



•



Clays



•



Dolomite



Minor cementing agents are: •



Siderite



•



Iron Oxides (Hematite, Limonite)



•



Pyrite



•



Zeolites



•



Phosphatic material



Chemical cement is uncommon in sandstone that has an argillaceous matrix. The most common cementing materials are silica and calcite. Silica cement is common in nearly all quartz sandstones. Other siliceous cements are composed of opal, chalcedony and chert. Dolomite and calcite also occur as cement in sandstones (deposited as crystals in the interstices and/or as aggregates in voids) but it should be noted that both could occur as detrital or as coatings around the sand grains before these grains were lithified grains in the sandstone. Anhydrite and gypsum cements are more commonly associated with dolomite and silica than with calcite. PRINTED IN SINGAPORE
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Silt acts as a matrix, hastening cementation by filling interstices, thus decreasing the size of interstitial spaces. Clay is a common matrix material, which may cause loss of porosity. The term “cement” should not be used in recrystallized carbonates. 11.7.2.2.5 Fossils and Accessories Microfossils or even fragments of fossils are used for correlation. Common fossils and microfossils encountered are: foraminifera (like Globigerina), ostracods, bryozoa, corals, algae, crinoids, brachiopods, pelecypods and gastropods. The mud logger should record their presence and relative abundance in the samples being examined. Fossil amount is estimated as: > 25%



Abundant



10 to 25%



Common



< 10%



Trace



Accessory constituents or minerals may be significant indicators of the depositional environment. They may also be used in correlation. The most common accessories are feldspars (both plagioclase and K-feldspar), micas (muscovite and biotite), chlorite, pyrite, glauconite, siderite, carbonaceous material, heavy minerals (magnetite, zircon etc), chert, and lithic fragments. The minor accessories in carbonate rocks are commonly detrital or diagenetic products of terrigenous rock fragments with some carbonate terrigenous diagenetic minerals. The presence of sulfur and metallic sulfides is common and is an indication of anaerobic conditions of deposition and possible hydrogen sulfide hazards. 11.7.2.2.6 Sedimentary Structures Most sedimentary structures are not discernible in sample cuttings but could be seen in cores. There are however some structures that are evident in cuttings: •



Fractures / Microfractures - usually deduced because of the presence of some type of filling



•



Vugs / microvugs



•



Micro-veinlets / veins



•



Microlamination



•



Slickensided surfaces - should be carefully scrutinized; bits will scrape the sides of the borehole, giving a striated/glassy appearance on the cuttings



11.7.2.2.7 Visual Porosity Visible porosity is easier to determine on a dry sample than on a wet one. A magnification of 10x is frequently adequate to establish the amount of relative visible porosity in a dry sample. Higher magnification is occasionally needed to determine relative visible porosity.
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Samples with good visual porosity should always be examined for hydrocarbon shows.



Theoretical maximum porosity for a clastic rock is about 26%. This is normally much reduced by other factors. When estimating porosities use: Porosity



Quality



> 15%



Good



10 to 15%



Fair



5 to 10%



Poor



< 5%



Trace



Table 9 Table of terms used in estimating porosities.



The mud logger should never use the numerical values in estimating porosity, just the descriptive terms.



11.7.2.2.8 Oil Show Description See the topic on Hydrocarbon Evaluation.



11.7.3 Describing Chemical Rocks Chemical rocks are described in the same manner as clastics and carbonates. The eight parameters in the description format should be used.



11.7.3.1 Chert Drilling into a chert with a tri-cone bit (especially a milled-tooth bit) will result in a drastic decrease in the drill rate, with much bit bouncing and drill string vibrations and abundant metal shavings. The torque readings will be variable. They will be low if the bit teeth do not penetrate the chert and it will be high if it does. If the chert is thin bedded or fractured, torque will become irregular as the bit “sticks and skips” over the surface. Chert consists of microcrystalline quartz. There are three common occurrences of chert. They occur as nodules and silt-sized grains in carbonate rocks, associated with hypersaline lacustrine deposits and as bedded cherts that formed along tectonically active continental margins. Most chert nodules are found along bedding planes in the carbonate rocks. Bedded cherts, meanwhile, occur in association with turbidites, ophiolites, and mélanges. The beds range in thickness from a few centimeters to several meters. They are interbedded with siliceous shales. Although thought to represent deepwater accumulations of silica secreting organisms, they may also form in warm nutrient rich shallow water environments. Cherts formed in a hypersaline environment are associated with evaporite deposits. Chert cuttings will be cryptocrystalline or microcrystalline, hard to very hard, large, elongate, and blade-shaped, with fresh curved conchodial fracture surfaces. PRINTED IN SINGAPORE
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11.7.3.2 Evaporite Deposits Evaporites are drilled with a salt-saturated, oil-based or synthetic mud system. If this is done, then sample recovery will be good, and samples can be treated in a “normal” manner. Thin or partially saline formations may be drilled with a “fresh” water system. When evaporites are drilled with freshwater muds, most of the soluble materials will be lost to solution but there will be secondary evidence as to their presence. These evidences are: •



An increase and smooth drill rate



•



Decreased volume of cuttings



•



Eroded or re-worked appearance of cuttings



•



Increased drilling fluid salinity



•



Increased drilling fluid viscosity



•



Decreased and smooth background gas



•



Salty encrustations on the surface of dried cuttings



Halite cuttings will show good cubic cleavage. They will normally be colorless to white, but often with a pink to red tinge, and will be recognized by its solubility and taste. Thin beds of anhydrite or gypsum are usually present with halite. When thin beds of halite occur, they are normally present with red beds or red clays. The determination between anhydrite and gypsum is not always possible at the wellsite, but an attempt should be made. The similarities and differences are: Gypsum



Anhydrite



White, light to dark grey, red, blue, yellow-brown



White, pale grey, red



Luster



Pearly, earthy, subvitreous



Pearly, glassy, vitreous



Hardness



1.5 to 2.0 - Mohs



3.0 to 3.5 - Mohs



scratched by fingernail



scratched by brass pin



2.30 to 2.37 g/cc



2.9 to 3.0 g/cc



Formula Color



Structure



Density



Table 10 Table of differences and similarities of anhydrite and gypsum.



To discriminate between the limestone and either anhydrite or gypsum, the presence of a sulfate mineral can be confirmed using HCl. Limestone will effervesce, while anhydrite or gypsum will not.
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Barium Chloride is also used to determine if sulfate is present. To do the test: 1. Place several cuttings in a cut bottle and fill with distilled water. 2. Agitate and pour off water. Refill and repeat. 3. Fill bottle half full with distilled water, add three drops of HCl, and agitate. 4. Add two drops of barium chloride. 5. A pearly white discoloration will confirm the presence of gypsum or anhydrite. Barium chloride should be used with caution.



11.7.3.3 Carbonaceous Rocks Though not a chemical rock, coal/lignite is included because many carbon-bearing rocks will be drilled during the search for hydrocarbons. Coal beds provide useful marker beds. They can be inferred from the drill rate. In gas analysis, they give welldefined methane peaks, and show up quite well on gamma ray logs. In geologically young deposits, lignite (brown coal) is found. There should be signs of vegetal matter in the lignite. Though very easy to detect in cuttings samples, it can be easily confused with the lignite used as a mud additive.



Note: It is unusual to encounter coal beds greater than six feet (2 meters) thick.



11.7.4 Igneous Rocks To be published at a future date.



11.7.5 Metamorphic Rocks To be published at a future date.



11.8 Hydrocarbon Evaluation 11.8.1 Introduction It is the mud logger’s responsibility to report and log all hydrocarbon shows. He should be familiar with the various methods of testing for and detecting hydrocarbons. Cuttings with good porosity should always be tested for hydrocarbon shows. There are no specific criteria to establish if a show represents a potentially productive interval because the various characteristics observed in a show, like color and intensity of the stain, fluorescence and cut fluorescence, will vary from field to field and even from well to well. Shows are also affected by the early dissipation of highly volatile fractions, flushing by drilling fluids or the manner of how the sample is washed. These factors tend to mask or eliminate evidence of hydrocarbons. It should be noted then that the presence or absence of obvious shows couldn’t always be taken as conclusive.
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11.8.2 Order of Hydrocarbon Show Description The order of hydrocarbon shows description is as follows: •



Odor (type and strength)



•



Oil stain or bleeding (distribution, intensity, color)



•



Sample fluorescence (percentage, intensity, color)



•



Cut color fluorescence (speed, character, intensity and color)



•



Cut color and intensity



•



Cut residue (intensity and color)



11.8.3 Sample Examination Procedure for Hydrocarbon Shows The mud logger must get all the relevant chemicals and tools ready before drilling a potential hydrocarbon zone. A drilling break is one of the first signs of an entry into a possible hydrocarbon-bearing zone. This is increase in ROP is possibly due to the porous nature of the sediment drilled. On most wells, the drilling program would call for a flow check and a circulate bottoms up (CBU) five feet (1.5 meters) to 10 feet (3.25 meters) into the drilling break. To circulate bottoms up or CBU is to circulate until all the samples are recovered and evaluated. If there is a significant gas peak, a spot sample should be taken and examined under the UV light. This should include a mud sample. Below is a typical flow of sampling procedures that are done when hydrocarbon shows are encountered. 1. Whenever there are significant gas shows, the mud logger must get a mud sample from the possum belly, aside from the regular sample taken from the sample catching board. If the significant gas peak arrives in between sampling intervals, a spot sample is caught along with a mud sample. 2. The mud sample is poured into a shallow dish and placed under UV light to observe the signs of fluorescence in the mud or droplets of immiscible oil popping to the surface. If nothing is seen, water is added to the mud and the mixture is stirred. Again, the sample is observed under UV light. 3. The unwashed sample is also observed under UV light. The distribution, color and intensity of the fluorescence, if any, is noted. 4. For the lithological samples, smell the sample first before observing it under the microscope. If an oil odor is detected, record it (see section on Odor). Under the microscope, an estimate is made of the percentage of oil-stained cuttings. The appearance (oily, waxy, dry residue), distribution (even, patchy, spotty, streaks) and color of the oil stains will be described. If oil-stained cuttings are observed these can be separated and placed into the depressions of the spot plate. 5. The sample tray is then observed under UV light. The proportion of the cuttings fluorescing and its distribution (even, spotty, pinpoint, patchy, PRINTED IN SINGAPORE
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streaky), color and intensity of the fluorescence, if any, is noted. Some samples, if none were selected in Step 4, are placed into the depressions of the spot plate.



Figure 130 Observing a sample under UV light.



6. The samples in the spot plate are observed under the microscope for any oil stains. This is also to verify the lithology of the sample that will be subjected to the solvent cut test. 7. If no stains were observed, the spot plate is put inside the UV box and the samples are subjected to a solvent cut test (see procedure under Solvent Cut Test)



11.8.4 Odor Hydrocarbon odor may range from heavy, which is characteristic of low gravity oil, to light and penetrating, for condensate. Some dry gases have no odor. Describe the odor, as oil odor or condensate odor. Report its strength as good, fair or faint. Faint odors may be detected more easily on a freshly broken piece of core or after confining the cuttings in a bottle for 10-15 minutes (which time consuming).



11.8.5 Staining and Bleeding The amount by which cuttings and cores will be flushed on their way to the surface is largely a function of their permeability. In very permeable rocks only very small amounts of oil are retained in the cuttings. Often bleeding oil and gas may be observed in cores (see pictures below), and rarely in drill cuttings from relatively tight formations.
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Figure 131 Bleeding observed from a core.



Figure 132 Cross section of core from figure above.



The amount of oil staining on cuttings and cores is primarily a function of the distribution of the porosity and the oil distribution within the pores. The color of the stain is related to oil gravity. Heavy oil stains tend to be a dark brown, while light oil stains tend to be colorless. The color of the stain or bleeding oil should be reported. Ferruginous or other mineral stains may be recognized by their lack of odor, fluorescence or cut.



11.8.6 Fluorescence Fluorescence is luminescence that is caused by the absorption of radiation at one wavelength followed by nearly immediate reradiation usually at a different wavelength and that ceases almost at once when the incident radiation stops.
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There are numerous fluorescent compounds in crude petroleum. A number of them will fluoresce in the visible spectrum. Generally, dense, low gravity oils will fluoresce at the longer, infrared, red and orange visible wavelengths, while the lighter, high gravity oils will fluoresce at shorter, yellow or blue, visible wavelengths. Distribution may be even, spotted, or mottled, as for stain. The intensity range is bright, dull, pale, and faint. Pinpoint fluorescence is associated with individual sand grains and may indicate condensate or gas.



Note: Failure of a sample to fluoresce should not be taken as decisive evidence of lack of hydrocarbons



Figure 133 Fluorescence under UV light (sample is from a gas/water contact). Purple background is limestone under UV light. Bluish spots are cement. Actual fluorescence is bright yellow.



Unfortunately, crude oil is not the only material found in cuttings that will fluoresce under ultraviolet light. Some minerals and sample lithologies will also fluoresce. The fluorescence colors emitted are dark and the intensity is low. It is distinguished from hydrocarbon fluorescence by adding a few drops of a solvent. Hydrocarbon fluorescence will appear to flow and diffuse in the solvent as the oil dissolves, whereas mineral fluorescence will remain undisturbed. Below is a table of fluorescence of some common minerals and lithologies. Mineral



Fluorescence color



Dolomite and magnesian limestone



Yellow, yellowish-brown to dark brown



Aragonite and calcareous mudstones



Yellow-white to pale brown



Chalky limestones



Purple



Foliated paper shales



Tan to grayish brown



Anhydrite



Blue to mid gray
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Mineral



Fluorescence color



Pyrite



Mustard yellow to greenish brown



Table 11 Table of common minerals and lithologies and their fluorescence color.



Some mud additives may also exhibit traces of fluorescence. Pipe dope, the heavy metalized grease used to lubricate and seal threaded tool joints of drill pipe and drill collars, is a source of fluorescence contamination. Pipe dope has a very bright gold, white or bluish-white fluorescence normally indicative of a light, high gravity oil or condensate. In natural light, it has a heavy, viscous appearance and a blue-black or brown metallic color. While high gravity oil or condensate is transparent and gold in natural light.



It is important to check all samples under ultraviolet light, regardless of whether oil is suspected.



11.8.7 Solvent Cut Test 11.8.7.1 Introduction The most reliable test for hydrocarbons is the solvent cut test or the cut fluorescence or “wet cut" test. If hydrocarbons are present, fluorescent "streamers" will be emitted from the sample and the intensity and color of these streamers are used to evaluate the test. Some shows will not give a noticeable streaming effect but will leave a fluorescent ring or residue in the dish after the reagent has evaporated. This is termed a "residual cut".



The hydrocarbon extracted by the reagent is called a "cut."



It is recommended that the Solvent Cut Test be performed on all samples in which there is even the slightest suspicion of the presence of hydrocarbons. Samples that will not fluoresce may give a positive cut fluorescence, which is commonly true of the high gravity hydrocarbons. They may give a bright yellow cut fluorescence. Old oilstained samples may not fluoresce but they too may give a cut fluorescence. Generally low gravity oils will not fluoresce but will cut a very dark brown and their cut fluorescence may range from milky white to dark orange.



11.8.7.2 Chemicals Used For The Solvent Cut Test The solvent cut test is useful in determining the quality of the show. You can use different solvents for this test: •



chloroform (trichloromethane)



•



carbon tetrachloride (tetrachloromethane, perchloromethane)



•



ethylene dichloride chloride, dutch oil)



•



methylene chloride (methylene dichloride, dichloromethane)



•



1,1,1-trichloroethane (methyl chloroform, chlorothene)



PRINTED IN SINGAPORE



(sym-dichloroethane,



 2001NTERNATIONAL LOGGING, INC.



1,2-dichloroethane,



ethylene



192



•



1-1-2-trichloroethane (vinyl trichloride, beta-trichloroethane)



•



trichloroethylene (ethylene trichloride, triclene, tri, trike or TCE)



•



acetone



•



petroleum ether



The most common reagents used by the geologist are chlorothene, trichloroethane, trichloroethylene, petroleum ether, and acetone. The use of ether gives a more delicate test for soluble hydrocarbons than chlorothene or acetone. However, the ether being used should be tested constantly, for the least presence of any hydrocarbon product will contaminate the solvent and render it useless. Chlorothene, trichloroethane and trichloroethylene are recommended for general use although it too may become contaminated after a long period. Acetone is a good solvent for heavy hydrocarbons but is not recommended for routine oil detection.



CAUTION: CARBON TETRACHLORIDE is a cumulative poison and SHOULD NOT BE USED for any type of hydrocarbon detection.



CAUTION: Proper ventilation is important when using petroleum ether as it may have a toxic effect in a confined space. In addition, PETROLEUM ETHER AND ACETONE are very INFLAMMABLE and must be KEPT AWAY FROM OPEN FLAMES.



11.8.7.3 Do’s and Don’t’s Here are a few do’s and don’t’s with regards to handling the solvents to be used in the Solvent Cut Test: •



Do not store the solvents in plastic containers or bottles. It has been observed that after sometime the solvent evaporates or emits a pale yellowwhite fluorescence.



•



Before performing a solvent cut test, a test the solvent should be checked under UV light for fluorescence.



•



When working with solvents always work with small quantities in a wellventilated area. Remember to wash your hands after using them. Do not eat without washing your hands after handling them.



11.8.7.4 Solvent Cut Test Procedure Before a solvent cut test is to be performed, ensure the reliability of your solvent by placing a few drops of the solvent on a depression in the spot plate and observing it under UV light. If the solvent is “good” no fluorescence should be observed. To do a solvent cut test: 1. Place a few drops of solvent, enough to immerse the sample, on the sample in the depression in the spot plate. Be careful not to get the cutting agent into the rubber of the dropper as it might “contaminate” the solvent by giving it a pale yellowish fluorescence. PRINTED IN SINGAPORE
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2. Observe the following: •



Cut speed: This is an indication of both the solubility of the oil and the permeability of the sample. The speed can vary from instantaneous to very slow.



•



Cut nature: coloration of the solvent with dissolved oil may occur in a uniform manner, in streaming manner or in a blooming manner. A streaming cut also indicates low oil mobility.



•



Cut color fluorescence and intensity: Observe the color and the intensity of the oil in the solvent under both UV and natural lights. The cut color observed under UV light could be called a cut color fluorescence (example: bright blue white cut fluorescence).



•



Cut color and intensity: After observing the sample under UV light observe the sample under natural light. The cut color observed in natural light is just called cut color (example: very light brown cut color or no cut color). The shade of the cut depends upon the gravity of the crude with the lightest crudes giving the palest cuts.



•



Residue color and intensity: The solvent dissolves rapidly under the heat of the UV light, sometimes leaving a residue of oil around the cutting on the spot plate. The true color of the oil can then be observed. The intensity and opacity of color, especially of the residue, is an indicator of the oil density and the quantity of oil originally in the cutting.



A faint "residual cut" is sometimes discernible only as an amber-colored ring left on the dish after complete evaporation of the reagent. If the sample shows all the possible signs of being oil-bearing but has no solvent cut, the sample is crushed using the metal probe and it is observed for a solvent cut. The cut is called a crushed cut. Sometimes, adding a little dilute acid will produce a solvent cut, called an acid cut. Sometimes, you need to let the sample dry before a solvent cut test is performed. An alternate method involves picking out a number of fragments and dropping them into a clear one-or- two-ounce bottle or test tube. The solvent is poured in until the bottle or test tube is half full. It is then stoppered and shaken. Any oil present in the sample is extracted and will color the solvent. When the color of the cut is very light, it may be necessary to hold the bottle against a white background to detect it. If there is only a slight cut, it may come to rest as a colored cap or meniscus on the top surface of the solvent.
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Figure 134 Close up of samples immersed in solvent. Note the discoloration of the solvent.



11.8.8 Other Tests for Hydrocarbons 11.8.8.1 Reaction in Acid of Oil-Bearing Rock Fragments Dilute HCI may be used to detect oil shows in cuttings, even in samples that have been stored for many years. To do this test: 1. Select a cutting or core chip (approximately 1/2 to 2 mm diameter) to be tested. Place the sample in the shallow depression on the spot plate or in a shallow container. 2. Immerse the sample in dilute HCI. 3. If oil is present in the rock, surface tension will cause large bubbles to form, either from air in the pore spaces or from CO2 generated by the reaction of the acid with carbonate cement or matrix. In the case of calcareous rock, the reaction forms lasting iridescent bubbles large enough to raise the rock fragment off the bottom of the container in which the acid is held, and sometimes even large enough to carry the fragment to the surface of the acid before the bubbles break and the fragment sinks, only to be buoyed up again by new bubbles. The resulting bobbing effect is quite diagnostic. The bubbles, which form on the surface of a cutting fragment of similar size that contains no oil, do not become large enough to float the fragment before they break away, and the fragment, therefore, remains on the bottom. In the case of oil-bearing non-calcareous sandstone, large lasting bubbles form on the surface but may not float the fragment. The large bubbles result from the surface tension caused by the oil in the sample, which tends to form a tougher and more elastic bubble wall. It should be pointed out that this test is very sensitive to the slightest amount of hydrocarbons, even such as found in carbonaceous shale; therefore, it is well to PRINTED IN SINGAPORE
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discount the importance of a positive test unless the bobbing effect is clearly evident or lasting iridescent bubbles are observed. The test is very useful, however, as a simple and rapid preliminary check for the presence of hydrocarbons. A positive oilacid reaction alerts the observer to intervals worthy of more exhaustive testing.



11.8.8.2



Wettability Failure of samples to wet, or their tendency to float on water when immersed, is often an indication of the presence of oil. Under the microscope, letting one or two drops of water fall on the surface of the stained rock fragment may test a light-colored stain that cannot be definitely identified as an oil stain. In the presence of oil, the water will not soak into the cutting or flow off its surface, but will stand on it or roll off it as spherical beads. Dry spots may appear on the sample when the water is poured off. This, however, is not useful in powdered (air drilled) samples, which, because of particle size and surface tension effects, will not wet.



11.8.8.3



Acetone-Water Test If the presence of oil or condensate is suspected, and provided no carbonaceous or lignitic matter is present in the rock sample, the acetone-water test may be tried. To do the acetone-water test: 1. The rock chip or cutting is powdered using a mortar and pestle. 2. Place the powdered rock or cutting in a test tube. 3. Add acetone and shake it vigorously. 4. After shaking it vigorously, filter the mixture into another test tube and an excess of water is added. 5. When hydrocarbons are present, they form a milky white dispersion, in as much as they are insoluble in water, whereas acetone and water are completely miscible.



11.8.8.4 Hot Water Test To do the hot water test: 1. Place 500 cc of fresh, unwashed cuttings in a 1000 cc glass beaker or similar container. 2. Pour in hot water with a temperature of at least 170°F (77°C) until it covers the sample to a depth of 1 cm. 3. Observe the oil film that is formed under ultraviolet light and record the amount of oil released using the scale below. Oil show



Amount of surface covered by oil film



Extremely weak



Less than 25% of surface covered.



Very weak



25% to 33% of surface covered.



Weak



33% to 50% of surface covered.
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Fair



50% to 99% of surface covered.



Strong



100% of surface is covered.



Table 12 Determination of oil shows using the Hot Water test.



11.8.8.5 Iridescence Iridescence may be associated with oil of any color or gravity, but it is more likely to be observable and significant for the lighter, more nearly colorless oils where oil staining may be absent. It may be observed in the wet sample tray. Iridescence without oil coloration or staining may indicate the presence of light oil or condensate.



11.8.9 Conclusion No “rules of thumb" can be used to relate the evidences of the presence of hydrocarbons to potential production. However, some generalizations are worth noting. 1. Lack of visible stain is not conclusive proof of the absence of hydrocarbons. Gas, distillates and high gravity oil ordinarily will have no visible stain. 2. Lack of fluorescence is not conclusive proof of the absence of hydrocarbons. 3. Bona fide hydrocarbon shows will usually give a positive cut fluorescence (wet cut). High gravity hydrocarbons will often give a positive cut fluorescence and/or a residual cut, but will give negative results with all other hydrocarbon detection methods. Minerals that fluoresce will not yield a cut. 4. The oil acid reaction test will give positive results when oil is present, but it is very sensitive and may give positive results in the presence of insignificant amounts of hydrocarbons.



11.9 Mud Log Presentation To be published at a future date.
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12 Handling Cores 12.1 Materials Needed to Handle Cores Before the core is out of the hole the mud logging crew must see to it that the following material / equipment needed in handing a core are prepared before the core is out of the hole: •



Hammer and chisel – to chip off pieces of core for samples



•



Steel measuring tape – measuring the length of the core



•



Clipboard and paper – for notes, etc.



•



Indelible black and red marker pens



•



Stick – for finding the top of the core



•



Rags – to clean the fiberglass or aluminum sleeves



•



Pail with water – to clean the fiberglass or aluminum sleeves



•



Plastic core boxes - Make up plastic core boxes equal to the core length plus 10% to 15%. Mark the core boxes and then lay them out in order. Occasionally the client will require that wooden core boxes be used. These core boxes are assembled at the rig site from prefabricated sections.



•



HUBCO bags – for core chip samples



•



Fibre tape – for securing the plastic core boxes



•



Hot work permit (optional) - Obtain a hot work permit before turning on the wax bath (if waxing is required).



•



Wax bath (optional) – for conventional cores and rarely sleeved cores



•



Wax (optional) - Do not overheat the wax. The wax should have a bright appearance. If it has a burnt appearance it will not seal the samples completely.



•



Cling film (optional) - for conventional cores



•



Aluminum foil (optional) - for conventional cores



•



String or wire for dipping (optional) - for conventional cores



•



Core catching trays (optional) - for conventional cores



•



Fire extinguisher (optional) – if wax bath is to be used
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12.2 Safety During Core Handling All personnel must wear personal protective equipment (gloves, hard hat and safety glasses) when handling cores. Ensure that your forearms are covered as some personnel might develop an allergic reaction to fiberglass dust ensuing from core cutting operations. Hide gloves, if available, are preferred to ordinary cotton gloves. When the core is brought out of the hole, ensure that the core barrel has been checked for H2S. For whatever reason, never place your hands under the barrel.



12.3 Conventional Core Retrieval These are the procedures used in handling conventional cores: 1. The outer core barrel is suspended from the rotary table. 2. The inner barrel is removed and then the core catcher is removed. 3. Place a mat underneath the core barrel. 4. Check for the presence of H2S. 5. The coring hand attaches the core tong handle to the base of the inner barrel. 6. The driller raises the inner barrel upon directions of the coring hand. The core comes out base first. 7. The core catcher is removed and core inside it is placed in the bottom of the first box. Continue filling the core box with core. Note: boxes are 1m or 3 ft long. 8. When 1 meter or 3 feet of unbroken core appears, break it with a hammer. Only when the core is away from the inner barrel should it be handled. If the core breaks into pieces try to rearrange it in the box. Core may occasionally become stuck in the core barrel, hammering the core barrel will often dislodge it. If the core remains stuck, it can be dislodged by pumping compressed air or drilling mud (to minimize the risk of the core drying out). Water should not be used. Before pumping the barrel is normally swung out onto the pipe deck.



CAUTION! Do not stand in front of the barrel or do not peer into the barrel while pumping is in progress. 9. Get a core chip sample and place in a HUBCO bag. 10. Mark the core’s top and bottom depth on the core itself. 11. Spread out the cling film and remove the core from the box and put it on top of the cling film. Ensure that it properly orientated. 12. Wrap in foil. 13. Tape securely. 14. Label the core depths, its top and bottom and its way up correctly.
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15. Wrap wire or string around the sample about 5 cms from each end, to allow dipping in the wax bath. 16. Dip the core into the wax bath. Ensure complete coverage. Minimize the amount of time the sample is immersed in the wax. Ensure that the wax coating is around 4 mm thick all over. 17. Hang the core from a bar to allow the wax to dry. Avoid contact between samples. Do not dip the hot wax in the water. 18. When the core has been completely removed from the barrel, the “rabbit” (a flanged metal cylinder) will appear. 19. Collect any small chips and pieces of core remaining around the barrel. Store it in sample bags. 20. Pack any space in the box to prevent movement of the core. 21. Close the core boxes. Use heavy-duty fiber tape to secure the core boxes. 22. Remove the boxes from the area. Ensure that they are properly labeled. 23. Weigh a representative box so that the approximate weight of the shipment is known.



12.4 Sleeved Core Retrieval Below are the procedures in handling sleeved (either fiberglass or aluminum sleeves) cores: 1. The core barrel is broken into singles at the surface. 2. The singles are swung onto the pipe deck where the inner core barrel is pulled off the sleeve. Carefully note the relationship of each section of sleeve to the other. 3. Once the sleeve is free, wipe its surface with dry cloth or rags. 4. Draw two lines using marker pens on the sleeve: the black on the left and the red on the right. 5. Locate the top of the core using percussion techniques and a stick. 6. Once located, properly mark the sleeves in intervals of 1 ft or 1 m. Note the total amount of core recovered. To mark the section of sleeve: •



Every 1-m or 3-ft interval a long black line is drawn. Short black lines are drawn for every ft or 0.5/0.25 m interval.



•



The top and bottom of each 1-m or 3-ft interval is marked by a T or a B, respectively and their corresponding depths.



•



Depths are also written for each 1-ft or 0.5/0.25-m interval.



•



Arrows showing the way up are drawn on the two lines (red and black).



7. Cut the core and sleeve in 3-ft or 0.5/0.25-m intervals. PRINTED IN SINGAPORE
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8. Take core chip samples and place in HUBCO bags. 9. Seal the ends with plastic cups secured by jubilee clips/worm drive clips. The caps can also be additionally sealed by wax (optional). 10. Place the sleeve into the core box. 11. Collect any small chips and pieces of core remaining in the area. Store it in sample bags. 12. Pack any space in the box to prevent movement of the core. 13. Close the core boxes. Use heavy-duty fiber tape to secure the core boxes. 14. Remove the boxes from the area. Ensure that they are properly labeled. 15. Weigh a representative box so that the approximate weight of the shipment is known.
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13 Trip Monitoring To be published at a future date.
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14 Responsibilities of the Mud Logger To be published later.
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15 Glossary



A accelerator n: a chemical additive that reduces the setting time of cement. See cement and cementing materials. Accumulator n: 1. a vessel or tank that receives and temporarily stores a liquid used in a continuous process in a gas plant. (see drip accumulator). 2. On a drilling rig, the storage device for nitrogen-pressurized hydraulic fluid, which is used in closing the blowout preventers. See blowout preventer control unit. acoustic log n: a record of the measurement of porosity done by comparing depth to the time it takes for a sonic impulse to travel through a given length of formation. The rate of travel of the sound wave through a rock depends on the composition of the formation and the fluids it contains. Because other logs can ascertain the type of formation, and because sonic transit time varies with relative amounts of rock and fluid, porosity can usually be determined in this way. additive n: 1. in general, a substance added in small amounts to a larger amount of another substance to change some characteristic of the latter. In the oil industry, additives are used in lubricating oil, fuel, drilling mud, and casing cement. 2. in cementing, a substance added to cement to change the cement characteristics to satisfy specific conditions in the well. A cement additive may work as an accelerator, retarder, dispersant, or other reactant. adjustable choke n: a choke in which a conical needle may be changed with respect to its seat to vary the rate of flow; maybe manual or automatic. See choke. agitator n: a motor-driven paddle or blade used to mix the liquids and solids in the mud. air drilling n: a method of rotary drilling that uses compressed air as the circulation medium. The conventional method of removing cuttings from the wellbore is to use a flow of water or drilling mud. Compressed air removes the cuttings with equal or greater efficiency. The rate of penetration is usually increased considerably when air drilling is used. However, a principal problem in air drilling is the penetration of formations containing water, since the entry of water into the system reduces the ability of the air to remove the cuttings. air hoist n: a hoist operated by compressed air. annular blowout preventer n: a large valve, usually installed above the ram preventers, that forms a seal in the annular space between the pipe and wellbore or, if no pipe is present, on the wellbore itself. Compare ram blowout preventer. annular pressure n: fluid pressure in an annular space, as around tubing within casing. annular space n: 1. the space surrounding a cylindrical object within a cylinder. 2. The space around a pipe in a wellbore, the outer wall of which may be the wall of either the borehole or the casing; sometimes termed the annulus.
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annulus n: sometimes termed annular space. See annular space. antifreeze n: a chemical compound that prevents the water in the cooling system of an engine from freezing. Glycols are often used as antifreeze agents. API gravity n: the measure of the density or gravity of liquid petroleum products on the North American continent, derived from specific gravity in accordance with the following equation: API gravity = 141.5 / Specific gravity - 13.5 API gravity is expressed in degrees, a specific gravity of 1.0 being equivalent to 10 API. automatic choke n: an adjustable choke that is power operated to control pressure or flow. See adjustable choke. automatic fillup shoe n: a device that is installed on the first joint of casing and that automatically regulates the amount of mud in the casing. The valve in this shoe keeps mud from entering the casing until mud pressure causes the valve to open, allowing mud to enter the casing. auxiliaries n: equipment on a drilling or workover rig that is not directly essential to the basic process of making hole, as the equipment used to generate electricity for rig lighting or the equipment used to facilitate the mixing of drilling fluid. While the auxiliaries are not essential to the drilling process, their presence on the rig is often necessary if drilling is to progress at a satisfactory rate. auxiliary brake n: a braking mechanism, supplemental to the mechanical brake, that permits the lowering of heavy hook loads safely at retarded rates without incurring appreciable brake maintenance. There are two types of auxiliary brakes-the hydromatic and the electrodynamic. In both types, work is converted into heat, which is dissipated through liquid cooling systems. See hydrodynamic brake and electrodynamic brake.



B bail n.. a cylindrical steel bar (similar to the handle or bail of a bucket, only much larger) that supports the swivel and connects it to the hook. Sometimes, the two cylindrical bars that support the elevators and attach them to the hook are called bails. v: to recover bottomhole fluids, samples, or drill cuttings by lowering a cylindrical vessel called a bailer to the bottom of a well, filling it, and retrieving it. See bailer. bailer n: a long cylindrical container, fitted with a valve at its lower end, used to remove water, sand, mud, drill cuttings, or oil from a well. balloon v: to swell or puff up. In reference to tubing under the effects of temperature changes, sucker rod pumping, or high internal pressure, to increase in diameter while decreasing in length. Compare reverse-balloon. barrel n: a measure of volume for petroleum products in the United States. One barrel is the equivalent of 42 U. S. gallons or 0.15899 cubic meters. One cubic meter equals 6.2897 barrels. basic sediment and water n: the water and other extraneous material present in crude oil. Usually, the BS&W content must be quite low before a pipeline will accept
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the oil for delivery to a refinery. The amount acceptable depends on a number of factors but usually runs from less than 5 percent to a small fraction of 1 percent. bbl abbr.: barrel. bbl/d abbr: barrels per day. bit n: the cutting or boring element used in drilling oil and gas wells. The bit consists of the cutting element and the circulating element. The circulating element permits the passage of drilling fluid and utilizes the hydraulic force of the fluid stream to improve drilling rates. In rotary drilling, several drill collars are joined to the bottom end of the drill pipe column. The bit is attached to the end of the drill collar. blind ram n: an integral part of a blowout preventer that serves as the closing element on an open hole. Its ends do not fit around the drill pipe but seal against each other and shut off the space below completely. block n: any assembly of pulleys on a common framework; in mechanics, one or more pulleys, or sheaves, mounted to rotate on a common axis. The crown block is an assembly of sheaves mounted on beams at the top of the derrick. The drilling line is reeved over the sheaves of the crown block alternately with the sheaves of the travelling block, which is hoisted and lowered in the derrick by the drilling line. When elevators are attached to a hook on the travelling block, and when drill pipe is latched in the elevators, the pipe can be raised or lowered in the derrick or mast. See crown block, elevators, hook, reeve, sheave, and travelling block; also see drilling block. blowout n: an uncontrolled flow of gas, oil, or other well fluids into the atmosphere. A blowout, or gusher, occurs when formation pressure exceeds the pressure applied to it by the column of drilling fluid. A kick warns of an impending blowout. See formation pressure, gusher, and kick. blowout preventer n: one of several valves installed at the wellhead to prevent the escape of pressure either in the annular space between the casing and drill pipe or in open hole (i.e., hole with no drill pipe) during drilling completion operations. Blowout preventers on land rigs are located beneath the rig at the land's surface; on jackup or platform rigs, they are located at the water's surface; and on floating offshore rigs, on the seafloor. See annular blowout preventer, inside blowout preventer, and ram blowout preventer. blowout preventer control unit n: a device that stores hydraulic fluid under pressure in special containers and provides a method to open and close the blowout preventers quickly and reliably. Usually compressed air and hydraulic pressure provide the opening and closing force in the unit. See blowout preventer. boot n: a tubular device placed in a vertical position, either inside or outside a larger vessel, through which well fluids are conducted before they enter the larger vessel. A boot aids in the separation of gas from wet oil. Also called a flume or conductor pipe. BOP abbr: blowout preventer. borehole n: the wellbore; the hole made by drilling or boring. See wellbore. bottom wiper plug n: a device placed in the cementing head and run down the casing in front of cement to clean the mud off the walls of the casing and to prevent contamination between the mud and the cement. bottomhole choke n: a device with a restricted opening placed in the lower end of the tubing to control the rate of flow. See choke. PRINTED IN SINGAPORE
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bottomhole pressure n: the pressure in a well at a point opposite the producing formation, as recorded by a bottomhole pressure bomb. See bottomhole pressure bomb. box n: the female section of a tool joint. See tool joint. brake n: a device for arresting the motion of a mechanism, usually by means of friction, as in the drawworks brake. Compare electrodynamic brake and hydromatic brake. break out v: 1. to unscrew one section of pipe from another section, especially drill pipe while it is being withdrawn from the wellbore. During this operation, the tongs are used to start the unscrewing operation. See tongs, 2. to separate, as gas from liquid. breakout cathead n: a device attached to the shaft of the drawworks that is used as a power source for unscrewing drill pipe; usually located opposite the driller's side of the drawworks. See cathead. break tour v: to begin operating 24 hours per day. Moving the rig and rigging up are usually carried on during daylight hours only. When the rig is ready for operation at a new location, crews break tour and start operating 24 hours per day. See tour. bridging material n: the fibrous, flaky, or granular material added to cement slurry or drilling fluid to aid in sealing formations in which lost circulation has occurred. See lost circulation and lost circulation material. bring in a well v: to complete a well and put it on producing status. bring on a well v: to bring a well on-line; that is, to put it on producing status. BS&W abbr.: basic sediment and water. bubble bucket n: a bucket of water into which air from the drill stem is blown through a hose during the first flow period of a drill stem test. In drill stem testing, the blow into the bubble bucket is an easy way to judge flow and shut-in periods. bunkhouse n: a building providing sleeping quarters for workers.



c cable n: a rope of wire, hemp, or other strong fibers. See under rope. carbon dioxide n: a colorless, odorless gaseous compound of carbon and oxygen (CO2). carbonate rock n: a sedimentary rock composed primarily of calcium carbonate (limestone) or calcium magnesium carbonate (dolomite); sometimes makes up petroleum reservoirs. cased adj: pertaining to a wellbore in which casing is run and cemented. See casing. cased hole n: a wellbore in which casing has been run. See casing. casing n: steel pipe placed in an oil or gas well as drilling progresses to prevent the wall of the hole from caving in during drilling and to provide a means of extracting petroleum if the well is productive.
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casing centralizer n: a device secured around the casing at regular intervals to center it in the hole. Casing that is centralized allows a more uniform cement sheath to form around the pipe. casing hanger n: an arrangement of slips and packing rings, used to suspend casing from a casinghead. casinghead n: a heavy steel, flanged fitting that connects to the first string of casing and provides a housing for the slips and packing assemblies by which intermediate and production strings of casing are suspended and the annulus sealed off. Also called a spool. See annular space. casing rack n: also called pipe rack. See pipe rack. casing string n: the entire length of all the joints of casing run in a well. Casing is manufactured in lengths of about 40 feet, each length or joint being joined to another as casing is run in a well. See combination string. cathead n: a spool-shaped attachment on a winch around which rope for hoisting and pulling is wound. See breakout cathead and makeup cathead. cathead spool n: a spool-shaped device mounted on a shaft that comes out of the drawworks. The cathead spool can be used to lift heavy objects. catline n: a hoisting or pulling line powered by the cathead and used to lift heavy equipment on the rig. See cathead. catshaft n: an axle that crosses through the drawworks and contains a revolving drum called a cathead at either end. See cathead. catwalk n: 1. the ramp at the side of the drilling rig where pipe is laid out to be lifted to the derrick floor by the catline. See catline. 2. any elevated walkway. cement n: a powder, consisting of alumina, silica, lime, and other substances that hardens when mixed with water. Used extensively in the oil industry to bond casing to the walls of the wellbore. cement channeling n: an undesirable phenomenon that can occur when casing is being cemented in a borehole. The cement slurry fails to rise uniformly between the casing and the borehole wall, leaving spaces devoid of cement. Ideally, the cement should completely and uniformly surround the casing and form a strong bond to the borehole wall. cementing n: the application of a liquid slurry of cement and water to various points inside or outside the casing. See primary cementing, secondary cementing, and squeeze cementing. cementing head n: an accessory attached to the top of the casing to facilitate cementing of the casing. It has passages for cement slurry and retainer chambers for cementing wiper plugs. cementing materials n pl: a slurry of Portland cement and water and sometimes one or more additives that affect either the density of the mixture or its setting time. The Portland cement used may be high early strength, common (standard), or slow setting. Additives include accelerators (such as calcium chloride), retarders (such as gypsum), weighting materials (such as barium sulfate), lightweight additives (such as bentonite), and a variety of lost circulation materials (such as mica flakes).
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centimeter n: a unit of length in the metric system equal to 0.01 meter (10-2 meter). Its symbol is cm. centralizer n: also called casing centralizer. See casing centralizer. chain tongs n: a tool consisting of a handle and releasable chain used for turning pipe or fittings of a diameter larger than that which a pipe wrench would fit. The chain is looped and tightened around the pipe or fitting, and the handle is used to turn the tool so that the pipe or fitting can be tightened or loosened. change house n: a doghouse in which a drilling rig crew changes clothes. See doghouse. check valve n: a valve that permits flow in one direction only. Commonly referred to as a one-way valve. If the gas or liquid starts to reverse, the valve automatically closes, preventing reverse movement. choke n: a device with an orifice installed in a line to restrict the flow and control the rate of production. Surface chokes are part of the Christmas tree and contain a choke nipple, or bean, with a small-diameter bore that serve to restrict the flow. Chokes are also used to control the rate of flow of the drilling mud out of the hole when the well is closed in with the blowout preventer and a kick is being circulated out of the hole. See adjustable choke, blowout preventer, bottomhole choke, Christmas tree, kick, nipple, and positive choke. choke line n: an extension of pipe from the blowout preventer assembly used to direct well fluids from the annulus to the choke manifold. choke manifold n: an arrangement of piping and special valves, called chokes. In drilling, mud is circulated through a choke manifold when the blowout preventers are closed; a choke manifold is also used to control the pressures encountered during a kick. In well testing, a choke manifold attached to the wellhead allows flow and pressure control for test components downstream. See choke and blowout preventer. Christmas tree n: the control valves, pressure gauges, and chokes assembled at the top of a well to control the flow of oil and gas after the well has been drilled and completed. clastic rocks n. pl: sedimentary rocks composed of fragments of preexisting rocks. Sandstone is a clastic rock. circulate v: to pass from one point throughout a system and back to the starting point. For example, drilling fluid is circulated out of the suction pit, down the drill pipe and drill collars, out the bit, up the annulus, and back to the pits while drilling proceeds. circulating components n: the equipment included in the drilling fluid circulating system of a rotary rig. The components consist of the mud pump, rotary hose, swivel, kelly or top drive, drill stem, bit, annulus, and mud return line. circulating fluid n: also called drilling fluid. See drilling fluid and mud. company man n: also called company representative. See company representative. company representative n: an employee of an operating company whose job is to represent the company's interests at the drilling location. complete a well v: to finish work on a well and bring it to productive status. See well completion. PRINTED IN SINGAPORE
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completion fluid n: a low-solids fluid or drilling mud used when a well is being completed. It is selected not only for its ability to control formation pressure, but also for the properties that minimize formation damage. conductor pipe n: 1. a short string of large-diameter casing used to keep the wellbore open and to provide a means of conveying the up-flowing drilling fluid from the wellbore to the mud pit. 2. a boot. See boot. connection n: 1. a section of pipe or fitting used to join pipe to pipe or pipe to a vessel. 2. a place in electrical circuits where wires join together. contact n: in a petroleum reservoir, a horizontal boundary where different types of fluids meet and mix slightly; for example, a gas-oil or oil-water contact. Also called an interface. core n: a cylindrical sample taken from a formation for geological analysis. Usually a conventional core barrel is substituted for the bit and procures a sample as it penetrates the formation. v: to obtain a formation sample for analysis. core analysis n: laboratory analysis of a core sample to determine porosity, permeability, lithology, fluid content, angle of dip, geological age, and probable productivity of the formation. core barrel n: a tubular device, usually from 10 to 60 feet long, run at the bottom of the drill pipe in place of a bit and used to cut a core sample. crew n: the workers on a drilling or workover rig, including the driller, derrickman, and the rotary helpers. crown block n: an assembly of sheaves or pulleys mounted on beams at the top of the derrick over which the drilling line is reeved. See block, reeve, and sheave.



D darcy n: a unit of measure of permeability. A porous medium has a permeability of 1 darcy when a pressure of 1 atmosphere on a sample 1 cm long and 1 cm2 in cross section will force a liquid of 1 cp viscosity through the sample at the rate of 1 cm3 per second. The permeability of reservoir rocks is usually so low that it is measured in millidarcy units. deadline n: the drilling line from the crown block sheave to the anchor, so called because it does not move. Compare fastline. deadline anchor n: also called a deadline tie-down anchor. See deadline tie-down anchor. deadline tie-down anchor n: a device to which the deadline is attached, securely fastened to the mast or derrick substructure. Also called a deadline anchor. degasser n: the equipment used to remove unwanted gas from a liquid, especially from drilling fluid. density n: the mass or weight of a substance per unit volume. For instance, the density of a drilling mud may be 10 pounds per gallon (ppg), 74.8 pounds per cubic foot (Ib/ft3), or 198.2 kilograms per cubic meter (kg/m3) . Specific gravity, relative density, and API gravity are other units of density. See API gravity, relative density, and specific gravity. PRINTED IN SINGAPORE
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derrick n: a large load-bearing structure, usually of bolted construction. In drilling, the standard derrick has four legs standing at the corners of the substructure and reaching to the crown block. The substructure is an assembly of heavy beams used to elevate the derrick and provide space to install blowout preventers, casing heads, and so forth. Because the standard derrick must be assembled piece by piece, it has largely been replaced by the mast, which can be lowered and raised without disassembly. See crown block, mast, and substructure. derrick floor n: also called the rig floor or the drill floor. See rig floor. derrickman n: the crew member who handles the upper end of the drill stem as it is being hoisted out of or lowered into the hole. He is also responsible for the circulating machinery and the conditioning of the drilling fluid. desander n: a centrifugal device for removing sand from drilling fluid to prevent abrasion of the pumps. It may be operated mechanically or by a fast-moving stream of fluid inside a special cone-shaped vessel, in which case it is sometimes called a hydrocyclone. Compare desilter. desilter n: a centrifugal device for removing very fine particles, or silt, from drilling fluid to keep the amount of solids in the fluid to the lowest possible point. Usually, the lower the solids content of mud, the faster the rate of penetration. It works on the same principle as a desander. Compare desander. differential pressure n: the difference between two fluid pressures; for example, the difference between the pressure in a reservoir and in a wellbore drilled in the reservoir, or between atmospheric pressure at sea level and at 10,000 feet. Also called pressure differential. discharge line n: a. line through which the mud travels on its way to the hole. The discharge line is located between the standpipe and mud pump. dispersant n: a substance added to cement that chemically wets the cement particles in the slurry, allowing the slurry to flow easily without much water. doghouse n: 1. a small enclosure on the rig floor used as an office for the driller, a change house, or as a storehouse for small objects. 2. any small building used as an office or for storage. See change house. dolomite n: a type of sedimentary rock similar to limestone but rich in magnesium carbonate; sometimes a reservoir rock for petroleum. double n: a length of drill pipe, casing, or tubing consisting of two joints screwed together. See joint. double board n: the name used for the working platform of the derrickman, or monkeyboard, when it is located at a height in the derrick or mast equal to two lengths of pipe joined together. See monkeyboard. downtime n: time during which rig operations are temporarily suspended because of repairs or maintenance. drawworks n: the hoisting mechanism on a drilling rig. It is essentially a large winch that spools off or takes in the drilling line and thus raises or lowers the drill stem and bit.
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drift diameter n: 1. in drilling, the effective hole size. 2. in casing, the guaranteed minimum diameter of the casing. The drift diameter is important because it indicates whether the casing is large enough for a specified size of bit to pass through. drill v: to bore a hole in the earth, usually to find and remove subsurface formation fluids such as oil and gas. drill collar n: a heavy, thick-walled tube, usually steel, used between the drill pipe and the bit in the drill stem to weight the bit in order to improve its performance. drill stem test n: the conventional method of formation testing. The basic drill stem test tool consists of a packer or packers, valves or ports that may be opened and closed from the surface, and two or more pressure-recording devices. The tool is lowered on the drill string to the zone to be tested. The packer or packers are set to isolate the zone from the drilling fluid column. The valves or ports are then opened to allow for formation flow while the recorders chart flow pressures, and are then closed, to shut in the formation while the recorders chart static pressures. A sampling chamber traps clean formation fluids at the end of the test. Analysis of the pressure charts is an important part of formation testing. driller n: the employee directly in charge of a drilling or workover rig and crew. His main duty is operation of the drilling and hoisting equipment, but he is also responsible for the downhole condition of the well, operation of downhole tools, and pipe measurements. driller's console n: a metal cabinet on the rig floor containing the controls that the driller manipulates to operate various functions of the drilling rig. driller's control panel n: also called driller's console. See driller's console. drill floor n: also called the rig floor or derrick floor. See rig floor. drilling contractor n: an individual or group of individuals that own a drilling rig or rigs and contract their services for drilling wells to a certain depth. drilling fluid n: circulating fluid, one function of which is to force cuttings out of the wellbore and to the surface. While a mixture of clay, water, and other chemical additives is the most common drilling fluid, wells can also be drilled using air, gas, or water as the drilling fluid. Also called circulating fluid. See mud. drilling foreman n: the supervisor of drilling or workover operations on a rig. Also called a toolpusher, rig manager, rig supervisor, or rig superintendent. drilling line n: a wire rope used to support the drilling tools. drill pipe n: the heavy seamless tubing used to rotate the bit and circulate the drilling fluid. Joints of pipe approximately 30 feet long are coupled by means of tool joints. drill pipe pressure n: the amount of pressure exerted inside the drill pipe as a result of circulating pressure, the entry of formation pressure into the well, or both. drill ship n: a ship constructed to permit a well to be drilled from it at an offshore location. While not as stable as other floating structures (as a semi-submersible) drill ships are capable of drilling exploratory wells in relatively deep waters. They may have a ship hull, a catamaran hull, or a trimaran hull. See semisubmersible drilling rig.
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drill stem n: all members in the assembly used for drilling by the rotary method from the swivel to the bit, including the kelly, drill pipe and tool joints, drill collars, stabilizers, and various subsequent items. Compare drill string. drill string n: the column, or string, of drill pipe with attached tool joints that transmits fluid and rotational power from the kelly to the drill collars and bit. Often, especially in the oil patch, the term is loosely applied to include both drill pipe and drill collars. Compare drill stem. drive bushing n: also called kelly bushing. See kelly bushing. drum n: 1. a cylinder around which wire rope is wound in the drawworks. The drawworks drum is that part of the hoist upon which the drilling line is wound. 2. a steel container of general cylindrical form. Refined products are shipped in steel drums with capacities of about 50 to 55 U.S. gallons or about 200 liters. drum brake n: a device for arresting the motion of a machine or mechanism by means of mechanical friction; in this case, a shoe is pressed against a turning drum. DST abbr: drill stem test. dump bailer n: a bailing device with a release valve, usually of the disk or flapper type, used to place or spot material (such as cement slurry) at the bottom of the well. dynamic positioning n: a method by which a floating offshore drilling rig is maintained in position over an offshore well location. Generally, several motors called thrusters are located on the hulls of the structure and are actuated by a sensing system. A computer to which the system feeds signals then directs the thrusters to maintain the rig on location.



E electric generator n: a machine by which mechanical energy is changed into electrical energy, as an electric generator on a drilling rig in which a diesel engine (mechanical power) turns a generator to make electricity (electrical energy). electrician n: the rig crew member who maintains and repairs the electrical generating and distribution system on the rig. electrodynamic brake n: a device mounted on the end of the drawworks shaft of a drilling rig. The electrodynamic brake (sometimes called a magnetic brake) serves as an auxiliary to the mechanical brake when pipe is lowered into a well. The braking effect in an electrodynamic brake is achieved by means of the interaction of electric currents with magnets, with other currents, or with themselves. elevators n pl: a set of clamps that grips a stand, or column, of casing, tubing, drill pipe, or sucker rods so that the stand can be raised or lowered into the hole. expanding cement n: cement that expands as it sets to form a tighter fit around casing and formation. extender n: 1. a substance added to drilling mud to in crease viscosity without adding clay or other thickening material. 2. an additive that assists in getting a greater yield from a sack of cement. The extender acts by requiring more water than that required by neat cement.
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F fastline n: the end of the drilling line that is affixed to the drum or reel of the drawworks, so called because it travels with greater velocity than any other portion of the line. Compare deadline. filler material n: a material added to cement or cement slurry to increase its yield. fixed choke n: a choke whose opening is only one size; its opening is not adjustable. See choke, choke manifold, and adjustable choke. flange n: a projecting rim or edge (as on pipe fittings and openings in pumps and vessels), usually drilled with holes to allow bolting to other flanged fittings. flash set n: a premature thickening or setting of cement slurry, which makes it unpumpable. float collar n: a special coupling device, inserted one or two joints above the bottom of the casing string, that contains a cheek valve to permit fluid to pass downward but not upward through the casing. The float collar prevents drilling mud from entering the casing while it is being lowered, allowing the casing to float during its descent and thus decrcasing the load on the derrick. A float collar also prevents backflow of cement during a cementing operation. float shoe n: a short, heavy, cylindrical steel section with a rounded bottom, attached to the bottom of the casing string. It contains a cheek valve and functions similarly to the float collar but also serves as a guide shoe for the casing. floorman n: also called a rotary helper. See rotary helper. flow-line manifold n: in surface well testing, a pipe sub in the flow line that provides points to attach temperature and pressure gauges, outlets for fluid sampling, and inlets for chemical injection during the test. flowing pressure n: pressure registered at the wellhead of a flowing well. flow period n: in formation testing, an interval of time during which a well is allowed to flow while flow characteristics are being measured. flow pressure n: See flowing pressure. fluid n: a substance that flows and yields to any force tending to change its shape. Liquids and gases are fluids. fluid loss n: the undesirable migration of the liquid part of the drilling mud into a formation, often minimized or prevented by the blending of additives with the mud. fluid-loss additive n: a compound added to cement slurry or drilling mud to prevent or minimize fluid loss. formation n: a bed or deposit composed throughout of substantially the same kinds of rock; a lithologic unit. Each different formation is given a name, frequently as a result of the study of the formation outcrop at the surface and sometimes based on fossils found in the formation. formation fluid n: fluid (as gas, oil, or water) that exists in a subsurface rock formation. PRINTED IN SINGAPORE
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formation pressure n: the force exerted by fluids in a formation, recorded in the hole at the level of the formation with the well shut in. It is also called reservoir pressure or shut-in bottomhole pressure. See reservoir pressure and shut-in bottomhole pressure. formation testing n: the gathering of pressure data and fluid samples from a formation to determine its production potential before choosing a completion method. Formation testing tools include wireline formation testers, drill stem test tools, and surface test packages. fracture n: a crack or crevice in a formation, either natural or induced. friction n: resistance to movement created when two surfaces are in contact. When friction is present, movement between the surfaces produces heat.



G gas n: a fluid, compressible substance that completely fills any container in which it is confined. gooseneck n: the curved connection between the rotary hose and swivel. See rotary hose and swivel. graded, or mixed, string n: a casing string made up of several weights or grades of casing, and designed to take into account well depth, expected pressures, and weight of the fluid in the well. gravel pack v: to place a slotted or perforated liner in a well and surround it with gravel. See gravel packing. gravel packing n: a method of well completion in which a slotted or perforated liner, often wire-wrapped, is placed in the well and surrounded by gravel. If open-hole, the well is sometimes enlarged by underreaming at the point where the gravel is packed. The mass of gravel excludes sand from the wellbore but allows continued production. ground anchor n: a device driven firmly into the ground to which is attached a guy line. The anchor provides a strong attachment point for the guy line. See guy line. guardrail n: a railing for guarding against danger or trespass. On a drilling or workover rig, for example, guardrails are used on the rig floor to prevent personnel from falling; also guardrails are installed on the mud pits and other high areas where there is any danger of falling. guide shoe n: a short, heavy, cylindrical section of steel, filled with concrete and rounded at the bottom, which is placed at the end of the casing string. It prevents the casing from snagging on irregularities in the borehole as it is lowered. A passage through the center of the shoe allows drilling fluid to pass up into the casing while it is being lowered and allows cement to pass out during cementing operations. Also called casing shoe. gusher n: an oilwell that has come in with such great pressure that the oil jets out of the well like a geyser. In reality, a gusher is a blowout and is extremely wasteful of reservoir fluids and drive energy. In the early days of the oil industry, gushers were common and many times were the only indication that a large reservoir of oil and gas had been struck. See blowout.
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guy line n: a wireline attached to a mast or derrick to stabilize it. See wind guy line and load guy line.



H handrail n: a railing or pipe along a passageway or stair that serves as a support or guard. hard hat n: a metal or hard plastic helmet worn by oil field workers to minimize the danger of being injured by falling objects. heading n: an intermittent flow of oil from a well. heavyweight additive n: a substance or material added to cement to make it dense enough for use in high-pressure zones. Sand, barite, and hematite are some of the substances used as heavyweight additives. hoist n: 1. an arrangement of pulleys and wire rope or chain used for lifting heavy objects; a winch or similar device; 2. the drawworks. See drawworks. hoisting components n.. the drawworks, drilling line, and travelling and crown blocks. The auxiliary hoisting components are the catheads, the cathead spool, and the air hoist. See drawworks, drilling line, travelling block, crown block, makeup cathead, breakout cathead, cathead spool, and air hoist. hole n: 1. in drilling operations, the wellbore or borehole. See wellbore and borehole. 2. any opening that is made purposely or accidentally in any solid substance. hook n: a large, hook-shaped device from which the swivel is suspended. It is designed to carry maximum loads ranging from 100 to 650 tons and turns on bearings in its supporting housing. A strong spring within the assembly cushions the weight of a stand (about 90 feet) of drill pipe, thus permitting the pipe to be made up and broken out with less damage to the tool joint threads. Smaller hooks without the spring are used for handling tubing and sucker rods. See stand and swivel. hopper n: a large funnel- or cone-shaped device into which dry components (as powdered clay or cement) can be poured in order to uniformly mix the components with water (or other liquids). The liquid is injected through a nozzle at the bottom of the hopper. The resulting mixture of dry material and liquid may be drilling mud to be used as the circulating fluid in a rotary drilling operation or may be cement slurry used to bond casing to the borehole. hydrate n: a hydrocarbon and water compound that is formed under reduced temperature and pressure in gathering, compression, and transmission facilities for gas. Hydrates often accumulate in troublesome amounts and impede fluid flow. They resemble snow or ice. hydration n: reaction of cement with water. The powdered cement gradually sets to a solid as hydration continues. hydraulic brake n: also called hydrodynamic brake. See hydrodynamic brake. hydraulic fluid n: a liquid of low viscosity (as light oil) that is used in systems actuated by liquid (as the brake system in a modern passenger car). hydrocarbons n: organic compounds of hydrogen and carbon, whose densities, boiling points, and freezing points increase as their molecular weights increase. PRINTED IN SINGAPORE
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Although composed only of two elements, hydrocarbons exist in a variety of compounds, because of the strong affinity of the carbon atom for other atoms and for itself. The smallest molecules of hydrocarbons are gaseous; the largest are solids. Petroleum is a mixture of many different hydrocarbons. hydrodynamic brake n: a device mounted on the end of the drawworks shaft of a drilling rig. The hydrodynamic brake serves as an auxiliary to the mechanical brake when pipe is lowered into the well. The braking effect in a hydrodynamic brake is achieved by means of a runner or impeller turning in a housing filled with water. Also called the Hydromatic brake. hydrogen sulfide n: a flammable, colorless gaseous compound of hydrogen and sulfur (H2S) with the odor of rotten eggs. Commonly found in petroleum, it causes the foul smell of petroleum fractions. It is extremely corrosive and poisonous, causing damage to skin, eyes, breathing passages, and lungs and attacking and paralyzing the nervous system, particularly that part controlling the lungs and heart. Also called hepatic gas or sulfurated hydrogen. hydrostatic pressure n: the force exerted by a body of fluid at rest; it increases directly with the density and the depth of the fluid and is expressed in psi or kPa. The hydrostatic pressure of fresh water is 0.433 psi per foot of depth (9.792 kPa/m). In drilling, the term refers to the pressure exerted by the drilling fluid in the wellbore. In a water-drive field, the term refers to the pressure that may furnish the primary energy for production.



I IADC abbr: International Association of Drilling Contractors, formerly the American Association of Oilwell Drilling Contractors (AAODC). igneous rock n: a rock mass formed by the solidification of material poured (when molten) into the earth's crust or onto its surface. Granite is an igneous rock. (Redo) impermeable adj.: preventing the passage of fluid. A formation may be porous yet impermeable if there is an absence of connecting passages between the voids within it. See permeability. inside blowout preventer n: a valve installed in the drill stem to prevent a blowout through the stem. Flow is thus possible only downward, allowing mud to be pumped in but preventing any flow back up the stem. Also called internal blowout preventer. intermediate casing string n: the string of casing set in a well after the surface casing is set to keep the hole from caving and to seal off troublesome formations. The string is sometimes called protection casing. International Association of Drilling Contractors n: a widely respected organization of drilling contractors headquartered in Houston, Texas. The organization sponsors or conducts research on education, accident prevention, drilling technology, and other matters of interest to drilling contractors and their employees. Formerly the American Association of Oilwell Drilling Contractors (AAODC).



J jackknife mast n: a structural steel, open-sided tower raised vertically by special lifting tackle attached to the travelling block. See mast.
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jackup drilling rig n: an offshore drilling structure with tubular or derrick legs that support the deck and hull. When positioned over the drilling site, the bottoms of the legs rest on the seafloor. A jackup rig is towed or propelled to a location with its legs up. Once the legs are firmly positioned on the bottom, the deck and hull height are adjusted and leveled. jet bit n: a drilling bit having replaceable nozzles through which the drilling fluid is directed in a high-velocity stream to the bottom of the hole to improve the efficiency of the bit. See bit. joint n: a single length (approximately 30 feet) of drill pipe or of drill collar, casing, or tubing that has threaded connections at both ends. Several joints screwed together constitute a stand of pipe. See stand, single, double. junk n: metal debris lost in a hole. Junk may be a lost bit, pieces of a bit, milled pieces of pipe, wrenches, or any relatively small object that impedes drilling or completion and must be fished out of the hole. junk basket n: a device made up on the bottom of the drill stem or on wireline to catch pieces of junk from the bottom of the hole. Circulating the mud or reeling in the wireline forces the junk into a barrel in the tool, where it is caught and held. When the basket is brought back to the surface, the junk is removed. Also called a junk sub or junk catcher.



K kelly n: the heavy steel member, four- or six-sided, suspended from the swivel through the rotary table and connected to the topmost joint of drill pipe to turn the drill stem as the rotary table turns. It has a bored passageway that permits fluid to be circulated into the drill stem and up the annulus, or vice versa. See drill stem, rotary table, and swivel. kelly bushing n: a special device that, when fitted into the master bushing, transmits torque to the kelly and simultaneously permits vertical movement of the kelly to make hole. It may be shaped to fit the rotary opening or have pins for transmitting torque. Also called the drive bushing. See kelly and master bushing. kelly cock n: a valve installed at one or both ends of the kelly. When a high-pressure backflow begins inside the drill stem, the valve is closed to keep pressure off the swivel and rotary hose. See swivel and kelly. kelly hose n: also called the mud hose or rotary hose. See rotary hose. kelly saver sub n: a saver sub that fits in the drill stem between the kelly and drill pipe. The threads of the drill pipe mate with those of the saver, minimizing wear on the kelly. See saver sub. kelly spinner n: a pneumatically operated device mounted on top of the kelly that, when actuated, causes the kelly to turn or spin. It is useful when the kelly or a joint of pipe attached to it must be spun up; that is, rotated rapidly in order to make it up. kick n: an entry of water, gas, oil, or other formation fluid into the wellbore. It occurs because the pressure exerted by the column of drilling fluid is not great enough to overcome the pressure exerted by the fluids in the formation drilled. If prompt action is not taken to control the kick or kill the well, a blowout will occur. See blowout.
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kill v: 1. in drilling, to prevent a threatened blowout by taking suitable preventive measures (e.g., to shut in the well with the blowout preventers, circulate the kick out, and increase the weight of the drilling mud). 2. in production, to stop a well from producing oil and gas so that reconditioning of the well can proceed. Production is stopped by circulating a killing fluid into the hole. kilo pascal n: 1000 pascals. See pascal. sym: kPa.



L land a wellhead v: to attach casingheads and other wellhead equipment not already in place at the time of well completion. land casing v: to install casing so that it is supported in the casinghead by slips. The casing is usually landed in the casinghead at exactly the position in which it was hanging when the cement plug reached its lowest point. land rig n: any drilling rig that is located on dry land. Compare offshore rig. landing depth n: the depth to which the lower end of casing extends in the hole when casing is landed. lightweight cement n: a cement or cement system that handles stable slurries having a density less than that of neat cement. Lightweight cements are used in lowpressure zones where the high hydrostatic pressure of long columns of neat cement can fracture the formation and result in lost circulation. lignosulfonate n: an organic drilling fluid additive derived from by-products of a paper-making process using sulfite; added to drilling mud to minimize fluid loss and to reduce viscosity of the mud. liner n: 1. a string of casing used to case open hole below existing casing. Liner casing extends from the setting depth up into another string of casing, usually overlapping about 100 feet above the lower end of the intermediate or oil string. Liners are nearly always suspended from the upper string by a hanger device. 2. in jet perforating guns, a conically shaped metallic piece that is part of a shaped charge. It increases the efficiency of the charge by increasing the penetrating ability of the jet. 3. a replaceable tube that fits inside the cylinder of an engine or a pump. liner hanger n: a slip device that attaches the liner to the casing. See liner. liquefied petroleum gas n: a mixture of heavier, gaseous, paraffinic hydrocarbons, principally butane and propane. These gases, easily liquefied at moderate pressure, may be transported as liquids but converted to gases on release of the pressure. Thus, liquefied petroleum gas is a portable source of thermal energy that finds wide application in areas where it is impractical to distribute natural gas. It is also used as a fuel for internal-combustion engines and has many industrial and domestic uses. Principal sources are natural and refinery gas, from which the liquefied petroleum gases are separated by fractionation. liquid n: a state of matter in which the shape of the given mass depends on the containing vessel, but the volume of the mass is independent of the vessel. A liquid is a fluid that is practically incompressible. limestone n: a sedimentary rock rich in calcium carbonate; sometimes serves as a reservoir rock for petroleum.
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load guy line n: the wireline attached to a mast or derrick to provide the main support for the structure. Compare wind guy line. location n: the place where a well is drilled; also called well site. logging devices n: any of several electrical, acoustical, mechanical, or radioactivity devices that are used to measure and record certain characteristics or events that occur in a well that has been or is being drilled. lost circulation n: the quantities of whole mud lost to a formation, usually in cavernous, fissured, or coarsely permeable beds, evidenced by the complete or partial failure of the mud to return to the surface as it is being circulated in the hole. Lost circulation can lead to a blowout and, in general, reduce the efficiency of the drilling operation. Also called lost returns. lost circulation materials: a substance added to cement slurries or drilling mud to prevent the loss of cement or mud to the formation. lost circulation plug n: cement set across a formation that is taking excessively large amounts of drilling fluid during drilling operations. LPG abbr: liquefied petroleum gas.



M m sym: meter. make a connection v: to attach a joint of drill pipe onto the drill stem suspended in the wellbore to permit deepening Of the wellbore by the length of the joint added, or about 30 feet. make a trip v: to hoist the drill stem out of the wellbore to perform one of a number of operations such as changing bits, taking a core, and so forth, and then to return the drill stem to the wellbore. make hole v: to deepen the hole made by the bit; to drill ahead. make up v: 1. to assemble and join parts to form a complete unit (as to make up a string of casing). 2. to screw together two threaded pieces. 3. to mix or prepare (as to make up a tank of mud). 4. to compensate for (as to make up for lost time). make up a joint v: to screw a length of pipe into another length of pipe. makeup cathead n: a device attached to the shaft of the drawworks that is used as a power sourqe for screwing together joints of pipe; usually located on the driller's side of the drawworks. See cathead. mandrel n: a cylindrical bar, spindle, or shaft, around which other parts are arranged or attached or which fits inside a cylinder or tube. manifold n: 1. an accessory system of piping to a main piping system (or another conductor) that serves to divide a flow into several parts, to combine several flows into one, or to reroute a flow to any one of several possible destinations. 2. a pipe fitting with several side outlets to connect it with other pipes. 3. a fitting on an internalcombustion engine made to receive exhaust gases from several cylinders.
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marker bed n: a distinctive, easily identified rock stratum, especially one used as a guide for drilling or correlation of logs. mast n: a portable derrick capable of being erected as a unit, as distinguished from a standard derrick that cannot be raised to a working position as a unit. For transporting by land, the mast can be divided into two or more sections to avoid excessive length extending from truck beds on the highway. Compare derrick. master bushing n: a device that fits into the rotary table. It accommodates the slips and drives the kelly bushing so that the rotating motion of the rotary table can be transmitted to the kelly. Also called rotary bushing, See slips and kelly bushing. master valve n: 1. a large valve located on the Christmas tree and used to control the flow of oil and gas from a well. Also called a master gate. 2. the blind or blank rams of a blowout preventer. matrix n: in rock, the fine-grained material between larger grains and in which the larger grains are embedded. A rock matrix may be composed of fine sediments, crystals, clay, or other substances. md sym: millidarcy. mechanic n: the crew member that is an all-around handyman for the rig's mechanical components. A mechanic is an optional rig crew member. mechanical brake n: a brake that is actuated by machinery (as levers or rods) that is directly linked to the brake from the actuating mechanism. metamorphic rock n: a rock derived from preexisting rocks by mineralogical, chemical, and structural alterations caused by processes within the earth's crust. Marble is a metamorphic rock. meter n: a device used to measure and often record volumes, quantities, or rates of flow of gases, liquids, or electric currents. v: to measure quantities or properties of a substance. meter (m) n: the fundamental unit of length in the metric system, equal to 3.28 feet, 39.37 inches, or 100 centimeters. millidarcy n: one-thousandth of a darcy. millivolt n: one-thousandth of a volt. mix mud v: to prepare drilling fluids from a mixture of water or other liquids and one or more of the various dry mud-making materials (as clay, weighting materials, chemicals, etc.). monkeyboard n: the derrickman's working platform. As pipe or tubing is run into or out of the hole, the derrickman must handle the top end of the pipe, which may be as high as 90 feet in the derrick or mast. The monkeyboard provides a small platform to raise him to the proper height to be able to handle the top of the pipe. See double board, fourble board, and thribble board. motorman n: the crew member on a rotary drilling rig responsible for the care and operation of drilling engines. mousehole n: an opening through the rig floor, usually lined with pipe, into which a length of drill pipe is placed temporaiily for later connection to the drill string. PRINTED IN SINGAPORE
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mousehole connection n: the procedure of adding a length of drill pipe or tubing to the active string in which the length to be added is placed in the mousehole, made up to the kelly, then pulled out of the mousehole, and subsequently made up into the string. mud n: the liquid circulated through the wellbore during rotary drilling and workover operations. In addition to its function of bringing cuttings to the surface, drilling mud cools and lubricates the bit and drill stem, protects against blowouts by holding back subsurface pressures, and deposits a mud cake on the wall of the borehole to prevent loss of fluids to the formation. Although it originally was a suspension of earth solids (especially clays) in water, the mud used in modern drilling operations is a more complex, three-phase mixture of liquids, reactive solids, and inert solids. The liquid phase may be fresh water, diesel oil, or crude oil and may contain one or more conditioners. See drilling fluid. mud cake n: the sheath of mud solids that forms on the wall of the hole when liquid from mud filters into the formation; also called wall cake or filter cake. mud gas separator n: a device that separates the gas from the mud coming out of a well when a kick is being circulated out. mud hose n: also called kelly hose and rotary hose. See rotary hose. mud level recorder n: a device that measures and records the height or level of the drilling fluid in the mud pits. The level of the mud in the pits should remain fairly constant during the drilling of a well. However, if the level rises, then the possibility of a kick or blowout exists. Conversely, if the level falls, then loss of circulation may have occurred. Also called pit level recorder or pit sensor. mud log n: a record of information derived from examination of drilling fluid and drill bit cuttings. See mud logging. mud logging n: the recording of information derived from examination and analysis of formation cuttings made by the bit and mud circulated out of the hole. A portion of the mud is diverted through a gas-detecting device. Cuttings brought up by the mud are examined under ultraviolet light to detect the presence of oil or gas. mud pits n pl: a series of open tanks, usually made of steel plates, through which the drilling mud is cycled to allow sand and sediments to settle out. Additives are mixed with the mud in the pits, and the fluid is temporarily stored there before being pumped back into the well. Modern rotary drilling rigs are generally provided with three or more pits, usually fabricated steel tanks fitted with built-in piping, valves, and mud agitators. Mud pits are also called shaker pits, settling pits, and suction pits, depending on their main purpose. Also called mud tanks. See shaker pit, settling pit, and suction pit. mud pump n: a large, reciprocating pump used to circulate the mud on a drilling rig. A typical mud pump is single- or double-acting, two- or three-cylinder piston pump whose pistons travel in replaceable liners and are driven by a crankshaft actuated by an engine or motor. mud tanks n pl: also called mud pits. See mud pits. multistage cementing tool n: a device used for cementing two or more separate sections behind a casing string, usually for a long column that might cause formation breakdown if the cement were displaced from the bottom of the string.
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N natural gas n: a highly compressible, highly expansible mixture of hydrocarbons having a low specific gravity and occurring naturally in a gaseous form. Besides hydrocarbon gases, natural gas may contain appreciable quantities of contaminants such as nitrogen, helium, carbon dioxide, hydrogen sulfide, and water vapor. Although gaseous at normal temperatures and pressures, certain of the gases comprising the mixture that is natural gas are variable in form and may be found either as gases or as liquids under suitable conditions of temperature and pressure. neat cement n: a cement with no additives other than water. needle valve n: a form of globe valve that contains a sharp pointed, needlelike plug that is driven into and out of a cone shaped seat to accurately control a relatively small rate of flow of a fluid. nozzle n: 1. a passageway through jet bits that allows the drilling fluid to reach the bottom of the hole and flush the cuttings through the annulus. Nozzles come in different sizes that can be interchanged on the bit to allow more or less flow. 2. the part of the fuel system of an engine that has small holes in it to permit fuel to enter the cylinder. Properly known as a fuel-injection nozzle. Also called a spray valve. The needle valve is directly above the nozzle. nipple n: a tubular pipe fitting threaded on both ends and less than 12 inches long.



O offshore rig n: any of various types of drilling structures designed for use in drilling wells in oceans, seas, bays, gulfs, and so forth. Offshore rigs include platforms, jackup drilling rigs, semisubmersible drilling rigs, submersible drilling rigs, and drill ships. See platform, jackup drilling rig, semisubmersible drilling rig, submersible drilling rig, and drill ship. oil and gas separator n: an item of production equipment used to separate liquid components of the well stream from gaseous elements. Separators are either vertical or horizontal and either cylindrical or spherical in shape. Separation is accomplished principally by gravity, the heavier liquids falling to the bottom and the gas rising to the top. A float valve or other liquid-level control regulates the level of oil in the bottom of the separator. oil field n: the surface area overlying an oil reservoir or reservoirs. Commonly, the term includes not only the surface area, but may include the reservoir, the wells, and production equipment as well. oil operator n: also called operator. See operator. open adj: 1. of a wellbore, having no casing. 2. of a hole, having no drill pipe or tubing suspended in it. open hole n: 1. any wellbore in which casing has not been set. 2. open or eased hole in which no drill pipe or tubing is suspended. 3. the portion of the wellbore that has no casing. operating company n: also called operator. See operator.
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operator n: the person or company, either proprietor or lessee, actually operating an oilwell or lease. Generally, the oil company by whom the drilling contractor is engaged. Compare unit operator. orifice n: a device with an opening in it whose diameter is smaller than that of the pipe or fitting into which it is placed to partially restrict the flow through the pipe. The difference in pressure on the two sides of an orifice plate, as determined by an orifice meter, can be used to measure the volume of flow through the pipe.



P packer n: a piece of downhole equipment, consisting of a sealing device, a holding or setting device, and an inside passage for fluids, used to block the flow of fluids through the annular space between pipe and the wall of the wellbore by sealing off the space between them. In production, it is usually made up in the tubing string some distance above the producing zone. A packing element expands to prevent fluid flow except through the packer and tubing. Packers are classified according to configuration, use, and method of setting and whether or not they are retrievable (that is, whether they can be removed when necessary, or whether they must be milled or drilled out and thus destroyed). packing elements n: the set of dense rubber, washer-shaped pieces encircling a packer, designed to expand against casing or formation face to seal off the annulus. packer fluid n: a liquid, usually salt water or oil but sometimes mud, used in a well when a packer is between the tubing and casing. Packer fluid must be heavy enough to shut off the pressure of the formation being produced, must not stiffen or settle out of suspension over long periods of time, and must be noncorrosive. paraffin n: a hydrocarbon having the formula CnH2n+2 (e.g., methane, CH4; ethane, C2H6). Heavier paraffin hydrocarbons (i.e., C18H38 and heavier) form a waxlike substance that is called paraffin. These heavier paraffins often accumulate on the walls of tubing and other production equipment, restricting or stopping the flow of desirable lighter paraffins. parallel strings n pl: in multiple completion, the arrangement of a separate tubing string for each zone produced, usually with all zones isolated by packers. pascal n: the accepted metric unit of measurement for pressure and stress and a component in the measurement of viscosity. A pascal is equal to a force of 1 newton acting on an area of 1 square meter. Its symbol is Pa. pay sand n: the producing formation, often one that is not even sandstone. It is also called pay, pay zone, and producing zone. perforate v: to pierce the casing wall and cement to provide holes through which formation fluids may enter or to provide holes in the casing so that materials may be introduced into the annulus between the casing and the wall of the borehole. Perforating is accomplished by lowering into the well a perforating gun, or perforator, that fires electrically detonated bullets or shaped charges. perforation n: a hole made in the casing, cement, and formation, through which formation fluids enter a wellbore. Usually several perforations are made at a time. permanent packer n: a non-retrievable type of packer that must be drilled or milled out for removal. Most permanent packers are seal-bore packers.
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permeability n: 1. a measure of the ease with which fluids can flow through a porous rock. 2. the fluid conductivity of a porous medium. 3. the ability of a fluid to flow within the interconnected pore network of a porous medium. permeability barrier n: a hindrance to movement of fluids within the formation rock of a reservoir. Permeability barriers include obvious problems, such as shale lenses and calcite or clay deposits, and less obvious ones, such as porosity changes. permeable adj: allowing the passage of fluid. See permeability. pin n: the male section of the tool joint. See tool joint. pinch-out n: a geological structure that forms a trap for oil and gas when a porous and permeable rock ends at or stops against an impervious formation. pipe n: a long, hollow cylinder, usually steel, through which fluids are conducted. Oil field tubular goods are casing (including liners), drill pipe, tubing, or line pipe. Casing, tubing, and drill pipe are designated by external diameter. Because lengths of pipe are joined by external-diameter couplings threaded by standard tools, an increase in the wall thickness can only be obtained by decreasing the internal diameter. Thus, the external diameter is the same for all weights of the same size pipe. Weight is expressed in pounds per foot. Grading depends on the yield strength of the steel. pipe rack n: a horizontal support for tubular goods. pipe ram n: a sealing component for a blowout preventer that closes the armular space between the pipe and the blowout preventer or wellhead. See annular space and blowout preventer. pipe tongs n: Also called tongs. See tongs. platform n: an immobile, offshore structure constructed on pilings from which wells are drilled, produced, or both. pneumatic line n: any hose or line, usually reinforced with steel, that conducts air from an air source (as a compressor) to a component that is actuated by air (as a clutch). porosity n: 1. the condition of being porous (such as a rock formation). 2. the ratio of the volume of empty space to the volume of solid rock in a formation, indicating how much fluid a rock holds. portland cement n: the cement most widely used in oilwells. It is made from raw materials such as limestone, clay or shale, and iron ore. positive choke n: a choke in which the orifice size must be changed to change the rate of flow through the choke. See choke and orifice. precipitate n: a substance, usually a solid, that separates from a fluid because of a chemical or physical change in the fluid. v: to separate in this manner. pressure n: the force that a fluid (liquid or gas) exerts uniformly in all directions within a vessel, pipe, hole in the ground, and so forth, such as that exerted against the inner wall of a tank or that exerted on the bottom of the wellbore by a fluid. Pressure is expressed in terms of force exerted per unit of area, as pounds per square inch (psi) or grams or kilograms per square centimeter.
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pressure relief valve n.. a valve that opens at a preset pressure to relieve excessive pressures within a vessel or line; also called relief valve, safety valve, or pop valve. primary cementing n: the cementing operation that takes place immediately after the casing has been run into the hole; used to provide a protective sheath around the casing, to segregate the producing formation, and to prevent the migration of undesirable fluids. See secondary cementing and squeeze cementing. production n: 1. the phase of the petroleum industry that deals with bringing the well fluids to the surface and separating them and with storing, gauging, and otherwise preparing the product for the pipeline. 2. the amount of oil or gas produced in a given period. production casing n: the last string of casing liner that is set in a well, inside of which is usually suspended the tubing string. protection casing n: a string of casing set deeper than the surface casing to protect a section of the hole and to permit drilling to continue to a greater depth. Also called intermediate casing string. pulley n: a wheel with a grooved rim. See sheave. pump n: a device that increases the pressure on a fluid or raises it to a higher level. Various types of pumps include the reciprocating pump, centrifugal pump, rotary pump, jet pump, sucker rod pump, hydraulic pump, mud pump, submersible pump, and bottomhole pump.



Q quick-setting cement n: a lightweight slurry designed to control lost circulation by setting very quickly.



R rack v: framework for supporting or containing a number of loose objects, such as pipe. See pipe rack. v: to place on a rack. rack pipe v: 1. to place pipe withdrawn from the hole on a pipe rack. 2. to stand pipe on the derrick floor when coming out of the hole. ram n: the closing and sealing component on a blowout preventer. One of three types - blind, pipe, or shear - may be installed in several preventers mounted in a stack on top of the wellbore. Blind rams, when closed, form a seal on a hole that has no drill pipe in it; pipe rams, when closed, seal around the pipe; shear rams cut through drill pipe and then form a seal. See blind ram, pipe ram, and shear ram. ram blowout preventer n: a blowout preventer that uses rams to seal off pressure on a hole that is with or without pipe. It is also called a ram preventer. See blowout preventer and ram. ram preventer n: also called a ram blowout preventer. See ram blowout preventer. rathole n: 1. a hole in the rig floor, 30 to 35 feet deep, lined with casing that projects above the floor, into which the kelly and swivel are placed when hoisting operations are in progress. 2. a hole of a diameter smaller than the main hole that is drilled in the bottom of the main hole. v: to reduce the size of the wellbore and drill ahead. PRINTED IN SINGAPORE
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reciprocation n: a back-and-forth movement (as the movement of a piston in an engine or pump). reel n: a revolving device (as a flanged cylinder) for winding or unwinding something flexible (as rope, wire, etc.). reeve v: to pass (as the end of a rope) through a hole or opening in a block or similar device. reserve pit n: 1. a mud pit in which a supply of drilling fluid was stored. 2. a waste pit, usually an excavated, earthen-walled pit. It may be lined with plastic to prevent contamination of the soil. reservoir n: a subsurface, porous, permeable rock body in which oil andlor gas is stored. Most reservoir rocks are limestones, dolomites, sandstones, or a combination of these. The three basic types of hydrocarbon reservoirs are oil, gas, and condensate. An oil reservoir generally contains three fluids -gas, oil, and water-with oil the dominant product. In the typical oil reservoir, these fluids occur in different phases because of the variance in their gravities. Gas, the lightest, occupies the upper part of the reservoir rocks; water, the lower part; and oil, the intermediate section. In addition to its occurrence as a cap or in solution, gas may accumulate independently of the oil; if so, the reservoir is called a gas reservoir. Associated with the gas, in most instances, are salt water and some oil. In a condensate reservoir, the hydrocarbons may exist as a gas, but, when brought to the surface, some of the heavier ones condense to a liquid. reservoir pressure n: the pressure in a reservoir. retarder n: a substance added to cement to prolong the setting time so that the cement can be pumped into place. Retarders are used for cementing in hightemperature formations. reverse-balloon v: in reference to tubing under the effects of temperature changes, sucker rod pumping, or high external pressure, to decrease in diameter while incrcasing in length. Compare balloon. rig n: the derrick or mast, drawworks, and attendant surface equipment of a drilling or workover unit. rig down v: to dismantle the drilling rig and auxiliary equipment following the completion of drilling operations; also called tear down. rig floor n: the area immediately around the rotary machine and extending to each corner of the derrick or mast; the area immediately above the substructure on which the drawworks, rotary, and so forth rest. Also called derrick floor and drill floor. rig up v: to prepare the drilling rig for making hole; to install tools and machinery before drilling is started. RIH abbr: short for run in hole. See run in. roller cone bit n: a drilling bit made of two, three, or four cones, or cutters, that are mounted on extremely rugged bearings. Also called rock bits. The surface of each cone is made up of rows of steel teeth or rows of tungsten carbide inserts. See bit. rotary n: the machine used to impart rotational power to the drill stem while permitting vertical movement of the pipe for rotary drilling. Modern rotary machines have a special component, the rotary bushing, to turn the kelly bushing, which permits vertical PRINTED IN SINGAPORE
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movement of the kelly while the stem is turning. See rotary drilling, master bushing, and kelly bushing. rotary bushing n: also called master bushing. See master bushing. rotary drilling n: a drilling method in which a hole is drilled by a rotating bit to which a downward force is applied. The bit is fastened to and rotated by the drill stem, which also provides a passageway through which the drilling fluid is circulated. Additional joints of drill pipe are added as drilling progresses. rotary helper n: a worker on a drilling or workover rig, subordinate to the driller, whose primary work station is on the rig floor. On rotary drilling rigs, there are at least two and usually three or more rotary helpers on each crew. Sometimes called floorman, roughneck, or rig crewman. rotary hose n: a reinforced, flexible tube on a rotary drilling rig that conducts the drilling fluid from the mud pump and standpipe to the swivel and kelly; also called the mud hose or the kelly hose. See kelly, mud pump, standpipe, and swivel. rotary table n: the principal component of a rotary, or rotary machine, used to turn the drill stem and support the drilling assembly. It has a beveled gear arrangement to create the rotational motion and an opening into which bushings are fitted to drive and support the drilling assembly. rotate on bottom v: also called "make hole". See make hole. rotating components n: those parts of the drilling or workover rig that are designed to turn or rotate the drill stem and bit; includes the swivel, kelly, kelly bushing, master bushing, and rotary table. See drill stem, bit, swivel, kelly, kelly bushing, master bushing, and rotary table. roughneck n.. also called a rotary helper. See rotary helper. roustabout n: 1. a worker who handles the equipment and supplies that are sent to the rig from the base. The head roustabout is very often the crane operator. 2. a worker who assists the foreman in the general work around an oilwell, usually on the property of the oil company. 3. a helper on a well servicing unit. run in v: to go into the hole with tubing, drill pipe, and so forth. Also called trip in.



S sandstone n: a detrital sedimentary rock composed of individual grains of sand (commonly quartz) that are cemented together by silica, calcium carbonate, iron oxide, and so forth. Sandstone is a common rock in which petroleum and water accumulate. safety goggles n: a protective eye covering worn by oil field workers to minimize the danger to the eyes of being struck by flying objects or harmed by corrosive substances. saturation n: a state of being filled or permeated to capacity. Sometimes used to mean the degree or percentage of saturation (as, the saturation of the pore space in a formation or the saturation of gas in a liquid, both in reality meaning the extent of saturation).
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saver sub n: a device made up in the drill stem to absorb much of the wear between frequently broken joints (as between the kelly and drill pipe). See kelly saver sub. scratcher n: a device that is fastened to the outside of casing and that removes mud cake from the wall of a hole to condition the hole for cementing. By rotating or moving the casing string up and down as it is being run into the hole, the scratcher, formed of stiff wire, removes the cake so that the cement can bond solidly to the formation. screen liner n: a pipe that is perforated and often arranged with a wire wrapping to act as a sieve to prevent or minimize the entry of sand particles into the wellbore. Also called a screen pipe. secondary cementing n: any cementing operation after the primary cementing operation. Secondary cementing includes a plug-back job, in which a plug of cement is positioned at a specific point in the well and allowed to set. Wells are plugged to shut off bottom water or to reduce the depth of the well for other reasons. See primary cementing and squeeze cementing. sedimentary rock n: a rock composed of materials that were transported to their present position by wind or water. Sandstone, shale, and limestone are sedimentary rocks. semisubmersible drilling rig n: a floating, offshore drilling structure that has hulls submerged in the water but not resting on the seafloor. Living quarters, storage space, and so forth are assembled on the deck. Semisubmersible rigs are either selfpropelled or towed to a drilling site and either anchored or dynamically positioned over the site or both. Semisubmersibles are more stable than drill ships and are used extensively to drill wildcat wells in rough waters such as the North Sea. See dynamic positioning. separator n: a cylindrical or spherical vessel used to isolate the components in streams of mixed fluids. See oil and gas separator. set casing v: to run and cement casing at a certain depth in the wellbore. Sometimes, the term set pipe is used when referring to setting casing. settling pit n: the mud pit into which mud flows and in which heavy solids are allowed to settle out. Often auxiliary equipment (as desanders) must be installed to speed this process. Also called settling tank. settling tank n: also called settling pit. See settling pit. shaker pit n: the mud pit adjacent to the shale shaker, usually the first pit into which the mud flows after returning from the hole. Also called a shaker tank. shaker tank n: also called shaker pit. See shaker pit. shale n: a fine-grained sedimentary rock composed of consolidated silt and clay or mud. Shale is the most frequently occurring sedimentary rock. shale shaker n: a series of trays with sieves that vibrate to remove cuttings from the circulating fluid in rotary drilling operations. The size of the openings in the sieve is carefully selected to match the size of the solids in the drilling fluid and the anticipated size of cuttings. Also called a shaker. shear ram n: the component in a blowout preventer that cuts, or shears, through drill pipe and forms a seal against well pressure. Shear rams are used in mobile offshore
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drilling operations to provide a quick method of moving the rig away from the hole when there is no time to trip the drill stem out of the hole. sheave n: (pronounced "shiv") a grooved pulley. show n: the surface appearance of oil or gas in drilling fluids, often recorded on a mud log by a mud logger. shut-in bottomhole pressure n: the pressure at the bottom of a well when the surface valves on the well are completely closed. The pressure is caused by fluids that exist in the formation at the bottom of the well. shut-in period n: an interval of time during which a well is shut in to allow pressure buildup while pressure behavior is being measured during a formation test. single n: a joint of drill pipe. Compare double, thribble, and fourble. sinker bar n: a heavy weight or bar placed on or near a lightweight wireline tool. The bar provides weight so that the tool will lower properly into the well. slick line n: also called wireline. See wireline. slip v: to move drilling line periodically so that it wears evenly as it is used. slip elevator n: a casing elevator containing segmented slips with gripping teeth inside. Slip elevators are recommended for long strings of casing because the teeth grip the casing and help prevent casing damage from the weight of long, heavy strings hanging from elevators. Slip elevators may also be used as slips. slips n pl: wedge-shaped pieces of metal with teeth or other gripping elements that are used to prevent pipe from slipping down into the hole or to hold pipe in place. Rotary slips fit around the drill pipe and wedge against the master bushing to support the pipe. Power slips are pneumatically or hydraulically actuated devices that allow the crew to dispense with the manual handling of slips when making a connection. Packers and other downhole equipment are secured in position by slips that engage the pipe by action directed at the inner surface of the casing. slurry n: a plastic mixture of cement and water that is pumped into a well to harden; there it supports the casing and provides a seal in the wellbore to prevent migration of underground fluids. sonde n: a logging tool assembly, especially the device in the logging assembly that senses and transmits formation data. specific gravity n: the ratio of the weight of a given volume of a substance at a given temperature to the weight of an equal volume of a standard substance at the same temperature. For example, if 1 cubic inch of water at 39'F weighs 1 unit and 1 cubic inch of another solid or liquid at 39ºF weighs 0.95 unit, then the specific gravity of the substance is 0.95. In determining the specific gravity of gases, the comparison is made with the standard of air or hydrogen. spinning cathead n: also called makeup cathead. spinning chain.



See makeup cathead and



spinning chain n: a Y-shaped chain used to spin up (tighten) one joint of drill pipe into another. In use, one end of the chain is attached to the tongs, another end to the spinning cathead, and the third end is free. The free end is wrapped around the tool joint, and the cathead pulls the chain off the joint, causing the joint to spin (turn) rapidly PRINTED IN SINGAPORE
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and tighten up. After the chain is pulled off the joint, the tongs are secured in the same spot, and continued pull on the chain (and thus on the tongs) by the cathead makes up the joint to final tightness. squeeze cementing n: the forcing of cement slurry by pressure to specified points in a well to cause seals at the points of squeeze. It is a secondary cementing method that is used to isolate a producing formation, seal off water, repair casing leaks, and so forth. See cementing. stab v: to guide the end of a pipe into a coupling or tool joint when making up a connection. stabbing board n: a temporary platform erected in the derrick or mast some 20 to 40 feet (6-12 m) above the derrick floor. The derrickman or another crewmember works on the board while casing is being run in a well. The board may be wooden or fabricated of steel girders floored with anti-skid material and powered electrically to be raised or lowered to the desired level. A stabbing board serves the same purpose as a monkeyboard but is temporary instead of permanent. standpipe n: a vertical pipe rising along the side of the derrick or mast, which joins the discharge line leading from the mud pump to the rotary hose and through which mud is pumped going into the hole. See mud pump and rotary hose. stand n: the connected joints of pipe racked in the derrick or mast when making a trip. On a rig, the usual stand is about 90 feet long (three lengths of pipe screwed together). Compare double. static pressure n: the pressure exerted by a fluid upon a surface that is at rest in relation to the fluid. steam n: water in its gaseous state. string n: the entire length of casing, tubing, or drill pipe run into a hole; the casing string. Compare drill string and drill stem. string of casing n: also called casing string. See casing string. string up v: to thread the drilling line through the sheaves of the crown block and travelling block. One end of the line is secured to the hoisting drum and the other to the derrick substructure. See sheave. stringer n: an extra support placed under the middle of racked pipe to keep the pipe from sagging. stripper rubber n: 1. a rubber disk surrounding drill pipe or tubing that removes mud as the pipe is brought out of the hole. 2. the pressure-sealing element of a stripper blowout preventer. submersible drilling rig n: an offshore drilling structure with several compartments that are flooded to cause the structure to submerge and rest on the seafloor. Most submersible rigs are used only in shallow waters. substructure n: the foundation on which the derrick or mast and usually the drawworks sit; contains space for storage and well control equipment. suction pit n: the mud pit from which mud is picked up by the suction of the mud pumps; also called a sump pit and mud suction pit.
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suction tank n: also called suction pit. See suction pit. surface pipe n: the first string of casing (after the conductor pipe) that is set in a well, varying in length from a few hundred to several thousand feet. Some states require a minimum length to protect freshwater sands. Compare conductor pipe. surface safety valve n: a valve, mounted in the Christmas tree assembly, that stops the flow of fluids from the well if damage occurs to the assembly. surface test tree n: in surface well testing, a temporary set of valves installed for flow control on a wellhead with no Christmas tree. swab off v: to pull off during a trip into or out of the hole because of pressure differential. For example, if a packer is run in too quickly, the pressure differential across the packer swabs off the packing elements, making it necessary to trip back out to replace them. swivel n: a rotary tool that is hung from the rotary hook and travelling block to suspend and permit free rotation of the drill stem. It also provides a connection for the rotary hose and a passageway for the flow of drilling fluid into the drill stem.



T temperature n: a measure of heat or the absence of heat, expressed in degrees Fahrenheit or Celsius. The latter is the standard used in countries on the metric system. thixotropy n: the property exhibited by a fluid that is in a liquid state when flowing and in a semisolid, gelled state when at rest. Most drilling fluids must be thixotropic so that the cuttings in the fluid will remain in suspension when circulation is stopped. tie-back string n: casing that is run from the top of a liner to the surface. A tie-back string is often used to provide a production casing that has not been drilled through. tongs n pl: the large wrenches used for turning when making up or breaking out drill pipe, casing, tubing, or other pipe; variously called casing tongs, pipe tongs, and so forth according to the specific use. Power tongs are pneumaticaly or hydraulically operated tools that serve to spin the pipe up tight and, in some instances, to apply the final makeup torque. See chain tongs. tool joint n: a heavy coupling element for drill pipe made of special alloy steel. Tool joints have coarse, tapered threads and seating shoulders designed to sustain the weight of the drill stem, withstand the strain of frequent coupling and uncoupling, and provide a leakproof seal. The male section of the joint, or the pin, is attached to one end of a length of drill pipe, and the female section, or box, is attached to the other end. The tool joint may be welded to the end of the pipe or screwed on or both. A hard metal facing is often applied in a band around the outside of the tool joint to enable it to resist abrasion from the walls of the borehole. toolpusher n: an employee of a drilling contractor who is in charge of the entire drilling crew and the drilling rig. Also called a drilling foreman, rig manager, rig supervisor, or rig superintendent. top wiper plug n: a device placed in the cementing head and run down the casing behind cement to clean the cement off the walls of the casing and to prevent contamination between the cement and the displacement fluid.
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torque n: the turning force that is applied to a shaft or other rotary mechanism to cause it to rotate or tend to do so. Torque is measured in foot-pounds, joules, newton-meters, and so forth. torque indicator n: an instrument that measures the amount of torque (turning or twisting action) applied to the drill or casing string. The amount of torque applied to the string is important when joints are being made up. tour n: (pronounced "tower") an 8-hour or 12-hour shift worked by a drilling crew or other oil field workers. The most common divisions of tours are daylight, evening, and graveyard, if 8-hour tours are employed. travelling block n: an arrangement of pulleys, or sheaves, through which drilling cable is reeved and that moves up and down in the derrick or mast. See block, crown block, and sheave. trip n: the operation of hoisting the drill stem from and returning it to the wellbore. v: shortened form of "make a trip." See make a trip. tripping n: the operation of hoisting the drill stem out of and returning it to the wellbore; making a trip. See make a trip. tubing n: small-diameter pipe that is run into a well to serve as a conduit for the passage of oil and gas to the surface. tubing anchor n: a device that holds the lower end of a tubing string in place by means of slips, used to prevent tubing movement when no packer is present. tubing hanger n: an arrangement of slips and packing rings, used to suspend tubing from a tubing head. tubing head n: a flanged fitting that supports the tubing string, seals off pressure between the casing and the outside of the tubing, and provides a connection that supports the Christmas tree. tubing head swivel n: a special pipe sub, made up at the upper end of the tubing test string, that allows tubing rotation during a well test. tubing safety valve n: a device installed in the tubing string of a producing well to shut in the flow of production if the flow exceeds a preset rate. Tubing safety valves are widely used in offshore wells to prevent pollution if the wellhead fails for any reason. Also called subsurface safety valve. tubular goods n pl: any kind of pipe; also called tubulars. Oil field tubular goods include tubing, casing, drill pipe, and line pipe. tubulars n pl: shortened form of tubular goods.



U unit operator n: the oil company in charge of development and producing in an oil field in which several companies have joined together to produce the field.
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valve n: a device used to control the rate of flow in a line, to open or shut off a line completely, or to serve as an automatic or semi-automatic safety device. Those with extensive usage include the gate valve, plug valve, globe valve, needle valve, cheek valve, and pressure relief valve. See check valve, needle valve, and pressure relief valve. viscosity n: a measure of the resistance of a liquid to flow. Resistance is brought about by the internal friction resulting from the combined effects of cohesion and adhesion. The viscosity of petroleum products is commonly expressed in terms of the time required for a specific volume of the liquid to flow through an orifice of a specific size. volt n: the unit of electric potential, voltage, or electromotive force in the metric system. Its symbol is V. vug n: a cavity in a rock.



W waiting on cement adj: pertaining to the time when drilling or completion operations are suspended so that the cement in a well can harden sufficiently. sym: WOC washover pipe n: an accessory used in fishing operations to go over the outside of tubing or drill pipe that is stuck in the hole because of cuttings, mud, and so forth that have collected in the annulus. The washover pipe cleans the annular space and permits recovery of the pipe. It is sometimes called washpipe. washpipe n: 1. a short length of surface-hardened pipe that fits inside the swivel and serves as a conduit for drilling fluid through the swivel; 2. sometimes used to mean washover pipe. See washover pipe. water-cement ratio n: the ratio of water to cement in a slurry. It is expressed as a percentage, indicating the number of pounds of water needed to mix 100 lb of cement. water table n: 1. the top of the drilling derrick or mast that supports the crown block. 2. the underground level at which water is found. weight indicator n: an instrument near the driller’s position on a drilling rig. It shows both the weight of the drill stem that is hanging from the hook (hook load) and the weight that is placed on the bit by the drill collars (weight on bit). weighting material n: a material that has a high specific gravity and is used to increase the density of drilling fluids or cement slurries. well n: the hole made by the drilling bit, which can be open, cased, or both. Also called wellbore, borehole, or hole. See wellbore, borehole, and hole. wellbore n: a borehole; the hole drilled by the bit. A wellbore may have casing in it or may be open (i.e., uncased), or a portion of it may be eased and a portion of it may be open. Also called borehole or hole. See cased and open. well completion n: 1. the activities and methods of preparing a well for the production of oil and gas; the method by which one or more flow paths for hydrocarbons is established between the reservoir and the surface. 2. the system of tubulars, packers, and other tools installed beneath the wellhead in the production casing; that is, the tool assembly that provides the hydrocarbon flow path or paths. PRINTED IN SINGAPORE
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well control n: the methods and techniques used to prevent a well from blowing out. Such techniques include, but are not limited to, keeping the borehole completely filled with drilling mud of the proper weight or density during all operations, exercising reasonable care when tripping pipe out of the hole to prevent swabbing. and keeping careful track of the amount of mud put into the hole to replace the volume of pipe removed from the hole during a trip. well servicing adj: relating to well-servicing work, (e.g., a well-servicing company). well servicing n: the maintenance work performed on an oil or gas well to improve or maintain the production from a formation already producing. Usually it involves repairs to the pump, rods, gas-lift valves, tubing, packers, and so forth. well site n: also called location. See location. well test n: a test done on a well to determine its production characteristics. well test report n: the detailed results of a well test that present all test data, the calculations drawn from the data, and conclusions pertaining to the well's production potential. well test surface package n: in well testing, an assembly of equipment that is attached to the wellhead of the well to be tested. The main component of a well test surface package is an oil and gas separator. wellhead n: the equipment installed at the surface of the wellbore. A wellhead includes such equipment as the casinghead and tubing head. adj.. pertaining to the wellhead (e.g., wellhead pressure). wind guy line n: the wireline attached to ground anchors to provide lateral support for a mast or derrick. Compare load guy line. wireline n: a slender, rodlike or threadlike piece of metal, usually small in diameter, that is used for lowering special tools (such as logging sondes, perforating guns, and so forth) into the well; also called slick line. Compare conductor line and wire rope. wireline formation tester n: a formation fluid sampling device, actually run on conductor line rather than wireline, that also logs flow and shut-in pressure in rock near the borehole. A spring mechanism holds a pad firmly against the sidewall while a piston creates a vacuum in a test chamber. Formation fluids enter the test chamber through a valve in the pad. A recorder logs the rate at which the test chamber is filled. Fluids may also be drawn to fill a sampling chamber. Wireline formation tests may be done any number of times during one trip in the hole, so they are very useful in formation testing. wireline operations n pl: the lowering of mechanical tools, such as valves and fishing tools, into the well for various purposes. Electric wireline operations, such as electric well logging and perforating, involve the use of conductor line, which in the oil patch is erroneously but commonly called wireline. wireline well logging n: the recording of subsurface characteristics by wireline (actually conductor line) tools. Wireline well logs include acoustic logs, caliper logs, radioactivity logs, and resistivity logs. wire rope n: a cable composed of steel wires twisted around a central core of hemp or other fiber to create a rope of great strength and considerable flexibility. Wire rope is used as drilling line (in rotary and cable-tool rigs), coring line, servicing line, winch
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line, and so on. It is often called cable or wireline; however, wireline is a single, slender metal rod, usually very flexible. Compare wireline. WOC abbr: waiting on cement; used in drilling reports. workover n: the performance of one or more of a variety of remedial operations on a producing oilwell to try to increase production. Examples of workover jobs are deepening, plugging back, pulling and resetting liners, squeeze cementing, and so forth.



Y yield point n: the maximum stress that a solid can withstand without undergoing permanent deformation either by plastic flow or by rupture. See tensile strength. yield strength n: a measure of the force needed to deform tubular goods to the extent that they are permanently distorted.



Z zone isolation n: the practice of separating producing formations from one another by means of casing, cement, and packers for the purposes of pressure control and maintenance, as well as the prevention of mixing of fluids from separate formations. zone of lost circulation n: a formation that contains holes or cracks large enough to allow cement to flow into the formation instead of up along the annulus outside of the casing.



16 List of Abbreviations Word



Abbreviation



Word



Abbreviation



about above absent abundant accumulation acicular after agglomerate aggregate algae, algal allochem altered alternating amber ammonite amorphous amount



abt abv abs abd, abnt accum acic aft aglm agg Alg, alg allo alt altg amb amm amor amt



become (-ing) bed bedded bedding Belemnites bioclastics bioherm (-al) biomicrite biosparite biostrom (-al) biotite bioturbated blade (-ed) blocky blue (-ish) bored (-ing) botryoid (-al)



bcm bd bdd bdg Belm, belm biocl bioh biomi biosp biost biot bioturb bld blky bl, blsh bor bot
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Amphipora and andesite (-ic) angular anhedral anhydrite (-ic) anthracite aphanitic apparent appears approximate aragonite arenaceous argillaceous argillite arkose (-ic) as above asphalt (ic) assemblage associated at authigenic average band banded barite basalt (-ic) basement



Amph & Andes, andes ang anhed, ahd anhy Anthr aph apr aprs, ap aprox, apprx arag aren arg argl Ark, ark a/a asph assem assoc @ authg av bnd bndd, bnd bar Bas, bas bm, bsmt



bottom boulder boundstone brachiopod brackish branching break breccia (-ted) bright brittle brown bryozoa bubble buff burrow (-ed) calcarenite calcareous calcilutite calcirudite calcisiltite calcisphere calcite (-ic) caliche carbonaceous carbonized cavern (-ous) caving cement (-ed, -ing)



btm bldr Bdst Brach, brach brak brhg brk brec brt brit brn Bry, bry bubl bu bur Clcar, clcar calc Clclt, clclt Clcrd, clcrd Clslt, clslt clcsp calctc, calc cche carb cb cav cvg cmt



Word



Abbreviation



Word



Abbreviation



cephalopod chalcedony (-ic) chalk (-y) charophyte chert (-y) chitin (-ous) chlorite (-ic) chocolate circulate (-ion) clastic clay (-ey) claystone clean clear cleavage cluster coal



Ceph, ceph chal Chk, chky Char, char Cht, cht Chit, chit Chlor, chlor choc circ clas Cl, cl Clst cln clr clvg clus c



cross cross-bedded cross-laminated cross-stratified crumpled cryptocrystalline crystal (-line) cube, cubic cuttings dark (-er) dead debris decrease (-ing) dense depauperate description detrital



x x-bd x-lam x-strat crpld crpxln xl, xln cub ctgs dk, dkr dd deb decr dns depau descr detr
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coarse coated (-ing) coated grains cobble color (-ed) common compact compare concentric conchoidal concretion (-ary) conglomerate (-ic) conodont considerable consolidated conspicuous contact contamination (-ed) content contorted coquina (-oid) coral, coralline core covered cream crenulated crinkled crinoid (-al)



crs cotd, cotg cotd gn cbl col com cpct cf cncn conch conc Cgl, cgl Cono cons consol conspic ctc contam cont cntrt Coq, coqid Cor, corln c, ¢ cov crm cren crnk Crin, crinal



devitrified diabase diagenesis (-etic) diameter disseminated distillate dolomite (-ic) dominant (-ly) drill stem test drilling drusy earthy east echinoid elevation elongate embedded equant equivalent euhedral euxinic evaporite (-itic) excellent exposed extraclast (-ic) extremely extrusive facet



devit Db, db diagn dia dissem dist Dol, dol dom DST drlg dru ea E Ech, ech elev elong embd eqnt equiv euhd eux Evap, evap ex exp exclas extr Exv, exv fac



Word



Abbreviation



Word



Abbreviation



faint fair fault (-ed) fauna feet, foot feldspar (-athic) fenestra (-al) ferruginous fibrous fine (-ly) fissile flaggy flake, flaky flat floating flora fluorescence (-ent)



fnt fr flt fau ft fspar fen ferr fibr f, fnly fis flg flk fl fltg flo fluor



granite granite wash granule (-ar) grapestone graptolite gravel gray, grey (-ish) graywacke greasy green (-ish) grit (-ty) gypsum (-iferous) hackly halite (-iferous) hard heavy hematite (-ic)



Grt G.W. gran grapst Grap, grap grv gry, grysh Gwke, gwke gsy gn, gnsh gt gyp hkl Hal, hal hd hvy hem
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foliated foraminifer (-al) formation fossil (-iferous) fracture (-d) fragment (-al) frequent fresh friable fringe (-ing) frosted fucoid (-al) fusulinid gabbro gas gastropod generally geopetal gilsonite glass (-y) glauconite (-itic) Globigerina (-inal) gloss (-y) gneiss (-ic) good grading grain (-s, -ed) grainstone



fol Foram, foram fm foss frac frag freq frs fri frg fros fuc Fus, fus Gab, gab g Gast, gast gen gept gil glas glauc, glau Glob, glob Glos, glos Gns, gns gd grad, grd gr Grst



heterogeneous Heterostegina high (-ly) homogeneous horizontal hydrocarbon igneous rock (igneous) impression in part inch inclusion (-ded) increasing indistinct indurated Inocreamus insoluble interbedded intercalated intercrystalline intergranular intergrown interlaminated interparticle intersticies (-itial) interval intraclast (-ic) intraparticle intrusive rock, intrusive



hetr Het, het hi hom hor hydc Ig imp I.P. in incl incr indst ind Inoc insl intbd intercal intxln intgran intgn intlam intpar inst intvl intclas intrapar intr



Word



Abbreviation



Word



Abbreviation



invertebrate iridescent ironstone irregular (-ly) isopachous jasper joint (-ed, -ing) kaolin (-itic) lacustrine lamina (-tions),(-ated) large laterite (-itic) lavender layer leached lens light



invtb irid Fe-st irr iso jasp jt kao lac lam lge lat lav lyr lchd len lt



member meniscus metamorphic (-osed) mica (-ceous) micrite (-ic) microcrystalline microfossil (ferous) micrograined micro-oolite micropore,(-osity) microspar microstylolite middle miliolid milky mineral (-ized) minor



mbr men meta mic Micr, micr microxln microfos micgr microol micropor microspr microstyl Mid Milid, milid mky min mnr
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lignite (-itic) limestone limonite (-itic) limy lithic lithographic lithology (-ic) little littoral local long loose lower lustre lutite macrofossil magnetite, magnetic manganese (-iferous) marble marine marl (-y) marlstone maroon massive material matrix maximum medium



Lig, lig Ls lim lmy lit lithgr lith ltl litt loc lg lse l lstr lut macrofos mag mn Mbl, mbl marn Mrl, mrl Mrlst mar mass mat mtrx max m, med



moderate mold (-ic) mollusc mosaic mottled mud (-dy) mudstone muscovite nacreous no sample no show nodules (-ar) north novaculite numerous occasional ochre odor oil olive olivine oncolite (-oidal) ooid (-al) oolicast (-ic) oolite (-itic) oomold (-ic) opaque orange (-ish)



mod mol Moll, moll mos mott md, mdy Mdst musc nac n.s. n/s nod N Novac, novac num occ och od o, O olv olvn Onc, onc oo ooc ool oomol op or, orsh



Word



Abbreviation



Word



Abbreviation



Orbitolina organic orthoclase orthoquartzite ostracod overgrowth oxidized oyster packstone paper (-y) part (-ly) particle parting parts per million patch (-y) pebble (-ly) pelecypod



Orbit, orbit org orth o-qtz Ostr, ostr ovgth ox oyst Pkst pap pt par ptg ppm pch pbl Pelec, pelec



predominant (-ly) preserved primary probable (-ly) production prominent pseudopseudo oolite (-ic) pumice-stone purple pyrite (-itized, -tic) pyrobitumen pyroclastic pyroxene quartz (-ose) quartzite (-ic) radial (-ating)



pred pres prim prob prod prom ps psool Pst purp pyr pybit pyrcl pyrxn qtz qtzt rad
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pellet (-al) pelletoid (-al) pendular (-ous) pentamerus permeability (-able) petroleum, petroliferous phlogopite phosphate (-atic) phreatic phyllite, phyllitic pink pinkish pin-point (porosity) pisoid (-al) pisolite, pisolitic pitted plagioclase plant plastic platy polish, polished pollen polygonal poor (-ly) porcelaneous porosity, porous porphyry possible (-ly)



pel peld pend pent k, perm pet phlog phos phr Phyl, phyl pk pkish p.p. piso pisol pit plag plt plas plty pol poln poly p porcel por prphy poss



radiaxial range rare recemented recovery (-ered) recrystallized red (-ish) reef (-oid) remains renaicis replaced (-ment) residue (-ual) resinous rhomb (-ic) ripple rock round (-ed) rounded, frosted, pitted rubble (-bly) rudistid saccharoidal salt (-y) salt and pepper salt water same as above sample sand (-y) sandstone



Radax rng r recem rec rexlzd rd, rdsh rf rem ren rep, repl res rsns rhb rpl rk rnd, rndd r.f.p. rbl rud sacc sa s&p S.W. a.a. spl sd, sdy Sst



Word



Abbreviation



Word



Abbreviation



saturation (-ated) scarce scattered schist (-ose) scolecodont secondary sediment (-ary) selenite shale (-ly) shell shelter porosity show siderite (-itic) sidewall core silica (-iceous) silky silt (-y)



sat scs scat Sch, sch Scol sec sed sel Sh, sh shl shlt por shw sid S.W.C. sil slky slt



stain, (-ed, -ing) stalactitic strata (-ified) streak (-ed) streaming striated stringer stromatolite (-itic) stromatoporoid structure styliolina stylolite (-itic) sub subangular sublithic subrounded sucrosic



stn stal strat strk stmg stri strgr stromlt Strom str styl styl sb sbang sblit sbrndd suc
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siltstone similar size skeletal slabby slate (-y) slickenside (-d) slight (-ly) small smooth soft solenpore solitary solution, soluble somewhat sorted (-ing) south spar (-ry) sparse (-ly) speck (-led) sphaerocodium sphalerite spherule (-itic) spicule (-ar) splintery sponge spore spotted (-y)



Sltst sim sz skel slb Sl, sl slick sli sml sm sft solen sol sol smwt srt, srtg S spr sps, spsly spkld sphaer sphal spher spic splin spg spo sptd, spty



Word



Abbreviation



type (-ical) unconformity unconsolidated underlying uniform upper vadose variation (able) varicolored variegated varved vein (-ing, -ed) veinlet vermillon vertebrate vertical very



typ unconf uncons undly uni U, u vad var varic vgt vrvd vn vnlet verm vrtb vert v
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sugary sulphur, sulphurous superficial oolite (-ic) surface syntaxial syringopora tabular (-ate) tan tension tentaculites terriginous texture (-d) thamnopora thick thin thin section thin-bedded throughout tight top tough trace translucent transparent trilobite tripoli (-itic) tube (-ular) tuff (-aceous)
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sug Su, su spfool surf syn syring tab tn tns tent ter tex tham thk thn T.S. t.b. thru ti tp tgh tr trnsl trnsp Tril trip tub Tf, tf
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very poor sample vesicular violet visible vitreous (-ified) volatile volcanic rock, volcanic vug (-gy) wackestone washed residue water wavy waxy weak weathered well west white with without wood yellow (ish) zeolite zircon zone
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