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SECTION 1 WELL PLANNING 1.1 
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1.1 Well Planning Overview
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1.2 Drilling Program - Initial Information Defining well objectives • • • 



exploration appraisal development / production



Obtaining Consent • 



permission from relevant authorities



Collection of data • 



well pressure data, seismic etc.



Establish subsurface pressure regimes • 



differing pressure regimes



Establish formation fracture gradients • 



forecast of fracture gradients or effective casing design



Well Plan Basics Porosity • 



Sedimentary rock has pores (small openings)



Permeability • 



Connected pores allow fluid to flow



Pore Pressure • 



Normal, abnormal or subnormal pore fluid pressure



Rock Stress • 



Force imposed to the rock



Balance • 1 -2



Mud weight must balance pore pressure and rock stress
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1.3 Drilling Program Preparation Well Details • • • • • • • 



location type depth operator / owner designation target size and depth contractor and rig name



Well Objectives • to establish objectives at TD Casing Design • conductor • surface casing • intermediate casing • production casing • liners • pressure profile chart • initial design • setting depth • reservoir fluid gradient • casing shoe setting depth • burst, collapse, tension, compressional effects • tensile failure • shock loading • overpull • cement force • position of packer • centralisation • running procedures Well Head Selection 



• • • • 



correct pressure rating ease of operation cost operator preferences
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BOP Requirements 



• • • 



bottom hole pressures company policy stack up configuration



Cementing Program 



• • • • • • • • • • • • • 



volumes required bottom hole temperatures mud type formation type stinger technique liner cementing yield density thickening time mix water compressive strength fluid loss flow characteristics



Deviation Program • need for deviation • realistic target needs • extent of drift • kick off point • range of hole angles • abrupt angle changes • jetting techniques • whipstocks Survey Requirements • minimum requirements • totcos • magnetic single shots • magnetic multi shots • electronic multi shots • directional MWD Mud Program 1 -4



• • • 



mud weight requirements for primary control suitable trip margin confirm mud weight does not exceed formation strength
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• • • • • • • 



reaction of formations to drilling fluid alternatives selection of mud type fluid loss requirements pH requirements viscosity temperature/ stability analysis of mud treatment equipment



Bits and Hydraulic Program • bit selection • formation drillability • mud systems in use • directional implications • bit drive methods • annular velocity • bit and hole cleaning Drill String Design • drill collars • drill pipe • speciality drilling tools • cross-overs Evaluation Requirements 



• • • • • • • 



drilling log mud logging coring MWD (measurements while drilling) electric log testing plug and abandon



Operational Procedures and Time Graph Construction • • • • Site Plan



company policy contractor policy bridging document time graph







license area position of well relative to other features obstructions pipelines



• • • • 
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Reporting Requirements • what reports required • frequency • recipients/addresses Completion Equipment 



• • • • • • • • • • • 



Support Structure Wellhead Downhole Completion Tubing Hanger Xmas Tree Flowlines Control Systems Manifolds Production Risers Surface Production/ Processing Facility Export Facilities



Summary: Drilling Program Preparation: 
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• • • • • • • • • • • • •  • • 



Well Details Well Objectives Casing Design Wellhead Selection BOP Requirements Cementing Program Deviation Program Survey Requirements Mud Program Bits and Hydraulic Program Drill String design Evaluation Requirements Operational Procedures and Time Graph Construction Site Plan Reporting Requirements
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1.4 Drilling Economics Authority for Expenditure Rig Selection



Casing Design Hole Directional Plan Casing Setting Depth Fracture Gradient



PORE



Mud Plan



Tubing Design Drilling Program Plan Cement Plan



PRESSURE



1.5 Completions Completion Considerations • • • • • 



Environmental Considerations Reservoir Considerations Production Considerations Economic Considerations Servicing / Monitoring Considerations



Completion Equipment • • • • • • • • • • • 



Support Structure Wellhead Downhole Completion Tubing Hanger Xmas Trees Flowlines Control Systems Manifolds Production Risers Surface production / processing Facility Export Facilities 1 -7
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ENVIRONMENTAL CONSIDERATIONS - WATER DEPTH - WEATHER CONDITIONS - GEOGRAPHICAL LOCATION - SEA BED CONDITIONS - FISHING GROUNDS - ICEBERG REGION - OCEANOGRAPHIC CONDITIONS



- WEATHER CONDITIONS - GEOGRAPHICAL LOCATION - LOCAL RESTRICTIONS



RESERVOIR/FLUID CONSIDERATIONS - TVD RESERVOIR - AERIAL EXTENT RESERVOIR - RECOVERABLE RESERVOIRS - RESERVOIR ENERGY - DEPLETION PROFILE - NUMBER OF ZONES - FLUID TYPE (OIL/GAS) - FLUID GRAVITY PRODUCTION CONSIDERATIONS WAX SCALE HYDRATES CORROSION H2S, CO2



RESERVOIR/FLUID CONSIDERATIONS - CAPITAL COST - MAINTENANACE COSTS - ABANDONMENT COSTS - RE-ENTRY/WORKOVER COSTS -TAX COSTS



SERVICING/MONITORING CONSIDERATIONS - TVD RESERVOIR - AERIAL EXTENT RESERVOIR - RECOVERABLE RESERVOIRS - RESERVOIR ENERGY - DEPLETION PROFILE - NUMBER OF ZONES - FLUID TYPE (OIL/GAS) - FLUID GRAVITY



Table 1 Design Considerations for Land & Offshore Completions



1 -8



BASIC DRILLING TECHNOLOGY AND EQUIPMENT SECTION 1 : WELL PLANNING



1.6 Well Abandonment 



• •  • • • • 



When well no longer produces oil or gas economically Potential leakage of formation fluid to surface and between reservoirs has been stopped Cement plugs weight and pressure tested Offshore, sea-bed around wellhead cleared Onshore, site restored to original condition Wells protected from interference



1.7 Economics OVERALL COST CONSIDERATIONS



Reservoir Model Regional Data Seismic Data Drilling Mud Logging Electric Log Well Testing Coring Economics Capital Costs Operating Costs Price of Gas, Oil Interest Rates Return of Investment Abandonment Costs !!! 1 -9
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SECTION 2 GEOLOGY 2.1 INTRODUCTION 2.2 



BASIC CONCEPTS OF GEOLOGY



2.3 



THE ROCK CYCLE



2.4 



GEOLOGICAL STRUCTURES



2.5 



EARTH MOVEMENTS



2.6 



PETROLEUM ACCUMULATORS



2.7 



RESERVOIR ROCKS



2.8 TRAPS 2.9 



RESERVOIR FLUIDS AND PRESSURE



2.10 EXPLORATION



BASIC DRILLING TECHNOLOGY AND EQUIPMENT SECTION 2 : GEOLOGY......THE SOURCE



2.1 Introduction Geology is so essential to the petroleum industry that a knowledge of the basic principles of this science is desirable for anyone wishing to understand how the industry works. Geology is the science dealing with the history and structure of the Earth and its life forms, especially as recorded in the rocks. Rock is a natural substance composed of a mineral or groups of minerals. The rocks that are of most interest to the petroleum geologist are those that contain fluids, such as salt water, oil or gas. A first principle of geology is that the present is a key to the past, which means that processes acting on the earth today are very similar to those that operated in the past. The geologist acquires basic information by observing rocks and their relationship to each other as they were formed in layers on the earth. A reconstruction of the events that gave rise to certain rock formations is then possible from which predictions are sometimes possible as to the occurrence of oil accumulations. For enough oil and gas to accumulate to form a commercially viable deposit, there must be a reservoir of rocks with the right shape or configuration to hold the oil and gas and some kind of rock seal to prevent the oil and gas from leaving the reservoir. The reservoir rock is a container, and it usually holds a number of fluids in addition to the hydrocarbon (petroleum) deposit. For instance, the reservoir is almost always filled with a large amount of water as well as with the oil and gas. The fluids are usually layered with the gas on top, then the oil, and the water on the bottom-just like oil, water, and vinegar in a salad dressing bottle.



Fig 2.1
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To qualify as a reservoir rock, a rock formation must be sufficiently large, porous, and thick to contain commercially profitable quantities of gas and oil. In practice, most commercial reservoir rocks are thicker than 10 feet and have porosities above 10 percent - that is, at least 10 percent of the rock is empty pore space, which could contain petroleum.



Fig 2.2 Permeability Commercial reservoir rock also must be permeable, which means that oil and gas (if present) must be able to move or flow from one pore space to another within the rock. The empty pore space in rocks can be filled with water alone; with water and oil; or with oil, gas, and water. Petroleum companies, of course, prefer that the rocks contain all three, because the oil and gas are profitable, and the water often assists in moving the oil and gas out of the rocks and into the well. Water and other substances force the petroleum to move by exerting pressure. Thus, commercial production ultimately depends upon the pressure, porosity, and permeability of the reservoir rock as much as on the rock’s having a proper trap or a good seal to keep the petroleum in the reservoir. All of these factors are part of the petroleum geologist’s concern in searching for a commercial petroleum deposit.
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2.2 



Basic Concepts Of Geology LITHOSPHERE ASENTHOSPHERE
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Fig 2.3 Cutaway View of the Earth



The earth is thought to have originated some 4 to 5 billion years ago out of a condensing cloud of cosmic dust. Most theorists agree that at some time during its early life, the earth must have passed through a molten or partially molten stage induced by gravitational compression or the release of energy by radioactive elements. During this molten phase, the components of the earth separated to produce a heavy core 4,400 miles in diameter, a mantle of lighter material some 1,800 miles thick, and a crust of the lightest materials some 10 to 30 miles thick. At the same time, large amounts of water vapour and gases erupted to form the primeval atmosphere. Slowly the crust cooled. The earth shrank as it cooled, causing the crust to buckle and warp and a rugged surface to develop. At this time all the rocks were igneous in origin; that is, they had all solidified from a molten form called magma. As the atmosphere developed and the earth cooled, rain began to fall. Water ran from the heights and collected in the low valleys and shallow depressions to form the primeval oceans. Erosion began when water removed particles of rock and carried them to lower places; sedimentation started when the particles settled out of the quiet water. Gradually, the face of the earth began to change.
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Fig 2.4 Surface Feature 2 -3
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Uplifted blocks of igneous rocks were worn down from their original form, and the valley between them partially filled with the resulting sediment. The configuration of an uplifted horst and down dropped graben is a common surface feature, exemplified by the Red Sea between Asia and Africa. The earth was barren and lifeless for millions of years. Then at some indeterminate point in time, life began in the oceans. In fact, by the beginning of the Cambrian period, which was about 550 million years ago, life was abundant in the oceans. However, not until the Devonian period, about 350 million years ago, did vegetation become widespread on the land areas, and land animals became common even later.



Fig 2.5 Plants and Animals from Prehistoric Times Form Oil Pools in Land Strata Because life has continuously evolved from Precambian time, the fossil remains of animals and plants, called fauna and flora, succeed one another in a definite and determinable order. This bed enabled the succession of rocks to be subdivided into eras and smaller subdivisions. The duration of the eras and subdivisions in years has been determined from studies of radioactive minerals. The presence of life is essential to the petroleum story because organic matter is one of the necessary ingredients in the formation of oil.
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2.3 



The Rock Cycle COMPACTION CEMENTATION
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Fig 2.6 - The Rock Cycle Erosion is usually the result of flowing water, but it can result from the action of wind, freezing water, moving ice, and waves. The original particles that eroded from the surface of the earth were all derived from igneous rocks. Sediments continued to be deposited on sediments. The earlier unconsolidated deposits were compacted by the weight of the overlying sediments and in the process were transformed into sedimentary rocks. These in turn could be eroded again to produce sediments, and thus the cycle of erosion and sedimentation continued. Further, some sedimentary rocks were put under tremendous heat and pressure so that they were transformed into metamorphic rocks. Sedimentary rocks are important to petroleum geology since most oil and gas accumulations occur in them. (Igneous and metamorphic rocks rarely contain oil or gas). Sedimentary rocks are deposited by water, wind, or ice. In general, older sedimentary rocks have been compacted by the weight of the overlying sediments or cemented by minerals carried by ground water, so that they become consolidated rock. Ground water is the water present in rock pores and cracks.
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2.4 



Geological Structures



Fig. 2.7 Formation of Sedimentary Rock If some other process did not compensate for erosion, the land would be reduced to plains near the level of the sea. However, the land currently stands about as high above sea level as it ever did. Obviously, uplift of the surface must have occurred to compensate for the wearing down of the mountains. The surface of the earth and upper crust have moved upward, downward, or horizontally many times since the earth was formed. In fact, movements are continuing today, as the earthquakes that occur each year demonstrate. Sometimes only a few feet of displacement can be seen along a break, or fault, after an earthquake. However, remains of marine shells have been found in some of the highest mountains and in the deepest oil wells, proving that the rocks were deposited in some ancient sea and then uplifted or dropped to their present position. Geological evidence shows that repeated movements of only a few inches at a time will gradually raise or lower the earth’s surface enough to account for total displacements of thousands of feet. Sedimentary rocks are deposited in essentially horizontal layers called strata, or beds. Most rock layers are not strong enough to withstand the forces to which they are subjected and so become deformed. A common kind of deformation is the buckling of the layers into folds. Folds are the most common structures in mountain chains, ranging in size from small wrinkles to great arches and troughs many miles across. The upfolds or troughs are synclines. A symmetrical fold with similar flanks dipping on both limbs is possible, as is an asymmetrical shape with one limb steeper than the other. Anticlines and synclines both plunge. A short anticline with its crest plunging in opposite directions from a high point is called a dome. Domes often have an intrusive core that uplifts them. Anticlines and domes are important to petroleum geologists because they often contain hydrocarbon deposits. 2 -6
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2.5 



Earth Movements



Most rocks are fractured during earth movement, resulting in cracks called joints. If the rock layers on one side, the fracture is called a fault. Displacement - or how far apart the sides of the fault have moved - may range from only a few inches to many miles. A simple classification system outlines four kinds of faults: normal, reverse, thrust, and lateral. The names are derived from the movement of adjacent blocks. Movement is up or down in normal and reverse faults but is mainly horizontal in thrust and lateral faults. A combination of vertical and horizontal movements is also possible in all faults. Rotational faults and upthrusts are variations of normal and reverse faulting. They are most important to the petroleum geologist because they affect the location of oil and gas accumulations. Earth movements often bury or prevent the depositing of part of a sediment series that is present elsewhere. Such buried erosion surfaces are called unconformities. Two general kinds of unconformities are the disconformity and the angular unconformity. Earth movements are most important to petroleum geology because they produce barriers that cause a large proportion of petroleum accumulations.



2.6 



Petroleum Accumulations



A petroleum accumulation must have (1) a source of oil and gas, (2) a porous and permeable bed or reservoir rock, and (3) a trap that acts as a barrier to fluid flow so that accumulation can occur. Oil and gas probably originated from organic matter in sedimentary rocks. The origin of coal on land is a process similar to the origin of petroleum in the sea. In the formation of coal, dead vegetation in the absence of oxygen ceases to decompose and accumulates as humus in the soil and as deposits of peat in bogs and swamps. Peat buried beneath a cover of clays and sands becomes compacted. As the weight and pressure of the cover increase, water and gases are driven off. The residue, very rich in carbon, becomes coal. In the sea a similar process takes place. An abundance of marine life is eternally falling in a slow, steady rain to the bottom of the sea. Vast quantities of matter are eaten or oxidised before they reach the bottom, but a portion of this microscopic animal and plant residue escapes destruction and is entombed in the ooze and mud on the seafloor. The organic debris collects in sunken areas at the bottom and is buried within an every-increasing accumulation of sands, clays, and more debris until the sediment is thousands of feet thick. As the sediment builds, the pressure of deep burial begins to work. Bacteria take oxygen from the trapped organic residues and gradually break down the matter, molecule by molecule, into substances rich in carbon and hydrogen. The extreme weight and pressure of the mass compacts and squeezes the clays into hard shales. Within this deep, unwitnessed realm of immense force, oil is born.
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The generation of hydrocarbons from the source material depends primarily on the maximum temperature to which the organic material is subjected. Hydrocarbon generation appears to be negligible at temperatures less than about 150°F in the subsurface and reaches a maximum within the range of 250°F to 300°F. Increasing temperatures convert the heavy hydrocarbons to lighter ones and ultimately to gas. However, at temperatures above 500°F, the organic material is carbonised and destroyed as a source material. Consequently, it appears that source beds too deeply buried by earth movements produced no hydrocarbons because of the high temperatures at extreme depths. After generation, the dispersed hydrocarbons in the fine-grained source rocks must be concentrated by migration to a reservoir. Compaction of the source beds by the weight of the overlying rocks expels the hydrocarbons from the source beds. The hydrocarbons then move out through more porous beds or through fractures to regions of lower pressure, which generally means to a shallower depth. Petroleum is, consequently, forever trying to rise until it is trapped or escapes at the surface of the earth.



2.7 



Reservoir Rocks



A petroleum reservoir is a rock capable of containing gas, oil, or water. To be commercially productive, it must be big enough, be thick enough, and have enough pore space to contain an appreciable volume of hydrocarbons. Also, it must give up the contained fluids at a satisfactory rate when the reservoir is penetrated by a well. Sandstones and carbonates (such as limestone and dolomite) are the most common reservoir rocks. Close examination of a rock with a powerful magnifying glass reveals that there are openings in the rock, or pores. A rock with pores is said to be porous or to have porosity. The porosity of a formation controls its capacity for reservoir fluids. The greater a rock’s porosity, the more fluids it is able to hold. Porosity may vary from less than 5 percent in a tightly cemented sandstone or carbonate to more than 30 percent for unconsolidated sands. Accurate determination of formation porosity is extremely difficult. Besides porosity, a reservoir rock must also have permeability; that is, the pores of the rock must be connected. These connected pores allow petroleum to move from one pore to another; thus, when a well is drilled into a reservoir, the petroleum has a way to move out of the pores and into the well. The rock’s permeability determines how easy or hard it is for the petroleum to move or flow within the rock. The unit of measurement of permeability is the darcy. Most petroleum reservoirs have permeability’s so small that they are measured in thousandths of a darcy or millidarcies (md). The relationship between the porosity and the permeability of a given formation is not necessarily a close or direct one. However, high porosity is often accompanied by high permeability.
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To sum up, if there is sufficient permeability and porosity in the reservoir rocks, then migration will occur, and it will be possible to have hydrocarbon accumulation. But, in order for this process to occur, there must be a way of stopping migration.



2.8 Traps



Fig 2.8 Traps Migration is a continuing process once the hydrocarbons have been generated and expelled from the source rock. Hydrocarbons will move ever upward until they escape at the surface unless something stops the movement. Therefore, a barrier, or trap, is needed to impede this migration in order to get a subsurface accumulation of petroleum.
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A trap is produced by geological conditions that cause oil and gas to be retained in a porous reservoir. Reservoir traps for hydrocarbons have two general forms: (1) an arched upper surface, commonly called structural, and (2) an up-dip termination of porosity, called stratigraphic. Structural Traps A structural trap is formed by the folding or faulting of the rock layer that contains the hydrocarbons. Structural traps vary widely in size and shape. Some of the more common structural traps are anticlinal traps, fault traps, and dome and plug traps. Reservoirs formed by the folding of rock layers, or strata, usually have the shape of structural domes or anticlines. These anticlinal traps were filled with petroleum when it moved in from its source below. In the anticline, further movement of petroleum was arrested by the shape of the structure and by a seal or cap rock. Fault traps are formed by breaking or shearing and offsetting of strata. The escape of oil from such a trap is prevented by non porous rocks that have moved into a position opposite the porous petroleum-bearing formation. The oil is confined in traps of this type because of the tilt of the rock layers and the faulting. A faulting trap depends on the effectiveness of the seal at the fault. The seal may be formed by an impermeable bed that moved opposite the permeable reservoir bed. For example, shale is impermeable and can thus form a seal. Or a seal may be caused by impermeable material called gouge within the fault zone itself. The simple fault trap may occur where structural contours provide closure against a single fault. However, in other structural configurations, two or even three faults may be required to form a trap. Fault trap accumulations tend to be elongated and parallel to the fault trend.



Fig 2.9 - Salt Dome 2 -10
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Dome and plug traps are porous formations on or surrounding great plugs or masses of salt or serpentine rock that have pierced, deformed, or lifted the overlying rock layers. Piercement may be more or less circular, or they can be long and narrow. The salt and associated material form an efficient up-dip seal; that is, the hydrocarbons cannot migrate upward or out of the reservoir because it is sealed by the salt. Hydrocarbon accumulation in the peripheral traps around a salt plug may not be continuous. Instead, oil accumulations are usually broken into several separate segments. As a result, many smaller traps are formed by many smaller faults or are closed off against the plug. The geologist knows that the traps are there; he just cannot accurately predict their precise location. As a result, many dry holes are drilled in attempts to tap the reservoir. Stratigraphic Traps



ANGULAR UNCONFORMITY



Fig 2.10 - Angular Unconformity Trap A stratigraphic trap is caused either by a non porous formation sealing off the top edge of a reservoir bed or by a change or porosity and permeability within the reservoir bed itself. Two general kinds of stratigraphic traps are the disconformity and the angular unconformity, both resulting from unconformities. Often part of the depositional sequence was eroded, thereby putting porous and permeable oil-bearing rock in contact with an impermeable cap rock. In a disconformity, the beds above and below the surface of unconformity are parallel. In an angular unconformity, the beds above the unconformity are spread across the eroded edges of folded and tilted beds below. This type of reservoir can be formed when the upward movement of oil is halted by an impermeable cap rock laid down across the cut-off surfaces of the lower beds. A lenticular trap is one that is sealed in its upper regions by abrupt changes in the amount of connected pore space within a formation. This may be caused, in the case of sandstones, by irregular depositing of sand and shale at the time the formation was laid down. In these cases, oil is confined within porous parts of the rock by the non porous parts of the rock surrounding it. Lenticular traps pinch out or change permeability on all sides and are fairly common in carbonate build-ups, commonly called reefs, which may contain very large petroleum accumulations. However, reefs are rarely filled by hydrocarbons, so the lower parts of the reservoir contain water. 2 -11
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Combination Traps Another common type of reservoir is formed by a combination of folding, faulting, changes in porosity, and other conditions - some structural and some stratigraphic in origin.



2.9 



Reservoir Fluids And Pressure



By definition, a fluid is any substance that will flow. Oil, water, and gas are all fluids; oil and water are liquids as well as fluids; gas is a fluid but not a liquid. Oil reservoirs are composed of sediments that were deposited on the seafloor. Consequently, these sedimentary beds were originally saturated with salt water. However, part of this water was displaced by petroleum when it was formed. Salt water that remains in the formation is called connate interstitial water - connate from the Latin meaning “born with” and interstitial because the water is found in the interstices, or pores, of the formation. By common usage this term has been shortened to connate water and always means the water in the formation when development of the reservoir started. Invariably some connate water is distributed throughout the reservoir. Besides connate water, nearly all petroleum reservoirs have additional water that accumulated along with the petroleum. It is this “free” water that supplies the energy for the water drive in some reservoirs. Bottom water occurs beneath the oil accumulation; edgewater occurs at the edge of the oil zone on the flanks of the structure. Oil, which is lighter than water and will not mix with it, makes room for itself in the void space of the reservoir rock by pushing the water downward. However, oil will not displace the original water. A film of water sticks to, or is absorbed by, the solid rock material surrounding the pore spaces. The film of water lining the pores is called wetting water. In other words, water is not only in the reservoir below the oil accumulation, but also within the pores along with the oil. Natural gas is always associated with oil produced from a reservoir. The energy supplied by gas under pressure is probably the most valuable drive in the withdrawal of oil from reservoirs. The industry has come a long way since the day it was general practice to “blow” gas caps into the atmosphere, so that a well in the gas zone of a reservoir could finally be induced to produce a little crude oil. Gas is associated with oil and water in reservoirs in two principle ways, as solution gas and as free gas in gas caps. Given proper conditions of pressure and temperature, natural gas will stay in solution in oil in a reservoir. High pressure and low temperature are favourable conditions for keeping gas in solution. When the oil is brought to the surface and the pressure relieved, the gas comes out of solution, much as a bottle of soda water fizzes when the cap is removed. Gas in solution occupies space in a reservoir, and allowance has to be made for this space when calculating the volume of oil in place. Free gas - gas that is not dissolved in oil - tends to accumulate in the highest structural part of a reservoir where it forms a gas cap. As long as there is free gas in a reservoir gas cap, the oil in the reservoir will remain saturated with gas in solution. Having gas in solution lowers the resistance of oil to flow, or the viscosity of the oil, thereby making the oil easier to move to the wellbore 2 -12
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Fluid Distribution The oil-water contact line (the point in the reservoir where the oil and water touch) is of prime interest to all concerned in the early development of a field, because to get maximum production from the reservoir, the water should not be produced with the oil. Practically all reservoirs have water in the lowest portions of the formation, and the oil lies just above it. However, no sharp line divides the oil and water, nor is the contact line horizontal throughout a reservoir. Actually, the oil-water contact is a zone of part water and part oil, and this may be from 10 to 15 feet thick. The gas-oil contact has somewhat the same properties. However, because oil is much heavier than gas, oil does not tend to rise as high into the gas zone as water does into the oil zone. Reservoir Pressure Every reservoir that contains fluid contains those fluids under pressure. Pressure exists in a reservoir for the same reason that pressure exists at the bottom of the ocean. Consider a person who is swimming in a large swimming pool or lake. As he swims along the surface, he suddenly decides to see if he can touch bottom. So under he goes, bravely kicking his way to the bottom. Everything is going well except that his ears begin to hurt, the closer he gets to the bottom - the deeper he dives, the more his ears hurt. The reason for the pain is that the pressure of the water is pressing against his eardrum. The deeper he goes, the greater the pressure and the more his ears hurt. Normal Pressure Just as there is water pressure in a swimming pool, there is water pressure in a reservoir. Under normal conditions, the only pressure that exists in a reservoir is the pressure caused by the water in it. Contrary to what might seem logical, all the rocks that overlie a buried reservoir do not create pressure in the reservoir under normal circumstances. Instead, it is as if there are no rocks there at all - at least as far as pressure is concerned. To return to the swimming pool analogy, imagine leaving the pool full of water but dumping a huge load of marbles into it. Naturally, the marbles would take up volume formerly taken up by water, and the pool would overflow; water would slosh over the sides. However, a pressure measurement taken at the bottom of the pool before the marbles were dumped in would be exactly the same after the marbles are put in. The pressure exerted by the water remains the same. The same thing happens in a reservoir. Of course, in a reservoir the “marbles” do not often reach the surface. Instead, the reservoir connection to the surface is usually much more circuitous; it could outcrop on the surface many miles from the point where it lies buried, or it could be connected to the surface through other porous beds that overlie it. In any case, as long as the reservoir has some ultimate outlet to the surface, the pressure in it is caused only by the water and is considered to be normal pressure.
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Abnormal Pressure/Subnormal Pressure When formation pressure does not conform to normal pressure definition it will be classed as either: abnormal pressure (above normal pressure) or subnormal pressure (below normal pressure). Abnormal pressure occurs when fluids are trapped within a rock structure and become pressurised. When forces acting on the rock structure prohibited natural drainage from the structure, i.e through an impermeable seal, the fluids within the rock structure will become charged and increase in pressure. Subnormal pressure occurs mostly from depleting reservoirs by some artificial means of lowering it, through production methods, below normal pressure.



2.10 Exploration Introduction Geologists are reasonably sure of which regions are most likely to have reservoirs of oil or gas large enough and easy enough to drill to be commercially valuable. Recent advances in geology, especially in the study of plate tectonics, have helped geologists refine their predictions about where new discoveries are most likely to occur. Exploration geologists look into the subsurface by using energies: gravitation, magnetism and sound waves. To complete the subsurface picture in greater detail they take samples and measure the properties of the rocks themselves, then compare rock sequences with those from other locations. Exploration Geologists Methods • Gravitation • Magnetism • Sound Waves - More detailed method Geophysical Surveys The most used geophysical exploration techniques are gravimetric and magnetic surveying. Although both methods give only a general ideas of subsurface geology, they can cover large areas cheaply and are useful in narrowing the search for the most likely locations.
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Fig 2.11 - Gravimetric Survey



Fig 2.12 - Magnetic Survey 2 -15
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Gravimetric Surveys Use of a GRAVIMETER over a pre - determined grid to detect local variation in Earths gravity caused by differences in rock density. Igneous and metamorphic rocks are much denser than sedimentary rocks giving higher gravity strength readings. Magnetic Survey A MAGNETOMETER is pulled behind a vessel (ship, plane or surface vehicle) to measure magnetic disturbance. Igneous and metamorphic rocks affect the earths magnetic field more strongly than sedimentary rocks. A predetermined grid is traversed to locate basement rock structures buried beneath sedimentary rocks.



Most petroleum is found in sequences of sedimentary rock. To the explorer, higher gravity means a thinner sequence of sedimentary layers on top of the basement rock and therefore less likelihood of an accumulation of petroleum. The results of a magnetic survey is used to locate areas where basement rock is deeply buried beneath sedimentary rocks. Seismic Surveys After narrowing down the search to the most promising areas, the geophysicist begins to use more precise techniques in examining the subsurface geology. The gravity and magnetic methods described previously provide data on the depth of sedimentary and basement rocks but little information on their type, thickness, porosity or other characteristics. For this a more detailed procedure is carried out. A seismic wave generated by an explosion will travel through rocks at different rates, depending on their density, porosity and other factors. At the interface between rocks of different types, seismic waves are either reflected or refracted (bent). This will be similar to the way that light waves are reflected or refracted going from air into water. The resultant wave pattern will result on the difference in the sound velocity across the interface and the angle at which the seismic wave struck this velocity boundary. In a seismic reflection survey, a sound wave is generated at the surface or sea level, either by setting off an explosion or creating a mechanical wave source at the surface.
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TIMING AND RECORDING SYSTEMS
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Fig 2.13 - Onshore Seismic
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Fig 2.14 - Offshore Seismic The time it takes for a sound wave to travel from the noise source, reflect off a velocity boundary, and return to each of the detectors (geophones) is measured. A computer is then used to analyse this data to generate a seismic profile. 2 -17
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Fig 2.15 SEISMIC PROFILE: Most often targets are at highest part of possible reservoir or thickest part. Gas is less dense than oil or water which therefore can appear as ”bright spot”. “Bright spot“ is very useful in shallow gas detection. . The waves rebounding from different horizons are sorted out and appear as lines defining the upper and lower boundaries of different layers. Often the geologist already has an idea of what formations will be encountered. The seismic profile simply shows the depths at which these formations occur and any structure, such as folds or faults, that could trap oil and gas. 2 -18
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Fig 2.16 Seismic waves that strike a velocity boundary at the critical angle are neither transmitted through the lower layer nor reflected back into the upper layer. Instead, they travel along the velocity boundary and their energy can be detected a considerable distance away. Geophysicists and geologists use seismic sections and contour maps to choose a promising structure as a drilling target. Most often the chosen target is the highest part of a possible reservoir; the thickest part is another common goal. In some cases, since gas is less dense than oil or water, a gas 2 -19
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reservoir may appear as a “bright spot” on the seismic sections. However, seismic data never guarantee the discovery of hydrocarbons - their value lies in their usefulness for planning drilling and data gathering. Advances in seismic work have been made where 3 Dimensional (3D) and 4 Dimensional (4D) mapping and computer modelling can be prepared. This greatly enhances the success in making a discovery. Further, as the discovery is developed, more efficient planning of the reservoir structure will evolve and be updated as operations progress.



Fig 2.17 Dimensional (3D) Seismic Sections
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3.1 Introduction Modern day energy providers and equipment rely on oil and gas as a fuel and lubricant source. The consumer also benefits from other petroleum by products. Tapping into oil and gas accumulations lying beneath the earth surface is, therefore, of great interest. The most effective way to do this will be to bore or drill a hole through the earth to the accumulations. This will involve drilling thousands of feet while removing the drilled cuttings from the hole. Once completed a flow path for the oil and gas is created allowing these accumulations to be processed and used. The rotary drilling rig provides the means of accomplishing the drilling process and reaching the oil and gas accumulations. The main systems and components used by the drilling rig will be discussed in this chapter. Although there are auxiliary systems and components in supporting the drilling process the main systems and associated equipment used by the rotary drilling rig to drill the hole can be broken out and discussed. The systems to be looked at are: The Hoisting System This supports the rotating system in drilling the well by providing the appropriate equipment and working areas needed for lifting, lowering and suspending the various weights of the drilling process. The Rotating System This system rotates the drill string and allows the bit to drill a subsurface hole called a wellbore. The Circulating System This system supports the rotating system by providing the equipment, material and working areas to prepare, maintain and use the fluid for the drilling process. The fluid is referred to as drilling mud and is essentially the lifeblood in completing our objective. The Power System Generates and distributes the primary power required to operate the various systems and their components. The Blowout Preventer System This system helps control one of the major problems that may be encountered when drilling a well. The blowout preventer system helps control a “kick” which if not handled properly could develop into a “blowout“ from which the system is named. 3 -1
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3.2 



The Hoisting System



The hoisting system consists of two main components: 1) 



the supporting structure, that is the framework for the hoisting equipment



2) the hoisting equipment itself, which is used to lift, lower and suspend the drill string. The supporting structure consists of three prime components. These are: 1) 



The substructure



2) 



The drill floor



3) 



The derrick or mast



Fig 3.1 Supporting Structures
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The substructure is the large steel framework positioned over the drill site and directly below the drill floor. On land rigs it provides the mechanism of transmitting the load from all work spaces above it to the ground. On offshore rigs it provides the mechanism of transmitting the loads from all workspaces above it to the hulls on floating rigs or to the main structure sitting on the seabed on platforms and jackups. The housing and handling of the blow out preventers determine the height of the substructure.



Fig 3.2 - The Substructure The drill floor is positioned directly over the substructure and provides the working space for many of the drilling operations. It is on the drill floor that the driller and floormen (roughnecks) perform most of their duties.



Fig 3.3 - The Drill Floor 3 -3
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The derrick or mast is the steel framework that rises above the drill floor, which allows the hoisting equipment to function. A derrick has a much bigger base than the mast and is erected piece by piece at the site. On fixed installations offshore derricks are mostly used as once they are erected they stay up through the life of the installation. On mobile offshore rigs and land rigs masts are the more suitable selection as they can be rigged up and down much quicker. This is because they and assembled or disassembled on the ground (deck) and raised or lowered as one unit. ‘



Fig 3.4 - The Derrick or Mast
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The hoisting equipment consists of four main components. These are: 1) 2) 3) 



The drawworks The overhead tools are the connecting link between the hoisting equipment and the drill string. The overhead tools consist of the crown block, the travelling block, the top drive or hook and the pipe handling equipment (elevators and links) The drill line



The drawworks is a heavy duty hoisting winch, which spools or slacks off the drill line enabling the travelling block to move vertically within the framework of the derrick (mast).



Fig 3.5 The Drawworks
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The crown block is a set of sheaves that are located at the top of the derrick (mast).



Fig 3.6 - The Crown Block The travelling block is a set of sheaves that move up and down through the derrick (mast) as the drawworks spools or slacks off the drill line.



Fig 3.7 - The Travelling Block 3 -6
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The hook is connected to the travelling block. If a top drive (drill string rotating power source) is in use the hook is eliminated. If a hook is in use the drill string power source will be located at drill floor level. The hook is therefore used to pick up and hold the swivel and kelly.



Fig 3.8 - The Hook 3 -7
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The pipe handling equipment (elevators and links) are the final connecting pieces between the top drive or hook and the drill string when the drill string is raised or lowered when not attached to the rotating system. The elevators are a heavy duty clamp mechanism, which attached to the top of the drill string. The elevators will have a tapered, square shoulder or slip (wedge) type fit, which conforms, to a particular section of the tubulars being raised out of or lowered into the wellbore. The links attach to the elevators and then back to the top drive or hook.



Fig 3.9 - Elevators and Links
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The drill line is a heavy duty extra strong wire rope designed and constructed in strands for rugged lifting service. The drill line in made up of multiple strands of continuous length.



WIRE ROPE



CALIPERS



CORRECT



INCORRECT



Fig 3.10 - Drill Line The drill line is connected to the drawwork’s spooling drum then runs up to a sheave (fast line sheave) located at the top of the derrick (mast) near the crown block. It then weaves between the travelling block and crown block. The drill line then comes off the crown block and runs back to somewhere near drill floor level and attaches itself to the deadline anchor.
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The deadline anchor is a fixed point that works against the pull from the drawworks when spooling or slacking off the drill line . The drill line from the deadline anchor runs to a drill line spool reel, which holds spare line. When the section of drill line in use completes its working life it is cut off and replaced from spare line off the drill line spool reel. All rig owners will have a program called slip and cut to look after their drill line. The deadline anchor is a clamping mechanism, which secures the drill line and prevents it from slipping.



Fig 3.11



3.3 The Rotating System The rotating system is centrally located within the drilling rig. This central location is a strong indication of the importance of the rotating system. Its major function is to rotate the drill string and make the bit drill a subsurface hole. The drilled hole (wellbore) connects the formation with the surface and it represents the primary objective of the rotary operations. The drilling operation is popularly known as making hole. All systems on the rig directly or indirectly support this activity 3 -10
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There are two categories of drive systems used to make the bit rotate and drill. These are: 1) 2)



Surface drive system called rotary systems In hole or down hole drive systems (Discussed in the directional drilling section)



There are three types of rotary drive mechanisms in use. These are: 1) 2) 3) 



Top Drive Independent Rotary Drive for Kelly Drilling Drawworks Chain (Compound) Drive for Kelly Drilling



The top drive is positioned on the top of the drill string and stays connected to the travelling block when not in use. The top drive can be connected to the drill string at any position in the derrick (mast). To connect the top drive to the drill string requires it to be disconnected from the hoisting equipment, this is called setting the drill string in the slips. While the drill string is in the slips the top drive can be lowered and engaged into the top of the drill string.



Fig 3.12 3 -11
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The top drives are either electrically or hydraulically powered with its drive motor located at the top of the drill string. It will travel with the rest of the components that move up and down in the derrick (mast). The drive motor will be connected to a reduction gear set, which in turn connects to a gear on the drive sub within the top drive. The drive sub will connect (screw) into the top of the drill string. Power to the drive motor will be made through an electrical cable or high pressure hydraulic hose to suit the top drive in use. Top drives have significantly changed drilling operations. Due to the top drive’s relatively short length drilling operations can be performed using three joints (triples) of drill pipe instead of the one joint of drill pipe required by kelly drilling operations. This has improved drilling performance and allowed quicker and safer connection time to the circulating system when hole problems arise. Kelly drilling operations will use an independent rotary drive or the drawworks chain (compound) drive system. The independent rotary drive has an electrical power motor connected to a drive shaft. The drive shaft connects to a set of reduction gears, which engage the gears on the rotary table. This allows the rotary table to be turned by the drive motor. Inside the rotary table sits a master bushing. The master bushing turns as the rotary turns. Another device called a kelly drive bushing engages with the master bushing. This engagement allows the kelly drive bushing to be turned as the master bushing and rotary table turn. The kelly runs inside the kelly drive bushing. The kelly has either a square or hexagonal shape between its end connections. The kelly drive bushing has a set of rollers, which conform to the shape of the kelly. These rollers allow the kelly to roll along its length between the end connections. The rollers also transmit rotational torque from the rotary, via the other connecting pieces, to the kelly.



Fig 3.13 3 -12
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The kelly drive bushing performs two functions: 1) 2) 



Provide torque to turn the kelly. Allow the kelly to travel vertically down via the rollers as it is turning. 



The length of the kelly is approximately 60 feet , which is roughly the same length to two joints of the most commonly used drill pipe. Permanently connected to the top of the kelly is a series of small tubulars. This assembly comprises of a safety valve (called kelly cock), cross over sub (called swivel sub) and swivel. The swivel (bearing assembly) permits rotational motion below it (to the kelly and drill string) and prohibits rotational motion from going above it (to the hoisting system).



Fig 3.14
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This assembly allows it to be connected to the hoisting system via the hook. At the top end of this assembly a part of the swivel, called the bail, engages with the hook. At the bottom end of this assembly the kelly screws into the top of the drill string, thus allowing it to rotate the drill string and the bit connected to the bottom of it. This assembly is the link between the hoisting system and the rotating system. It also acts as the link for the circulating system to the drilling process, which will be described in the next section. The drawworks chain (compound) drive works exactly like the independent rotary drive with the exception of the power source to the rotary. A chain coming off the drawworks turns a sprocket attached to the drive shaft leading to the rotary. This is instead of the electric drive motor on the independent rotary drive.



Fig 3.15 There is a limitation in the drawworks chain drive system. Since it is connected to the drawworks the driller is limited to using either the drawworks for hoisting or the rotary for rotation, but not both. The drawworks chain drive is the least used rotating system today. It still sees some use on land rigs and can be used as a emergency back up system to the independently rotary drive system if a problem develops with it. It is important to know that the kelly and swivel assembly is only used during the drilling process when rotation and circulation are required, i.e. drilling, reaming and coring. During other operations, i.e. tripping, running casing and picking up or laying down tubulars from the derrick (mast), the kelly and swivel assembly is disconnected and stored back out of the way. When the kelly and swivel assembly is desired it must be picked by the hoisting system (the hook) at drill floor level, pulled from its storage position called the rat hole and finally connected to the drill string at drill floor level. This, therefore, puts it at a great disadvantage to the top drive system, in relation to the position of the top of the drill string above the drill floor when connecting to it. The kelly system is limited to positioning the top of the drill string near drill floor level to make 3 -14
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a connection. Where as, the top drive system can be connected to the drill string at any place along the working length of the hoisting system. The in hole drill string section is part of the rotating system which has received its torque from the top drive or kelly and transmits it to the bit. This in hole drill string section consist of two parts. The two in hole drill string parts are: 1) The drill pipe section 2) The bottom hole assembly (BHA)



The drill pipe section comprises the major portion of the in hole tubulars. Drill pipe comes in lengths, called joints, which without end connections, are divided into three different ranges. 1) Range 1, 18 to 22 feet length 2) Range 2, 27 to 30 feet length (most popular range) 3) Range 3, 38 to 45 feet length



Connected to the drill pipe lengths are end connections called tool joints. These tool joints come in male (threaded pin) and female (threaded box) connections and are friction welded to the ends of the drill pipe length, one at either end. This allows the drill pipe lengths to be screwed together. The most popular range of drill pipe used in the field is range 2. When made up with its end connections this range 2 size is approximately 31.5 feet in length. The drill pipe comes in various out side diameter (OD) sizes of 2 7/8” to 6 5/8”. Selection of the OD size will depend on the size of hole being drilled. The most typical OD size being used is in the range of 4 1/2“ to 5 1/2“
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Fig 3.16 3 -15
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The bottom hole assembly comprises of tubulars called drill collars, speciality subs (tools), heavyweight drill pipe and the bit. All these pieces are usually positioned in the lower part of the drill string. Drill collars are heavy wall lengths of pipes ranging from 31 to 32 feet in length, which are designed to be relatively stiff and add weight to the bit, enabling it to drill. Drill collars are made from one piece of pipe and can be square, slick or spiral in their design. Drill collars differ in their design from drill pipe as their connections are cut into the ends.



Fig 3.17 Speciality subs or tools are usually intermixed with the drill collars and used for a particular function. Some of the tools and their functions are: Hole opener - A hole enlarging tool run in tandem with and above a smaller bit Stabiliser - Centralising the drill string Reamer - Reaming out or enlarging the hole Vibration dampener or shock sub - Absorbing drill string vibrations caused from bit bounce Measurement (Logging) while - Measurement recording tools drilling, MWD / LWD Cross over sub - Crossing over different tread types Junk sub - Collecting debris Jar - Making vibration to free the dril string Down hole mud motor, DHM - To provide inhole rotation to the bit or turbine
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The heavyweight drill pipe (HWDP) provides the transitional cross over point going from the thick walled stiff drill collars to the flexible drill pipe. Heavyweight drill pipe is thick walled drill pipe that is designed and made like a drill collar from one piece of steel. Without the HWDP or similar tubulars a high stress concentration point in the drill string can form, which can lead to mechanical failure and breaking of the drill string. The bit is the first and lowest piece of equipment in the hole. It is the device that drills the hole. There are two different classifications of bits, those with moving parts (bearing bits) and those without moving parts. The moving part bits are referred to as rock bits or roller cone bits. These are divided into two types called milled tooth or insert tooth bit. Both types use a gouging or crushing motion to drill the different formations they are used in. The bits without moving parts fall into two different types; polycrystalline diamond compact (PDC) and diamond bits.



Fig 3.18 PDC and diamond bits are manufactured with inserts made of synthetic diamond, and metal matrix or industrial diamond cutters. These types of bits use a scraping or grinding cutting motion as they drill through the different formations.
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3.4 The Circulating System The circulating system and its components represent a major physical portion of a modern drilling complex. It requires continual monitoring by the drill crew as a well is drilled deeper below the surface. The circulating system provides vital support to the rotating system as it drills the well bore. At the surface, it provides the equipment, materials and working areas to prepare and maintain the “lifeblood” of the circulating system, the drilling fluid (called “mud”). As the drilling fluid is pumped “down-hole”, it assists the rotating system in drilling the hole and then helps control the changing conditions within the well bore as new subsurface formations are penetrated. The circulating system consists of four major subcomponents: the drilling fluid or mud, the circulating equipment, the conditioning area and the preparation mixing area.



Fig 3.19 3 -18
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The Drilling Fluid - Mud’ The principal purposes of drilling fluid are: • 



To provide a primary means of controlling the sub-surface pressures of reservoir fluids contained within the rocks drilled. To do this the density of the fluid is adjusted so that the fluid HYDROSTATIC PRESSURE is always slightly greater than the anticipated pressures in the well.



• 



To clean the bit and the bottom of the well.



• 



To lift and carry the cuttings produced at the bit up the annulus and out of the top of the well.



• 



To support the wall of the well by hydrostatic pressure.



• 



To cool the drill bit and to lubricate the cutting surfaces.



Drilling muds are usually of 3 basic types:• 



Water based muds.



• 



Low-toxic oil-based muds.



• 



Synthetic or pseudo oil-based muds.



Of these the oldest and most common are the water-based muds, however there are generally more drilling problems which arise with water based muds. Oil-based muds and low toxic oilbased muds have proved to be very effective in reducing drilling problems, but there may be pollution hazards which can lead to stringent control procedures and new processes for the disposal of oil-impregnated cuttings. Constituents of water based muds:• 



Fresh water or sea water.



• 



Bentonite clay, to provide viscosity.



• 



Barite, to provide density.



• Chemicals, such as Potassium Chloride, to control interactions between the mud and shales. 3 -19
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A typical composition for 800 bbl of a water based mud with a density of 12 pounds per US gallon is shown below



Fresh Water = 672 bbl Bentonite Clay = 104 sacks x 100 lb 800 bbl water-based mud at 12 ppg



Co-polymer = 120 lb Barite = 1552 sacks x 100 lb Filtration Agent = 320 lb



Fig 3.20 The Mud Engineer is responsible for establishing the mud with the correct properties and for conducting regular and scheduled tests on the mud. This is to maintain its correct properties and to specify what remedial chemical treatments may be necessary. The drilling crew assist the mud engineer by taking some measurements, such as Mud Density and the Funnel Viscosity. Some typical mud test instruments are shown in Fig. 3.21 with a standard API mud test report form
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Mud Balance



Differential Sticking



Rotational Viscometer



Fig 3.21
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I
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FT



IN STORAGE



PRODUCTION OR LINER IN at
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HRS/TOUR



Centrifuge
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DAILY COST
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˚F
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CIRC. PRESSURE PSI BOTTOMS UP (MIN)



EQUIPMENT



MUD PROPERTIES
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MUD TYPE
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X
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/



/



/



/



/



/
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FILTERATE



OPERATOR’S WRITTEN OPERATOR’S REPRESENTATIVE



DRILLING CONTRACTOR OTHER
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˚F HP -HT
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Fig 3.22
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Fig 3.23
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The circulating equipment is the specialised equipment that physically moves the drilling fluid from the preparation or mixing area. From here the drilling fluid is pumped into then out of the well bore to the conditioning area. It then returns to the preparation, or mixing area for recirculation. The equipment includes: STEEL MUD PITS: Are steel containers that facilitate the handling of the drilling fluid. Mud pits are all basically the same but are called “suction pits” in the preparation area and “settling tanks” in the conditioning area. MUD PUMPS: Are the powerful pumps that physically move the drilling fluid during circulation. These are typically high pressure single acting triplex pumps. Some double acting duplex pumps still exist on older rigs. These pumps are normally rated at 5000 psi. The newest design high pressure single acting triplex pumps are rated at 7500 psi. DISCHARGE LINES: Are high pressure connecting lines that transport drilling fluid to the well bore. These will be rated at the same pressure as the high pressure mud pumps. STAND PIPE AND ROTARY HOSE: Is a steel pipe clamped vertically to the derrick or mast connecting the drilling fluid discharge lines to the rotary hose. These are normally rated at the same working pressure as the high pressure mud pumps. The string hose then connects to the swivel on top drive. THE CONDITIONING AREA: The conditioning area is located near the rig and is where the drilling fluid is “cleaned up” after it has been brought up out of the well bore. The area may include: CONDITIONING STEEL MUD SETTLING TANKS: Are steel containers (steel mud pits) that are used to hold drilling fluid during conditioning. MUD-GAS SEPARATOR: Is a device that removes large quantities of entrained gases that have entered the drilling fluid. SHALE SHAKER: Is a device that removes large formation cuttings from the drilling fluid. This is a set of vibrating screens DEGASSER: Is a device that continuously removes entrained gases that have entered the drilling fluid. DESANDER :Is a device that removes granular particles from the drilling fluid. DESILTER: Is a device that removes the most minute formation particles from the drilling fluid MUD CLEANERS & CENTRIFUGES : Further treat the mud removing small minute undesirable solids. 3 -24
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The Preparation Area The preparation or mixing area is located at the head, or start, of the circulating system. This is the area where the drilling fluid is initially prepared, maintained or altered depending on well bore conditions. The preparation area usually contains: MUD BASE FLUID TANKS: depending on the Mud System used (WBM, OBM, SOBM) it will be stored and made available at the rig site. BULK STORAGE BINS OR TANKS: are large bins or tanks used to facilitate the handling of bulk additives used in large quantities such as clays and weight materials. THE MUD HOUSE: Is an enclosed storage area located next to the mixing hoppers. It contains stacked sacks of dry additives which are stored until needed. CENTRIFUGAL MIXING PUMPS: Low pressure pumps that circulate the mud pits through a mixing hopper allowing dry storage chemicals to be added to the drilling fluid, mud. MIXING HOPPER: The mixing hopper is a device to add chemical additives either from bulk or sack supplies to the drilling fluid. Latest designs are fully automating these systems eliminating manual mixing. CHEMICAL BARREL OR TANK: The chemical barrel or tank is a device used to add chemicals to the drilling fluids. STEEL MUD PITS OR TANKS: Are rectangular shaped containers used to hold and control drilling fluid at the surface. 
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3.5 The Power System The power system generates the primary power required to operate almost all of the other component systems in a modern rotary drilling complex. The power system supports the entire rotary drilling operation by first generating the required power on-site using large internal combustion engines (called “prime movers”). Then, depending on the type of engine used, it transmits or distributes the power by mechanical or electrical means to those rig system components that need power to carry out their assigned functions. The power system consists of two major subcomponents: the primary power source (prime movers) which generate the majority of the required power on site using large internal combustion engines and the accompanying power transmission system which transmits or distributes the power to those rig systems and components that require it. Once power is generated by the prime movers, it must be transmitted to the major rig systems. Almost no area of the rig is without a power requirement. Most of the power generated is used by the drawworks, rotary, and mud pumps. Additional power is needed for rig instruments, engine fans, air conditioners, etc. The Power Transmission System: Power transmission is accomplished by one of two methods, either by using mechanical power transmission or electrical power transmission.
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THE POWER TRANSMISSION SYSTEM Power transmission is accomplished by one of two methods, either by using mechanical power transmission or electrical power transmission. MECHANICAL POWER TRANSMISSION



The MECHANICAL TRANSMISSION SYSTEM consists of an engine(s) and an elaborate sprocket and chain arrangement or ‘linking’ system which must be carefully organised and aligned. ELECTRICAL POWER TRANSMISSION



The ELECTRICAL TRANSMISSION SYSTEM consists of electric generators mounted on diesel engines which generate power that is carried along cables connecting the other various rig systems that require it. Although mechanical power transmission systems are currently the dominant systems in use, electrical systems are appearing with increasing frequency on land rigs. Electrical transmission systems are primarily used offshore. A diesel electric transmission system has four major advantages over a mechanical system: It provides greater flexibility in positioning units; it eliminates the complicated compound and sprocket and chain assembly of a mechanical system; it experiences fewer alignment problems; and, it is generally more compact and portable. Fig 3.25 3 -27
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There are three basic rig power systems in use today : • SCR Drives • Mechanical Drives • DC-DC Drives SCR drives are where several diesel-AC generator sets provide AC electrical power to a common bus. This power is further controlled by Silicon Controlled Rectifier (SCR) converters to power DC motors for variable speed drilling functions. This same AC electrical bus provides lighting and auxiliary function power without additional generating sets.



DIESEL FUEL INLET



SCR POWER 600V 3-PHASE AC BUS



DIESEL ENGINE 800 KW



AC GENERATOR 1,000 KVA



DIESEL ENGINE



AC GENERATOR



800 KW



1,000 KVA



DIESEL ENGINE 800 KW



AC GENERATOR



DC M



1,000 HP MUD PUMP 1



SCR



DC M



1,000 HP MUD PUMP 2



DC M



SCR



1,000 KVA



DC M 480 V



TYPICAL FULL LOAD EFFICIENCIES DIESEL ENGINE 3-34% AC GENERATOR 95% SCR 99% DC MOTOR 95% TRANSFORMER 95%



TRANSFORMER 500 KVA



Fig 3.26
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AUXILIARY LOADS 350 KVA



1,500 HP DRAWWORKS AND ROTARY
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Mechanical drives are, where diesel engines are coupled directly to equipment or through compound shafts to drive the rotary, draw works and mud pumps. Separate diesel-AC generator sets are used for electric lighting and auxiliary functions.



DIESEL FUEL INLET



DIESEL ENGINE



1500 HP DRAWWORKS & ROTARY TABLE



DIESEL ENGINE



MUD PUMP 1 1000 HP



DIESEL ENGINE



MUD PUMP 1 1000 HP



DIESEL ENGINE 300 KW



AC GENERATOR



AUXILIARY LOADS



300 KVA



250 KVA



Typical full Load Efficiencies 



Diesel Engine 



- 32% - 34%







AC Generator 



- 95%







Mechanical transmission 



- 75%



Fig 3.27 A Typical Mechanical Rig Power System Flow Diagram
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DC-DC drives, or Ward-Leonard systems are where a diesel engine drives a DC generator to power DC motors for variable speed drilling functions. Separate diesel-AC generator sets are used for electric lighting and auxiliary functions . DIESEL FUEL INPUT



DIESEL ENGINE



DC GENERATOR



800 KW



800 KW



DIESEL ENGINE



DC GENERATOR



800 KW



800 KW



DIESEL ENGINE



DC GENERATOR



800 KW



800 KW



DC MOTOR



1000 HP MUD PUMP 1



DC MOTOR



1000 HP MUD PUMP 2



DC MOTOR



1500 HP DRAWWORKS & ROTARY TABLE







DC MOTOR



DIESEL ENGINE



AC GENERATOR



300 KW



300 KVA



480 V



AUXILIARY LOADS 250 KVA



Typical full Load Efficiencies 



Diesel Engine - 



32% - 34%







DC Generator - 



95%







AC Generator - 



95%







DC Motor 



95%



- 



Fig 3.28 A Typical Dc - Dc Rig Power System Flow Diagram
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3.6 



The Blowout Prevention System



The blowout prevention system’s strategic location within the rig complex is more an indication of its importance in modern rotary drilling operations than is its comparative physical size. Although the name implies blowout prevention, in reality it controls a “kick”, which can lead to a blowout. The actual prevention of a blowout is accomplished by using appropriately weighted drilling fluid in the circulating system. A “blowout” is one of the major problems that may be encountered when drilling a well. A blowout begins as a “kick”, which occurs when subsurface formation fluids under pressure enter the well bore. If not properly controlled, the “kick” may become a “blowout” and erupt at the surface. This uncontrolled entry of formation fluids into the well bore can result in a drilling disaster that is not only spectacular (if the fluids ignite), but may result in loss of life, severe equipment damage, great financial loss and environmental harm. Blowout prevention systems (BOP’s) prevent small challenges becoming major problems. Early detection and engagement of system is important. The blowout prevention (BOP) system is the final major component in a modern rotary drilling complex. Its primary function is to control a “kick” which can result in a “blowout”.



The blowout prevention (BOP) system consists of two major sub components: 1) the blowout preventer stack and the accumulator unit 2) the supporting system consisting of the choke manifold and kill lines. The “BOP” stack and accumulator unit are designed to seal off the well bore when a kick occurs. The choke manifold is designed to maintain sufficient back pressure in the well bore to prevent further intrusion of formation fluids, while the kill lines allow heavy-weight drilling fluid to be pumped into the well bore to help restore primary (mud hydrostatic pressure control over it.)
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Fig 3.29 Typical Surface BOP Stack and Accumulator Unit



The major components of the blowout prevention system are the BOP stack and the accumulator unit. The BOP STACK is an assembly of special pressure-sealing devices located at the casing or well head directly under the rotary table. The components of a typical BOP stack assembly includes an annual preventer located at the top of the assembly, a series of ram preventers that can close on specific sizes of pipe and drilling spools which are often used as spacers while providing hook-ups for the choke and kill lines. The specific arrangement is usually dictated by the potential problems that are anticipated at the particular drilling site. The ACCUMULATOR UNIT is a hydraulic pressure unit which keeps liquid under pressure in tanks that when activated close the various BOP stack preventers, sealing off the well bore. The unit can be activated from a panel on the rig floor (Driller‘s panel), the remote panel or it can be activated from the accumulator panel on the unit itself, which is usually located some distance from the rig. 



Accumulator unit







surface systems: 



all hydraulic



subsea systems: hydraulic to approximately 2000 ft water depths hydraulic electric system (acoustic and multiplex) beyond 2000 ft
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The ANNULAR PREVENTER is located at the top of the BOP stack assembly. It contains a steel-reinforced rubber packing element that closes to seal on drill pipe, kelly or an open hole. For this reason, it is called a “universal preventer”.



Fig 3.30a “GK” - Hydril Annular Preventer



Fig 3.30b Ram Preventer Ram preventers close only on specific sizes of pipe, tubing, casing or on an open hole.
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Ram Preventers are designated as: • PIPE RAMS - which close only on that size pipe for which they are matched. • 



VARIABLE RAMS - design to close on a small range of size, typically 31/2 inch through 7 inch



• 



BLIND or BLANK RAMS - which close only on an open hole



• 



SHEAR RAMS - which cut the drill pipe and seal the resulting open hole (used primarily on offshore floating rigs).



Fig 3.31 DRILLING SPOOLS: Drilling spools are spacers between preventers. They provide hook-ups for the choke line (which circulates the “kick” out of the well bore) and the kill line (which pumps in heavy drilling fluid). The ram blowout preventers have side outlets which may be used for the same purpose. CASING HEAD: The casing head (or wellhead) is an attachment at the top of the casing on which the BOP stack is engaged. SURFACE WELLHEADS: use either clamps (low pressure) or bolts (high pressure) for connecting the BOP’S. SUBSEA WELLHEADS: Are connected to the BOP’S by BOP hydraulic connectors FLEX JOINT: Are only used in subsea BOP systems and allow the drilling rig lateral movement from over the well. The maximum allowed offset is approximately 15 degrees 3 -34
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Fig 3.32 The Supporting Choke and Kill System The supporting system consists of two components: the choke manifold and the kill line. The KILL LINE is attached to the BOP stack usually opposite the choke line. It permits heavyweight drilling fluid to be pumped into the wellbore in order to regain wellbore balance (control) during a “kick”. The CHOKE MANIFOLD is an assembly of high pressure flanged pipe fittings with lateral outlets controlled by manual and/or automatic valves. It is used to control and maintain back pressure during a severe “kick” and to disperse well bore fluids to the reserve pits, the mud-gas separator or the mud conditioning area until the kick is controlled.
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Fig 3.33 Example of a Sub-Sea BOP and Control System 3 -36
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Fig 3.34 Typical Surface BOP & Control System
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Fig 3.35 Typical BOP & Control System for Floating Rig
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Bop Control Systems The simplest form of BOP control is to assign an individual hydraulic line to power each function. This presents no major problems on land rigs for example where the large number of control lines required can easily be handled and the distances the control fluid has to travel is not great. For subsea stacks this direct control system is impractical. Too many individual lines would be needed and the pressure drop inside them would be too great for the reaction times to be acceptable. Because of this, other systems have been developed based on the philosophy of using one main hydraulic line to send power fluid down to the stack and for pilot valves located on the stack to direct it to the various functions on command from the surface. These commands can be transmitted to the pilot valves either hydraulically, electrically or acoustically. Since the hydraulic system is the one in common use this will be discussed first. Hydraulic System In this system a hydraulic power unit supplies fluid to both pilot and hydraulic lines via accumulator bottles. The stack can be controlled from this unit or from a remote control panel on the rig floor or an electric mini panel usually located in the rig office. Pilot and operating fluid is sent to the stack via one of two hose bundles each of which terminates in a pod (yellow or blue) mounted on the lower marine riser package. The pods are identical, one providing complete back-up for the other, either one being selected for use from the control panels. A typical hose bundle is made up of a 1 inch supply hose for operating fluid and up to 64-3/16 inch hoses for pilot fluid. Inside each pod the pilot lines terminate at pilot valves each of which is connected to the common operating fluid supply. When a particular stack function command is selected pilot fluid pressure is directed down a pilot line to the corresponding pilot valve. This valve then opens to allow the operating fluid to pass through it and then via a shuttle valve to the operating cylinder. The shuttle valves, mounted on the stack , allow the fluid to flow to the stack function from the one selected pod only.
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Fig 3.36 Hydraulic Subsea BOP Control System
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Acoustic Control Systems Although in the control systems just described redundancy is assured through the use of two control pods, a further fully independent system is often desired and in some countries might be mandatory. Usually an acoustic control system which can operate certain stack functions even if the rig is forced off location provides this back-up. Basically the system uses a portable battery powered surface control unit connected to either a hull mounted or portable acoustic transducer which transmits the signal to a receiver on the stack. The receiver and battery powered subsea control unit respond to the signal and transmit a reply back to surface. A subsea valve package on the stack interfaces the acoustic system and the primary hydraulic system via shuttle valves. It contains solenoid and hydraulic valves and is connected to its own accumulator and supply and to the stack function hydraulic operating lines. The surface control unit transmits commands to the subsea unit, displays the reply status and registers any alarms the subsea unit might transmit. It’s batteries are recharged by the surface battery charger and its circuits can be checked with a special test unit. To ensure safety a ”transmit” and “function” button must be pressed at the same time to activate the transmitter. Either the fixed transducer mounted on the vessel’s or the portable transducer which can be lowered in the moonpool or over the vessel’s side can be connected to the unit. The subsea control unit is powered by lead acid batteries which can be recharged on surface by the subsea battery charger. A low battery alarm signal is transmitted to surface on interrogation. A secure signalling system and noise rejection circuit eliminate the possibility of a function being executed by other acoustic systems or by noise. If the subsea unit cannot decode a message sent then an “abort” reply is returned to surface. Two subsea acoustic transducers are connected to the subsea unit each one mounted on long horizontal arms swung down automatically on opposite sides of the BOP stack when it is lowered.
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Fig 3.37 Typical Acoustic Control System
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Electro-Hydraulic In this system the 3/16” hydraulic pilot lines are replaced by electrical lines which operate solenoid valves in the control pods. High pressure fluid is taken from the main power line in the allowing regulated power fluid through to the operating cylinder. A further refinement to this system replaces all of the electrical lines in the hose bundle with just two, down which coded mutliplexed signals are transmitted. A multiplex package in the control pod decodes these signals and activates the corresponding solenoid valve. This method of stack control offers many advantages over the hydraulic system. Reaction times are minimal and no bulky hose bundles are needed - only one hose for main power fluid and a 11/2“ electrical bundle for power and signal transmission. Against this is the additional complexity of the system whose components will now be described in greater detail. Fig 3.38 illustrates the principal system components. When a function operation is selected on the main or remote control panel a signal is sent to the central control unit. The continuous flow of commands which this unit sends to the pod via the surface multiplexer is now modified by the incoming signal to produce a new coded command. This new command code is sent down the multiplex cable which although in theory requires only two lines is in practice an armoured bundle of power and signal conductors. The cable is stored on an air driven reel which is equipped with electrical slip rings so that signal transmission can be maintained whilst the stack is being run or retrieved. The coded command signal is received on the stack in the subsea multiplex package which is sealed inside a watertight housing and which contains a transformer to provide constant usable voltage for the electro- hydraulic control system as well as the multiplex electronics. Upon receiving the signal the subsea multiplexer stores it and also transmits it back up the cable to the central control unit where it is checked against the original transmission. If the two signals are identical the control unit tells the subsea multiplex unit to execute the command which it does by connections to this valve are made in a non-conductive fluid filled pressure compensated chamber. Once activated, the valve allow pilot fluid at 3000 psi to pass to its associated pilot valve. Hydraulic supply to the pod is by the hose from the surface pump/accumulator unit. This supply is tapped to provide pilot pressure, under control of the solenoid valves, to the pilot valves and is regulated to provide power fluid for the stack functions. For improved fluid flow 1 inch pilot valves are used, those for the annular preventer functions being 11/2 inch. The subsea pod also contains pressure transducers which send electrical signals back to the subsea multiplex unit for transmission to the central control unit where they are converted back to pressure read-outs for control panel gauges. As in the standard hydraulic system complete redundancy is provided by using two independent control systems - two multiplex cables and hydraulic hoses, two control pods etc. Using the time division multiplex system a continuous flow of parallel commands and readbacks to the surface is possible. The cycle time for 124 commands plus 180 readbacks being in the order of 1.2 secs . With a conventional hardwired pilot signal transmission system the cycle time is much slower, since commands and readbacks are sent sequentially, 3 -43
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Fig 3.39
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4.1 Rig Selection It is necessary to be aware of the various types of drilling rigs which are available and which are likely to be the most suitable for the particular requirements of the well to be drilled. There are many variations of drilling rigs and many factors have to be considered in selecting a drilling rig for a particular well. These may include: 



• 



The location (land or water) 







• 



The maximum well pressures 







• 



Its behaviour in bad weather 







• 



Availability and cost 







• 



State of its maintenance







• 



The depth to be drilled







• 



Suitability of its equipment







• 



The location condition







• 



Crew facilities Tension leg platform



Jack-up



Land Barge







Fixed platform



Semi-submersible



Drillship FPSO



Subsea completions



Fig 4.1 Drilling Rig Types 4 -1
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4.2 Rotary Land Drilling Rig A rotary land drilling rig is a portable factory that is built to make hole. The requirement of portability (being able to be moved from site to site) places a limitation on rig design, as to both weight and size of each component. The total weight of the rig is a factor for overland moves, but the weight and bulk of each unit of assembled equipment is even more important. Each unit assembly is limited in weight because of truck and highway limitations on gross weight or helicopter loads for helicopter rig packages Rotary/Land rigs must be disassembled for a move so that weight limits are not exceeded by any component or subassembly. The most efficient rotary rig design is not necessarily the most effective. Other factors have to be considered. Rotary rig design should: (1) Allow for rapid erection and take-down, and provide for packaging in as few pieces as practical; (2) Not require special cranes for assembly (rig-up) or disassembly (tear-down); (3) Enable drill pipe to be run into the hole or pulled out with minimum time wasted; (4) Provide the maximum amount of available power for the circulating fluid to the bit (good hydraulics) when drilling. Many factors determine a rig’s portability. Wheel-mounted rigs can be used for drilling to depths of 10,000 feet or more and for completion/workover service on 15,000-foot wells. These rigs have self-erecting, telescoping masts; and the mast, drawworks, and engines are built on a trailer or self-propelled unit. Equipment such as mud pumps must be handled as packages; therefore, efficient planning and design are necessary. Masts have almost replaced derricks due to time of assembly and disassembly.



LAND RIGS ROTARY RIGS PORTABLE (wheel mounted)



STANDARD DERRICK



CONVENTIONAL MAST RIG



Limited to approx. 10,000ft drilling 15,000ft workover



Derrick is erected piece by piece at rig site



Mast is assembled by section and raised as one piece



Fig 4.2 Rig Classifications 4 -2
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Fig 4.3 Land Rig



4 -3



BASIC DRILLING TECHNOLOGY AND EQUIPMENT



SECTION 4 : RIG TYPES



4.3 Offshore Drilling Rigs The actual drilling of an offshore well is basically the same as drilling any well. The same basic rig, much of the same equipment, down-hole tools, bits, etc. are used. However, in an offshore setting, weather and marine conditions combine to create an unstable environment that is constantly changing. In order to bring an element of control to this foreign and unnatural environment, a new technology has been developed. This new technology encompasses modification of commonly used procedures on land and the development of new supporting systems, equipment, techniques and procedures to deal with the additional problems encountered offshore. In response to the marine environment, survey methods were modified and new techniques such as station keeping had to be developed to keep a floating drilling rig over a selected drilling site. New equipment had to be developed. New systems and operations had to be developed such as the marine riser system, which handles the problem of connecting the drilling rig on the ocean surface with the submerged wellbore on the sea floor. In addition, logistics problems had to be addressed as accessibility and continuous supply replacement became important operations. An essential requirement of any drilling operation is the need for a fixed drilling base and rig. To meet this requirement the offshore drilling rig must meet the following criteria: 1) 



It must be STABLE in order to provide a steady base from which to drill;



2) 



In the case of a mobile drilling unit it must be able to be MOVED to a site speedily and at minimal expense;



3) It must be ECONOMICAL in order to provide operating and logistical support costs which will eventually be competitive with other types of petroleum recovery techniques; and







4) It must be FUNCTIONAL in order to allow required drilling procedures and routines to be carried out efficiently and effectively in adequate space.



4.4 Offshore Production Equipment And Operations An offshore environment presents a number of fundamental production problems that are not encountered in land-based operations. As a result, a new marine production technology was developed. This technology includes the development of a number of new systems and operations such as: 1) 



Marine riser production system,



2) 3) 



Improved directional drilling practices which are used when multiple wells are drilled from a single platform; and Improved well abandonment procedures which are designed to protect the environment.
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In addition, a variety of production systems, which are designed to facilitate and maximise offshore petroleum recovery has been developed. These include: - - - - - 



Production platforms, Bundle or production riser tubing systems, Wet and dry production well head assemblies, Temporary surface storage facilities, Underwater storage and pipe line systems and others.



The Offshore Environment In an offshore environment, all operations and procedures become more complicated and expensive as two interrelated conditions must be addressed: 1) 2) 



The weather and The ocean conditions Both of these are in constant change.



The weather, or atmospheric conditions, affects both land and offshore based operations, but its impact is more dramatic at sea since it directly influences the sea’s, or ocean’s, condition. This increased influence of the weather prompted development of elaborate weather forecasting and monitoring procedures for offshore operations. In addition, ocean conditions at the drilling site have two important aspects: 1) 2) 



Those that are predictable and Those that are unpredictable.



The predictable aspects include: 1) 2) 



Any regular tides and currents and General wave action that usually is experienced at the site.



However, depending on the weather, the ocean conditions may change rapidly and become unpredictable with: 1) 2) 3) 



Storms of varying intensity arising, Creating violent wave action and Storm tides, etc.



Add to these conditions the influences of fog, ice and salt corrosion, and you can readily see why offshore operating costs increase quickly. Costs also increase in direct relation to any increase in ocean depth since the marine environment becomes more unstable and hostile at greater ocean depths. 4 -5
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4.5 The Offshore Marine Rig 











• • 



Bottom Supported Rigs Floating Rigs



4.5.1 offshore marine bottom Supported rig types MARINE RIGS



TYPE 'A'



BOTTOM SUPPORTED



JACKUP



BARGE



PLATFORM



SELFCONTAINED



SUBMERSIBLE



TENDER SUPPORTED



Barge Type A flat hulled barge mounting the drilling equipment is the simplest form of mobile unit. It is therefore the most economical but can only be employed in sheltered waters. Most barges employ land drilling techniques (for example with a cantilevered derrick and drilling through a wellhead installed on a fixed platform) or jack up drilling techniques (drilling through a mudline suspension wellhead). Some barges can carry out subsea drilling techniques with the BOP’s located on the sea bed, the derrick being located over a moon pool in the centre of the barge. All barges maintain station by being anchored in position and require to be towed between locations. 



Fig 4.4 Barge Type Rig in the Ice Floes of Kazakhstan
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Submersible Rigs A submersible rig floats on its hulls while being towed to the site. At the site, the hulls are flooded and come to rest on sea floor. The drilling deck is built on long steel columns that extend upward from the hulls, and is well above the water’s surface. Submersibles are limited to drilling in relatively shallow waters. 



Fig 4.5 Submersible Rig On Location and Sitting on the Surface Jack-Up Rigs The jack-up rig is primarily a shallow to medium water exploratory rig in use. It is built so that the huge legs, which rest on the sea floor when the rig is on site, can be raised, or “jacked-up” during relocation operations where it is towed to its new location. The jack-up rig is ideal for shallow to medium water exploration in depths up to 400 feet and provides a highly stable drilling platform. Independent Leg Jack-Up Mat-supported jack-up rig derrick



air gap



Fig 4.6 4 -7
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Fixed Platforms Upon confirmation of sufficient petroleum reserves at an offshore exploratory site, the recovery process is set in motion as development or production platforms are installed. Drilling and production platforms are prefabricated onshore and assembled at the site. Their sizes will vary depending on the depth of the water and the anticipated number of wells to be drilled. The size and strength of the platform will also depend upon whether or not a drilling rig will be installed on the platform. As a general rule, in shallow water of less than 50 feet, smaller and less expensive platforms are used with drilling operations conducted by jack-up or submersible rigs not installed on the platform. In deeper water, larger structures are used and a platform rig is installed on the production platform. The platform rig is similar to a land rig in that it operates from a fixed base. About 75% of all fixed platforms and platform rigs are operated in water depths of 20 to 300 feet. Other production platforms and platform rigs operate in depths up to 500 feet and beyond. The tallest one is set in the Gulf of Mexico and is over 1,400 feet in height.



Fig 4.8 Platform Rigs 4 -8



BASIC DRILLING TECHNOLOGY AND EQUIPMENT SECTION 4 : RIG TYPES



Basic Production Platform Types There are four basic types of production platforms: 1) 2) 3) 4) 



The standard self-contained platform and platform rig; The monopod platform and platform rig; and The platform and platform rig complex. Unmanned platform



The platforms and platform rigs will vary in size and cost with the smaller, less expensive units installed in shallower waters and larger, more costly units in deeper waters. Self Contained Platform and Platform Rig A self-contained platform and platform rig is capable of sustained drilling operations for long periods of time and is re-supplied by boat or barge. The self-contained platform and platform rig is designed for optimum use of available space, providing all basic required services, i.e. drilling fluid control, well logging, cementing, drill stem testing, personnel food and quarters.



Fig 4.9 Self-Contained Platform 4 -9
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Monopod Platform and Platform Rig A monopod platform and platform rig is one of the newer platform designs. It was developed to deal with the need for protected drilling operations in Arctic seas. The monopod platform and platform rig is representative of the continuing search for an improved marine petroleum technology. 



Fig 4.10 Monopod Platform Production Platform and Platform Rig Complex A production platform and platform rig complex consists of a number of platforms, including multiple wells, production facilities, storage, etc. They may be installed over larger, more productive undersea reservoirs. The primary advantage of a production platform and platform rig complex is the provision of additional operating and storage space on the platforms.



Fig 4.11 Production Platform and Platform Rig Complex 4 -10
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Unmanned Platform Unmanned platforms are set up as pumping stations or temporary work station. They are usually accessible in case any work is required on them. Workers travel out to the site do their work and leave the same day. Some unmanned platform may have a tender support vessel alongside. 



Fig 4.12 Unmanned Platform with Jack-up Alongside 4.5.2 Offshore marine floating rig types Compared to drilling a well on land or from a fixed installation, drilling from a floating vessel poses unique problems. Environmental forces tend to move the vessel in both horizontal and vertical directions and these movements require to be either controlled or compensated for if drilling operations are to proceed successfully. The fact that the wellhead and primary well control equipment are located on the sea floor is also a source of many potential difficulties. Horizontal vessel displacement is limited by the mooring system which is designed to hold the vessel over the wellhead for as long as possible whatever the weather conditions. If vertical motion was not compensated for then many problems could occur. Weight on the bit would be difficult to control and there would be excessive wear between drill pipe and BOP’s or casing. Logging could become difficult and operations like landing casing in the wellhead could become a very hazardous operation. Successful development of drill string compensators and tensioners over recent years has overcome these problems to a large extent. The remote location of the BOP’s and the long lengths of hydraulic control hoses needed, lead to delays in their operation. Extra time is required for BOP testing, inspection and troubleshooting compared to the situation where the BOP’s can be conveniently located directly under the drill floor. Additional equipment such as the riser, slip joint and diverter all increase the complications of floating drilling.
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FLOATING RIGS DRILLSHIPS



SEMISUBMERSIBLES



PLATFORM



TLP



Ship Type



FPSO



Fig 4.13 Offshore marine floating rig types



In this design a conventional hull shaped vessel is used to support the drilling equipment. The position of the rotary table relative to the ship’s centre of gravity is an important factor in considering the ship’s stability. In general these units are self propelled and are very mobile. A modern drill ship can average 14 knots transit speed in good conditions and this together with a high drilling equipment storage capacity means that such a vessel is ideal for drilling consecutive wells in different parts of the world or in ‘frontier’ waters. To maintain position drill ships are either moored or rely on dynamic positioning. The conventional mooring system consists of 8 or 10 anchors and will maintain the vessel on a fixed heading. On one design all the anchors are connected to a turret in the centre of the ship about which the vessel can rotate and weather-vane - i.e. always head into the prevailing weather. A dynamically positioned vessel maintains station by constantly manoeuvring itself with computer controlled thrusters (located transversely fore and aft) and its main propulsion. Since such a vessel would usually only be connected to the sea floor via the drilling riser and possibly guidelines, it is able to leave location relatively quickly. This ship type drilling rig was designed with the capability of operating in deep water. Some dynamically positioned vessels are capable of drilling in water depths greater than 3000 ft.



derrick



thrusters
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Semi-Submersible Types In order to overcome some of the drawbacks of drill ships and to allow drilling to economically and safely take place in more hostile conditions the semi-submersible rig was developed. This relies for stability on pontoons which can be ballasted down to a depth of some 70 ft to 90 ft. and from which columns support the main deck some 40 ft. to 60 ft. above sea level. Most semi‘s have 2 pontoons (catamaran type) and from 4 to 8 columns, other designs have 3 pontoons and columns (triangle type) or 5 pontoons and columns (pentagon type). Heavy cross-members and bracings interconnect the columns and pontoons, however, due to the nature of their construction Semi’s do not possess the same structural integrity as drill ships. As a consequence of the relatively high deck and therefore the high centre of gravity, the early design semi-submersible, if it is to remain stable, could only carry a limited deck-load - generally in the order of 2000T to 3000T. These early design semi’s were rated for water depths of 200 ft to 1500 ft. Recent heavy duty semi-submersible are bigger and offer greater deck load carrying capacity of 3 to 4 times the earlier design. These new heavy duty designs increased the water depth capacity to approximately 3000 ft and beyond. Deck-load limits are reduced when the rig is in transit since in this situation the vessel has to ballast up to a shallow draft to enable the cross-members to clear the water. The rig can move ballasted down to increase its load carrying capacity between locations, in this mode however, transit speed is greatly reduced. Most modern catamaran semi‘s are propulsion assisted or self propelled and can travel at up to 8 knots or more. Older non self propelled designs such as the 135 types are less efficient when under tow and usually require multiple tugs to move them even at 3 to 4 knots. Apart from a few that use dynamic positioning to maintain station, all semi’s are anchored on location.
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Fig 4.15 Semi-Submersibles 4 -13
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TLP - Tension Leg Platform An offshore drilling & production platform used in development drilling and production. The unit resembles a semi submersible drilling rig. It is attached to the ocean floor with tensioned sheet tubes (cables). The buoyancy of this platform applies tension to the tubes (cables). 



Fig 4.16 TLP - Tension Leg Platform FPSO - Floating production storage & offloading A type of mobile offshore unit that floats and is not in contact with the sea floor (anchors) when it is in operation. This style unit can be a barge, ship or semi submersible shape. Current interests are in the ship shape for deep water projects.



derrick



module



helipad



hulls



Fig 4.17 FPSO - Floating Production Storage & Offloading 4 -14
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5.1 Introduction A considerable amount of work must be done to the selected drilling site before a modern rotary drilling complex can be made operational. The area must be made accessible, the actual site must be cleared, levelled and inadequate water supply must be secured. In addition, the remaining equipment and materials are dismantled and packaged for movement to the new site. Regardless of where the new site is located, the rig will be brought in. It may be by road, water or, in inaccessible areas, even by air. For offshore operations a barge, jack-up, semisubmersible or ship has all of its drilling and supporting systems in place and can be towed or self propelled to its new location. Offshore platforms will have to be built on land, towed to the drilling location site and erected in modules. Proper planning for each type of rig will ensure a smooth preparation time. Without it, much lost time can occur.



5.2 



Land Operations



The Site is Prepared Once the drilling contractor signs his contract to drill a well, the oil (operating) company or the drilling contractor prepares the selected site to accommodate a modern rotary drilling complex. This preparation includes a number of activities. A. Access roads are built. The initial requirements is to make the selected site accessible so that needed equipment, materials and men can be brought in to complete preparations for drilling operations. Regardless of where the site is located, access must be assured. B. The site is cleared and levelled; the reserve pit is dug. After the access roads are completed, the drilling site is cleared of any vegetation. Then it is levelled to provide the required space for assembly of a modern rotary drilling complex. Upon completion of levelling operations, bulldozers prepare a large earthen enclosed area a short distance from the actual drilling site. This earth pit is known as a “reserve pit” which is used to store waste materials brought up from the well bore during drilling operations. C. The cellar and wellbore are prepared At the selected drilling site a square or rectangular pit is dug. This pit is called a “cellar” which will later provide additional work space beneath the rig floor after it is constructed on a steel frame substructure. D. The conductor pipe is set Then a light truck-mounted rig is usually brought in and used to “spud in” or begin the main hole called the “conductor hole”. The conductor hole prevents surface cave-ins and washouts of the well bore during the initial drilling of the surface hole. In areas where the surface cover is soft, drilling operations may not be needed. The pipe may simply be driven into the ground with a pile driver.
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The final preparation of the site is to assure that adequate amounts of water are available for drilling operation requirements and the needs of the crew. A water well may be drilled, and in some areas where large amounts of surface water are available, water lines and pumps may be assembled. The water is then stored in large tanks at the site. If surface water or water wells are not available, water may be hauled in by truck. Many areas do not have adequate water sources. The Equipment is Moved to the Site Even as the initial site preparations are completed, the components of a modern rotary drilling rig complex are prepared and shipped along designated access routes to the drilling site. Again, the geographical location of the site will determine which method, or combination of methods will be required to deliver equipment to a specific site. The equipment is transported to the site in a variety of ways. Overland A modern rotary drilling rig is prefabricated so that it can be dismantled into components that can be handled with heavy equipment. The components are then usually moved overland by flatbed trucks along access roads to the drilling site. In a few instances, mainly in desert locations, a rig may be “skidded” intact if the new drilling site is near an existing site and the land between is relatively flat. “Skidding a rig” means moving it almost intact on flat steel tracks that are placed under the rig substructure. This is by far the most economical and efficient method of moving a rig. However, in the vast majority of cases, the rig is brought in by trucks.



By Water



Fig 5.1 Flatbed Truck ‘Skidding’



When the selected drilling site is either located in a low marshy area or near an accessible waterway, a rig may be brought in by barge or boat. If the rig has been used in marshy areas, it is usually installed on a barge and moved intact to the next site by tugboat. If the new site is near accessible waterways, a rig may be dismantled and moved by boat to the new site along with the supporting equipment. Then the rig will be reassembled. Both procedures are, in many ways, similar to the movement overland. 5 -2
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By air In remote or inaccessible areas, the rig and its supporting equipment are carefully dismantled at the existing site and carefully packaged and moved to the new site by air. In areas that have sufficient space, a runway will often be constructed for air cargo planes. If the area is extremely inaccessible, the dismantled and packaged rig and supporting components will be brought in by helicopter. Regardless of where the drilling site is located, a way is found to bring a modern rotary drilling complex to the selected drilling site. Rig Preparation A. The substructure is assembled. Usually the rig arrives at the prepared drilling site partially dismantled. The drilling contractor and his crew, using heavy-duty cranes, begin assembling the drilling tower immediately. This process is called “rigging up”. The first stage is to assemble the steel framework, known as the “substructure”, directly over the already prepared cellar. B. The base of the mast is raised to the rig floor and the string-up occurs. Once the substructure is completed, the rig floor is laid. The prime movers, or engines, and drawworks are brought into position, assembled and made operational. After assembly, the base of the mast is raised by cranes and positioned on the rig floor. Then the “string-up” occurs as the drilling line is alternately reeved (threaded) over the crown block pulleys (sheaves) and under the travelling block pulleys. Then the line is attached to the drawworks. The completed assembly is used to help pull the mast to an upright position. C. The mast is cantilevered (raised) upright. The mast is then cantilevered from a horizontal position to a vertical position with the assistance of the drawworks and power system. The cantilever mast is the most common type rig used. These operations will take one or more days, depending on rig size and type, terrain, weather and other variables. After the mast is raised to a vertical position, it is secured and the remaining activities such a installing railings, steps and lines are completed. The hoisting system is now operational. The raising of the mast is a good example of the care, caution, co-operation and coordination that is essential between the drilling crews and various service companies that work together as drilling operations progress. D. Final preparations are completed. Prior to the mast being raised to a vertical position, other rig-up operations have been taking place. The rest of the supporting components arrived by truck and were taken to their approximate assigned locations in the planned drilling complex. Many of the larger components, such as the mud pumps, were mounted on skids so that once they are moved by truck-mounted cranes or A-frames from the flatbeds, they can be easily moved and manoeuvred into their final positions. E. The Equipment is Moved Into Position and Assembled In a relatively short time, the drilling site begins to resemble the outline of a modern rotary 5 -3
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drilling complex. The raised platforms and special storage components, such as the mud house and dog house, are constructed, etc. Then begins the task of connecting the remaining pieces of equipment and subassemblies together so that all of the rig’s component systems will soon become operational. As the rigging up preparations near final completion, the drilling site has been transformed into a modern rotary drilling complex. Building a Derrick In drilling operations that require a derrick, the rig-up process is much slower and more involved since the substructure and drilling tower must be assembled piece-by-piece. The rig-up time is, naturally, considerably longer. In most land operations, the derrick is rarely used today. Stringup on a derrick is done once the drilling tower is completed (in the vertical position).



5.3 Offshore Operations The marine rigs can be classified into two categories - mobile and fixed (platform). In reviewing the categories each rig will have its own details in making it ready to drill. However, some considerations are very similar between the different types. Barges These are inland barges and shallow water coastal barges. The rig will be sitting on bottom at its existing location. Consideration will be made to move the unit with the least amount of equipment removal. A move plan will be made and the water depth along its travel route examined to ensure that there is sufficient water depth for the barges travel draft during the intended move and for any obstructions, like bridges along the way. Transport barges will be used in order to remove equipment from the drilling unit to lighten it for the move. These items will comprise of the items that make up the variable deckload, such as; liquids, dry mud bulk chemicals and drilling tubulars. Depending on the stability of the unit during the move, the mast may have to be laid down, as one complete unit and left ready for raising, during the transit time between the locations. The mast will also have to be laid down even if the stability is alright, if any bridges will have to be passed under during the move.
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Fig 5.3
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Tugs will be organised to pull and/or push the drilling barge. Once the tugs are in place the drilling barge will be de-ballast, water pumped out of the barge, to raise it off the bottom and float it so that the tugs can begin the tow. Once the move is complete the drilling barge will be ballast down, water pumped in to the barge, to allow the unit to sit on the bottom. The drilling barge will be further held in place by pilings or other types of anchors to secure it to its location. Once this is performed the mast, if lowered for the move, can be raised. The rig is now ready to begin drilling operations and take on any offloaded equipment.
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Fig 5.4 Barge Move 5 -5
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Submersible The submersible is like the barge in its preparations. It will be for water depths less than 100 feet, but greater than the drilling barges and more for coastal areas. These units are secured at their location with marine anchors with cables attached to them, which connect back to an anchor winch on the drilling unit. A move plan will be made and checked for any dangers or obstructions (i.e reefs, shallow water, sea debris like wrecks) during the move. The travel course will be adjusted to avoid these. Tugs, which combine as anchor handling boats, will be used to move the drilling rig. The variable deck load will be reviewed to see what equipment needs to be offloaded for the move. Supply boats will be made available to offload this equipment from the rig . Once the anchors are retrieved, the unit is de-ballast as the tugs are made fast for the tow to the new location. On the arrival at the location the tugs will hold the unit while it ballasts down on bottom and the anchors are run. Once the anchors are confirmed secured the unit is ready to begin drilling operations and taking on the necessary equipment.



IN TRANSIT (TOW MODE)



Fig 5.5 Submersible Move 5 -6
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Jack-Up The jack-up is a barge that floats while its being moved in between locations and a barge (drilling unit) that is jacked out of the water during drilling operation. The jack-up is designed to work in water depths up to a maximum water depth of approximately 400 feet. Most jack-ups are designed to travel between locations with their drilling tools left on the rig. A detailed plan will be made prior to the move for stability considerations. All non-fixed items that could move about on the rig are made secured. The new location will have a bottom survey conducted to check the bottom type and for boulders and debris which could damage the bottom supports. A weather window is checked for making the move. Each jack-up will have it own operational limits (environment conditions) as to when it can move into floating mode and be taken to its new location. Two interfaces which are critical when taking the Jack-up from an on bottom mode to a floating mode need to be monitored carefully. Critical interfaces while jacking, weather dependent: 1) The barge entering the water (barge loading) or leaving the water (leg loading) 2) The legs leaving the bottom (breaking free) or reaching the bottom (leg loading) Tugs are made available and attached to the Jack-up. The unit is then jacked down where the legs are raised off the bottom and the barge floats enabling the tugs to tow the unit to its new location.



Fig 5.6 5 -7
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On arriving at the new location the drilling unit jacks its legs down while the tugs hold it in position. The jack-up does have anchor winches to assist in positioning it over the location. The towing vessel(s) also act as anchor running boats to run the anchors out for the jack-up. The anchors are mostly used where the jack-up is required to position itself close to an existing fixture or where an under water obstruction is encountered.



derrick



air gap



Fig 5.7 In the jacking up process the two critical interfaces which were important during the jacking down process take on the same significance. Once the barge is jacked up out of the water a pre-loading (water taken on the barge) is performed to ensure that the legs and sea bottom will support any loading placed on the Jack-up when it is in drilling mode. After this is performed the water used for pre-loading is pumped back into the sea. After this the unit is jacked up to an operational height above the sea water level providing an air gap between it and the barge Before drilling can take place a seabed search, by an underwater camera or diver, is made under 5 -8
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the legs to ensure there is uniform bottom support. If there is not it may be necessary to shore up the unsupported bottom section with some sort of filler. This is done to assist against washing out of the other bottom support areas by tidal flow or current. Where a Jack-up is fitted with a cantilever it will be necessary to jack it out in position over the drilling site. The cantilever which acts as a substructure for the drill floor and BOP’s area will need to be moved into the correct drilling position before the drilling operations can start.



Fig 5.8



5 -9



BASIC DRILLING TECHNOLOGY AND EQUIPMENT



SECTION 1 : RIG PREPERATION



Semi-submersible/Drill Ship (Moored) The semi-submersible or drillship (moored) stays in a floating mode whether it is on location in a drilling mode or transisting between locations. In preparations for a new location the process for making the semi-submersible or drill ship (moored) is basically the same. The method used in getting the semi-submersible to a new location is by towing the unit with anchor handling/supply towing vessels. A drill ship will usually use its own propulsion to get to a new location. The anchor handling/supply boats will then meet the Drill ship at location to run its anchors. Prior to a move both the semi-submersible and Drill Ship will make a detailed plan for stability considerations. All items onboard the rig, which could possibly move, are secured. On the semisubmersible rig variable deck load items are reviewed and items back loaded where necessary. Most new semi-submersibles have such high variable deck load values (4000 tons +), so even at light transit drafts, back loading gearing for stability purposes is unnecessary. Once at the new location the anchoring handling/work boats will run the anchors. This is done by passing a pendant connected to the anchor to the boat. The anchor handling boat pulls the anchor up to its stern while the drilling unit slacks off its anchor winch. Once the anchor handling boat secures the anchor, the drilling unit will give the boat a direction and distance to run the anchor out from the unit. The boat will run the anchor out following these directions while the drilling unit slacks off anchor chain/wire. Mooring Systems • • • 



Wire Rope (Shallow Water Depths) Anchor Chain (Shallow To Medium Water Depths 100 ft to 1500 ft) Combination Anchor Chain and Wire Rope (Deep Water over 1500 ft)



(Note: each line either chain or wire rope should have a breaking strength over 1,000,000 lbs) ANCHOR WINCH



WILDCAT



3” TO 4” WIRE ROPE



2” CHAIN



SWIVEL FAIRLEAD



TYPICAL ANCHOR WINCH AND FAIRLEAD LOCATIONS ON A SEMI-SUB



SWIVEL FAIRLEAD



TYPICAL CHAIN WILDCAT AND FAIRLEAD LOCATIONS ON A SEMI-SUB FOR ANCHOR CHAIN SYSTEM
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The anchor handling boat will then lower the anchor to the bottom and either buoy off the pendant line or strip the pendant back to the drilling unit using a chain/wire chaser system. CROWN



STOCK



SHANK



CROWN PAD EYE FLUKE



CROWN



ANCHOR SHACKLE



SHANK



CROWN PAD EYE



ANCHOR SHACKLE



FLUKE



Drag Anchor Nomenclature



Anchor before touching bottom drilling vessel wrenching in cable



STOCK



Drag Anchor Nomenclature



PENDANT



Anchor before touching bottom drilling vessel wrenching in cable



PENDANT



MOORING LINE



MOORING LINE



Fluke tip touching bottom mud pressure holds fluke open



Fluke tip touching bottom mud pressure holds fluke open



PENDANT SLACKED



Anchor set and digging in



Anchor set and digging in



The sequence of setting an anchor with a workboat



The sequence of setting an anchor with a workboat



Fig 5.10 Anchor Handling Systems The semi-submersible and moored drill ship will use a spread mooring system in deploying all of its anchors. Once the anchors have been run they will be pretensioned to approximately 1/3 of their anchor chain/wire rope breaking strength to ensure the drilling unit will stay on location through the various weather conditions it sees. Some typical mooring patterns are shown in Fig 5.11



SYMMETRICAL TEN-LINE



SYMMETRICAL NINE-LINE



TYPICAL MOORING PATTERNS FOR NON-RECTANGULAR SEMI’S



45˚/90˚ EIGHT LINE



45˚/90˚TEN LINE



TYPICAL MOORING PATTERNS FOR SHIP LIKE VESSELS AND RECTANGULAR SEMI’S



Fig 5.11 5 -11
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Moored Drill Ships can be fitted with either a conventional mooring system set up on its bow and stern or a turret mooring system. The conventional mooring system keeps the ship on a fixed heading while it stays on location. The turret mooring system allows the ship to rotate and keep its head (bow) into the prevailing seas. (see figure below)



TURRET MOORING



SPREAD MOORING



Station Keeping Fig 5.12 When the anchors have been successfully pre-tensioned the unit will be ballasted to its operational draft. The distance from the drill floor level to the sea bed will be confirmed before drilling operations begin. During the drilling operation the floating unit will have to compensate for the various different motions that the rig will be going through. SWAY PITCH



SURGE



ROLL



YAW HEAVE 5 -12
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Dynamic Positioned (DP) Semi Submersible/Drill Ship These units are designed for deep and ultra deep water depths. They will go through all the concerns of their moored counter parts, however, they will not use a moored anchoring system. Instead they will use their main propulsion system and a series of thrusters. The Drill Ship thrusters are at fixed positions and can be fixed or variable pitched blades. On the drill ship some thrusters will be fitted in the forward part of the ship and some positioned in the stern part of the ship. On the semi-submersible the thrusters will be fitted on the corners and some possibly in between these. These will be of the rotating type which allow it to turn 360 degrees whether they are fixed or variable pitched blades. Thrusters being used today will vary between 1500 HP and 3000 HP. Semi-Submersibles 



Drillships



Fig 5.14 Both these types of units can make their way to location under their own power. Once on location the unit will come to its own operational draft and check the water depth before drilling begins. To stay on location each unit will use either an under water positioning system with beacons and hydrophones or a satellite system like global positioning system (GPS).



Satellite Global Position System 



Under Water Beacon and Hydrophone System Fig 5.15 5 -13
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With all these types of rigs shown overleaf, if the new location is far away, (thousands of miles), a dry tow may be used to get the drilling unit to the local area. Dry tows are performed by special built ships that carry the drilling unit on its deck. FIXED RIGS (Platforms)



BOTTOM SUPPORTED



Self Contained



FLOATING



Tender Supported



TLP



FPSO



Fig 5.16 These units are built in modules and assembled offshore or completed onshore and transported in one piece to its intended location, where they are commissioned. Once commissioned the drilling rig part of the platform can begin its drilling program.
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Fig 5.18
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Fig 5.20
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HOLE CHALLENGES
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6.1 Introduction Once the drilling unit is rigged up and accepted as being ready, it can begin its drilling operations. A typical well will be drilled in a number of stages. The hole is begun at surface for land operations or seabed for offshore operations, where the initial “spud - in” takes place. This hole section is called surface hole. The casing is run and cemented back to surface (land) or to seabed (offshore). Hole Sections : 



• Spud - In & Surface Hole







• Top Hole







• Intermediate Hole (Sections)







• Production Hole



Spud - In & Surface Hole Section Land: Make-up “Spud In” assembly and drill to section total depth. Offshore Surface BOPs System: Confirm drill floor to seabed depth, make-up “Spud In” assembly (Wait on slack water) and drill to section depth. Offshore Subsea BOPs System: Confirm drill floor to seabed depth, possibly run hole entry guide system for soft bottom called Temporary Guide Base (TGB) (See figure 6.2), make up “Spud In” assembly (Wait on lack water) and drill to section depth. Run BOPs wellhead guidance system called Permanent Guide Base (PGB) with conductor (30” casing). LAND



SURFACE



SURFACE OFFSHORE



WATER SURFACE



SUBSEA OFFSHORE



WATER SURFACE



SEA BED



TGB



SEA BED



OPS



Drill or drive



OPS



Drill or Drive



OPS



Drill



CIRC SYS DRILLING



Water with spud mud & returns to surface



CIRC SYS DRILLING



Water with spud mud & returns to seabed



CIRC SYS DRILLING



Water with spud mud and returns to system Seabed



HOLE Hole cleaning, with loose and weak PROBLEMS formations



HOLE Hole cleaning, with loose and weak formations PROBLEMS and boulders



Hole cleaning, with loose and weak HOLE PROBLEMS formations and boulders maintain less than 1 degree



Fig 6.1 “Spud -In” and Drill Surface Hole 6 -1
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Fig 6.2 Offshore Operation Sequences Top Hole Section This next section of hole allows the rig to be connected with the well, thus permitting circulation with the diverter system in place. This is called the top hole section. The conductor pipe or 30” casing with cement , which was set in surface hole, will be drilled out and section drilled to total depth. The next casing will be run and cemented back to surface (land) or seabed (offshore). Land: “Spud-In“ drilling assembly is changed out for top hole drilling assembly. The rig’s diverter system will be in place in case any shallow gas is encountered. The surface hole with 30” casing and cement will be drilled out and the section drilled to section total depth with returns back to the rig’s circulating system. Offshore Surface BOP’s System: The “Spud-in“ drilling assembly is changed out for the top hole drilling assembly. The diverter system is rigged up to protect against shallow gas being encountered. The surface hole with the 30” casing and cement is drilled out and drilling is carried out to section total depth. Hole returns are directed back to the rig’s circulation system. Offshore Subsea BOPs system: Normal “Spud - In” drilling assembly is changed out with the
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top hole drilling assembly. A 30 inch pin connector may be rigged up with the diverter system to take returns back to the rig’s circulating system. An alternative decision may be made not to take returns back to the rig and discharge them at the seabed while drilling riserless. Whatever the decision, the surface hole with the 30 inch casing and cement will be drilled out and the section drilled to section total depth. ERRICK FLOOR BELL NIPPLE FLOW LINE INSERT TYPE PACKER HYDRAULIC VALVE OPERATOR BLEED-OFF LINE VALVE HEAVE COMPENSATOR LINE INNER BARREL OF TELESCOPING JOINT SEA LEVEL OUTER BARREL OF TELESCOPING JOINT



RISER COUPLING



FLEXIBLE JOINT GUIDE FRAME HYDRAULIC LATCH PERMANENT GUIDE BASE TEMPORARY GUIDE BASE



Fig 6.3 Subsea BOP System LAND
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CIRC SYS DRILLING



Water with high vis-mud to initial mud system



CIRC SYS DRILLING



Water with high vis-mud to initial mud system



CIRC SYS DRILLING



Water with high vis-mud to initial mud system with returns to rig circ system



CIRC SYS DRILLING



Water with high vis-mud with return to seabed



HOLE Hole cleaning, cement related, PROBLEMS loose and water formations, reactive formations, shallow gas.



HOLE Hole cleaning, cement related, PROBLEMS loose and water formations, reactive formations, shallow gas.



HOLE Hole cleaning, cement related, PROBLEMS loose and weak formations, reactive formations, shallow gas.



HOLE Hole cleaning, cement related, PROBLEMS loose and weak formations, reactive formations, shallow gas.



Fig 6.4 - Top Hole 6 -3
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Intermediate Hole Section The next section(s) of hole is called intermediate. There may be more than one section in this category. It will depend on the amount and types of hole challenges to be encountered. During this section(s) the hole will be deepened to the top of the reservoir section. The last hole section drilling assembly will be changed out for the next one. Once the new assembly is picked up the casing and cement is drilled out and approximately 10 to 15 feet of new hole drilled. At this point a Leak Off Test (LOT) or a Formation Integrity Test (FIT) will be conducted before drilling to section total depth. These tests assist us in determining how deep we can safely drill before the next casing point is reached. Land :The intermediate hole section(s) will be attached to the rig by means of the BOP’s. There may be several intermediate hole sections that are drilled down to top of the production (reservoir) section. The amount and type of hole challenges will dictate if more than one intermediate section is needed. The drilling assemblies will be changed out according to the hole section being drilled. The last casing set before entering the reservoir section is sometimes called the production casing. Offshore Surface BOP’s System:The BOP’s system is attached and the last hole section drilling assembly is changed out with the new section drilling assembly. The casing and cement is drilled out along with 10 to 15 feet of new hole then a LOT or FIT is conducted before the hole section is drilled to total depth. Offshore Subsea BOP’S System: The diverter system is replaced by the BOP’s before the hole section(s) are completed. Drilling assemblies are changed out and replaced with new hole section drilling assemblies. Casing and cement is drilled out and a LOT or FIT is conducted before the section is completed. The production casing is set before drilling into the reservoir section.



INTERMEDIATE HOLE SECTION LAND
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CIRC SYS DRILLING



Mud (WBM, OBM or SOBM)



CIRC SYS DRILLING



Mud (WBM, OBM or SOBM)



CIRC SYS DRILLING



Mud (WBM, OBM or SOBM)



HOLE Hole cleaning, shale instability PROBLEMS fractured and faulted formations, mobile formations, cement related differential sticking,well control, wellbore geometry.
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HOLE Hole cleaning, shale instability PROBLEMS fractured and faulted formations, mobile formations, cement related differential sticking,well control, wellbore geometry.



HOLE Hole cleaning, shale instability PROBLEMS fractured and faulted formations, mobile formations, cement related differential sticking,well control, wellbore geometry.



Fig 6.5 Intermediate Hole Section
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Production Hole Section This will be the smallest hole diameter section that enters into the targeted formation. Once this section has reached its drilling TD a decision is made to test or abandon the well. If testing is decided, a casing or liner string will be run into the hole if open hole testing is not going to be performed. Once this is done a test string will be run and a drill stem test conducted. If a decision is made not to test then the well will be plugged ad abandoned. Land: As with the other hole sections the drilling assemblies will be required to be changed out. The last casing string and cement will be drilled out and a LOT or FIT conducted before the section is drilled to basement (final depth). Logs will be run to evaluate if testing is to be performed. Offshore Surface BOPs System: The smallest drilling assemblies will be used to drill this hole section. Well control concerns will be of a high profile since exposure to the reservoir is present. Depending on the type of reservoir formation, losses and differential sticking can become very big concerns. Offshore Subsea BOPs System: The same concerns as with the other types of operations are found here. Operations need to be reviewed to ensure an adequate weather window exists to complete and test the hole section.



PRODUCTION HOLE LAND
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Mud (WBM, OBM or SOBM)
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Mud (WBM, OBM or SOBM)



CIRC SYS DRILLING



Mud (WBM, OBM or SOBM)



HOLE Fractured and faulted formations, PROBLEMS cement related differential sticking, well control, wellbore geometry



HOLE Fractured and faulted formations, PROBLEMS cement related differential sticking, well control, wellbore geometry



HOLE Fractured and faulted formations, PROBLEMS cement related differential sticking, well control, wellbore geometry



Fig 6.6 Production Hole
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Casing Point Selection One of the basic purposes of the casing is to provide structural integrity to the hole during subsequent drilling operations. It is important to try and case off as much hole as possible to keep the number of casing strings to a minimum. Therefore, knowing where to set the casing or selection of the casing shoe becomes vital. In looking at casing point selection two important values from the formation need to be gathered, formation pore pressure (pressure found inside the formation) and formation fracture pressure (pressure to make the rock fail and accept fluid, mud). There will be a required setting depth based on existing operating conditions and a preferred setting depth based on lithological profile (rock structure). Preferred Setting Depths



Required Setting Depths



(based on lithological column)



(to prevent formation fracture due to weight of mud column)



Depth x 1000 ft



Fracture Gradient



Proposed Mud Weight Programme



Pore Pressure Gradient



Pore Pressure Gradient - lb/gal Equivalent



Fig 6.7 Some considerations as to the type of rock structure best suited for casing shoe seat selection is required. After setting casing and before the next hole section is drilled, a LOT or FIT is conducted on the formation just below the casing shoe. 6-6



BASIC DRILLING TECHNOLOGY AND EQUIPMENT SECTION 6 : DRILLING OPERATIONS



Formation Selection for Casing Shoe Point • Consolidated Formations (Naturally Cemented rock structures) The same type continuous. Interbedded layers of different formation rock types weaken it and could lead to losses at low pressure. • Impermeable Formations (Good Sealing formations) If permeability is present the true LOT will be difficult to determine and losses will be a problem. • Homogenous Shale (Usually considered the best formation type)



6.2 Drilling Optimization To effectively get the best performance out of each hole section proper planning must be conducted. In each of the hole sections due considerations needs to be given to the following factors. Drilling Optimization 



• Geology • Mud Type and Properties • Bit Selection • Bit and Hole Hydraulics • Drilling Parameters • Rig Equipment • Good Procedures



Geology The more we know about the rocks we are going to drill through the better chance for success. This is because our drilling optimization choices that will interface with these rocks will be best suited to their intended purposes. It is estimated that a large percentage (approximately 90%) of the world’s drilling occurs in inland and offshore sedimentary basins. The majority of the rock types will fall into one of three sedimentary rock categories such as: • Shale/Claystone • Sandstone • Chemical Rocks (Limestone, Dolomite, Chalk and Chert) The above types make up approximately 99%, with the other rock types making up the remaining 1%. Mud Type and Properties Choosing the optimum mud system can result in an effective step in obtaining the best value for money in drilling the well. The mud is the life blood of the well and is critical in maintaining it
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in a healthy condition. The main functions that the drilling mud performs are: • Well Control • Hole Stability • Hole Cleaning & Lubrication • Transmit Power (Hydraulic) to the Bit • Provide a Means to Evaluate the Formation Types Being Drilled Through All through the drilling of the well the mud will be affected by a number of items. It is important that the mud maintains its consistency and properties through out the drilling of the well. It will be up to the drilling crew and mud engineer to ensure that the mud stays in good shape. Bit Selection Choosing the correct bit for the various types of formations that will be encountered is not always easy. Making the wrong selection can cause delays and stoppages, which impacts the drilling budget. There are three basic types of bit in use in today’s industry: • Roller cone/Rock or Bearing Bits (Crush and Gouging Action) • Polycrystalline Diamond Compact Bits (PDC) (Scrap or Peeling Action) • Diamond Bits (Grinding Action) Bit and Hole Hydraulics There are a number of items, which require to be achieved by the hydraulic programme selected for the bit and hole. These items are: • Maximise ROP (Rate of Penetration) • Maximise Hole Cleaning • Minimise Annulus Pressure Friction Loss (APL) • Minimise Erosion • Prevent Bit Plugging Over the years much has been gained from experience in drilling wells. Hydraulic programmes have been analysed on their performance and improvements made where applicable. Drilling parameters Once the Hydraulic Programme has been worked out the driller will have to be given the drilling parameters for the section to be drilled. These parameters are intended to give the driller some scope to operate in to get the best ROP plus ensuring the hole stays manageable and in good shape. For example, if the driller makes very high ROP, but fails to clean the hole properly then a mechanical hole plugging problem occurs. Some of the drilling parameters given to the driller by the drilling supervisor through the toolpusher are: 6-8
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• 



Pump Pressure



• 



ROP Continuous and Instantaneous



• 



Weight on Bit (WOB)



• 



Mud Weight and Viscosity



• 



Any Additional Reaming or Circulating on Connections



Rig Equipment Both the rig equipment and hole will play an important role in the drilling team‘s performance. Selecting the equipment that is best fit for purpose and knowing how to make the best use of it is critical. Some of the considerations for equipment and wellbore are: • Size, Number and Pressure Rating of High Pressure Pumps • High Pressure Circulating System Surface Lines Size • Mud Treating and Conditioning Equipment • In Hole Drill String Tool Size (OD & ID) • Type, Amount and Size of Jets in the Bit • Hole Depth, Size and Shape • Mud Type, Weight and Rheology • Potential Hole Formation Problems







Good Procedures (Drilling Programme) The time planned to researching offset well data and reviewing their procedures will pay great dividends. This information along with past experience will provide the right details for the drilling programme. Ensuring that all members of the drilling team get an opportunity to actively input into drafting the drilling programme and reviewing is important. The drilling programme is the drilling team’s best guide to performing the work. It must be remembered that it is based on assumptions and deviation from the programme may have to occur. Know this and tracking the team’s drilling performance as the well is being drilled will produce the best results.



Fig 6.8
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The drilling programme is designed on assumptions derived from the interpretation of data. Should any assumptions be incorrect, deviations will occur which will increase the risk of stuck pipe. The assumptions must be known by operating personnel to allow recognition of deviation, and thus corrective action can be undertaken.



6.3 Hole Challenges 6.3.1 - Introduction In drilling the different hole sections of the well the drilling team faces four significant challenges in achieving their objective. Planning will have been done to prevent any of the challenges from becoming a problem, however, due diligence in monitoring drilling performance, as operations progress, will have to be given by the drilling team. The four Main Challenges of Concern are: • Well Control • Lost Circulation • Mechanical Sticking of Drilling String Components • Failure of the Drill String Components 6.3.2 Well Control Unless it is planned for (i.e under balanced drilling) drilling will only be conducted if the pressure we exert on the well, called mud hydrostatic pressure, is greater than any pressure exerted by the formations being drilled through. When the well is in this condition it is termed that it is in Primary Well Control State. • Primary Well Control State 



- Mud Hydrostatic Pressure is GREATER than Formation Pressure



When for whatever reason the formation pressure is allowed to become greater than the mud hydrostatic pressure a kick can occur if there is fluid in the formation to flow. Even if there is no fluid present the well will eventually become unstable and collapse. If a kick occurs, the well flows, the driller will have to secure the well with the BOP’s. When this condition exists, the well is said to be in Secondary Well Control State. • Secondary Well Control State 



- Mud Hydrostatic Pressure Is LESS than Formation Pressure



The topic of Well Control will be more fully discussed in Section 9.
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6.3.3 Lost Circulation Lost Circulation is a condition where mud (partial or whole) or cement slurry is lost to formations. During the drilling of the well one of the tasks of the mud will be to seal off the formation pores as best as possible. The mud will make a seal on the face of the wellbore called a filter cake and control the amount of fluid loss to the formation. This loss is called filtration loss, measured in millilitres per 30 minutes (ml/30 min). Formation types and hole conditions, which are susceptible to losses are shown in below.



UNCONSOLIDATED



VUGULAR
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FRACTURED FORMATION



Fig 6.9 Lost Circulation 6 -11
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6.3.4 Mechanical Sticking Of Drill String Components The hole needs to be drilled so that the drill string can move freely into and out of it. A situation called stuck pipe exists when there is a problem where the drill string can not be moved in the well. This can result in much lost time and equipment. Thus it is important that the drill team knows as much as possible about potential hole problems and how to prevent, detect and get out of them. There are three classifications of mechanical sticking of the drill string (Stuck pipe). Classification of Mechanical Drill String Sticking Hole Pack Off or Bridge (Something falling in the hole & wedging the drill string) • • • • 



Not Cleaning the Hole (Mud not carrying formation cuttings out of hole) Formation Falling in (Unstable, Unconsolidated or Fracture and Faulted) Equipment Failure (Drill String Component failure) Dropped Object (Something accidentally dropped in from top of hole)



Differential Sticking (Drill String Stuck to the Side of the Hole) Wellbore Geometry (Hole shape & Angle relative to drill string design) • Change in Bottom Hole Assemble (BHA) making it more stiff • Key Seating (Severe change in hole angle/direction leading to side wall cutting) • Many small changes in hole angle and or direction • Ledges (Fractured & Faulted, Unconsolidated and Soft & Hard banded Formations) • Under Gauge Hole (OD Wear of bit caused by hard and abrasive formations) • Mobile Formations (Formations that move or creep to smaller ID)











Hole Pack Off or Bridge Hole pack off and bridge mechanical sticking can occur almost anywhere in the hole. The greatest time for this type of incident to occur would be when the circulation is stopped. Circulation helps clean the hole of the cuttings and also adds some more pressure on the hole to keep it in place. Some examples of hole pack off and bridge are shown on pages 13, 14 & 15.
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CAUSE:



HoleCleaning



DRILLED CUTTINGS ARE NOT TRANSPORTED OUT OF THE HOLE DUE TO LOW ANNULAR VELOCITY AND/OR POOR MUD PROPERTIES ROTATION



WARNING: HIGH ROP, LOW PUMP RATE, LITTLE TO NO CIRCULATING TIME AT CONNECTIONS PREVENTIVE ACTION: CONTROL ROP, MAXIMIZE ANNULAR VELOCITY MAINTAIN SUFFICIENT GEL STRENGTH AND YP



OVERPULL STUCK



PACK OFF



CAUSE:



Shale Stability



DRILLING PRESSURED SHALE WITH INSUFFICIENT MUD WEIGHT HYDROSTATIC PRESSURE 5000 PSI



FORMATION PRESSURE



WATER SENSITIVE SHALES DRILLED WITH NOT ENOUGH INHIBITION WARNING: SIGNS BEGIN TO OCCUR AS SHALE IS DRILLED ROP INCREASE WHEN FIRST DRILLED TORQUE INCREASE & DRAG ON CONNECTIONS CLAY BALLS OR SPLINTERY SHALE CAVINGS



OVERPULL



PACK OFF STUCK



PREVENTIVE ACTION: ADJUST MUD WEIGHT BEFORE DRILLING KNOWN PRESSURED SHALE MAINTAIN INHIBITION QUALITIES OF MUD MINIMIZE SWAB / SURGE PRESSURES MINIMIZE OPEN HOLE EXPOSURE TIME



Fig 6.10 6 -13
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Unconsolidated Formation



CAUSE: LITTLE OR NO FILTER CAKE UNBONDED FORMATION (SAND, PEA GRAVEL, ETC.) CAN NOT BE SUPPORTED BY HYDROSTATIC OVERBALANCE WARNING:



OVERPULL



LIKELY TO OCCUR AS THE FORMATION IS DRILLED SEEPAGE LOSS LIKELY PREVENTIVE ACTION: CONTROL FLUID LOSS TO PROVIDE AN ADEQUATE FILTER CAKE STUCK



PACK OFF



USE HIGH VIA SWEEPS SPOT A GEL PILL BEFORE POOH



Fractured Formation



CAUSE: NATURALLY FRACTURED FORMATIONS WARNING:



OVERPULL



PROGNOSED FRACTURED LIMESTONE, SHALE AND/OR, FAULTS PREVENTIVE ACTION: CIRCULATE HOLE CLEAN BEFORE DRILLING AHEAD MINIMIZE SEEPAGE LOSS BRIDGED



STUCK



Fig 6.11 6-14
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Cement Blocks CAUSE: HARD CEMENT CHUNKS FALL INTO THE WELLBORE AND JAMS THE DRILL STRING WARNING: EXCESSIVE CASING RATHOLE Overpull



CEMENT SQUEEZE JOB



BRIDGED



CEMENT KICK-OFF PLUG PREVENTIVE ACTION: STUCK



MINIMIZE CASING RATHOLE ALLOW SUFFICIENT CURING TIME REAM CASING SHOE AND OPEN HOLE PLUGS THOROUGHLY BEFORE DRILLING AHEAD



Junk



CAUSE: JUNK FALLS INTO WELLBORE AND JAMS THE DRILL STRING WARNING: JUNK STICKING CAN OCCUR AT ANY TIME DURING ANY OPERATION



Overpull



METAL SHAVINGS AT SHAKER PREVENTIVE ACTION: GOOD HOUSE KEEPING ON FLOOR INSPECT HANDLING EQUIPMENT STUCK



KEEP HOLE COVERED



INSPECT DOWNHOLE EQUIPMENT HARD FORMATION



Fig 6.12 6 -15
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Differential sticking Differential sticking occurs in permeable formations. To a large extent this occurs in the target hole section (Production reservoir section). In order to prevent this from occurring the mud will need to maintain its seal (Filter Cake) on the wellbore face. Although it is theoretically possible to get the filtration loss to zero, it is not practical and economical. Since there is always some filtration loss, differential sticking will always occur if enough time is allowed for it to happen. The sticking occurs when circulation and drill string motion is stopped allowing a seal to form around part of the drill string touching the wellbore side. Build up of the filter cake on this section occurs (see fig below). It is important to limit the drill string stoppage time when it is exposed to differential sticking sections. PERMEABLE FORMATION SANDSTONE / FRACTURED LIMESTONE



NO FILTER CAKE



OVERBALANCE



HIGH FLUID LOSS



PROGNOSED HARD/SOFT INTERBEDDED FORMATIONS FREQUENT ANGLE/DIRECTION CHANGES



FILTER CAKE



SANDSTONE 4000 PSI FILTER CAKE



HYDROSTATIC PRESSURE (HSP) 5000 PSI



CONTROLLED FLUID LOSS



A CAKE OF MUD SOLIDS DEVELOPS ON THE HOLE WALL DUE TO FLUID LOSS HIGH FLUID LOSS NOT GOOD STATIC FILTER CAKE



STATIC FILTER CAKE DYNAMIC FILTER CAKE



HSP 5000 PSI



STRING CONTACTS FILTER CAKE



HSP IS BLOCKED



1”



STRING MOTION STOPPED



LOW PRESSURE AREA DEVELOPS BEHIND PIPE



NO STRING MOTION OR CIRCULATION DEVELOPS STATIC CAKE



STATIC FILTER CAKE BUILD UP THE STATIC FILTER CAKE DEVELOPS SEALS DIFFERENTIAL FORCE BEGINS TO DEVELOP TIME DEPENDENT



LOW PRESSURE AREA



HSP 5000 PSI



AN AREA OF LOW PRESSURE DEVELOPS BETWEEN THE PIPE & FILTER CAKE



WITH TIME, THE AREA OF THE PIPE SEALED IN THE FILTER CAKE INCREASES FP 4000 PSI



4”



LOW PRESSURE AREA



OVERBALANCE PRESSURE ACROSS THE CONTACT AREA DETERMINES THE DIFFERENTIAL FORCE



DIFFERENTIAL FORCE



CAUSE: DRILL STRING CONTACTS A PERMEABLE ZONE



SIDE VIEW



WHEN STRING MOVEMENT STOPS, A STATIC FILTER CAKE DEVELOPS



STUCK



OVERPULL



4”



HIGH OVERBALANCE APPLIES A DIFFERENTIAL STICKING FORCE TO THE DRILL STRING CONTACT AREA



1,200 Sq In CONTACT AREA



WARNING: PROGNOSED LOW PRESSURE SANDS



SAND 4000 PSI



DIFFERENTIAL FORCE 189,000 LBS



25” (300”)



LONG/UNSTABILISED BHA SECTIONS PREVENTIVE ACTION: MAINTAIN MINIMUM REQUIRED MUD WEIGHT KEEP STRING MOVING WHEN BHA IS OPPOSITE SUSPECTED ZONES MINIMIZE SEEPAGE LOSS IN LOW PRESSURE ZONES MINIMIZE UNSTABILIZED BHA CONTROL DRILL SUSPECTED ZONES



Fig 6.13 6-16



BASIC DRILLING TECHNOLOGY AND EQUIPMENT SECTION 6 : DRILLING OPERATIONS



Wellbore Geometry Wellbore Geometry mechanical sticking usually occurs in the middle to lower hole sections where the smaller hole sizes exist. Unless we have to come out of the hole for a bit or BHA change all wellbore geometry sticking mechanisms are changes occurring to the hole shape. There is a rule of thumb when making changes to the drilling assembly. Rule of Thumb to Drilling Assembly When making a stiffer drilling assembly reaming will probably be necessary When making a more limber drilling assembly reaming will not be necessary



Examples for different mechanical hole sticking situations concerning wellbore geometry are shown in Fig below Stiff Bottom Hole Assembly



CAUSE:



POOH WITH LIMBER BHA



THE STIFF BHA CAN NOT NEGOTIATE HOLE ANGLE/ DIRECTION CHANGES AND BECOMES JAMMED WARNING : DOGLEG PRESENT A NEW BHA DESIGN IS PICKED UP



STUCK



PREVENTIVE ACTION: MINIMIZE BHA CHANGES, CONSIDER A REAMING TRIP LIMIT DOGLEG SEVERITY



RIH WITH STIFF BHA



STUCK



Fig 6.14 6 -17
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TE NS ION



CAUSES:



SIDE LOAD



TOOL JOINT OD



ABRUPT CHANGES IN ANGLE OR DIRECTION IN MEDIUM SOFT TO MEDIUM HARD FORMATION



WE HT



IG



WARNING: HIGH ANGLE DOGLEG IN UPPER HOLE SECTION LONG DRILLING HOURS WITH NO WIPER TRIPS THROUGH THE DOGLEG SECTION SLOT WORN TO FORMATION



PREVENTIVE ACTION:



OVE



RPU



LL



MINIMIZE DOGLEG SEVERITY TO 3/100’ OR LESS



BHA



STUCK



CAUSES: OVERPULL



STUCK



HARD / SOFT INTERBEDDED FORMATIONS



WARNING: PROGNOSED HARD / SOFT INTERBEDDED FORMATIONS



DRAG



FREQUENT ANGLE / DIRECTION CHANGES



PREVENTIVE ACTION:



DRAG



MINIMIZE BHA CHANGES MINIMIZE DIRECTION / ANGLE CHANGES STUCK



BACKREAM FREQUENTLY WHEN DRILLING HARD/SOFT FORMATIONS



Fig 6.15 6-18
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CAUSES: FORMATION WEIGHT



FORMATION WEIGHT



WARNING:



PLASTIC SALT OR SHALE SQUEEZING FORCE



SQUEEZING FORCE



OVERPULL



ST



UC



OVERBURDEN WEIGHT SQUEEZES PLASTIC SALT OR SHALE INTO THE WELLBORE



K



UC



ST



K



DRILLING SALT OR PLASTIC SHALE FORMATION SUDDEN INCREASE IN OVERPULL OR SET DOWN WEIGHT SUDDEN TORQUE INCREASE WITH FAST MOVING PLASTIC FORMATION PREVENTIVE ACTION: SELECT THE CORRECT MUD SYSTEM MAINTAIN SUFFICIENT MUD WEIGHT PLAN FREQUENT REAMING / WIPER TRIPS



SOFT FORMATION



K



UC



ST



HARD FORMATION



CAUSES: INTERBEDDED FORMATIONS SOFT ROCKS - WASH OUT HARD ROCKS - IN GAUGE



C



U ST



FRACTURED / FAULTED FORMATIONS



K AG



WARNING:



DR



HARD/SOFT INTERBEDDED FORMATIONS



C



U ST



PREVENTIVE ACTION:



K D



G RA



MINIMIZE DIRECTION / ANGLE CHANGES MINIMIZE BHA CHANGES



Fig 6.16 6 -19
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CAUSES: DRILLING HARD ABRASIVE ROCKBITPROTECTION ABRASIVE SANDSTONE



WARNING: ABRASIVE SANDS TO BE DRILLED PULLED BIT AND STABILIZERS ARE UNDER GAUGE WHEN PDC BIT FOLLOWS ROLLER CONE BIT TURN PREVENTIVE ACTION: GAUGE PULLED BIT NEVER FORCE BIT THROUGH TIGHT SPOTS REAM THE LAST JOINTS TO BOTTOM



STU



CK



SLOW TRIP SPEED BEFORE BIT ENTERS SUSPECTED ZONE



6.3.5 Failure Of Drill String Components As part of the rotating system the drill string plays an important role in ensuring the accomplishment of the work intended. There are a number of the important operating factors, which require to be taken into account when designing the drill string. These are: Drill String Design Operating Factors • Fatigue Damage Pure Fatigue - No damage caused by outside forces Notch Fatigue - Damage caused by outside forces Corrosion Fatigue - Environmental damage • 



Down Hole Vibration



• 



Stress Concentration



• 



Buckling of Drill String



• 



Wobbling & Connection Leakage
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Failures Yield Strength is not Exceeded ( 85% of Total Failures ) • • • • • • • 



Drill pipe tube fatigue failure Bottom hole assembly (BHA) connection fatigue Connection leak failure Sulfide stress cracking (SSC) failure Split box failure Mechanical Failure of speciality tools (Subs) Welding failure



Minimum Yield Strength is Exceeded ( 15% of Total Failures ) • • • • • 



Tension Torsion Tension & Torsion Combination Collapse Burst
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7.1 INTRODUCTION 7.2 



CASING DESIGN AND OPERATIONS



7.3 



PREPARING THE CASING



7.4 



USE OF POWER TONG



7.5 CEMENTING
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7.1 Introduction Once each section of the well has been drilled to its pre-determined depth, it is necessary to line this section of the well with steel casing, which is cemented on its outside to the wall of the hole.



7.2 Casing Design And Operations The main purposes of running casing are:• 



To seal off upper formations from lower ones, so that fluids cannot move upwards outside the casing.



• To protect upper weak rock formations from the high pressures which are met in deeper formations. • 



To provide a stable well with an accurately known diameter, which can be used to house other production strings.



• 



To provide a secure wellhead and containment for pressure control.



4 STRING DESIGN



5 STRING DESIGN Ground Level



Ground Level



Conductor (36" or 30")



Conductor (36" or 30")



Surface Casing (20")



Intermediate Casing (13 3/8")



Surface Casing (13 3/8")



Total Depth



Production Casing (9 5/8")



Production Casing (9 5/8")



Liner (7")



Liner (7")



Total Depth



Fig 7.1 Typical Casing Scheme
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The hole and casing diameters are: 



Casing name 







Hole diameter 



• Drive Pipe or Structural 12 1/4” to 48” Casing or Conductor • Surface Casing 8 1/2” to 26” • 1st Intermediate 5 7/8” to 17 1/2” • 2nd Intermediate 5 7/8” to 14 1/2” (production string) • Production liner 5” to 81/2” / casing / tie back casing 







Casing diameter 9 5/8” to 36”



7” to 20” 5” to 133/8” 5” to 113/4” 



5” to 7”



When a well is drilled, the top diameters are larger than those deeper in the well. As the well gets deeper, the hole size and casing diameters are reduced in stages. The hole is always larger than the casing, so that a cement bond can be pumped between the outside of the casing and the wall of the hole. A typical arrangement of hole and casing sizes is shown above. Proper selection and handling of casing tubular goods is one of the most critical phases of the overall drilling and completion operation. Selection of casing goods has many aspects. Strings must be sized so that subsequent drilling and producing operations may be carried on efficiently. At the same time, casing and tubing must be designed against failure. A tubular-goods programme is a systematic plan for proper selection and handling of casing and tubing. Drive or structural or conductor, surface, protection or intermediate, liners, and production are the five descriptive classifications of casing that may be required in drilling and completing a well. Structural or Conductor Structural pipe is usually the first string used during drilling and is set from less than 100 ft to 1000 ft below the surface (land) or mudline (offshore). This casing is set to provide a means of nippling up a mud system and to prevent surface sediments from sloughing. Since there is insufficient formation integrity to shut-in a well control problem, it is routine practice to install a diverter system on this pipe. Hole for the structural pipe may be drilled and pipe cemented to surface on land jobs, but the structural pipe called drive pipe is sometimes driven with a power hammer for swamp and offshore wells. When a power hammer is used, plain-end pipe is usually employed and welded as the joints are added to the string. These strings vary in size; however, it is normal to use 16, 20 or 30 inch pipe. Here the pipe is driven to refusal measured by hammer blows per foot (BPF). This number can vary depending on the area and surface conditions. A typical BPF figure will vary between 140 to 250 BPF.
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LAND



SURFACE OFFSHORE



SUBSEA OFFSHORE



DIVERTER SURFACE



WATER SURFACE



WATER SURFACE



SEA BED



SEA BED



SURFACE SEDIMENTS



SURFACE SEDIMENTS



SURFACE SEDIMENTS CLAY



CLAY



CLAY



BOTTOM SUPPORTED RIG



FLOATING RIG



OPS



Drill or Drive



OPS



Drill or Drive



OPS



Drill



CIRC SYS DRILLING



Water with spud Mud & Returns to Surface



CIRC SYS DRILLING



Water with spud Mud & Returns to Seabed



CIRC SYS DRILLING



Water with spud Mud & Returns to Seabed



HOLE PROBLEMS



Hole Cleaning with Loose and Weak Formations



HOLE PROBLEMS



Hole Cleaning with Loose and Weak Formations and boulders



HOLE PROBLEMS



Hole Cleaning with Loose and Weak Formations and Boulders maintain less tnan 1 degree



Fig 7.2 Conductor Pipe DATA • Hole Size 12 1/2” to 48” • 



Casing size 9 5/8” to 36” 















• 



Structural Casing (conductor) drilled & cemented (100ft to 1000ft+) 







• 



Drive Pipe Driven to refusal (less than 100ft to 400ft) Hammer blows per foot (BPF) 140 to 300 



• 



No leak off test



















FUNCTION • 



Allows circulation



• 



Allows diverter system to be hooked up



• 



Provides structural support for other casing strings, wellhead & BOP equipment



• 



Protects against rig foundation failure (washout)
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BULLS-EYES



Fig 7.3 Casing/PGB Running Sequence
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2



D NOTE: 1” - 8 NC 2” LG, SCREW (CAPTIVE) USE 3/4 ALLEN WRENCH



1



B1 4



5 G1



6



11”- 3”



Fig 7.4 7 -5
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Surface Casing The depth at which surface casing is set will generally depend on the depth of fresh water sands. Government regulations for the protection of underground reservoirs of fresh water are usually quite specific about the amount of surface casing. However, where high-pressure formations will be encountered, possible stresses resulting from these pressures must also be considered. It should be remembered that the blow-out preventer equipment is only as good as the anchor to which it is attached which in most cases, is the surface casing. The setting depth of surface casing may be only 500’ or so, but sometimes 3000ft depths are reached. These strings vary in size; however, 8-5/8, 9-5/8, 10-3/4, 13-3/8, 18 and 20 inches are the most commonly used. This string is also cemented to surface.



LAND



OFFSHORE DIVERTER OR TOP HOLE BOP’S



SURFACE



WATER SURFACE



WATER SURFACE



MARINE RISER SEA BED



SEA BED



BOTTOM SUPPORTED RIG



FLOATING RIG



Fig 7.5 Surface Casing DATA • 



Hole Size 8 1/2” to 26” 















• 



Casing size 7” to 20” 















• 



Structural Casing cemented back to surface (500ft to 3000ft+) 



















• Leak Off or Formation Integrity Test performed (LOT or FIT) FUNCTION • 



Provides pressure control option 



• 



Protects operation from: 
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Formation Instability, Erosion, Lost Circulation, Well Bore Surges
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Intermediate Casing The basic purpose of this string of casing is to provide integrity during subsequent drilling operations. This string is sometimes termed “Protection Casing”. Its usual function is to afford protection against loss of circulation in shallow formations when heavy weight mud is needed for drilling deeper. The setting depth of the protection casing should be sufficient to hold the higher mud weights expected when drilling deeper, and facilitate control of the well if a kick is encountered. These strings vary in depth and are usually 5” to 13-3/8” in size. Generally, the protective casing design will not be as strong as the production casing design.



Fig 7.6 Intermediate Casing DATA • 



Hole Size 5 7/8” to 26” 















• 



Casing size 5” to 133/8” 























• Intermediate casing cemented back to pre- determined depth inside last casing string • Leak Off or Formation Integrity Test performed (LOT or FIT) FUNCTION • 



Provides well control option 



• 



Protects operation from: 















Formation Instability Erosion Lost Circulation Well Bore Surges 7 -7
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Liners A liner is a shortened string of casing extending from the bottom of a hole to a point about 500’ above the lower end of the protection or production casing. Liners are suspended from the upper string by means of a hanger and cemented in place. Liners are subject to the same design conditions as applied to protection or production casing strings. Protection type liners normally range from 7-5/8 to 5 inch in size. The principal advantage of a liner is the lower cost, due to the fact that a short string of casing is run in the lower portion of the well instead of a complete string back to the surface. However, liners are also often used in high productivity areas to gain the benefit of the larger flow areas afforded by the large production casing in the upper part of the well. Clearance between a liner and the previous string of casing is often smaller than is usual with other casings. A liner is sometimes set in a deep hole as a production string, serving a dual purpose. Tie-back strings may be run after the hole is drilled to total depth, thus ensuring a good string of casing at the top of the hole that has not previously been used for drilling.



LAND



OFFSHORE



BOP’S SURFACE



WATER SURFACE



WATER SURFACE



MARINE RISER SEA BED



SEA BED



BOTTOM SUPPORTED RIG



BOP



FLOATING RIG



Fig 7.7 Liners DATA • 



Hole Size 5 7/8” to 12 1/4” 











• 



Liner Size 5” to 13/4” 











• • • 



Liner cemented back to liner hanger (approx. 500ft overlap) Tieback possibly cemented back to predetermined depth Leak Off or Formation Integrity Test performed (LOT or FIT)























FUNCTION • 



Provides well control option 



• • 



Protects operation from: Production Zone Isolation
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TIE - BACK CASING STRING



TIE - BACK SECTION



LINER STRING



Fig 7.8 Liner Hanger with Polish Bore Receptacle (PBR) 7 -9
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7.3 Preparing the Casing All casing, whether new, used, or reconditioned, should be handled with thread protectors in place until it is on the pipe rack at the job location. Thread protectors should be kept in place at all times during handling. The minimum procedure is to visually inspect each joint as it is rolled on the pipe rack. Pipe that has been dented or scarred should be put aside. The use of hooks in the ends of threaded pipe, even with protectors in place, usually damages the threads. Pipe should not be shock-loaded by being rolled off a truck or dropped. The higher grades of steel are particularly susceptible to damage from shock or impact loading. Enough wooden spacers, or stringers, should be placed between each layer so that the joints of the upper layers can be easily rolled. Rolling pipe along stringers requires care to see that connections do not make contact with adjacent pipe. If individual joints are not parallel to one another, the connections can be damaged even with protectors in place. Stringers must be aligned vertically and horizontally to prevent rolling and side-to-side contact. An adequate number of stringers must be used to prevent bending the pipe or compressing the lower stringers. Layers must be blocked on each side to prevent rolling. Pipe should be racked at least 12-18 inches off the ground/deck. 



Casing joints must be run into the hole in the proper order. A misplaced joint may cause complete failure and loss of the well. If any joint cannot be clearly identified, it should be laid aside until its weight, grade, and type can be positively identified.



If graded or mixed string is being used, the pipe should be placed on the pipe rack in reverse order to the order in which it will be run into the well. The last joint to be stacked on the rack will be the first to go into the well. If the string includes pipe of different thread forms, the crossover lengths should be accessible on the rack so that matching threads will fit properly. Casing Preparations & Check List • • • • • • • • • 
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Check shipping manifest and count against actual count Rack properly with wooden spacers Separate different grades Visually check for damage Measure Drift Clean Threads Prepare Handling Tools Before landing re-check amount left over casing on.
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Fig 7.9 Casing Tally Sheet 7 -11
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Measuring the Casing An important part of every casing job is the measurement, or tally, of the pipe. It is essential to have a record of how much casing is run into the well. A common error is to leave out a joint or to place one too many into the string. A careful job of tallying the pipe can help to minimise these errors. Shipping papers that accompany a string of casing to a well are the first measurement check. A rough check on the footage of pipe in a well makes use of the “threads-on” tally of the pipe that is shipped to the job. Thread make-up, of course, varies according to the size of the pipe and the type of threads, but it is usually within 1% of the total length. The net length of a string is about 1% less than the “threads-on” tally; this figure divided by the number of lengths shipped equals the average length of the joints in the string. The average length times the number of joints set in the well approximates the setting depth. 



Knowing how much casing is on a job starts with an accurate count of joints when the pipe is received at the location. A count is also made of the pipe remaining after the casing string is run. Casing in the hole must be the difference between the total number of joints that came onto the location and the number of joints on hand at the end.



The individual lengths in the string should be numbered in the order in numeric order as they are removed from the boat or truck. Different weights or grades should be clearly marked usually with by some colour method and kept separated. Each casing joint must be measured, preferably with a steel tape graduated in feet. Lengths should then be recorded on a tally sheet and blocked in groups of ten. The tape should be read to the nearest hundredth of a foot. The columns of ten are then added. Inspection of these totals quickly approximates ten times the average length of each joint. Figure 7.9 shows a type of casing tally form that may be used. In this instance each length of casing is measured twice.



7.4 Use of power tong If only a few joints of casing are to be set - for example, a short string of surface casing that can be run in only an hour or two - the regular rig crew may do the work. However, in most cases an experienced casing crew is needed; extra men are needed in any case because of the heavy equipment and materials used. Most casing crews can provide the additional equipment and tools needed to make the work go smoothly. These include a quick-release thread protector to eliminate the delay caused by a bulky metal protector that sometimes becomes fouled on the threads, a quick-opening valve for filling each joint as it is run, a pick-up line, and a derrickman skilled in the art of stabbing casing into perfect alignment for make-up. Power tongs for casing are desirable for a long string of casing, not only to save labour but also to eliminate the hazards of a spinning rope, jerk line, and cathead.
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Fig 7.10 Use of Power Tong Thread make-up torque can be controlled precisely with a power tong properly operated. Power tong dies should be clean and sharp to prevent slipping and tearing of the pipe body and should be cleaned and inspected periodically during running. Slip elevators are recommended for long strings of casing. Slips should be clean, sharp, and extra long for heavy casing strings. A safety clamp should be used in running the first joints of casing. Insufficient weight on the slips may prevent the slip segments from gripping and supporting the pipe adequately. If a slip elevator and a spider (a circular steel device that holds the slips) are employed, the slips should be checked and watched to see that all lower together.



Fig 7.11 Running Casing 7 -13
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Tools (classified as “Floating Equipment”) installed in the lower end of the casing string contain valves which prevent fluid in the hole entering the casing but permit fluid entering at the surface to be pumped through the casing into the hole. These valves also prevent re-entry of cement slurry into the casing, holding it in place behind the casing until it hardens. One or more pieces of floating equipment are usually run. A float shoe is installed on the very bottom end of the casing string and serves to guide the casing into the hole, past ledges and turns, and prevents gouging the wall of the hole. A guide shoe does not contain a back pressure valve and serves only to guide the casing into the hole. Float shoes and guide shoes have rounded noses on one end and female casing threads on the other. A float collar is installed one or more joints from the lower end instead of a rounded nose. After, both a float collar and a float shoe are used A baffle collar is similar to a float collar in external appearance but does not contain a valve, serving only to stop the cementing plug. Floating equipment is manufactured by many companies and differs only in design and construction. Some manufacturers use a ball valve and some use a spring-loaded valve with a flexible thin rubber sealing ring. These valves have proven to be reliable even when large amounts of cuttings, sand, lost-circulation material, and other debris have been pumped through it. The valve assembly and the concrete holding it in place in the outer steel case must withstand the force of hydrostatic pressure while running casing and while cementing. It must also withstand the impact force of stopping a cementing plug when it lands. Grooves machined in the outer case provide shoulders for securing the concrete. Since more hole will probably be drilled later, all parts of floating equipment inside the steel outer case must be drillable with conventional drill bits. The outer case will remain an integral part of the casing and must be as strong in burst and collapse pressures as the casing. This applies to all tools installed as an integral part of the casing string. Another type of floating equipment is the Insert Float Valve. This consists of a flapper valve and valve seat installed as a unit in a coupling between two joints of casing. This valve is usually used where strength requirements are not severe and sells for a lower price. Insert Valve Float Collars and Insert Valve Float Shoes use a flapper valve installed in a steel outer case. All internal parts of this tool are made of drillable cast aluminium. Purposes of floating equipment: 1. 



Float (provide buoyancy) casing as it is lowered in hole.



2. 



Prevent re-entry of cement slurry into casing.



3. 



Float Shoes and Guide Shoes guide casing into hole.



4. 



Provide seat for landing cementing plugs.
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Float Shoe



Guide Shoe



Plain Casing Shoe



Baffle Collar Float Collar



Fig 7.12 Floating Equipment Many times it is necessary to allow some fluid to enter the casing as it is lowered in the hole, for the following reasons: 1. 



Hydrostatic pressure of the mud increases with depth and, in deep holes, could exceed the collapse resistance of empty casing



2. 



Since all of the fluid in the hole must be displaced between closed casing and the hole, the resulting surge pressures may become greater than some formations in the hole can withstand.



3. 



The danger of hole cave-ins around the casing may require that circulation be established and cementing operations begin as soon as possible after the casing is landed. If the casing is empty when it lands, the time required to fill it from the surface may be too long. For these, and other reasons, fill-up floating equipment is run in the casing string to allow entry of well fluid at predetermined and controlled rates and to retain some buoyancy to relieve the load on the derrick.
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Differential Fill Float Collars and Float Shoes allow flow into the casing through a small flapper valve mounted “piggyback” on a larger flapper valve, but opening upwardly. The spring holding the small valve closed determines the pressure at which it opens, thus maintaining fluid level inside the casing at a constant depth from the surface.



Fig 7.13 Differential Fill Float Collars and Float Shoes A flapper valve, similar to the Insert Float Valve, is held open with a sleeve shear pinned in place while the casing is lowered. When the casing is a few joints off bottom, or whenever it is desired to stop filling, a ball is dropped down the casing. It lands on the sleeve holding the back-pressure valve open. Pressure of 900-1000 psi applied in the casing shears the pins holding the sleeve and moves it down, releasing the valve. The ball can then be pumped out of the Differential Fill Float Collar down to the Differential Fill Float Shoe, if used, releasing it also. Circulation can now begin and the cementing operation performed. The back-pressure valves prevent re-entry of cement slurry into the casing. (see fig 7.13) 7 -16
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Centralisers hold the casing away from the wall of the hole. They help to ease the casing into the hole and provide clearance all the way around the casing to minimise mud channelling through the cement slurry.



Bow type Centralizers



Positive or Rigid type Centralizers



Fig 7.14 Centralisers One type used widely is the S-3 which consists of several spring steel bows welded to steel end rings. S-3’s are usually spaced one per joint of casing which will be set through producing zones, weak zones, or wherever a good cement sheath is critical. Closer spacing may be necessary in sections of hole deviated from vertical. A variation of the S-3 is the Fluidmaster which has reflector vanes in the flow stream. The resulting swirling action in the vicinity of this centraliser helps the cement slurry remove mud from the wall of the hole, improving the bond. The SlimHole type is used where the hole clearance is too small to use a bow-spring centraliser. It has stiff steel ribs instead of bow springs. Although it does not centre the casing in the hole it does assure some stand-off all the way around the casing. (see fig 7.14) 7 -17
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Wall Cleaners, often called “scratchers”, are installed on the outside of the casing to mechanically remove mud filter cake from the wall of the hole with spring steel spikes or cables. Two main types are used. The“Rotating Wall Scratcher cleans by rotation of the casing during the cementing operation. It may be welded to the casing or clamped. Reciprocating Scratchers clean the hole when the casing is reciprocated during the cementing operation. There are two main types: one has spring steel spikes and the other uses loops of steel cable. The cable type scratcher is not hinged and is slipped over the end of a joint of casing. Each Reciprocating Scratcher is anchored to the outside of the casing with nails driven between its body and the casing. (Fig 7.15)



Fig 7.15 Scratchers A) Rotating B) Reciprocating Most centralisers are hinged for easy installation around the casing and fit loosely so the casing can be rotated during the cementing operation. A centraliser should be installed over a casing coupling or a clamp so it will be pulled, not pushed, into the hole. Drilling mud and cement are not compatible and a good cement bond depends upon removal of mud cake from the wall of the hole. Mud can form stringers through the cement forming channels for fluid migration and should be prevented by “cleaning” the wall. In addition to the use of mechanical cleaners, or even without them, movement of the casing, 7 -18
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either rotation or reciprocation, during the cementing operation greatly increases the ability of the cement slurry to completely displace the mud, and helps to prevent mud channels through the cement. Mechanical cleaners on the casing agitate the mud, even in washed-out sections of hole, making it even easier to be displaced with cement slurry. Mud removal can also be helped by pumping the cement slurry at a rate high enough to induce turbulent flow. This will be further discussed at another session. A Clamp is used to securely anchor or limit the travel of the various casing attachments described. The two halves are hinged together and are wrapped around the casing. Hammering the draw key of one half into the slot of the other draws the clamp tight around the casing. Hard dogs inside each half grip the casing, preventing movement in either direction.



Multiple Stage Cementer



Purposes of Casing Attachments 1. 



Centralisers provide clearance around casing for uniform cement sheath.



Cement Basket



2. 



Wall Cleaners remove mud from wall of hole mechanically by rotation or reciprocation of casing.



S-3 Casing Centraliser



3. 



Cement Baskets help support the weight of cement slurry.



Weak Porous Formation



4. Clamps secure attachments to casing.



Guide Shoe







Fig 7.16 Cement Baskets



Cement Baskets are auxiliary equipment installed on the outside of casing to help support the weight of cement slurry until it sets. They are used above weak zones which may break down
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under the hydrostatic pressure of the cement slurry. The canvas liner, supported by steel staves, filters out the cement solids forming a bridge between the casing and hole It is free to slide between casing couplings so it will not be damaged when reciprocating or rotating the casing. A device called the cementing head, or plug container, is made up on the top joint of casing that is hanging in the elevator (see fig 7.17). 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.



Fig 7.17 Cementing Heads Essential elements to a good cementing job are the cementing plugs. These devices fit tightly in the casing and wipe it clean of the preceding fluid and separate the fluids, preventing their intermixing The bottom plug enters the casing ahead of the cement slurry wiping mud from the casing wall and keeps it ahead of the bottom plug. A sheath of only 1/65” (.015) of mud on the casing wall will fill 12.6 feet per 1000 feet of 5 1/2” casing or 9.9 feet per 1000 feet of 7” casing. When the bottom plug lands, usually on the float collar or float shoe, its diaphragm will burst at 300-400 psi, allowing the cement to be pumped through the float collar, down the casing, and into the annular space between the casing and hole. The burst pressure of the diaphragm is high enough that premature bursting before the plug lands is not likely.
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Sometimes a customer does not want to use a bottom plug. In these cases it is good practice to precede the cement slurry with a water or chemical flushing fluid to clean the casing. This is not as effective as the mechanical wiping action of the bottom plug but it will reduce the amount of contamination. The top plug follows the cement slurry wiping it from the casing wall. When it lands, either on top of the bottom plug or, if no bottom plug was used, on the float collar or shoe, it shuts off the flow of fluid. Further displacement of cement is prevented and the increase in surface pressure signals the cement is in place. It is good practice to place a float collar one or more joints from the end of the casing to be sure the tail end of cement which may be contaminated (especially if no bottom plug is used) will remain inside the casing and not in the annulus where good cement is needed. The valve in the float collar, or shoe, prevents return of the cement slurry into the casing. Plugs made of wood bodies, belting wipers, and rubber cups were among the first used in cementing wells and are still used in many areas where they will be drilled out with cable tools. A successful cementing job depends in large part on positive shut-off by the plug following the cement to prevent over-displacement and to signal completion of the job. RUBBER DIAPHRAGM



CAST ALUMINIUM HOLLOW CORE



SOLID CORE



MOULDED RUBBER BODY



Bottom Plug Wipes mud from casing ahead of cement slurry. Diaphragm burst at 300-400 psi



Top Plug Wipes cement slurry from the casing ahead of displacement fluid, normally mud. Solid construction for bumping & testing casing.



Fig 7.18 Cementing Plugs
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7.5 CEMENTING Oilwell cementing is the process of mixing and placing a cement slurry in the annular space between a string of casing and the open hole. The cement sets, bonding the pipe to the formation A good cement job is essential to the effective producing life of a well. Poor cementing operations can result in a failure to isolate the subsurface zones or cause corrosion failures in production equipment. Because the effectiveness of a cementing operation can be affected by many factors - such as contaminated or incorrect amounts of water, use of improper cement, hole enlargement, mud channels, and others - careful planning is necessary. Cementing procedures may be classified into primary and secondary phases. Primary cementing is performed immediately after the casing is run into the hole. Secondary cementing includes plug-back to another producing zone, plugging a dry hole, and formation squeeze cementing. Although these secondary cementing jobs are performed as a part of well servicing and workover, they will be briefly discussed at the end of this lesson. The main functions of primary cementing are1. 



to restrict fluid movement between formations and the surface;



2. 



to provide support for the casing;



3. 



to prevent pollution of freshwater formations; and



4. 



to prevent casing corrosion.



Mixing Cement Dry cement is mixed with water to form slurry. It is important to use the purest water available when mixing slurry. Any water clean enough to drink is suitable for cement; but the supply must be ample, and the pumping rate to the cementing unit should be satisfactory. If water from the local area, from its lakes or rivers, is used, the slurry’s setting time should be tested before it is pumped downhole. The cements setting time is affected by water impurities such as chlorides or silt - particularly at depths of 10,000 feet or more. Chemicals sometimes found in lake water (e.g. humic acid) or in rig water (e.g. phosphates, tannates, or other thinners) can retard the setting time of cement. If the quality of the water is questionable, samples should be obtained for chemical tests on some of the cement to be used. Seawater may also be used with oilwell cement. Seawater mixed with cement causes an increase in early strength, but the rate of increase over time decreases. Consequently, at the end of a given period, say 28 days, this cement will not be as strong as if fresh water had been used, even though it was initially stronger. The temperature range for the slurry should ideally be between 60°F and 90°F as it goes into the wellbore. If water temperatures are much below 60°F, as in cold climates or winter conditions, the setting time of the slurry may be retarded. A viscous slurry with a shorter pumping time will usually result if water above 100°F is used in mixing the cement. 7 -22
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Cement Mixers There are three cement mixing systems in use today. These are : • • • 



Recirculating Mixer Hydraulic Mixer Batch Mixer.



The recirculating mixer is the most commonly used system for cement mixing today. It is widely used because it produces a smooth and homogeneous cement slurry. The recirculating mixer operates by forcing dry cement and water into a mixing chamber (see fig 7.19). The dry cement is wetted and mixed with the water. Then the wet cement is mixed with recirculated slurry. After the cement and water are thoroughly mixed with the recirculated slurry, part of the mixture is pumped to displacement pumps, and a part of the mixture, which is now slurry, is recirculated to be mixed with more dry cement. WATER SLURRY



BULK-CEMENT CONTROL VALVE BULK-CEMENT INLET



MIXING WATER INLET



EDUCTOR TUBING



AGITATION JET



SLURRY TO DISPLACEMENT PUMPS



CENTRIFUGAL PUMP



Fig 7.19 Recirculating Mixer 7 -23
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The hydraulic jet mixer was the first system used widely for mixing cement and is still used to some extent today. 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 (see fig 7.20). Mixers of this type are simple in design, reliable, and rugged in operation.



CEMENT HOPPER BAFFLES BYPASS HOSE



MIXING CHAMBER



MIXER HOSE



WATER NOZZLE ADMITTING A JET OF WATER FROM THE PUMP



PUMP SUCTION SUMP



DISCHARGE LEADING TO CASING



Fig 7.20 Hydraulic Jet Mixer



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 (see fig 7.21). The batch mixer is used to prepare specific volumes of slurry to exacting well requirements. CEMENT INLET CONTROL VALVE



BULK CEMENT SUPPLY



OPEN TANK HATCH



WATER INLET CONTROL



MIXING TANK



SLURRY VALVE DRY BULK CEMENT



AGITATED SLURRY



EXPANDING AIR BUBBLES



TO DOWNHOLE PUMP SUCTION



AIR SUPPLY VALVE



Fig 7.21 Batch Mixer 7 -24
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FROM BOAT OR TRUCK LOADING STATION



TO CASING



P. TANK



CMT. STANDPIPE DRY BULK STORAGE TANK



DRILL FLOOR



DRY BULK STORAGE TANK



RECIRC. MIXER



POWER END



POWER END



SURGE TANK



CMT. PUMPS



TANKS



RECIRC. MIXER CENT. PUMP



Fig 7.22 7 -25
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STANDARD ENGINE Detroit Diesel 12V 71 with N70 injectors Maximum rated power: 471 BHP at 2100 RPM Maximum torque: 1220 lb/ft at 1783 RPM FLUID END plunger size Working pressure max Pump rate max (4.125 ratio)



TRANSMISSION Detroit Diesel Allison model CLT 754 Torque converter model TC498 Efficiency in lock-up operation 95% 3” (psi) 19,000 (bar) 1,290 (BPM) 7.08 



3 3/4” 12,200 830 11.09 



POWER END Model MD1000 Hydraulic HP 1000 Weight 5980 lb (2720 kg)



4 1/2” 8,500 580 15.04 



5” 6,800 460 19.68



Weight 2200 lb (1000 kg) 



SCS-R600 Normal performance (2x 370) HHP Typical Weight 47,500 lb 



The photograph above shows an SCS-R600 with optional extra equipment fitted. This particular unit was designed to meet stringent North Sea conditions and has been type approved by DNV. Fig 7.23 Cementing Unit 7 -26
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CEMENTING OPERATIONS Cementing is the process whereby a layer of cement is pumped into place between the outside of the casing and the wall of the hole. This would give an average thickness of about 1.3 inches of cement if 9.625” casing is centrally located and cemented in 12 1/4” hole. The cement is prepared as a cement slurry by the cementing unit operated by a cementing service company. For rapid mixing of the slurry a cement mixing system is used to feed the HP cement pumps. When a string of casing is being cemented the system is rigged up with a cementing head at the top of the casing. This head allows cement to be pumped into the inside of the casing. It also contains soft rubber/aluminium wiper plugs and plug release mechanisms. The bottom wiper plug has a thin diaphragm, which can be burst by extra fluid pressure. In addition, there is usually a flotation collar or casing shoe located at or near the bottom of the casing string. The simplified sequence of operations is:• 



Hook up cementing unit and cementing head.



• 



Pump a cleaning or spacer fluid into the casing ahead of the bottom plug.



• 



The bottom plug is released and cement is pumped down behind this plug. As it goes down it pushes the spacer fluid ahead of it and this passes through the valve in the float collar of the casing into the annulus on the outside of the casing.



• 



After the correct quantity of cement slurry (lead and tail) has been pumped in behind the bottom plug, the top plug is released. It is then pumped down the casing by a displacement fluid (usually mud), and it continues to push the first plug and cement ahead of it.



• 



Eventually the bottom plug stops when it reaches the float collar, with a non-return valve located in it, near the bottom of the casing string.



• 



When the bottom plug is located in the float collar, pump pressure is increased and the diaphragm is burst. This allows cement held above this plug to pass through it.



• 



Pumping of the displacement fluid is continued behind the top plug which pushes cement through the bottom plug and on into the annulus. When the top plug reaches the bottom plug, it stops and the setting period for the cement starts.



This sequence of stage cementing is shown on pages 29 - 31 This leaves 2 plugs at the bottom of the casing string. If it is then intended to drill further below the casing with a smaller bit size, the drill bit quite easily drills through the rubber/aluminium plugs and the cement. Allowing sufficient time to perform the entire cementing operation is extremely important. Consideration of down hole pressure and temperatures must be made to compensate for its effects on the cement setting up. All these factors will be used to calculate the pumping time with a safety factor added in. 7 -27
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TOP PLUG



TOP PLUG



BOTTOM PLUG



BOP



BOP



CASING



CASING



CASING



CASING



MUD



LEAD CEMENT



MUD PREFLUSH BOTTOM PLUG



MUD MUD



MUD



FLOAT COLLAR



FLOAT COLLAR



CENTRALIZER



MUD



GUIDE SHOE



GUIDE SHOE



Initial Circulating after landing casing and prior to cementing



Fig 7.24a. Cementing Operations
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TOP PLUG



BOP



BOP



CASING



CASING



CASING



CASING



TAIL CEMENT



MUD



LEAD CEMENT



TAIL CEMENT DIAPHRAGM RUPTURE



TOP PLUG BOTTOM PLUG
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FLOAT COLLAR



PREFLUSH
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CENTRALIZER
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MUD
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CENTRALIZER
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Job in progress with lead cement pumped and tail cement being pumped



Job in progress with cement being displaced with mud
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BOP CASING CASING MUD



SOLID TOP PLUG



LEAD CEMENT
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LEAD CEMENT FLOAT COLLAR



MUD VALVE CLOSES



TOP PLUG



BOTTOM PLUG



TAIL CEMENT FLOAT COLLAR



CENTRALIZER TAIL CEMENT



GUIDE SHOE



Job in progress with cement being displaced with mud
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8.1 Introduction Directional drilling has a wide variety of applications. Each well has a tailored plan to meet its particular circumstances. Various details will come into play in designing the well path. Consideration for reservoir location, surface accessibility, formation hardness and equipment availability will all play roles in meeting the wells needs. Directional drilling began probably as far back as the turn of the 19th century, however, the first recorded application of controlled directional drilling was performed in 1930’s, on the California coast in the USA. Methods and tools were crude and results were poor. Mostly, it was used to go around something that was stuck in the hole. Attempts were made using jetting techniques or kicking off with the use of a whipstock tool (wedge device to change the existing well direction). Different rotary assemblies along with early surveying methods were developed to control the well path. Technology has advanced quite a bit since the early days of directional drilling. Today’s wells are being designed more and more with directional drilling techniques and tools. Perhaps the greatest impact has been with the evolving use of down hole steerable mud motors, measurement while drilling (MWD) and logging while drilling (LWD) equipment. These tools and modern day methods, which combine with 3-D computer modelling, go a long way in achieving good results with the minimum of non-drilling time.
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8.2 So Why Drill a Directional Well? It is much easier to drill a straight vertical hole then it is to drill a directional hole. However, there exist situations were the use of directional drilling techniques are desirable. 







Multiple directional wells drilled from an offshore platform 



Fig 8.1 Drilling from onshore rig to offshore reservoir



Fig 8.2 Drilling of blowout relief wells



Fig 8.3 
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Drilling around geographical and geological obstructions A



C B



Fig 8.4 Drilling through and beneath a fault A



B



Fig 8.5







A - Producing several reservoirs with a single well B - Correcting unwanted deviated hole C - Bypassing a stuck fish D - Selecting a producing zone E - Drilling a horizontal drain hole



B



A



C D



E



F



Fig 8.6



8 -3



BASIC DRILLING TECHNOLOGY AND EQUIPMENT



SECTION 8 : DIRECTIONAL DRILLING



Types of Directional Wells : Essentially, most directional wells belong to one of the following types; • Slant Well Type 1 • “S“ Well Type 2 • “J“ Well Type 3 • Horizontal Well Type 4 • Extended Reach Drilling (ERD) Well Type 5



Slant Wells - (Type I) The Type I wells (Fig 8.7) is deflected near the surface to a specified angle, then continued to total depth at the same angle. It is often used for moderately deep wells where the oil-bearing rock is a single zone and intermediate casing is not required. In a deeper hole requiring a large offset, intermediate casing may be set through and beyond the curved section and uncased hole drilled at the same angle to total depth.



TARGET ZONE



Fig 8.7 8 -4
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“S” Well (Type II) Type II is an S-shaped hole (Fig 8.8). After the initial deflection, the hole is drilled to a specified drift angle and deflected back to vertical to reach target. Intermediate casing may be set through the second deflection and the rest of the hole drilled vertically to total depth. A Type II hole is used where gas zones, salt water, or other factors call for an intermediate casing string. It is sometimes used to locate a blown-out well to aid in drilling a relief well. It also allows accurate bottomhole spacing where many wells are drilled from the same surface location, as in offshore drilling.



Fig 8.8 “S” WELL (Type II) “J”Wells (Type III) A Type III well is J shaped (Fig 8.9) and deflected from the vertical at greater depth than a Type I or II well, but horizontal deviation is usually less. Hole angle usually continues to build until the target is reached. The deflected part is normally uncased. Type III wells are useful for drilling beneath salt dome over-hangs, for multiple exploration holes and for deep targets.



Fig 8.9 “J”WELLS (Type III) 8 -5
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Horizontal Well Type 4 These type of wells can be developed from the types 1,2 & 3 . The well basically moves off the vertical and enters the producing zone (s) travelling along parallel to the bedding plane. There are different classifications of horizontal wells, however , the following table can be used as a guide.



0 8˚ rate Long radius



Medium Radius 30˚ rate



Intermediate Radius 60 ˚ rate 30˚ rate



8 ˚ rate



1000



Depth ft



classification



2000



Short Radius 200 ˚ rate 60˚ rate



Build Rate (˚/100ft)



Long



2 to 8



Medium



8 to 30



Intermediate 30 to 60 3000



2˚ rate



Short



Fig 8.10 Horizontal Well Classification
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Extended Reach Drilling Well



Fig 8.11



ERD Well is reached when horizontal displacement becomes twice the vertical depth.



HORIZONTAL DISPLACEMENT
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ERD WELL



4000



6000



8000



10000



12000
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20000



22000



24000



The general definition for this class of well is when the distance off the vertical is greater than twice the vertical depth. These type of wells can be developed from all of the other.
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8.3 Terminology The kick off point (KOP) is the beginning of the build section. A build section is normally stated at a constant buildup rate (BUR) until the desired hole angle or end-o-build (EOB) target location is reached. BUR is normally expressed in terms of degrees per hundred feet (˚/100 ft) or ˚/30 metres expressed by the measured change in angle divided by the measured depth (MD) drilled. Hole angle, or inclination, is expressed in terms of the angle of the wellbore from vertical. The direction, or azimuth of the well is stored with respect to a reference plane, usually true North. The location of a point in the well is generally expressed in coordinates with the wellhead or the rig’s rotary kelly bushing (RKB) as the reference location. True vertical depth (TVD) is expressed as the vertical distance below RKB. Departure is the distance between two survey points as projected onto the horizontal plane.



8.4 Deflection Tools and Methods A deflection tool is a drill string device that causes the bit to drill at an angle to the existing hole. Deflection tools are sometimes called kickoff tools because they are used at the kickoff point (KOP) to start building angle. There are many different types of deflection tools, ranging from the primitive (but rugged) whipstock to the state-of-the-art downhole motor. The choice depends upon the degree of deflection needed, formation hardness, hole depth, temperature, presence or absence of casing, and economics. The most important factor is the formation in which the deflection is to be made, because it is the only factor beyond control. Deflection tools cause the bit to drill in a preferred direction because of the way the tool is designed or made up in the drill string. The tool face is the direction in which the bit tends to drill. It is usually marked with a scribe line. The tool face must be oriented, or turned in a particular direction, to deflect the hole as desired. It is important to remember that the direction the tool is faced is not necessarily the same as the desired hole direction. Whipstocks The earliest deflection tool was a tapered slab of wood placed in the bottom of the hole to force the bit toward one side. It was called a whipstock because it resembled the handle of a whip. A typical modern version, such as the casing whipstock shown in Fig 8.12, is made of steel and has a tapered concave groove (the tool face) to guide the rotating bit against the casing. It builds hole angle 2° to 3° over its 6-ft to 12-ft length.
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Consists of : • Wedge shaped street casing • A rat hole bit (mill) • A stabiliser & shear pin sub • A joint of flexible drill pipe • A non magnetic pup joint (orienting sub)



STARTING MILL



SHEAR PIN



Purpose: • Build hole angle 2° to 3° over its length (6ft to 12ft) 



WEAR PAD OR LUG



CASING WHIPSTOCK



WHIPSTOCK ANCHOR ASSEMBLY WHIPSTOCK PACKER ALIGNING KEY 4FT TO 8FT PUP JOINT BULL PLUG



Fig 8.12 Casing Whipstock A variety of whipstocks are available for special purposes. A non retrievable whipstock, for instance , may be used to bypass a stuck fish; it is left in place after the deflection has been accomplished. A retrievable whipstock, on the other hand, is tripped out with the bit. A circulating whipstock directs fluid to the bottom of the hole to flush out cuttings and ensure a clean seat for the tool. Retrievable whipstock: The whipstock assembly consists of : • A removable wedge-shaped steel casting having a tapered concave groove down the side and a chisel point at the bottom • A rat hole bit (smaller O.D. bit) • A stabilizer and shear pin sub • A joint of flexible drill pipe • A non-magnetic pup joint (orienting sub) After the pin is sheared, the bit is drilled down the face of the whipstock with a minimum of weight and with 40 - 50 RPM. The pump pressure will be in the range of 800 - 1000 psi. 12 feet of rat hole is drilled below the toe of the whipstock before the assembly is pulled out and the hole is opened to the regular OD Hole with a hole opener (and bit ) 8 -9
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One drawback of a whipstock is that it drills an undergauge hole that must be reamed out in a separate operation (Fig 8.13), requiring more trip time. It may turn in the hole; several orientation surveys may be needed to determine whether it is seated properly. Another disadvantage is that only 15 to 20 feet of hole can be drilled at a time. As a result, whipstocks have been largely supplanted by more sophisticated directional tools and are now used only in unusual situations. Types • Retrievable - Wedge Pulled Out Of Hole • Non Retrievable - Wedge Left In Hole Drawbacks • Drills Under Gauge Hole • May Require Several Orientation Surveys To Seat Properly • Only Drills 15 To 20 Feet Of Hole Note: Mostly Replaced With Other Tools



Fig 8.13 Drilling operation with whipstock Jet deflection bits Where formations are relatively soft, a jet deflection bit can be used to deviate the hole. A conventional roller cone bit is modified by equipping it with one oversize nozzle and closing off or reducing others, or by replacing a roller cone with a larger nozzle (Fig 8.14). The bit is run into the hole on an angle-building bottomhole assembly (discussed later). The tool face (the side of the bit with the oversize nozzle) is oriented in the desired direction, the pumps started, and the drill string worked slowly up and down, without rotation, about 10 feet off bottom.
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Fig 8.14 Jet deflection roller cone bit This action washes out the formation on one side (Fig 8.15). When rotation is started and weight applied, the bit tends to follow the path of least resistance i.e. the washed-out section. Extra weight is applied to bow the drill collars, and drilling continues until the correct hole angle is attained.



Procedure : • Jet • Rotate with downweight Drawbacks : • Soft formations only • Hard to control direction



Fig 8.15 Deflection hole with jet deflection bit 8 -11
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Downhole motors The most commonly used deflection tool - the downhole motor, (or mud motor) or turbine with bent assembly has several advantages over older types of deflection tools. A downhole motor drills full-gauge hole, so follow-up reaming or reboring is not needed to open the deviated hole to full gauge. It can be used to make multiple deviations without coming out of the hole, to make course corrections after the well has been kicked off, to drill through bridges (obstructions), and to clean out bottomhole cuttings before beginning a deviation. It operates without drill string rotation and so reduces rig maintenance. It also drills efficiently at high speed, mud motor and turbine 200 - 400 rpm’s compared to 50-250 rpm with conventional rotation. Types: • Mud motors PDM (Positive Displacement Motors) 200 -400 rpm’s • Turbine 1000 - 1200 rpm’s Advantages: • Cuts full gauge hole • Can make multiple deviations • Runs at high rpm’s • Delivers high torque at bit The positive-displacement motor (PDM) Both types are powered by the flow of drilling fluid (mud, water, or air) down the drill string. Its two basic parts are a stationary stator and a rotating rotor (Fig 8.17) Drilling fluid is pumped downward between the rubber-lined spiral stator and the wave-shaped rotor, forcing the rotor to turn and to transmit the power of the flowing mud to the bit. A dump valve opens when there is no circulating pressure in the drill string. allowing drilling fluid to bypass the motor and fill or drain from the drill string during tripping. When the pump is started, pump pressure closes the valve to direct fluid through the motor. After the motor has been run into the hole and started, the bit is set on bottom. In a positivedisplacement motor, drilling torque is proportional to the pressure loss through the tool; in other words, the higher the pressure loss, the greater the torque. Conversely, circulating pressure increases as more weight is applied to the bit; excessive weight will stall the motor, so drilling with this tool requires coordinating available pump pressure and weight on bit. The drill string is not allowed to rotate while the deviated section is being drilled but may be rotated slowly when straight hole is being drilled.
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Fig 8.16 PDM A development of the simple helical shaft PDM is the multilobe shaft PDM. The shaft is a helix along its long axis but in cross section has a number of lobes. These multilobe motors may be coupled to a gear train to reduce the output speed and produce a low speed, high torque output PDM.



Fig 8.17 PDM Shaft
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Downhole Turbine The other principal type of mud motor, the downhole turbine, operates only with a liquid drilling fluid, such as mud or salt water. The downhole turbine motor contains bladed rotors and stators (Fig 8.18). The stators are attached to the outer case, the rotors to the drive shaft. Each rotorstator pair is called a stage; a typical motor has 75 or more stages. The stators direct the flow of drilling mud onto the rotor blades, forcing the rotors and drive shaft to rotate to the right.



Fig 8.18 Downhole Turbine
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Bent Sub/Flexible Joint A standard downhole motor is not, by itself, a deflection tool. To deviate the hole, a bent sub is made up in the drill string between the drill collars and the downhole motor (Fig 8.19)



Fig 8.19 Positive Displacement motor Deflected with Bent Sub 8 -15
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A bent sub is a short collar with its pin and box threads cut concentric with an axis bent 1° to 2 1/2° offline (Fig 8.20). The tool face of the downhole motor assembly is the direction the sub is bent, usually marked with a scribe line for precise alignment.



BENT SUB



TURBINE SECTION



REPLACEABLE BEARING SECTION



Fig 8.20 A flexible joint (Fig 8.21), which is run into the hole straight and kicked off at an angle downhole, is sometimes used in place of a bent sub.



Fig 8.21 Flexible joint 8 -16
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A positive-displacement motor can also be built with a housing bent 1° to 2° offline (Fig 8.22).



Fig 8.22 Positive-displacement motor with bent housing 8 -17
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Bottomhole Assemblies It is common practice now to drill long sections of curved or straight hole with downhole motors. However, for economic or other reasons, it may be advantageous to drill as much of a deviated well as possible with a conventional rotating drill string. If the hole is not curving at a satisfactory rate, the drill string may have to be tripped out and modified. Making a special trip to run in a deflection tool can often be avoided by using an appropriate bottomhole assembly and adjusting weight on bit, rotary speed, and circulation. The term bottomhole assembly (BHA) refers to a combination of drill collars, stabilizers, and associated equipment made up just above the bit. In directional drilling, particularly during rotating, the BHA used affects whether hole angle increases, decreases, or remains the same. Except with a jet bit, a rotating BHA cannot be used to control horizontal direction or to kick off a directional hole; but specific BHAs are useful for changing the drift angle of a wellbore that is already deviated. All parts of the drill string are flexible to some degree. Standard drill pipe is very limber and bends easily under compression; for that reason; for that reason the upper drill string is normally kept in tension while drilling. But even large, heavy drill collars used at the bottom of the drill string are limber enough to bend where they are unsupported. Ideally, altering the BHA in a particular way enables the driller to control the amount and direction of bending and thereby to increase, decrease, or maintain drift angle as desired. Drilling large-diameter directional holes - 8 1/2 to 12 1/4 inches - are usually easier than drilling small-diameter holes. Larger drill collars and pipe are stiffer and therefore less subject to sagging or bending and being thrown off course by the formations being drilled. They also weigh more, giving the driller a greater usable weight-on-bit range. Although their large surface area makes them more likely to become wall-stuck, their advantages so outweigh their disadvantages that their use has become standard practice in directional drilling. Conventional Bottom Hole Assemblies (BHA’s) • Building = Fulcrum Assembly • Dropping = Pendulum Assembly • Holding = Packed Assembly
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Design And Configuration A stabilizer made up just above the bit acts as a fulcrum. In holes inclined 3° or more off vertical, the drill collars above the fulcrum sag toward the low side, forcing the bit toward the high side and increasing hole angle as drilling progresses (Fig 8.23). This tendency is called the fulcrum effect. BHAs using the fulcrum effect to increase hole angle are also called building assemblies. The rate of angle buildup with a fulcrum assembly can be controlled by selecting an appropriate collar size, using short collars or subs between the stabilizer and the bit, distributing other stabilizers appropriately above the bottom drill collars, and adjusting weight on bit and circulation rate. The more limber the assembly is above the fulcrum, the faster the hole angle builds. Smaller-diameter drill collars sag and bend more readily than larger-diameter collars. Applying more weight causes the BHA to bend further in the direction of the initial sag. Using only enough circulation to clean the bit and stabilizer builds angle fastest, especially in soft formations.



Fig 8.23 8 -19
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Pendulum assembly In a limber assembly supported by a stabilizer one or two collars above the bit instead of a near-bit stabilizer, the drill collars tend to hang vertically below the stabilizer (Fig 8.24). In a slanted hole, gravity forces the bit against the low side, tending to decrease hole angle as drilling progresses. This principle is known as the pendulum effect. A pendulum BHA used to reduce drift angle is sometimes called a drop assembly. (The pendulum effect is also used to maintain a straight course in crooked-hole country.)



Lowest string stabilised



Fig 8.24 Pendulum effect In a pendulum assembly, the distance that the stabilizer must be placed above the bit depends upon the stiffness of the drill collars. If a smaller-diameter, limber collar is used, the stabilizer should be placed lower in the drill string to keep the collar from sagging against the hole wall. The pendulum effect is nullified if the drill collar contacts the low side between the bit and the stabilizer. Smaller-diameter collars also exert less weight on the bit, reducing the rate of penetration. To prevent sagging in highly deviated holes, the stabilizer may have to be placed so low that the bit exerts little or no force on the low side. In some cases, an undergauge stabilizer placed near the bit will cause a gradual drop in angle; however, if all else fails and angle cannot be decreased as desired, it may become necessary to trip out and run in a deflection tool. To continue making hole at a satisfactory rate, a driller may have to use faster rotary speeds; but faster rotation may also increase the tendency of the bit to deviate the hole, depending on hole inclination, geologic structures being penetrated, and other factors. To drop angle at a satisfactory rate, the driller must maintain a delicate balance between the desired rates of penetration and dropoff.
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Packed-hole assembly Doubling the cross-sectional area of a collar increases its stiffness eight times. To maintain hole angle, the driller may use a combination of large, heavy drill collars and stabilizers to minimize or eliminate bending, thus eliminating both the pendulum and the fulcrum effects. Such a BHA is called a packed-hole assembly or stiff assembly (Fig 8.25). Three stabilizers BHA (full gauge) FG
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Fig 8.25 Stiff bottomhole assembly 8 -21



BASIC DRILLING TECHNOLOGY AND EQUIPMENT



SECTION 8 : DIRECTIONAL DRILLING



Downhole motor assembly A downhole motor may be used not only to change hole angle and direction but also to drill the straight (vertical or inclined) sections of a directional hole. When a downhole motor is used to maintain angle, blade-type stabilizer ribs may be welded onto the lower end of the housing and a full stabilizer made up just above it. To eliminate static friction and transmit the specified weight to the bit, the drill string is sometimes rotated slowly when a downhole motor assembly is being used to drill straight ahead - that is, when a bent sub or bent motor housing is not being used.



DROP ASSEMBLY



BUILD ASSEMBLY



Fig 8.26
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8.5 DIRECTIONAL DRILLING TRACKING Universal Bottom Hole Orienting Sub (UBHO) The UBHO or orienting sub may be steel drill collar stock or NMDC bored out to receive an orienting sleeve which may be positioned with its key-way in any orientation and locked in place with allen bolts, this may then be used to indicate the position of a bent sub or whipstock orientation. On running a survey instrument into the sub the muleshoe will be aligned with the key in the orienting sleeve and enable the relationship between the tool orientation or tool face and hole direction (or highside) to be established. When positioning orienting subs in a drilling assembly, special attention should be paid to ensure that all internal diameters above the UBHO subs are larger than the survey instrument OD and that any restrictions, float subs, MWD tools etc, are below the UBHO sub. Reactive Torque Downhole motors, unlike other deflection tools, are subject to reactive torque - the tendency of the drill string to turn in a direction opposite that of the bit. As the stator deflects drilling fluid to turn the rotor to the right, the stator itself is subjected to a left-turning force. Depending upon the length of the drill string and the type of formation being drilled, the drill pipe will twist or wind up when power is applied to the bit, causing the tool to drill toward the wrong direction. The driller learns by experience how much to compensate for reactive torque. A common rule of thumb is to allow 10° per 1,000 ft in drilling soft formations and 5° per 1,000 ft in hard formations. In other words, the motor is faced 5° or 10° to the right of the desired direction per 1,000 ft MD. Then, when the motor is started and weight applied to the bit, reactive torque will turn the tool back to the desired direction. Steering tool/Side-entry sub A deflected downhole motor is often used in combination with a steering tool (Fig 8.27). The instrument is lowered into the nonmagnetic drill collar by wireline. At the surface, the wireline passes through a circulating head that, since the drill string is not rotated, is used in place of a kelly. The instrument must be tripped out to add pipe to the drill string. Usually, two or three joints are added at a time to avoid having to trip the instrument and reorient the tool so often. WIRELINE TO SURFACE READOUT



Reactive Torque (Rule of Thumb) 10˚ per 1000 Ft in soft formation
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Fig 8.27 Schematic diagram of downhole motor with steering tool 8 -23
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Using a side-entry sub (Fig 8.28) allows the driller to add joints of drill pipe and deepen the hole without pulling the instrument. Near the surface, the wireline passes through the side-entry sub to the outside of the drill string, where it does not interfere with making up or breaking out joints of pipe. However, a split kelly bushing must be used to avoid fouling or cutting the wireline in the slips. Sensors in the downhole instrument transmit data continuously, via the wireline, to the surface monitor. The operator can continuously read tool face orientation as well as hole azimuth and inclination. He can compensate for reactive torque, maintain hole direction, and change course when necessary without tripping out the drill string or interrupting drilling.



A



B



Fig 8.28 Side-entry sub: A - Cutaway view B - Placement in drill string 8 -24
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Orienting the deflection tool To orient a deflection tool, the directional supervisor must know five things: 



1. The present drift angle of the hole; 2. The present direction of the hole; 3. The drift angle desired at the end of the next section of hole; 4. The desired amount of change in direction; and 5. The rate at which the deflection tool can change hole angle.



With this information, he can determine the direction the tool should face, using either a digital computer or a type of slide rule called a Ouija board. For example, suppose a bottomhole survey shows a drift angle of 40˚ and direction of 4° E. Suppose also that, according to the plan, the bottom of the next 100 ft of hole must have a drift angle of 5° in the direction S53°00’E. In other words, the angle must increase 1° and turn 37° to the right of its present course, toward the southeast instead of the east. Since the hole is already slanting east, the directional driller must add a southerly component to the direction to bring it to the southeast. That is, he must run in a deflection tool and face it somewhere toward the south. The Ouija board in Fig 8.29 illustrates this problem. The new hole direction must be 37° different from the present direction; the new drift angle must be 5° instead of 4°. If the directional drillers uses a downhole motor assembly that changes angle by 3° in 100 ft, he must face it 90° to the right of east - that is, due south.



Fig 8.29 Ouija board



8 -25



BASIC DRILLING TECHNOLOGY AND EQUIPMENT



SECTION 8 : DIRECTIONAL DRILLING



Fig 8.30 shows what happens downhole. The first survey shows the direction and drift angle to be 4° due east (A). After beginning the deflection by facing the tool due south and drilling 100 ft of hole, the directional supervisor expects the next survey to show the hole drifting 5° S53°00’E (B). Having determined the direction the tool must face, the directional driller orients the tool using either the direct or the indirect method. The direct method is used to orient tools in vertical or near-vertical holes or in holes whose inclination and direction are not known in advance. The indirect method can be used only where hole direction is known. Continuous surface readout using a rig-floor monitor is a modern and convenient form of direct orientation.



Fig 8.30 Wellbore deflection 8 -26
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Direct method When orienting the tool by the direct method, the directional supervisor determines the drift angle and direction of the hole at the same time that he determines the direction the tool is facing. A muleshoe sub (Fig 8.31) is made up as close as possible to the bit; when a downhole motor is used, it is places between the bent sub and the first nonmagnetic collar. Inside the sub is a sleeve with a slot holding the muleshoe key. A photographic directional survey instrument is assembled with a muleshoe and a stinger on bottom. Inside the instrument is an orientation line that is aligned with the muleshoe keyway. When the instrument assembly reaches the nonmagnetic collar, the stinger enters the muleshoe sleeve, causing the muleshoe on the instrument assembly to engage the muleshoe key projecting from the sleeve. The bevelled edge of the muleshoe turns the instrument case so that it comes to rest with the key inside the muleshoe keyway.



Fig 8.31 Muleshoe assembly 8 -27
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The orientation line is thus aligned automatically with the tool face. When the photographic disc is exposed, it records not only the drift angle and direction of the hole but also the direction the deflection tool is facing (Fig 8.32).



Fig 8.32 Single-shot magnetic orientation survey



As in an ordinary directional survey, the magnetic compass readings must be corrected to true readings. However, a gyroscopic instrument, which provides true readings, can also be used for orientation. If, as usually happens, the deflection tool has landed facing the wrong direction, it must be raised off bottom, turned, and set down again, and another orientation survey run. The process is repeated until the tool is properly aligned. Steering tools save time by allowing the deflection tool to be oriented without interrupting drilling. The continuous surface readout shows not only the drift angle and azimuth of the hole but also tool face orientation. While drilling ahead with a downhole motor, the driller watches the surface readout and adjusts tool face orientation by turning the rotary table a few degrees left or right. Indirect method In indirect orientation, the deflection tool is oriented relative to the low side of the hole, which is determined by a directional survey before the tool is run into the hole. The hole must be inclined at least 1° to 3° (depending upon the instrument used) for accurate orientation. As in indirect orientation, the instrument is aligned with the tool face by a muleshoe assembly. When the tool comes to rest on the bottom and the photographic disc is exposed and developed, it shows the direction the tool is facing with respect to hole direction (Fig 8.33). In the example, the tool has landed facing 125° counterclockwise from the hole direction. As in direct orientation, the process is repeated until the tool lands facing the desired direction.
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Fig 8.33 Orientation by indirect method Surveying with photographic instruments Magnetic single-shot A typical magnetic survey instrument photographs a plumb bob against the background of a magnetic compass (Fig 8.34). The freely rotating compass aligns itself with the earth’s magnetic field; the plumb bob hangs vertically. An electric light, focused on a single round disc of lightsensitive film, illuminates the pendulum and compass. In an inclined hole, the image of the plumb bob appears off-centre in the photograph of the compass disc. Features: • Single Picture • Run onwire liner or dropped in string & recovered • Must locate in non steel tubular • Only good outside casing • Must be still while taking picture
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Fig 8.34 Magnetic Single Shot Conventional steel drill collars often become magnetised by the earth’s magnetic field, causing magnetic compasses to give false readings. To obtain accurate magnetic survey readings, a magnetic instrument must be landed near the bit in a special drill collar made of a metal that is not easily magnetised, such as stainless steel. The survey must be taken far enough from the nearest magnetic metal to avoid magnetic distortions. The number of nonmagnetic collars and the location within them where the instrument must land vary with magnetic latitude, drift angle, and hole direction. Since steel casing also becomes magnetised, magnetic surveys cannot be conducted in cased holes. To make a directional survey, the photographic disc is inserted into the camera by using a lighttight injector device. A timer is made up in the assembly and set to allow time for the plumb bob 8 -30
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and the compass card to stop moving before the survey reading is made. Often a motion sensor or a nonmagnetic sensor is included in the instrument to activate the timer after it has stopped moving downhole and come to rest in the nonmagnetic collar. A nonmagnetic sensor is often used in shallow holes where a motion sensor might be affected by rig vibrations. The instrument assembly is run downhole and seated in the nonmagnetic collar. The timer turns on the light, which shines through the plumb bob and is focused on the photographic disc. With the disc properly exposed, the light is switched off and the instrument retrieved. At the surface, the disc is developed and read.



Fig 8.35 Typical directional instrument assembly for single shots
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Reading surveys: example 1 a) b) c) d) 



To read the survey disc, it is placed in the reader so that the direction line passes through the “centre dot through cross hair”. The direction can then be read directly from the outer scale on film disc, i.e. S46 E. The inclination being on the tenth circle is 10 degrees. This is the observed survey data which must be corrected to grid north or true north before being used. The arrow pointing to S65 W indicates the tool face which will explained later.



Fig 8.36 Magnetic multishot The directional drilling plan calls for comprehensive surveys of the hole at certain times, such as just before setting a casing string. These surveys, usually conducted by a separate directional surveying contractor, are used to determine the overall trajectory of the hole in a single survey. The instruments used are called multishot instruments. A magnetic multishot instrument works much like a magnetic single-shot; the main difference is that the multishot contains a built-in film-wound camera with a timer that automatically exposes and advances the film at preset intervals (Fig 8.37). Readings are analysed and survey results plotted by the service company. The magnetic multishot may be dropped free or lowered by wireline into the nonmagnetic collar. However, since a magnetic compass must stay within the nonmagnetic collar in order to function



8 -32



BASIC DRILLING TECHNOLOGY AND EQUIPMENT SECTION 8 : DIRECTIONAL DRILLING



properly, the survey is taken as the instrument is brought to the surface by tripping out the drilling string. Using a stopwatch, the surveyor keeps track of the depth at which the preset timer takes a shot. Only those shots taken at known depths with the drill string stationary are used in plotting the trajectory.



Fig 8.37 Schematic view of magnetic multishot instrument



Gyroscopic multishot Well casing, like conventional steel drill collars and pipe, becomes magnetised and disrupts magnetic compasses. Magnetic surveys thus become unreliable in cased wells or in open holes where nearby wells are cased, as in multiple wells drilled from an offshore platform. A gyroscopic multishot instrument may be used for directional surveys in or near cased wells or down the length of the drill string. A gyroscope is a wheel or disc mounted to spin rapidly about on axis but free to rotate about one or both of two axes perpendicular to each other. The inertia of the spinning wheel tends to keep its axis pointed in one direction regardless of how the other axes are rotated. The gyro-compass in a gyroscopic multishot is a compass card linked to a gyroscope; the gyroscope itself is the weighted rotor of an electric motor spinning at 40,000 or so rpm. Unlike a magnetic compass, a gyro-compass is not affected by the earth’s magnetic field. However, because gyroscopes are very sensitive to vibration and easily damaged by shock, they must be run into the drill string and retrieved by wireline. Gyro surveys must also be completed within a set time because gyros tend to drift gradually out of alignment; therefore, they are usually run going into the hole, rather than coming out (as with magnetic surveys). Fig 8.38 shows the arrangement of working parts in a gyroscopic survey instrument. Before this instrument is run into the well, a directional pointer is aligned with a known point or direction (usually true north). The fly-wheel, or rotor, is driven at constant speed by an electric motor powered either by batteries or from the surface via wireline. 8 -33
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Fig 8.38 Gyroscope in gyro multishot instrument The instrument is wirelined down to the first drill collar above the bit. Like the magnetic multishot, it takes survey readings at preset intervals, but usually on the way down the drill string (Fig 8.39). The cross in each of the survey photographs is the image of the pendulum, indicating drift angle and direction. The directional pointer, attached to the gyro, appears as a long line extending outward from near the centre.



Fig 8.39 Gyro multishot film record Advantages of photographic surveying • Relatively simple • Low rental cost Disadvantages of photographic surveying • Time required to run lost in rig time • Time required to run leading to possible hole problems 8 -34
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Surveying By Downhole Telemetry The advantages of photographic surveying are its relative simplicity and its low cost. Disadvantages include the time required to run and retrieve the instrument or to start a survey all over again if the first survey is unusable. In drilling, time is money, and the longer the drill string sits in the hole, the greater is the chance of its getting stuck. An instrument that can provide the directional supervisor a real-time readout (one that shows what is happening at the moment the measurement is being taken), although initially more expensive, may save well costs in the long run. Telemetry means measuring at a distance. A telemetry instrument having a measuring unit downhole and a monitor at the surface is commonly known as a surface-readout instrument. Since the directional driller cannot see the downhole sensing unit, the directional data it records must be converted into signal pulses and transmitted uphole to the monitor. Some instruments transmit these signals via conducting wireline; others, through the drilling fluid. On the rig floor, small computers, or microprocessors, convert the data to readable form and display them on a dial or an LED (light-emitting diode) display (Fig 8.40) or sometimes on a tabular or graphic printout. Rig floor readouts generally display azimuth (0°-360° directional readings) rather than quadrant directions.
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Fig 8.40 Surface readout for downhole telemetry instrument Telemetering instruments, in general, sense hole direction in one of two ways: with gyroscopes or with magnetometers. Gyroscopes are sensitive to vibration and easily disrupted or damaged by shock. Instruments containing gyros are run downhole only with drilling operations suspended, and pulled out again before drilling resumes. Magnetometers (electromagnetic devices that sense the intensity and direction of the earth’s magnetic field) are comparatively rugged, can be left in the drill string while the bit is turning, and so are commonly used in measurement while drilling (MWD) systems, which include steering tools and mud-pulse systems (described later).
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Wireline run downhole telemetry • Gyroscopic with surface reference point Its disadvantage is its tendency to drift. • True north reference (rate gyro) Not good at high (north or south) latitudes and very sensitive to vibration. • Inertial measurement Disadvantage is its size (over 10 inches), therefore, has to be run outside drill string. • MWD Disadvantage - can only be used with downhole motor Gyroscopic telemetry Because gyros are sensitive to vibration and shock, the drill string must be at rest while any gyro instrument is run downhole and retrieved. Therefore, a gyro telemetry instrument is used much like a gyro photographic instrument. The difference lies in how the readings are obtained. In a photographic system, directional data are not available (nor the validity of the results known) until the film is developed and analysed. With gyroscopic telemetry, however, the reading is displayed on a rig floor monitor as soon as the instrument reaches the downhole survey location. The survey is known to be valid before the instrument is retrieved, and drilling can proceed without delay. A simple gyroscopic telemetry instrument contains a single gyroscope and an accelerometer (a device that senses changes in motion) to measure direction and inclination. As with a photographic instrument, the gyro is aligned with a surface reference point or direction and the instrument is run downhole to the survey point. Instead of producing photographs, however, the telemetering instrument reads direction and inclination electronically and transmits the signals up the wireline to the surface. One disadvantage of a gyroscope is its tendency to drift off its initial heading. Friction and other forces slow it down and cause it to rotate away from its original reference point. The longer the gyro is downhole, the larger the probable error becomes. Largely as a result of space-age missile technology, new types of gyroscopes have been developed to overcome this problem and increase the accuracy and efficiency of gyro surveying. True north reference surveying A rate gyro is a gyroscope that is not allowed to gimbal (pivot) freely but is held in position as it spins within the instrument barrel (Fig 8.41). A rate gyro does not drift because it is fixed with reference to the instrument case; it does not require alignment with a fixed reference point. Used in combination with accelerometers, a rate gyro senses the difference in direction between the borehole and the earth’s rotational axis. For this reason, a rate gyro is sometimes called a northseeking gyro, and surveying with a rate gyro is called true north reference surveying. 8 -36



BASIC DRILLING TECHNOLOGY AND EQUIPMENT SECTION 8 : DIRECTIONAL DRILLING



Fig 8.41 Rate gyro with accelerometer A rate gyro measures hole inclination and direction independently at each survey station. With conventional gyros, a power stoppage means the instrument must be retrieved to realign the gyro, and the survey can be restarted where it left off because the gyro does not have to be realigned. Current rate-gyro instruments are not well suited for drilling in the far north because there is not enough earth rotation at high latitudes for the rate gyro to measure. Rate gyros are even more sensitive to vibrations than conventional gyros and therefore harder to use offshore. With many true north reference surveying systems, the instrument has to come to rest to obtain readings. A continuous guidance tool, however, as its name implies, can read and transmit directional data while moving downhole or uphole (Fig 8.42).
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Fig 8.42 Schematic diagram of continuous guidance tool Inertial measurement A multiple-gyro aerospace guidance device called an inertial platform measures directional data in an inertial measurement system. The inertial platform is a cluster of three gyros and three accelerometers that is free to rotate in any direction (Fig 8.43). The gyros keep the inertial platform oriented vertically along the meridian (longitude) of the well location. The accelerometers measure the total movement in all three dimensions; microprocessors and the surface computer convert these data into three-dimensional co-ordinates for each survey station. More than 10 inches in diameter, this instrument cannot be run inside the drill string like other gyro instruments, but must be run on cable or drill pipe in open or cased hole. Gyro drift is measured each time the instrument comes to a stop; the computer takes this into account, maintaining accuracy without manual recalibration. Since gyroscopes cannot be subjected to excessive vibration or shock, drilling must be suspended for up to several hours in order to run and retrieve any gyroscopic instrument. However, there are two non-gyroscopic telemetry systems that can be left in the hole for measurement while drilling (MWD) - that is, directional surveying during drilling operations. One MWD system transmits data to the surface via wireline, the other, through the drilling fluid.
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Fig 8.43 Schematic view of inertial platform Mud-pulse telemetry Another type of directional telemetry instrument transmits signals uphole through the drilling fluid, allowing the driller to obtain real-time directional and other data without a wireline and, therefore, while making hole with a rotating drilling string. Like other telemetry systems, a mud-pulse telemetry system has two main components; a downhole unit that senses direction and inclination, and a rig floor unit that displays the data. Microprocessors and a transmitter in the downhole unit convert survey data into a series of pressure pulses. Positive mud pulses are a series of pressure increases; negative pulses are pressure decreases. Signals can also be transmitted on a continuous or carrier wave, like radio signals. A computer at the surface interprets the signals and feeds them to the readout. The term measurement while drilling (MWD) is often used as a synonym for mud-pulse telemetry; however, MWD is also used in a more general sense to mean any system of measuring downhole conditions during routine drilling operations. A positive mud-pulse system in common use measures both drift angle and direction and transmits the information to the surface coded in a binary signal. The downhole unit, mounted inside a nonmagnetic collar, contains magnetometers and accelerometers for measuring inclination and direction. Circulating drilling fluid spins a turbine to power the transmitter (Fig 8.44). 8 -39
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This system can be used in either a rotating or a non-rotating drill string. In a rotating string, a rotation detector is included in the assembly to trigger angle measurement when rotation is stopped. Full circulation is maintained to power the transmitter. With a downhole motor, drilling does not have to be interrupted; direction, inclination, and tool face orientation are measured continuously and transmitted on demand as long as circulation is maintained.



Fig 8.44 Turbine-powered MWD downhole instrument Another turbine-powered system contains three accelerometers and three magnetometers and transmits negative pulses, which can carry more data per second than positive pulses. Measurements are made when rotation is stopped. Data are displayed on a compass and digital readout, and a printer provides a hard copy of survey data for later analysis (Fig 8.45). Other negative-pulse systems are powered by batteries. 8 -40
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Fig 8.45 Negative mud-pulse MWD system Some downhole telemetry devices provide more than directional data. One mud-pulse system measures azimuth, inclination, tool face orientation, weight on bit, torque, formation radioactivity, formation resistivity, and downhole temperature. Data are transmitted to the surface on a continuous or carrier wave. Not all mud-pulse systems require an electric power supply. One fully mechanical device uses a spring-loaded mechanism to measure inclination. Shutting down circulation allows the mechanism to set itself (Fig 8.46). Restarting the mud pump then causes the device to send a series of pressure pulses up through the mud inside the drill stem. At the surface, these pulses are displayed on a strip-chart recorder (Fig 8.47). The number of pulses is directly proportional to the drift angle; the range of measurement can be varied. This inclination-measuring sub can be used in rotating or non-rotating systems. A separate, direction-measuring sub, consisting of a magnetic compass inside a nonmagnetic collar, is used only with a downhole motor.
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Fig 8.46 
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Plotting survey results Often the directional driller does not have to concern himself with plotting the results of directional surveys. Surveying contractors who conduct multishot surveys provide the directional supervisor with a complete plot of the well trajectory. Directional data from many of the newer telemetry systems can be fed directly (or from tape) into computers that calculate and plot a well trajectory automatically. A computer-generated trajectory can be superimposed on the well plan . The directional driller’s job is then simplified; he advises the driller on how to keep the trajectory as close as possible to the plan. The three-dimensional co-ordinates of a survey station are expressed in terms of true vertical depth, distance north or south of the well site, and distance east or west of the well site. On the sample printout shown in Fig 8.48, the last survey station is located at a TVD of 3,251.06 ft, 917.47 ft S and 651.13 ft E of the well site.
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Fig 8.48 A printout generated by a survey program
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When conducting his own surveys, the directional driller usually calculates and plots the coordinates of each survey station himself. To do this, he must know four things: 1. 2. 3. 4. 



Drift angle Direction Course length from the last survey station Co-ordinates of the last survey station



Each point is plotted relative to the one above. An error at any point will throw off all subsequent points by the same amount. The error accumulates - hence the term cumulative error. To check for cumulative error when a gyroscopic multishot instrument is used, a few stations are surveyed coming out of the hole. The survey should close - that is, the co-ordinates of the final point (the surface) should be very nearly the same as those of the staring point (Fig 8.49). Surveys conducted by using continuous guidance or inertial measurement systems provide coordinates for each survey station relative to the starting point or surface location, eliminating the problem of cumulative error, and are most practical for wells for which great accuracy is required, such as those on a multi-well offshore platform.
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Check directional plot while drilling against continuous guidance or inertial measurement systems. Both plots use referencing point at surface to check against.



END
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DOWN
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Fig 8.49 Closure 8 -44
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8.6 Multilateral Wells Rather than attempting to move hydrocarbons into vertical wellbores that may not be well positioned, the industry is now resorting to the use of horizontal, multilateral, and multibranch wells that move the wellbore closer to the hydrocarbons in place. Multilateral well systems allow multiple producing wellbores to be drilled radially from a single section of a “parent” wellbore. Typical multilateral applications include: • Improving productivity from thin reservoirs • Draining multiple, closely spaced target zones with horizontal exposure of each zone • Improving recovery in tight, low-permeability zones (increasing the drainage radius of a given well) • Preventing water and/or gas coning • Controlling sand production through lower draw down at the sand face. • Improving the usability of slot - constrained platform structures • Improving waterflood and enhanced oil recovery efficiency • Intersecting vertical fractures Multilateral drilling and completion methods have been practised since the mid 1940’s. The first applications were developed for mining, where multiple bores were drilled from the parent shaft. Hydraulic fracturing for years provided an attempt to produce better reservoir drainage. However, with the significant advancements in horizontal drilling technology in the mid-1980’s and its evolution into multilateral drilling in the mid 1990’s, the performance of a vertical well with a hydraulic fracture can now be readily surpassed by a properly oriented horizontal or multilateral well. The first extensive modern application of multilateral drilling was in Texas during the late 1980’s. The following three major drainage categories are likely, and combinations of these are possible: • Drainage of a single layer in which aerial permeability anisotropy is critical • Drainage of several (“Stacked”) layers, which may or may not communicate • Drainage of several compartments, which may or may not communicate
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Target Zone



Target Zone



Fig 8.50 Openhole multilateral drilling Most openhole applications have involved relatively short horizontal sections, rarely exceeding 1200 ft of horizontal displacement. Stable, hard-rock formations are appropriate for this type of well design. Typically, a single string of production tubing is anchored to a packer that is set near the base of the parent casing. Limited-Isolation/ Access Multilateral Systems As with openhole designs, this limited-isolation/access system does not allow casing to be set in the lateral bore and mechanically reconnected to the parent bore. A stable, nonsloughing, hard-rock formation is the best candidate for this well design. When installed in the system, slotted liners hung on openhole inflatable packer anchors provide a means of hole-size maintenance and stability. If sand control problems are anticipated, prepacked screens can be installed in a similar manner.
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Complete Multilateral System A complete multilateral system provides two to five laterals from one new or existing wellbore.



 Fig 8.51 Limited-isolation multilateral completion
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When a complete multilateral system is used, the lateral wellbore is cased back to the primary bore exit, and the liner casing string is mechanically connected to the primary bore casing; the lateral- to main-wellbore junction must be hydraulically sealed.



Dual Production Packer



Tubing Access Sleeve



Tubing Access Sleeve



Packer Openhole Horizontal



Fig 8.52 Temporary plugs are normally set above this lower zone to isolate it from fluids used to drill the upper lateral bores. Directional-drilling bottomhole assemblies (BHAs) consisting of steerable drilling motors, MWD tools, and LWD tools are used to drill the lateral bore to casing setting depth. The hole size must be consistent so that the casing can be properly set and cemented. Therefore, when drilling is complete, openhole calmer logs are run and analysed.
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9.1 Introduction The function of Well Control can be conveniently subdivided into three main categories, namely PRIMARY WELL CONTROL, SECONDARY WELL CONTROL and TERTIARY WELL CONTROL. These categories are briefly described in the following paragraphs.



(A) Primary Well Control B.H.P > P f (i.e.) Mud Mud hydrostatic pressure is greater than formation pressure



(B) Secondary Well Control B.O.P.E. Equiptment Mud hydrostatic pressure is less than formation pressure and BOP’s are required



(C) Tertiary Well Control Special or Unusual Problems







Fig 9.1 9-1
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Primary Well Control It is the name given to the process which maintains a hydrostatic pressure in the wellbore greater than the pressure of the fluids in the formation being drilled, but less than formation fracture pressure. If hydrostatic pressure is less than formation pressure then formation fluids will enter the wellbore. If the hydrostatic pressure of the fluid in the wellbore exceeds the fracture pressure of the formation then the hydrostatic pressure of the fluid in the well could be lost. In an extreme case of lost circulation the formation pressure may exceed hydrostatic pressure as fluid level drops in the well allowing formation fluids to enter into the well. An overbalance of hydrostatic pressure over formation pressure is normally maintained, this excess is generally referred to as a trip margin. Secondary Well Control If the pressure of the fluids in the wellbore (drilling fluid i.e. mud) is less than formation pressure then formation fluids can enter the wellbore. The well will flow until measures are taken to stop it. The flow of fluids is stopped using the “blow out preventer” (BOP’s) . The initial stage of secondary well control is the containment of unwanted formation fluids by prevent flow by the wellbore with the BOP’s. Tertiary Well Control When we come to discuss well control definitions, strictly speaking tertiary well control describes the third line of defence, where the formation cannot be controlled by primary or secondary well control (hydrostatic and equipment), an underground blowout for example. However in well control tertiary is not always used as a qualitative term. ‘Unusual well control operations’ listed below are considered under this term:a) 



A kick is taken with the kick off bottom.



b) 



The drill pipe plugs off during a kill operation.



c) 



There is no pipe in the hole.



d) 



Hole in drill string.



e) 



Lost circulation.



f) 



Excessive casing pressure.



g) 



Plugged and stuck off bottom



h) Gas percolation without gas expansion We could also include operations like stripping or snubbing in the hole, or drilling relief wells. The point to remember is “what is the well status at shut-in?” This determines the method of well control 9-2
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Human Factors Review for Offshore Blowouts During Drilling, Completion of Workover 1 Inattention to Operations 



26%



2 



Inadequate Supervision / Work Performance 



20%



3 



Improper Maintenance of Equipment 



21%



4 Improper Installation / Inspection 



2%



5 Inadequate Testing 



-



6 Inadequate Documentation 



2%



7 Improper Method Procedure 



11%



8 Improper Planning 



12%



9 



8%



No Direct Human Error Involved 



9.2 Basic Theory And Principles Hydrostatic pressure is defined as the pressure due to the unit weight and vertical height of a column of fluid. Hydrostatic Pressure = Fluid Density x True Vertical Depth



TVD



Note: It is the vertical height/depth of the fluid column that matters, its shape is unimportant.



Since the pressure is measured in psi and depth is measured in feet, it is convenient to convert mud weights from pounds per gallon (ppg) to a pressure gradient psi/ft. The conversion factor is 0.052. Pressure Gradient psi/ft = Fluid Density in ppg X 0.052 9-3



BASIC DRILLING TECHNOLOGY AND EQUIPMENT



SECTION 9 : WELL CONTROL







Hydrostatic Pressure psi = Density in ppg X 0.052 X True Vert. Depth The Conversion factor 0.052 psi/ft per lb/gal is derived as follows:







A cubic foot contains 7.48 US gallons.







A fluid weighing 1 ppg is therefore equivalent to 7.48 lbs/cu.ft



The pressure exerted by one foot of that fluid over the area of the base would be: 7.48 lbs –––––––– = 0.052 psi 144 sq.ins 



12" 12" 12" area definition of a cubic foot



Example: = = 



The Pressure Gradient of a 10 ppg mud 10 x 0.052 0.52 psi/ft Conversion constants for other mud weight units are:







Specific Gravity 



÷ 0.433 



= 



Pressure Gradient psi/ft







Pounds per Cubic Foot ÷ 144 



= 



Pressure Gradient psi/ft



Formation Pressures Formation pressure or pore pressure is said to be normal when it is caused solely by the 9-4
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hydrostatic head of the subsurface water contained in the formations and there is pore to pore pressure communication with the atmosphere. Dividing this pressure by the true vertical depth gives an average pressure gradient of the formation fluid, normally between 0.433 psi/ft and 0.465 psi/ft. The North Sea area pore pressure averages 0.452 psi/ft. In the absence of accurate data, 0.465 psi/ft which is the average pore pressure gradient in the Gulf of Mexico is often taken to be the “normal” pressure gradient. Note: The point at which atmospheric contact is established may not necessarily be at sea-level or rig site level. Normal Formation Pressure Normal Formation Pressure is equal to the hydrostatic pressure of water extending from the surface to the subsurface formation. Thus, the normal formation pressure gradient in any area will be equal to the hydrostatic pressure gradient of the water occupying the pore spaces of the subspace formations in that area. The magnitude of the hydrostatic pressure gradient is affected by the concentration of dissolved solids (salts) and gases in the formation water. Increasing the dissolved solids (higher salt concentration) increases the formation pressure gradient whilst an increase in the level of gases in solution will decrease the pressure gradient. For example, formation water with a salinity of 80,000 ppm sodium chloride (common salt) at a temperature of 25°C, has a pressure gradient of 0.465 psi/ft. Fresh water (zero salinity) has a pressure gradient of 0.433 psi/ft. Temperature also has an effect, as hydrostatic pressure will decrease at higher temperatures due to fluid expansion. In formations deposited in an offshore environment, formation water density may vary from slightly saline (0.44 psi/ft) to saturated saline (0.515 psi/ft). Salinity varies with depth and formation type. Therefore, the average value of normal formation pressure gradient may not be valid for all depths. For instance, it is possible that local normal pressure gradients as high as 0.515 psi/ft may exist in formations adjacent to salt formations where the formation water is completely saltsaturated. The following table gives examples of the magnitude of the normal formation pressure gradient for various areas. However, in the absence of accurate data, 0.465 psi/ft is often taken to be the normal pressure gradient.
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Formation Water 



Pressure Gradient Example area psi/ft (SG) 



Fresh water 0.433 1.00 Mid- Brackish water 



0.438 



Rocky Mountains and continent, USA



1.01 



Salt water 0.442 1.02 Most sedimentary basins worldwide Salt water Sea



0.452 



1.04 



North Sea, South China



Salt water 0.465 1.07 Gulf of Mexico, USA Salt water 0.478 1.10 Some areas of Gulf of Mexico
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Permian Pennsylvania and Oklahoma (Athy) Lias Germany (Won Engelwardt)



3000



Miocene and Pliocene Po Valley (Storer) Tertiary Gulf Coast (Dickinson)
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5000 Reduction in clay porosity as a function of depth (modified from Magara, 1978)



Fig 9.3 Porosity decreases as more and more compaction occurs (depth increases) 9-6
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ABNORMAL & SUBNORMAL PRESSURE Every pressure which does not conform to the definition given for normal pressure is abnormal or subnormal. The principal causes of abnormal pressures are:• Under - Compaction in Shales Formation Fluids unable to escape • Salt Beds Plastic Formations • Mineralisation Chemical Reaction between rocks and salt (Crystallisation) • Tectonic Causes Lateral (Horizontal) Forces • Faulting 



Transmission of pressure from a deep zone to a shallow zone



• Diapirism 



Folding and faulting stresses



• Reservoir Structure Long vertical height reservoirs Under-compaction in shales When first deposited, shale has a high porosity. More than 50% of the total volume of uncompacted clay-mud may consist of water in which it is laid. During normal compaction, a gradual reduction in porosity accompanied by a loss of formation water occur as the thickness and weight of the overlaying sediments increase. Compaction reduces the pore space in shale, as compaction continues water is squeezed out. As a result, water must be removed from the shale before further compaction can occur. Not all of the expelled liquid is water, hydrocarbons may also be flushed from the shale. If the balance between the rate of compaction and fluid expulsion is disrupted such that fluid removal is impeded then fluid pressures within the shale will increase. The inability of shale to expel water at a sufficient rate results in a much higher porosity than expected for the depth of shale burial in that area.
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Salt Beds Continuous salt depositions over large areas can cause abnormal pressures. Salt is totally impermeable to fluids and behave plastically. It deforms and flows by recrystallisation. Its properties of pressure transmission are more like fluids than solids, thereby exerting pressures equal to the overburden load in all directions. The fluids in the underlying formations cannot escape as there is no communication to the surface and thus the formations become over pressured. Mineralisation The alteration of sediments and their constituent minerals can result in variations of the total volume of the minerals present. An increase in the volume of these solids will result in an increased fluid pressure. An example of this occurs when anhydrite is laid down. If it later takes on water crystallisation, its structure changes to become gypsum, with a volume increase of around 35%. Tectonic Causes Is a compacting force that is applied horizontally in subsurface formations. In normal pressure environments water is expelled from clays as they are being compacted with increasing overburden pressures. If however an additional horizontal compacting force squeezes the clays laterally and if fluids are not able to escape at a rate equal to the reduction in pore volume the result will be an increase in pore pressure.



EXTENSION



EXTENSION COMPRESSION



COMPRESSION



COMPRESSION



COMPRESSION



Amount of Shortening POSSIBLE OVERPRESSURED ZONES



Fig 9.4 Abnormal Formation Pressure Caused by Tectonic Compressional Folding Faulting Faults may cause abnormally high pressures. Formation slippage may bring a permeable formation laterally against an impermeable formation preventing the flow of fluids. Non-sealing faults may allow fluids to move from a deeper permeable formation to a shallower formation. If the shallower formation is sealed then it will be pressurised from the deeper zone. 9-8
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IMPERVIOUS SHALE



GAS



OIL



WATER



Fig 9.5 shows a trap resulting from faulting in which the block on the right has moved up with respect to the one on the left.



Cap Rock



Gas



Oil Water



Water



Diapirism A salt diapirism is an upward intrusion of salt to form a salt dome. This upthrust disturbs the normal layering of sediments and over pressures can occur due to the folding and faulting of the intruded formations. salt domes often deform overlying rocks to form traps like the one shown in fig 9.6



Salt



Fig 9.6
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Reservoir Structure Abnormally high pressures can develop in normally compacted rocks. In a reservoir in which a high relief structure contains oil or gas, an abnormally high pressure gradient as measured relative to surface will exist as shown in Fig below



0



1. Pressure on the Gas-Water Contact



= 2790 psi



2. Less Gas Column Pressure = 0.10 x 1000’ = 100 psi



1



3. Pressure at top of Sand = 2690 psi 4. Abnormal Gradient at top Sand 2690 psi ––––––– = 0.538 psi/ft 5000 ft



4



DEPTH - 1000 ft



5 1000’ 6



WATER



GAS GRADIENT = 0.10 psi/ft



Normal pressure at the Gas-Water contact .465 x 6000’ = 2790 psi



7



8



9



Fig 9.7 Abnormally High Pressure Due to Hydrocarbon Column Formation Fracture Pressure In order to plan to drill a well safely it is necessary to have some knowledge of the fracture pressures of the formation to be encountered. The maximum volume of any uncontrolled influx to the wellbore depends on the fracture pressure of the exposed formations.
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If wellbore pressures were to equal or exceed this fracture pressure, the formation would break down as fracture was initiated, followed by loss of mud, loss of hydrostatic pressure and loss of primary control. Fracture pressures are related to the weight of the formation matrix (Rock) and the fluids (water/oil) occupying the pore space within the matrix, above the zone of interest. These two factors combine to produce what is known as the overburden pressure. Assuming the average density of a thick sedimentary sequence to be the equivalent of 19.2 ppg then the overburden gradient is given by: 0.052 x 19.2 = 1.0 psi/ft Since the degree of compaction of sediments is known to vary with depth the gradient is not constant.



9.3 Primary Well Control - How It Is Effected To ensure primary well control is in place the following procedures and precautions should be observed. Primary Well Control Practices: • Controlling Mud Weight to maintain Hydrostatic Pressure, checked every 30 minutes or less prior to tripping • Have good tripping procedures to ensure hole stays full of correct amount of mud • Record Mud fill up or displacement volume of hole on trips to observe trend • Well control equipment for drilling and tripping checked and ready • Ensure safe trip margin is in place • Perform flow checks as required • Communicate with other drilling team members Mud Weight Mud into and out of the well must be weighted to ensure the correct weight is being maintained to control the well. This task is normally carried out by the shaker man at least every thirty minutes or less, depending upon the nature of the drilling operation and/or company policy. The mud weight can be increased by increasing the solid content and decreased either by dilution or the use of solids control equipment. Tripping Procedures Tripping operations occur when drilling is suspended and it is desired to pull the drilling string out of the hole or return it to bottom after it has been pulled out. Tripping in or out of the well must be maintained using an accurate log called a trip sheet is used to recored the volume of mud put into the well or displaced from the well when tripping. A calibrated trip tank is normally used for the accurate measurement of mud volumes and changes to mud volumes while tripping.
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When tripping pipe or drill collars out of the hole, a given volume of mud is put into the well for the volume of steel removed. If the volume required to fill the hole is significantly less than the volume of steel removed, then tripping must be stopped to ensure the well is stable, and consideration given to going back to bottom to condition the mud and investigate the cause of the problem. The hole must be kept full at all times A full opening or safety valve should be available at all times on the drill floor together with the required cross-over subs. A non-return (i.e. grey) valve should also be readily available. NON RETURN SAFETY VALVE (GREY VALVE)



FULL BORE OPENING SAFETY VALVE



VALVE RELEASE ROD



Body



RELEASE TOOL



Upper Seat



Crank Ball



VALVE SEAT



Lower Seat



VALVE SPRING



Fig 9.9 Trip Margin (Safety Factor) Trip Margin (Safety Factor) is an overbalance to compensate for the loss of ECD and to overcome the effects of swab pressures during a trip out of the hole.
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Flow Checks Flow checks are performed to ensure that the well is stable. Flow checks should be carried out with the pumps off to check the well with ECD effects removed. Flow checks are usually performed when a trip is going to take place at the following minimum places: • 



on bottom



• 



at the casing shoe



• 



before the BHA is pulled into the BOP’s



Short Trips/Wiper Trips In some circumstances prior to pulling out of the hole a short trip, 5 or 10 stands should be considered. The well is then circulated and mud returns carefully monitored. Pumping a Slug of Heavy Mud This is a practice often carried out to enable the pipe to be pulled dry and the hole to be more accurately monitored during the trip. The following equation is used to calculate the dry pipe volume for the slug pumped: Dry Pipe Volume = Slug Volume x (Slug Weight ÷ Mud Weight - 1) This dry pipe volume can be converted to Dry Pipe Length by dividing this volume by the internal capacity of the pipe as illustrated in the following equation: Dry Pipe Length = Dry Pipe Volume (bbls) ÷ Drill Pipe Capacity (bbls/ft)
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A Typical Mud Logging System



FIG 2.4 TYPICAL MUD LOGGING SYSTEM KELLY POSITION ROP WOB DEPTH KELLY HOSE STAND PIPE
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Fig 9.10
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Communication If a transfer of mud to the active system is requested the driller will be informed. The logging unit must likewise be informed. Good communication all round is essential. MUD LOGGERS DRILLER SHAKER MAN



Fig 9.11



Good Communications



Alarms The high and low settings for the pit level recorder and flow line recorder must be checked and are set to appropriate values.



9.4 Causes of Kicks Primary control is defined as using the drilling fluid to control formation fluid pressure. The drilling fluid has to have a density that will provide sufficient pressure to overbalance pore pressure. If this overbalance is lost, even temporarily then formation fluids can enter the wellbore. Preventing the loss of primary control is of the utmost importance. Definition of Kick A kick is an intrusion of unwanted fluids into the wellbore such that the effective hydrostatic pressure of the wellbore fluid is exceeded by the formation pressure. Definition of Influx An influx is an intrusion of formation fluids into the wellbore which does not immediately cause formation pressure to exceed the hydrostatic pressure of the fluid in the wellbore, but may do, if not immediately recognised as an influx, particularly if the formation fluid is gas.
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CAUSES OF KICKS AND INFLUXES The most common causes of kicks are: • 



Improper monitoring of pipe movement (drilling assembly and casing).



- - 



Trip out - making sure hole takes the proper amount of mud. Trip in - making sure the hole gives up proper amount of mud and preventing lost circulation due to surges.



• 



Swabbing during pipe movement.



• 



Loss of circulation.



• 



Insufficient mud weight.







- - 



• 



Special situations.







- - - 



Abnormal pressured formations Shallow gas sands



Drill stem testing Drilling into an adjacent well Excessive drilling rate through a gas sand



Surveys in the past have shown that the major portion of well control problems have occurred during trips. The potential exists for the reduction of bottom hole pressure due to: • 



Loss of ECD with pumps off.



• 



Reduction in fluid levels when pulling pipe and not filling the hole.



• 



Swabbing.



Failure to keep the hole full during a trip If the fluid level in the hole falls as pipe is removed a reduction in bottom hole pressure will occur. If the magnitude of the reduction exceeds the trip margin or safety overbalance factor a kick may occur. The hole must be kept full with a lined up trip tank that can be monitored to ensure that the hole is taking the correct amount of mud. If the hole fails to take the correct mud volume, it can be detected.
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Fig 9.12 Continous Circulating Trip Tank It is of the utmost importance that drill crews properly monitor displacement and fill up volumes when tripping. The lack of this basic practice results in a large amount of well control incidents every year. Swabbing and Surging Swabbing is when bottom hole pressure is reduced below formation pressure due to the effects of pulling the drill string, which allows an influx of formation fluids into the wellbore. When pulling the string there will always be some variation to bottom hole pressure. A pressure loss is caused by friction, the friction between the mud and the drill string being pulled. Swabbing can also be caused by the full gauge down hole tools (bits, stabilisers, reamers, core barrels, etc.) being balled up. This can create a piston like effect when they are pulled through mud. This type of swabbing can have drastic effects on bottom hole pressure. Surging is when the bottom hole pressure is increased due to the effects of running the drill string too fast in the hole. Down hole mud losses may occur if care is not taken and fracture pressure is exceeded while RIH. Proper monitoring of the displacement volume with the trip tank is required at all times. The Factors affecting Swabbing and Surging are: • 



Pulling speed of drill string



• 



Mud properties



• 



Hole geometry



• 



Drill String geometry
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Pulling and Running Speeds Tripping speeds must be controlled to reduce the possibility of swabbing and surging. It is normal practice for the mud logger to run a swab and surge programme and to make this information available to the Driller. This will provide ample information to reduce the possibility of unforseen influx occurring. Mud Properties Controlling the rheology of mud is important. Controlling water-loss to avoid thick wall cake will also help. Trip Margin A safety factor to provide an overbalance to compensate for swab pressure can be: Trip Margin Factor APL psi ––––––––––––––––– = ––––––––––––––––– (psi/ft) True Vert. Depth. ft 



APL = Annulus Pressure Loss



If swabbing has been detected and the well is not flowing a non return valve should be installed and the bit returned to bottom. Flow check each stand. Once back on bottom the well should be circulated and the bottoms up sample checked for contamination. If the well is flowing or the returns from the well are excessive when tripping in then the following should be carried out: • 



Install a non return valve. If there is a strong flow then a kelly cock may have to be installed first.



• 



Shut the well in.



• 



Prepare for stripping.



• 



Strip in to bottom.



• 



Circulate the well, check bottoms up for contamination.



Continuous monitoring of replacement and displacement volumes is essential when performing tripping. A short wiper trip and circulating the well before pulling completely out of the hole will provide useful information about swabbing and pulling speeds.
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Loss of Circulation Another cause for a kick to occur is the reduction of hydrostatic pressure through loss of drilling fluid to the formation during lost circulation. When this happens, the height of the mud column is shortened, thus decreasing the pressure on the bottom and at all other depths in the hole.



TRIPPING POOH



DRILLING



LOSS OF RETURNS AND FLUID DROP IN ANNULUS



NOT FILLING THE HOLE FLUID LEVEL DROP



TRIPPING RIH



RIH TOO FAST SURGE AND FRACTURE CAUSING LOSSES AND FLUID LEVEL DROP



LOSS ZONE



Fig 9.13 The amount the mud column can be shortened before taking a kick from a permeable zone can be calculated by dividing the mud gradient into the overbalance at the top of the permeable kick zone. H (ft) = 



Overbalance (psi) –––––––––––––––––––––– Mud Gradient (psi/ft)



Insufficient Mud Weight A kick can occur if a permeable formation is drilled which has a higher pressure than that exerted by the mud column. If the overpressurised formations have low permeability then traces of the formation fluid should be detected in the returns after circulating bottoms up. If the overpressured formations have a high permeability then the risk is greater and the well should be shut-in as soon as flow is detected.
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Abnormally Pressured Formations A further cause of kicks from drilling accidentally into abnormally pressured permeable zones. This is because we had ignored the warning signals that occur, these help us detect abnormal pressures. Some of these warning signals are: an increased penetration rate, an increase in background gas or gas cutting of the mud, a decrease in shale density, an increase in cutting size, or an increase in flow-line temperature, etc. In some areas, there were adequate sands that were continuous and open into the sea or to the surface. In these areas the water squeezed from the shale formations, travelled through the permeable sands and was released to the sea or to a surface outcrop. This de-watering allowed the formations to continue to compact and thereby increase their density. Abnormally high formation pressures are found worldwide in formations ranging in age from the Pleistocene age (approximately 1 million years) to the Cambrian age (500 to 600 million years). They may occur at depths as shallow as only a few hundred feet or exceeding 20,000 ft and may be present in shale/sand sequences and/or massive evaporite-carbonate sequences. The causes of abnormally high formation pressures are related to a combination of geological, physical, geochemical and mechanical processes. As defined, the magnitude of abnormally high formation pressures must be greater than the normal hydrostatic pressure for the location, and may be as high as the overburden pressure. Abnormally high pressure gradients will thus be between the normal hydrostatic gradient (0.433 to 0.465 psi/ft) and the overburden gradient (generally 1.0 psi/ft). However, locally confined pore pressure gradients exceeding the overburden gradient by up to 40% are known in areas such as Pakistan, Iran, Papua New Guinea, and the CIS. These super pressures can only exist because the internal strength of the rock overlying the super pressured zone assists the overburden load in containing the pressure. The overlying rock can be considered to be in tension. In the Himalayan foothills of Pakistan, formation pressure gradients of 1.3 psi/ft have been encountered. In Iran, gradients of 1.0 psi/ft are common and in Papua New Guinea, a gradient of 1.04 psi/ft has been reported. In one area of Russia, local formation pressure in the range of 5870 to 7350 psi at 5250 feet were reported. This equates to a formation pressure gradient of 1.12 to 1.4 psi/ft. In the North Sea abnormal pressures occur with widely varying magnitudes in many geological formations. The Tertiary sediments are mainly clays and may be overpressured for much of their thickness. Pressure gradients of 0.52 psi/ft are common with locally occurring gradients of 0.8 psi/ft being encountered. An expandible clay (gumbo) also occurs which is of volcanic origin and is still undergoing compaction. The consequent decrease in clay density would normally indicate an abnormal pressure zone but this is not the case. However, in some areas, mud weights of the order of 0.62 psi/ft or higher are required to keep the wellbore open because of the swelling nature of these clays. This is almost equal to the low overburden gradients in these areas. 9 - 21
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In the Mesozoic clays of the North Sea Central Graben, overpressures of 0.9 psi/ft have been recorded. One reported case indicated a formation pressure gradient of 0.91 psi/ft in the Jurassic section. In the Jurassic of the Viking Graben, abnormal formation pressure gradients of up to 0.69 psi/ft have been recorded. In Triassic sediments, abnormally high formation pressures have been found in gas bearing zones of the Bunter Sandstone in the southern North Sea. Also in the southern North Sea, overpressures are often found in Permian carbonates, evaporates and sandstones sandwiched between massive Zechsteins salts. Shallow Gas Sands Kicks from shallow sands (gas and water) whilst drilling in the top hole section with short casing strings can be very hazardous, as documented by many case histories. Some of the kicks from shallow sands are caused by charged formations: poor cement jobs, casing leaks, injection operations, improper abandonments, and previous underground blowouts can produce charged formations. Special Situations Drill Stem Testing (DST) The formation test is one of the most hazardous operations encountered in drilling and completing oil and gas wells. The potential for stuck tools, blowouts, lost circulations, etc., is greatly increased. A drill stem test is performed by setting a packer above the formation to be tested, and allowing the formation to flow. Down hole chokes can be incorporated in the test string to limit surface pressures and flow rates to the capabilities of the surface equipment to handle or dispose of the produced fluid. During the course of the test, the bore hole or casing below the packer, and the test string is filled with formation fluid. At the conclusion of the test, this fluid must be removed by proper well control techniques to return the well to a safe condition. Failure to follow the correct procedures to kill the well could lead to a blowout.
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Fig 9.14 Drill Stem Testing (DST) Drilling Into an Adjacent Well Drilling into an adjacent well is a potential problem, particularly offshore where a large number of directional wells are drilled from the same platform. If the drilling well penetrates the production string of a previously completed well, the formation fluid from the completed well will enter the wellbore of the drilling well, causing a kick. If this occurs at a shallow depth, it is an extremely dangerous situation and could easily result in an uncontrolled blowout. PRODUCTION DRILLING PLATFORM PRODUCING WELL







DRILLING SLOT



Fig 9.15



Excessive Drilling Rate Through a Gas Sand/Limestone When drilling a gas bearing formation, the mud weight will be gas cut due to the gas breaking out of the pore space of the cuttings near the surface. The severity of the influx will depend on the penetration rate, porosity and permeability, and is independent of mud weight. The importance attached to gas cutting is that gas is entering the wellbore in small quantities, which calls for caution. Degassing is necessary to ensure that good mud is being pumped back into the hole to prevent the percentage of gas from increasing with each circulation, which would allow greater and greater bottom hole hydrostatic pressure reductions. 9 - 23
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Fig 9.16. Reduction in Hydrostatic Head Due to Gas Cutting of the Mud
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Fig 9.17 Most of mud cutting is close to surface. If severe, possibly divert flow through choke manifold to prevent belching and to safely contain gas through mud gas separator. Possibly time drill the gas cap to prevent severe gas cutting of mud. Gas cutting alone does not indicate the well is kicking, unless it is associated with pit gain. Allowing the well to belch over the nipple could cause reduction in hydrostatic pressure to the point that the formation would start flowing, resulting in a kick.
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9.5 Kick Early Warning Signs The alertness in determining early warning signs in well control is of the upmost importance to wellbore safety. Careful observance and positive reaction to these signs will keep the well under control and prevent the occurrence of a well flow situation. The various signs that have been recorded as early warning indicators are not consistent in all situations. The signs however may have to be used collectively as one indicator may not accurately provide the warning of getting into an unbalanced situation. Even though the series of signs may change between wells, early warning indications can be found from the following list. Kick Early Warning Signs • • • • • • • • 



Increase in drilling rate of penetration. (Driller and Mud Logger) Increase torque and drag. (Driller and Mud Logger) Decrease in shale density. (Mud Logger) Increase in cutting size and shape. (Shakerman and Mud Logger) Mud property changes. (Mud Engineer and Shakerman) Increase in trip, connection and/or background gas. (Mud logger) Increase in the temperature of the return drilling mud. (Mud Logger) Decrease in D-exponent. (Mud Logger)



Increase In Drilling Rate Of Penetration - Drilling Break When drilling ahead and using consistent drilling parameters, as the bit wears, a normal trend of decrease penetration rate should occur. If the differential pressure between the hydrostatic pressure of the drilling fluid and formation pore pressure decreases, an increase in the drilling rate occurs as the chip hold down effect is reduced. A general and consistent increase in penetration rate is often a fairly good indicator that a transition zone may have been penetrated. A rapid increase in penetration rate may indicate that an abnormal pressure formation has been entered and an underbalance situation has occurred. Increased Torque And Drag Increased drag and rotary torque are often noted when drilling into overpressured shale formations due to the inability of the underbalanced mud density to hold back physical encroachment of the formation into the wellbore. Drag and rotating torque are both indirect and qualitative indicators of overpressure. They are also indicators of hole instability and other mechanical problems. Torque and drag trend increases often indicate to the driller that a transition zone is being drilled. Up drag and down drag as well as average torque figures should be recorded on each connection. These trends are valuable when comparing other trend changes. 
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∆W –––– drag (up)



∆W –––– drag (down)



Fig 9.18 Decrease In Shale Density The density of shale normally increases with depth, but decreases as abnormal pressure zones are drilled. The density of the cuttings can be determined at surface and plotted against depth. A normal trend line will be established and deviations can indicate changes in pore pressure.
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Increase In Cutting Size And Shape In transition zones or in abnormally pressured shales (sandy shales and bedding sand streaks) the shales break off and fall into hole because of under balanced condition (pore pressure greater than mud hydrostatic pressure). Water wetting may further aggravate this problem. Changes in the Shape of Shale Cuttings can occur as an underbalanced situation is developing. The particles are often larger and may be sharp and angular in the transition zone. Extra fill on bottom may coincide with the trend change. Severe sloughing will often cause changes in pressure and stroke relationship. Normally pressured shales produce small cuttings with rounded edges and are generally flat, while cuttings from an over pressured shale are often long and splintery with angular edges. As reduction of hydrostatic differential between the pore pressure and bottomhole pressure occurs, the hole cuttings will have a greater tendency to come off bottom. This can also lead to shale expansion causing cracking, and sloughing of the shales into the wellbore. Changes in cuttings shape and cuttings load over the shakers needs to be monitored at surface. Mud Property Changes Water cut mud or a chloride (and sometimes calcium) increase that has been circulated from bottom always indicates that formation fluid has entered the wellbore. It could be created by swabbing or it could indicate a well flow is underway. Small chloride or calcium increases could be indicative of tight (non-permeable) zones that have high pressure. In certain type muds, the viscosity will increase when salt water enters the wellbore and mixes with the mud. This is called flocculation because the little molecules of mud solids, which are normally dispersed, form little “groups” called flocs. These flocs cause viscosity and gel increases. In other type muds you might see a viscosity decrease caused by water cutting (weight decrease). This is true when operating with low pH salt saturated water base muds. In oil muds, any water contamination would act as a “solid” and cause viscosity increases. Gas cut mud would be fluffy and would have higher viscosities and lower mud weight. It is essential to know that the trend changes are more important than actual value of the change. Increase In Trip, Connection and a Background Gas Return mud must be monitored for contamination with formation fluids. This is done by constantly recording the flowline mud density and accurately monitoring gas levels in the returned mud.
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Gas cut mud does not in itself indicate that the well is flowing (gas may be entrained in the cuttings). However, it must be treated as early warning of a possible kick. Therefore pit levels should be closely monitored if significant levels of gas are detected in the mud. An essential part of interpreting the level of gas in the mud is the understanding of the conditions in which the gas entered the mud in the first place. Gas can enter the mud for one or more of the following reasons: • 



Drilling a formation that contains gas even with a suitable overbalance.



• Temporary reduction in hydrostatic pressure caused by swabbing as pipe is moved in the hole. • Pore pressure in a formation being greater than the hydrostatic pressure of the mud column.







Gas due to one or a combination of the above, can be classified as one of the following groups: • Drilled Gas When porous formations containing gas are drilled, a certain quantity of the gas contained in the cuttings will enter the mud. Gas that enters the mud, unless in solution with oil base mud and kept at a pressure higher than its bubble point, will expand as it is circulated up the hole, causing gas cutting at the flowline. Gas cutting due to this mechanism will occur even if the formation is overbalanced. Raising the mud weight will not prevent it. It should be noted that drilled gas will only be evident during the time taken to circulate out the cuttings from the porous formation. • Connection Gas Connection gases are measured at surface as a distinct increase above background gas as bottoms up occurs after a connection. Connection gases are caused by the temporary reduction in effective total pressure of the mud column during a connection. This is due to pump shut down and the swabbing action of the pipe. In all cases, connection gases indicate a condition of near balance. When an increase trend of connection gases are identified, consideration should be given to weighting up the mud before drilling, operations continue and particularly prior to any tripping operations. • Trip Gas Trip gas is any gas that enters the mud while tripping the pipe with the hole appearing static. Trip gas will be detected in the mud when circulating bottoms up occurs after a round trip. If the static mud column is sufficient to balance the formation pressure, the trip gas will be caused by swabbing and gas diffusion. 9 - 28
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Significant trip gas may indicate that a close to balance situation exists in the hole. • Gas Due to Inadequate Mud Density Surface indication of an underbalanced formation depend on the degree of underbalance, as well as the formation permeability. Drilling of a permeable formation that is significantly underbalanced will cause an immediate flow increase followed by a pit gain. • Change in the Temperature of the Return Drilling Mud The temperature will normally take a sharp increase in transition zones. The circulating rate, elapsed time since tripping and mud volume will influence flowline temperature trends. The temperature gradient in abnormally pressured formations is generally higher than normal. The temperature gradient decreases before penetrating the interface and, therefore marked differences can give and early indication of abnormal pressures. This is usually a surface measurement which has a tendency to be influenced by operating factors. Figure 9.19 shows plots of temperature increase while penetrating an abnormal pressure formation. 8
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Decrease in D-Exponent The D-Exponent will be plotted by the well loggers and maintained current at all times. This value was introduced in the mid sixties to calculate a normalised penetration rate in relation to certain drilling parameters. d = 



log (R/60N) –––––––––––––– log (12W/10°D)



Where:







R N W D d 



= = = = = 



rate of penetration, ft/hr rotary speed, rpm weight on bit, lbs bit size, ins D-exponent



The D-exponent may be corrected and normalised for mud weight changes and/or ECD (equivalent circulating density) by the following: dc = 



d x normal pressure (ppg) ––––––––––––––––––––––– mud weight or ECD (ppg)



A plot of Dc-Exponent versus depth in shale sections, has been used with moderate success in predicting abnormal pressure. Trends of Dc-exponent normally increase with depth, but in transition zones, its value decreases to lower than expected values. Mud logging companies have further variations/models which try to normalise for other parameters (such as bit wear and rock strength) to varying degrees of success. An illustration of a Dc plot is attached as figure below. 1.0
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Fig 9.20 Sample Plot of Dc Exponent vs. Depth 9 - 30
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9.6 Positive Kick Signs



A kick occurs when the hydrostatic pressure of the mud column in the well is less than the formation pressure provided that the formation has the ability to produce. A kick is a positive indicator that formation fluid is entering the wellbore and Secondary Well Control must be initiated. Recognising a Kick While Drilling Flow into the wellbore causes two changes to occur in the mud circulating system: • 



Increase of active mud system volume.



• 



The mud return flow rate exceeds the mud flow rate into the well.



Since a rig’s fluid system is a closed system, and increase in returns detected by a flow monitoring system will also be indicated by a gain in pit level. Detecting a change in pit level may be done by visual observation. This means placing some type of pit level marker in the tank, then posting someone to keep a constant watch. From your own experience, you know that to keep a constant watch on the pit level is next to impossible. This is especially true during trips, when most kicks occur. A more accurate and reliable method is to use any of the several pit level measuring instruments with the recorder mounted at the driller’s console and supported by the mud logger’s monitoring system. This allows a constant watch on the pit level by the driller, both while tripping and drilling. Good communication between crew members is essential on the rig. Drillers should make sure crew hands notify them if they do anything to change the level in the pits. If crew hands are adding volume to the pits, they should also notify the driller when they stop adding volume. When drilling a formation containing gas, a minor pit level rise will be noted because of the core volume of gas being drilled. However, this will occur only as the gas nears the surface, and is due to the drilled gas expanding and is not necessarily an indication that the well is underbalanced. The timing of the increase in pit volume is important in distinguishing between a true kick and gas expansion only. The hole will also take the same volume of fluid that it gave up, after the gas bubble has reached the surface. However, if there is any question as to the cause of the pit gain, stop the pump and check the well for flow. On trips, the drill crew should be able to recognise a 5-barrel kick or less. During drilling, the crews are generally able to recognise a 10 barrel kick or less. The size or severity of a kick depends on the volume of foreign fluid allowed to enter the wellbore, which depends on the degree of underbalance, the formation permeability, and the length of time it takes the drilling crew to detect that the well is kicking.
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Recognising a Kick While Tripping Flow into the wellbore will cause improper hole fill up, if this is seen a flow check should be performed. • 



If the flow check is positive then the well should be shut in.



• If the flow check is negative the drill string should be run back to bottom to circulate bottoms up (stripping may have to be used here). Trip tanks are recognised to be the safest and most reliable method of monitoring mud volumes on trips. It is recommended that a continuous hole fill up be used when tripping out of the hole. When tripping in the hole, the trip tank should be used to ensure the correct mud displacement is taking place. Rig movement with a floating drilling rig makes it more difficult to recognise kick indicators while drilling or tripping. For this reason additional fluid volume detection equipment is installed in the mud pits to compensate for rig motion. It is recommended for floating drilling units that flow checks be performed on the trip tank with the hole fill pump circulating across the bell nipple to eliminate rig motion as much as possible. Situations that can mask a kick:• 



Mud weight adjustments while drilling.



• 



Mud transfers while drilling.



• 



Partial lost circulation.



• 



Solids control equipment and degassing mud.



• 



Spills and leaks in surface equipment.



• 



Drain back.



• 



Pump start up and shut down.



9.7 Kick Behaviour A Comparison Between Oil and Water Base Muds Due to high temperatures and pressure a small gas kick can turn into a serious well control problem with oil base muds. Solution gas can become dissolved and miscable. The reason for this is that the gas remains in solution until it reaches its bubble point. In the same way that gas in a disposable lighter remains in its liquid phase until the pressure is relieved. In the figure overleaf three barrels of mud have entered the wellbore at 10,000 ft, but we would see no pit gain while 9 - 32
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drilling until the gas has been circulated up to 2600 ft. The gas then expands rapidly and there is a real danger of blowing out sufficient mud to put the entire well underbalance. This problem is easier to detect in water based muds because the original volume of the gas will expand much earlier as the pressure above the gas is reduced (see fig. 9.21). The problem in OBM’s is that if a kick has entered the wellbore undetected it is impossible to know where the top of the gas is. For example if the drilling rate is say 80 SPM and the pump output is 0.117 bbls per stroke then in an 8.5” hole section with 5” drillpipe the influx would travel 203 ft. for each minute that the kick is undetected. In extreme cases the gas could be 6000 - 7000 ft. away from the surface without the driller realising anything is wrong. Under these conditions it may be prudent to count all drilling breaks as primary indicators. Stop drilling , shut off pumps and close the well in. The gas can then be circulated through the choke in a safe manner utilising the first circulation of the drillers method. Some procedures advise that the gas should be circulated to 2500 ft. below the BOP before the well is shut in and the gas circulated through the choke. It may be the case that the bubble point is lower and unless this information is known, even though the first procedure may take a little longer, remember safety is always our main concern. Oil Base Mud 



Water Base Mud



ASSUME: Three bbls of gas is swabbed into the hole during a connection (undetectable) 0 Surface Conditions 15 psi 70°F



2,500'



2,500' Depth



100% of Total Expansion



Depth



Bubble Point 1000' - 2000'



0 Surface Conditions 15 psi 70°F



5,000'



5,000'



Bottom Hole Conditions 7000 psi 250°F 10,000' 0 3 bbls Bbls



12 bbls Gas Volume



Detectable Pit Gain



6 bbls Gas Volume



Bottom Hole Conditions 7000 psi 250°F 10,000' 1,400 0 3 bbls Bbls



Solution gas will not migrate or expand until bubble point pressure is reached.



1,400



Gas in WBM will migrate and expand as pressure is reduced.



NOTE:The dissolving of gas into oil base mud does not hinder the detection of large volume kicks (5 bbls +), normal kick detection applies. After the well is shut in. Normal kick killing procedures apply.
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9.8 Kill Methods General The objective of the various kill methods is to circulate out any invading fluid and circulate a satisfactory weight of kill mud into the well without allowing further fluid into the hole. Ideally this should be done with the minimum of damage to the well. If this can be done, then once the kill mud has been fully circulated around the well, it is possible to open up the well and restart normal operations. Generally, a kill mud which just provides hydrostatic balance for formation pressure is circulated. This allows approximately constant bottom hole pressure which is slightly greater than formation pressure to be maintained as the kill circulation proceeds because of the additional small circulating friction pressure loss. After circulation, the well is opened up again and the mud weight may be further increased to provide a safety or trip margin. Kill Methods To apply a dynamic method in removing any invading formation fluid into the wellbore with a satisfactory weighted mud to return to the well to a primary well control state usually applied under constant bottom hole pressure conditions. Balance of Pressures Once the well is shut-in providing nothing has broken down, the pressures in the well will be in balance. What is lacking in hydrostatic head of fluid in the well is now being made up by surface applied pressure on the annulus and on the drill pipe. Providing the bit is on bottom and the string is full with a known mud density this allows us to determine what the formation pressure is and hence what kill mud weight is required to achieve balance. On the drill pipe side of the U-tube. Formation Pressure = [Hydrostatic Pressure of Mud in Drill pipe] + [Shut-in Drill Pipe Pressure SIDPP] On the casing side of the U-tube: Formation = Hydrostatic Pressure + Hydrostatic Pressure + Shut-in Pressure of Mud in Annulus of Influx Casing Pressure 
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The mixture of mud and formation fluid in the annulus makes it impossible to determine formation pressure using the casing information. The drill pipe, however, is full of clean mud of known weight and can be used as a “barometer’ of what is happening downhole. PF 



= 



Head of Mud In Drill pipe 



+ 



SIDPP



We require the mud to produce a hydrostatic pressure equal to the formation pressure over a length equal to the true vertical depth of the hole. This can be expressed as a gradient, and converted to any desired mud weight unit; in this case ppg. The kill mud weight required could also be described as the original mud weight increased by an amount which will provide a hydrostatic pressure equal to the amount of the drill pipe shut-in pressure over the vertical length of the hole. Kill Mud Weight (ppg) = 



Original Mud Weight (ppg) + 







SIDPP (psi) –––––––––––––––––– ÷ 0.052 True Vertical Depth (ft)



Once the formation pressure is known, the mud weight required to balance, or ‘kill’, it can be calculated, since: Kill Mud Weight (ppg) = 



Formation Pressure (psi) ––––––––––––––––––– ÷ 0.052 True Vertical Depth (ft) DRILL PIPE



ANNULUS CASING PRESSURE



DRILL PIPE PRESSURE



1220 psi



800 psi



MUD HYDROSTATIC PRESSURE IN THE DRILL PIPE



MUD HYDROSTATIC PRESSURE IN THE ANNULUS



8613 psi



9100 psi



67 psi



TOTAL PRESSURE ACTING DOWN (9100 + 800 = 9900 psi)



9900 psi



9900 psi



9900 psi



TOTAL PRESSURE ACTING DOWN (8613 + 1220 + 67 =9900 psi)



FORMATION PRESSURE



9900 psi



9900 psi Drill Pipe: SIDPP + Hydrostatic Pressure of Mud = Formation Pressure Annulus: SICP + Hydrostatic Pressure of Mud + Hydrostatic Pressure of Influx = Formation Pressure



Fig 9.22 9 - 35
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Constant Bottom Hole Pressure Kill Methods There are a number of techniques to apply the ‘constant bottom-hole pressure’ kill methods. The two most common techniques are: • 



Driller’s Method



• 



Wait & Weight Method (also known as the ‘Engineer’s Method’)



These two techniques are very similar in principle, and differ only in respect of when kill mud is pumped down. In the Driller’s Method, the kill is split into two circulations. During the first, the kick fluid is circulated without changing the mud weight; once the kick is out, the mud is weighted up and pumped around the well on the second circulation. The Wait & Weight method achieves both of these operations simultaneously. Kill mud is prepared before starting the kill, and the kick fluid is circulated out while this mud is circulated into the well. The Driller’s Method In the Driller’s Method, the kick is circulated out of the hole using the existing mud weight. The mud weight is then raised to the required level and circulated around the well. Two complete circulations are thus required, as a minimum, for this method. Since it deals separately with the removal of the kick and the addition of kill weight mud, it is generally considered to be the simplest of well control methods, and it requires least arithmetic. However, this results, in the well being circulated under pressure for a relatively long time, possibly the longest of the three methods, with an increased possibility of choke problems. Also, the annular pressures produced during the first circulation are higher than produced with any other method. CAUTION: because very high annular pressure may arise when killing a gas kick with this method, care should be taken. Annular pressure will be at a maximum immediately before gas arrives at surface, and casing burst pressure limitations may be critical. This method is most used on small land rigs where the Driller may have little help and limited equipment. It is also used on highly deviated and horizontal wells, where the influx is likely to be a swabbed kick. In addition the simplicity of the Driller’s Method makes it useful when only limited information is available about the well conditions.
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To summarise: Driller’s Method Technique FIRST CIRCULATION: Pump the kick out of the well, using existing mud weight. SECOND CIRCULATION: Pump kill weight mud around the well. Advantages of Driller’s Method: • • • 



Minimum Arithmetic Minimum Waiting Around Time - can start kill at once Minimum Information Required



Disadvantages of Driller’s Method: • • • 



A



Highest Annular Pressure Produced Maximum Well Under Pressure Time Longest ‘On-choke’ Time



SIDPP



B



SICP



C



CASING PRESSURE RISING



INITIAL CIRCULATING PRESSURE



Kill Mud Weight



DRILLPIPE PRESSURE DROPPING



Before start of first circulation



E



CASING PRESSURE STEADY



DRILLER’S METHOD



CIRCULATING KICK OUT



FIRST CIRCULATION COMPLETE



F



CASING PRESSURE BEING REDUCED



F.C.P.



DRILLER’S METHOD



DRILLER’S METHOD



CIRCULATING KILL MUD IN



Drill Pipe Pressure dropping (from I.C.P to F.C.P, as kill mud goes to bit)



DRILLER’S METHOD



Expanding gas is pushing more mud out of annulus, so Casing Pressure rising to compensate and KEEP CONSTANT BOTTOM HOLE PRESSURE



Gas Kick



D



CASING PRESSURE = SIDPP



Kill Mud Weight



DRILLER’S METHOD



GAS



SIDPP



KILL MUD



Well Closed In



Original weight mud all around well



0 psi



0 psi



WELL KILLED



KILL MUD COMING UP ANNULUS



Shut in - kill mud all round well



Choke being steadily opened to keep F.C.P on drill pipe, hence casing pressure reducing



Well clean up may take some time - small residual pressure on the casing is thus likely



Fig 9.23
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The Wait and Weight Method The “Wait and Weight” is sometimes referred to as the ‘Engineers Method’ or the ‘One Circulation Method’. It does, at least in theory, kill the well in one circulation. Once the well is shut in and pressures stabilised, the shut in drill pipe pressure is used to calculate the kill mud weight. Mud of the required weight is made up in the mud pits. When ready, kill mud is pumped down the drill pipe. At commencement, enough drill pipe pressure must be held to circulate the mud, plus a reserve equivalent to the original shut in drill pipe pressure. This total steadily decreases as the mud goes down to the bit, until with kill mud at the bit, the required pressure is simply that needed to pump kill mud around the well. The choke is adjusted to reduce drill pipe pressure while kill mud is pumped down the string. With kill mud at the bit, the static head of mud in the drill pipe balances formation pressure. For the remainder of the circulation, as the influx is pumped to the surface, followed by drill pipe contents and the kill mud, the drill pipe pressure is held at the final circulating pressure by choke adjustment. Advantages of the Wait and Weight Method • Lowest wellbore pressures, and lowest surface pressures - this means less equipment stress. • Minimum ‘on-choke’ circulating time - less chance of washing out the choke. Disadvantages of the Wait and Weight Method • Considerable waiting time (while weighting up) - gas migration. • If large increases in mud weight required, this is difficult to do uniformly in one stage.
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I.C.P.



D



F.C.P.



Kill Mud Weight



A



CASING PRESSURE AT MAXIMUM



SICP



DRILLPIPE PRESSURE DROPPING



Small Casing Pressure still held - as light mud from drillpipe circulated out



WAIT & WEIGHT



F



Casing Pressure at its maximum value



Fig 9.24



F.C.P.



DRILL PIPE CONTENTS AT SURFACE



E



GAS AT SURFACE



WAIT & WEIGHT



Just starting kill mud down drill pipe



Gas Kick



CIRCULATING KILL MUD DOWN



START OF KICK



F.C.P.



F.C.P.



Kill Mud Weight



C



Drill pipe pressure dropping from Initial Circulating Pressure to Final Circulating Pressure Casing Pressure rising very slowly (little gas expansion)



WAIT & WEIGHT



SMALL CASING PRESSURE



CASING PRESSURE V. SLOWLY RISING



WAIT & WEIGHT



Kill Mud Weight



B



0



CASING PRESSURE V. SLOWLY RISING



Well ‘clean up’ takes some time, as small residual Casing Pressure is likely



WELL KILLED



WAIT & WEIGHT



Drill pipe Pressure now steady at Final Circulating Pressure



KILL MUD AT BIT



WAIT & WEIGHT
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SCR



SIDPP........psi SICP..........psi Gain..........psi



Shut - In Data



Surface Pscr



Pump 1 30 spm 40 spm pump 2 30 spm 40 spm



Fig 9.25



CLOSE Middle Pipe Ram Reduce pressure (200 psi) on both the RAM and the Annular Lower string until Tool joint hung-off on pipe ram Increase pressure on the Annular & Pipe Ram to normal pressures Set “Wedgelocks”



Hang Off Procedure (Combined Course Only)



Call Supervisor



Colloect Pit Gain Data



Pump 1 30 SPM 40 SPM PUMP 2 30 SPM 40 SPM



Via Choke Line



Combined Pscr



Via Riser



With aN OPEN adjustable choke OPEN - HRC/Failsafe Valve CLOSE - Annular BOP ADJUSTABLE CHOKE - CLOSE



With a CLOSED adjustable choke Annular BOP - CLOSE HCR/Failsafe Valve - OPEN



With a CLOSED adjustable choke OPEN - HRC/Failsafe Valve CLOSE - Annular BOP



Monitor Pressures



SOFT SHUT - IN



HARD SHUT-IN



FAST SHUT - IN



PICK UP SPACE OUT ROTARY - OFF PUMPS - OFF



SHUT - IN METHODS



CLFL
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SECTION 10 SPECIAL OPERATIONS 10.1 



FISHING OPERATIONS







10.1.1 CAUSES OF FISHING JOBS 10.1.2 PREPARING FOR A FISHING JOB 10.1.3 FISHING TOOLS & TECHNIQUES



10.2 



LOST CIRCULATION



10.3 



INTRODUCTION TO COIL TUBING



10.4 



UNDERBALANCED DRILLING (UBD)
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10.1 Fishing Operations Losaing equipment in the hole is one of the most expensive and potentially dangerous things that can go wrong. Fishing is a process of removing any undesirable object in the hole before operations can continue. Generally fishing can be divided in to two categories: • Open hole fishing • Cased hole fishing Specialised equipment, expertise and/or trained operators may be required to perform this work. The term fishing was probably acquired from the cable tool drilling days. A cable tool driller would use a barbed like spear to catch a broken cable which fell in the hole. The catching of the broken line was termed fishing, while the line and cable tool bit were referred to as the fish. In these days fishing refers to removing any undesirable object such as in hole failed equipment to surface dropped objects. The following is a summary of some basic techniques and tools used in this process. 10.1.1 Causes of Fishing Jobs There are many ways that equipment can become lost or stuck in the hole. The largest object or fish is a part of the drill, testing or completion string that has failed and broken off or dropped in the hole. A “string” may also become stuck and disconnecting from it may be desired. The section left in the hole will be called a fish. A small object or fish is commonly known as junk. Pieces of metal may come loose when equipment fails in the wellbore. This junk may stick the drill, testing on completion string by jamming between it and the hole on casing wall. 1. 



Parting of the drilling or production string referred to as string failure







2. 



Sticking of drilling or production string







3. 



Partial in hole tool failure







4. 



Dropped objects into the well
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Some of the factors leading to drill, test or completion string are discussed. Failures with early warning signs are found in the figures below. Typically this involves leaving a large piece in the hole referred to as a fish.



DRILL STRING 



Factors Leading to Failed String:



- Corrosive fluids - Washout - High flow rates - Excessive over pull - Metal fatigue - Rough handling 



Possible early warning signs:



- Reduction of pump pressure - Increase of pump speed - Reduction of flowing pressure 



Failure Signs:



- Loss of string weight - Reduced pump pressure - Increase pump speed - Decrease torque - Increase in string RPM 



Sticking of drill string leading to possible failure:



- Stuck pipe * Mechanical * Differential sticking
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DST STRING OR PRODUCTION STRING 



Factors Leading to Failed String: 



- Excessive Torque - Rough Handling - Poor maintenance - Excessive over pull - Metal fatigue - Back off - Corrosive fluids - Abrasive formation 



Possible early warning signs:







- - - 







Failure Signs:







- - 







Sticking of Production string leading to possible failure:



Reduction of flow rate Increase in annulus pressure Reduction of flowing pressure



Increased annulus pressure Loss of string weight if recovering



- Stuck pipe * Mechanical



Fig 10.2
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Items that may be considered as junk are found in the list below. These items may require speciality tools for their recovery. Drilling Operations or DST operations 



- 



Bit cones, bearings and other parts







- 



Broken stabiliser or reamer







- 



Drilling surface tools dropped in hole







- 



Parted wire line







- 



Metal fragments from failure







- 



Large formation pieces



- DST tools Production Operations 



- 



Production string tools







- 



Parted wire line







- 



Production surface tools dropped in well







- 



Metal fragments from failure
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10.1.2 Preparing for a Fishing Job 



Fishing operations involve quick thinking and advanced planning. To be prepared as far as possible a supervisor may want to have a check list he/she reviews periodically to keep him/her in a state of readiness. Some of these questions to be found on the check list are :







1. 



Is it feasible to start/continue the fishing operations?







2. 



What is to be fished out of the hole?







3. 



Is the fish stuck, or is it resting freely?







4. 



If stuck, what is causing it to stick?







5. 



What is the condition of the hole and well configuration?







6. 



What are the size and condition of the fish?







7. 



Could fishing tools be run inside the fish, or must they be run outside it?



8. 



Could other tools be run through the fishing assembly that is to be used?



9. 



Are there at least two ways to get loose form the fish if it cannot be freed?



10. 



How is fishing equipment stored? Is it well maintained and in good condition? Is hydraulic fishing equipment stored in a vertical position?







11. 



Has the last item pulled from the well bore been examined?







12. 



Do people selecting overshot know how to size it properly?



13. 



Are people familiar with the operation and ratings of hydraulic equipment? i.e. Jar and accelerator. 
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10.1.3 Fishing Tools and Techniques If town requires to be brought into the picture for equipment and personnel then shorebase team members should seek advisors, suppliers and experts travelling to the job site who are clued in with as much information about the situation as possible. Fishing consultants should pick their own tools for the job and go as far as possible to find out information about the fish. At the well site the use of proper fishing techniques coupled with the most effective fishing tools should be used. If the drill string failed with bit off bottom and the fish then fell downhole, the remainder of the drill string in the hole must be measured as it is pulled out. The depth of the top of the fish can then be closely estimated, assuming that the fish fell all the way to bottom.



Fig 10.3 Most pipe recovery tools are designed with close tolerances and specific component sizes are needed for specific jobs. Irregularities likely to hamper the catching of a fish must be corrected if , for example, the top of the failed section of broken off drill pipe is burred or split, it may be necessary to clean up or dress it before fishing it. Inspecting the broken piece on the part of the failed pipe section that is pulled from the hole may provide a good reverse image of the top of fish resulting from a twistoff. One method that is sometimes used to assess the condition of the top of the fish is to run an impression block. A typical impression block consists of a block of lead, having a circulation port, moulded onto a steel body. 10 -6
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Fig 10.4 The block is made up on drill pipe and collars and run into the hole until it is just above the fish. Circulation is started to wash all settlings off the top of the fish so that a good impression can be obtained. The block is lowered to touch the fish, and weight used to make imprint of top of fish. The top of the fish indents the bottom of the soft lead block, leaving an impression that can be examined and measured at the surface. Fishing for a Twistoff If a twistoff has occurred in open hole and the fish is not stuck, the fishing operations will consist mainly of locating and engaging the top of the fish with an appropriate fishing tool. If the top of the broken off pipe is badly split and twisted then the damaged metal must be removed to give the fish a more acceptable shape to engage or catch it. A variety of mills are used to dress the top of a fish, mills can be further used to mill away a stuck fish that cannot be retrieved by any other method.



A- Tapered B- Concave C- Pilot D- Cleanout E- Flatbottomed



Fig 10.5 10 -7
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Mills are inlaid with tungsten carbide, so their cutting surface can cut high strength steel. For milling the string must be rotated quickly and smoothly. It may be necessary to use a pilot mill, which will not jump off the top of a fish and go along side it.



Fig 10.6 Mill Out String for Twist Off and Parted Drill String Good circulation should be maintained to flush the cuttings and cool the mill. Once the top of the fish has been milled smooth, the fishing string is made up. A typical fishing string consists of an overshot, a bumper sub, a hydraulic or mechanical jar, a series of drill collars and a jar accelerator made up on drill pipe. A typical circulating and releasing overshot consists of three outside parts: a top sub, a bowl, and a guide. The top sub connects the overshot to the fishing string. The bowl may be fitted with different types of equipment to grasp the fish and different guides to help centre the fish beneath the tool. The grapples must be close to the size of the fish. If the diameter of the fish is close to the maximum catch size for the overshot, a spiral grapple is used. If the fish diameter is well below the maximum catch size, a basket grapple assembly is used. 10 -8
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Fig 10.7 Typical Fishing String 10 -9
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The overshot with both types of grapples engaged seal around the fish, allowing drilling fluid to be pumped down to clean out the bottom of the hole and around the fish. Before engaging the overshot the fishing string is run to within a few feet of the top of the fish. Circulation is started to clean the top of the fish and to clean inside the overshot. The fishing string is then worked over the fish to catch it.



Fig 10.8 The fish will be circulated and jarred until freed or operation is suspended. 10 -10



BASIC DRILLING TECHNOLOGY AND EQUIPMENT SECTION 10 : SPECIAL OPERATIONS



Finding the Stuck Point If working and jarring does not free the fish, a free point indicator is run. It consists of a tool joint locator, an oscillator and a coil or strain gauge .



Fig 10.9 A string shot (an explosive device) is run with it on an electric wireline inside the fishing string and into the fish. At intervals, the indicator is stopped, and torque or tension is applied to the drill stem. The electromagnetic field induced by the oscillator and coil measures the effects caused by the applied torque and tension , which is recorded by a metering device at the surface. In the area where the fish is stuck, pulling and turning the drill string has no effect, so no stress induced. Therefore no change is registered by the meter. This therefore is repeated until the top stuck point is found of the fish. A back off should be made one or two joints above the stuck point. The string shot is raised and positioned opposite a tool joint two joints above the stuck point. Left hand torque is applied to the drill stem, and weight of the fishing string and fish to back off point is held. The string shot is detonated to loosen the tool joint. Loss of left hand torque indicates that the back off has occurred. The fish is rotated to the left and picked up to ensure that it is free. The free point indicator and the freed section of pipe are then removed from the hole. 10 -11
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String hot is primarily used to disconnect from a stuck string, however, there are other methods that can be used. • Jet cutter • Chemical cutter • Inside or outside mechanical cutters Jet Cutter A jet cutter is a shaped charge jet cut off tool for tubing, drill pipe, or casing. An explosive force shot is focused to disintegrate the metal of the fish and make a transverse cut. This explosive force will cause a slight flaring to the cut area. The flared stub end can be smoothed by means of milling, prior to engaging with a fishing tool . A collar locator is usually run with a jet cutter to permit the cut to be made between tool joints,



Fig 10.10 10 -12
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Chemical Cutter A chemical cutter is a tool which utilizes a blast of powerful acid to make a smooth cut, without flaring or distorting the cut area. The cutting action can be closely controlled; thus an outer string of tubing or casing will not be damaged when an inner string is severed.



COLLAR LOCATOR



KNIFE



CENTRALIZERS



KNIFE



CHEMICAL CHARGE



Fig 10.11 Chemical Cutter







Fig 10.12 Internal & External Cutters



Internal and External Cutters The figure below illustrates internal and external cutting tools. Internal mechanical cutters were designed primarily to cut off casing. This design was then reduced in size to make cuts in drill pipe or tubing. External cutters enable mechanical cuts to be made when the inside of a fish is plugged, preventing the use of a string shot, shaped charge, or chemical cutters. Internal and external cutters use rotational and circulating pressure to perform their work. The circulating pressure hydraulically pushes the cutting blades against the area to be cut. While rotating the fishing string the circulating pressure is slowly increased applying more force to the blades until the cut is made. 10 -13
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Washing Over One way to retrieve a stuck fish is to run a washover string to clean debris out of the annulus or to open undergauge hole to full gauge.



“OCEAN WAVE” SHOE



MILL TOOTH SHOE



FLAT-BOTTOM SHOE. Carbide on bottom, O.D and I.D



FLAT-BOTTOM SHOE. Carbide on bottom and recessed on i.d, for close inside tolerance.



Fig 10.13 A typical washover string includes a top bushing (sub) or safety joint, several joints (up to 500 ft) of washover pipe, and a rotary shoe. If the washover pipe sticks, a safety joint permits easy release and recovery of the fishing string. 10 -14
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Spear Fishing Assembly The most common inside fishing tool is the releasing spear. One type is shown below.



Fig 10.14 The spear is run on a fishing string and lowered, with circulation, to the top of the fish. Before engaging the spear, circulation is stopped. The spear is lowered inside the fish until fishing string weight is lost, indicating that the bumper ring or stop sub has seated on top of the fish. One or two turns to the left and taking an upward pull causes the spear to tightly engage the fish. Circulation is started to wash around and free the fish while working the string to pull free. A sharp downward bump, followed by one or two rounds of right hand rotation, will disengage the spear if necessary.
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Fishing for Junk One of the simplest rotary fishing tools is the poor boy junk basket, which is usually shop-made by the fishing company.



Fig 10.15 It is run in to the hole on the bottom of the fishing string to within a few feet of bottom, then lowered over the junk. The basket will be nearly hole size, so its fingerlike catchers will gather junk up into it as weight is applied. The poor boy junk basket is most effective for a small mass lying loose on the bottom.



Fig 10.16 10 -16
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The core type junk basket is used to retrieve junk such as cones that are left in the hole. A mill shoe is made up on the bottom of the tool and it is run to bottom. Mud is circulated at reduced pressure, and the tool is slowly rotated and lowered over the junk. Weight is slowly applied as the mill shoe cuts away, forcing the junk and a short core in to the barrel. Rotation and circulation are stopped and the core is broken off. Upper and lower catchers assemblies hold the core and junk in the basket. A magnet insert can also be used inside the basket to pick up small pieces of ferrous metal. Jet powered junk baskets and reverse circulation junk baskets both use hydraulic power of circulating drilling fluid to pick up junk. Fluid circulates normally through the bottom of the tool to clean cuttings off the top of the fish. A ball is dropped from surface and seats in the valve assembly and then reroutes circulation through jets on the side of the tool and back up through the catches. Small pieces of debris are carried into the barrel, where folding fingers prevent them from dropping out. If a mill shoe is used with a jet powered or reverse circulation junk basket a core can also be cut to help push the junk into the basket. Ferrous metallic junk can possibly be retrieved using a fishing magnet.



Fig 10.17 10 -17
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A fishing magnet is run to bottom and circulated to wash cuttings off the top of the junk. The magnet is encased on top and its sides by a non magnetic brass sleeve to prevent junk from clinging to its sides. Different guide shoes keep the junk from being knocked off during the trip out. If there is no fill on top of the fish a magnet can be run on wireline instead of a drill pipe fishing string. If junk is large and/or oddly shaped, which prevents it from being retrieved using a junk basket, then a junk shot can be used to break it up so a junk basket can be used to recover the pieces.



Fig 10.18 This tool contains a shaped charge, and is run on drill pipe and collars to keep the force of its explosion from blowing it uphole . The junk shot is run to bottom and all fill is circulated off the junk. The shaped charge is then fired directing its blow downward which breaks up the junk. 10 -18
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Wireline Fishing A proven means of recovering a dropped or parted wireline is the centre spear.



Fig 10.19 The centre spear is run on a fishing string and lowered into the coiled line and slowly rotated to snag the line. The centre spear should not be forced too deeply into the line, or the line may ball up and jam the spear in the hole. Another kind of line recovery tool, the prong grab, has two or more prongs with the barbs facing in and is less likely to ball up. Economics of Fishing Fishing usually is needed when least expected and brings a sudden halt to operations, especially if the string becomes stuck. If the procedures are not clear on this point, this will be the point of reaction planning. Reaction planning is sometimes required, but the most important issue now will be to evaluate facts. 



- - - 



Why did the string become stuck? What can be done to free the pipe? What will it cost?



We will look at a few points to evaluate alternatives to fishing 



- - 



Economics of fishing or sidetracking Economics and risk analysis when planning 10 -19
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Troublesome fishing (67% risk factor)



Total cost Risk cost Cost of each job assuming risk Estimated cost of each of 10 jobs using risk factors Outlined above , $



Total cost Risk cost Cost of each job assuming risks Estimated cost of each of 10 jobs using risk factors outlined above, $



24 days of rig operation at ???? / day Directional costs Purchase ish to be sidetracked



12 days of rig operation at ??? / day Directional costs Purchase to be sidetracked



Fig 10.20



PROPER PLANNING TO DETERMINE WHETHER FISHING IS COST EFFECTIVE IS IMPORTANT



Time to set cement plug, days Cement plug cost (300 ft in 8 3/4 in hole), $ Time to kick off, days Mud motor cost (one run), $ Directional tools and operator , $/ day Time to drill around fish, days Success ratio (risk factor), %



Sidetrack data



7 days of rig operation at ???? / day Fishing costs Repair damage to fish Sidetrack cost (risk cost from below)



Troublesome sidetrack (10% risk factor)



Total cost Risk cost



Fishing data:



Top of fish, (ft) Estimated rcovery rate, ft/d Cost (wireline truck, fishing tools, and operator), $/ day Values of fish, $ ft Repairs to recovered fish , $ Success ratio (risk factor), %



Total cost Risk cost



7 days of rig operation at ???? / day Fishing costs Repair damage to fish



TD, (ft) ROP (ft) Daily operating cost $ / day



Routine sidetrack (90% risk factor)



Routine fishing (33% risk factor)



Drilling data:



TABLE 3 - RISK ANALYSIS FOR SIDETRACK



TABLE 2 - RISK ANALYSIS FOR FISHING



TABLE 1 - WELL CONDITIONS AND THE ECONOMICS OF FISHING
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10.2 Lost Circulation Lost returns or lost circulation is the loss of drilling fluids or cement slurry to formation(s). This loss may vary as a gradual lost or one that is severe where there is a complete loss of returns. It should be stressed that filtration loss of mud or drilling fluids while exposing newly drilled hole should not be considered in the same category as lost circulation. Types of loss zones 



* 



Unconsolidated or highly permeable formations (loose gravels, sands)







* 



Natural fractures (limestones)







* 



Horizontal induced fractures







* 



Cavernous formations (channels & crevices)







* 



Vertical, natural and induced fractures



Loss zones are either: * Horizontal (to depths of 2500 - 4000 ft) - Induced - Natural fractures 



* 



Vertical (depths below 2500 - 4000 ft)



Induced Horizontal fracture: 



- - 



Rock strength to overcome Overburden pressure to overcome



Vertical fractures: - Occur without overcoming overburden pressure - Will occur at much lower mud weight. 10 -21
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Horizontal Loss Zones







* * 











* 



Unconsolidated Formations Porous sands and gravel - - 



High permeability 10 - 100 darcies At shallow depths will fracture more readily.



Natural or intrinsic horizontal fractures 



- - 



Overburden must be self supporting Can be relatively small 1/100” wide or as large as 100 ft wide.



* Induced Horizontal fractures Normally involved in 2 or 3 different circumstances 



- - 







Cavernous formations



* 







- - - - - 



Formations under a mud ring (clay ball-gumbo) Undercompacted sea bed



Natural fracture of large proportions Largely associated with limestone All horizontal Overburden is self supporting Water flows are common



Fig 10.21 10 -22
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Vertical Loss Zones







* 



Natural Vertical Fractures



- Predominantly do not exist below 2500 ft - Little or no width - Mud losses usually light - More easily developed than horizontal induced fractures. - Only fracture propagation pressure to be overcome. - Could be associated with a formation fault 



* Induced Vertical Fractures Can occur in most formations Causes can be



↔ ↔ ↔ ↔ ↔ ↔ ↔ ↔



↔ ↔ ↔ ↔ ↔ ↔ ↔ ↔



- Well irregularities - High mud weight - Excessive back pressure - Rough handling - Closed circulating system







* 



Underground Cross Flow (blowout)



- Dynamic flow from one formation to another. - Usually involving an induced vertical fracture. 



Fig 10.22 10 -23
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Note: Induced Vertical Fractures differ from Natural Vertical Fractures as follows: - 



Circulating fluids require to exceed the rock strength to break or split the formation for an induced vertical fracture to occur.



- 



Circulating fluid requires only sufficient pressure to exceed fracture propagation pressure for a natural vertical fracture to occur.



* Induced Vertical fractures: 



- 



Can occur in most formations below 2500 ft







- 



Rock strength needs to be exceeded







- 



Fracture propagation pressure needs to be exceeded



- If fracture propagation pressure is exceeded: - Fracture will continue to widen and extend. - Can be limitless is fracture propagation pressure continues to be exceeded. * Natural fractures: 



- 



Excessive over pressure required







- 



Can behave as induced vertical fracture







- 



Difficult to prevent mud losses



- 



10 -24



Any excessive pressure will widen fracture and destroy any seal trying to form.
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Controlling Downhole Pressure 



• 



Minimise hydrostatic pressure







• 



Minimise circulating density by:



- Control lowering and raising speeds of drillstring - Do not spud drill string - Break circulation slowly and raise drill string while performing this action - Be aware of surge pressures created by floats - Control mud rheology 



• 



Avoid restrictions in the annulus by:



- Straight clean hole - Stabilised drill string - Controlled ROP for hole cleaning (this leads to 9 out of 10 hole problems). - Wiper trips • Other Precautions: - Pretreatment - Keeping adequate records Setting Immediate Casing into Transition Zones 



• 



Indirectly by:







- - - 



• 



Directly by: - - - 



From the surface using seismic data Downhole by logging data Back-pressuring tools



Drilling parameters Shale densities Differential flowline temperature
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Correlating Technique to the Severity Classify the Loss Zone in its Category: 



- - - - - 



Seeping losses Partial losses Complete losses (static fluid level in hole below rotary table) Partial or complete losses to deep induced vertical fractures Complete losses during underground cross flows (blowouts).



Potential Loss Zones are in Two Main Categories: 



- - 



Horizontal (generally above depths of 2500 to 4000 ft) Vertical (generally below depths of 2500 to 4000 ft)







Types of Horizontal Loss Zones:







- - - 







Types of Vertical Loss Zones



Porous sands and gravels Small to large natural fracture Caverns.



- 



Induced fractures (natural vertical fractures must open to take mud, thus become induced)







Underground cross flow (blowout) to induced vertical fractures.



- 



Grouping the types of Loss Zones - 



Seeping losses will occur in any type of formation when the lost circulation properties in the circulating fluid (mud) are not fine enough to complete a seal.



- 



Partial losses will occur in gravels, sands, small natural horizontal fractures and barely opened induced vertical fractures.



- 



Complete losses will occur in long, open sections of gravels, sands, long intervals of small natural horizontal fractures, large natural horizontal fractures and partially opened induced vertical fractures.
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- 



Severe complete losses will occur in large open natural horizontal fractures, caverns and widely opened induced vertical fractures.*



*Note: The size or width on induced vertical fractures depends on the pressure differential between pressure exerted by the mud column plus any annulus pressure losses and the formation pressure. The fracture size is a function of this pressure differential. The greater the differential pressure the larger or wider the fracture. Matching the Cure to the Severity of the Loss Zone - 



Should be the most economical



- 



Good chance to succeed and stay repaired once operations begin again.



The following tables are depicted out of reference source “Lost Circulation by Joseph U Messenger.” The information found in these tables are combined with the following techniques: 



Technique 1 - 



Pull up and wait.







Technique 2 - 



Bridging agents in mud - either in WBM or OBM.







Technique 3 - 



High-filter loss slurry squeeze with and without cement.







Technique 4 - 



Portland Cement - neat or plus additives.







Technique 5 - 



Downhole - mixed soft/hard plugs.







Technique 6 - 



Surface - mixed soft plugs.







Technique 7 - 



Downhole - mixed soft plugs.







Technique 8 - 



Specialised agents.







Technique 9 - 



Drill blind or with aerated mud and set casing/lines.







Technique 10 - 



Barite and barite in-oil plugs.
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In remote areas a minimum on location material stock for lost circulation should be as follows: 



- 



- 



Course, medium and fine granules, fibre and flake bridging agents. Diesel oil, bentonite, cement, barite and a dispersant, filter loss agent, retarder for cement and thinners for barite plugs.



Lost Cure Groups Time Lost circulation material (LCM) fine, medium & coarse Soft Plug (Bentonite & Diesel) Hard Plugs (Cement or Barite) Special Agents Unusual Causes of Failure to Cure Losses 



-



-



In general the losses are found at the bit. In particular, when faults are drilled or pack off occurs. In addition, when drilling through fracture on top of Ekofisk Chalk major losses can occur. Ref. ‘Fracture Formation’ Diagram. Incorrect matching of LCM and technique to type and severity.



- 



Failure to be aggressive in one’s thinking to come to the correct technique to match severity of loss. (Play at correcting it instead of attacking it with one’s most cost effective shot first)







Poor record keeping for present and past wells



- 



- Not balancing columns if using cement where mud breaks through cement plug before it sets. Failure to achieve the objective here can also result from drill string being withdrawn from the well after plug placement where mud level in the annulus falls and mud which was squeezed into formation flows back and breaks through plug before it sets. (Note: Technique used here should involve balancing columns, placing plug across area of loss zone, pull up drill string and squeezing plug to achieve objective.) - 



Success ratio on achieving loss opportunities increases with speed with which remedial action is applied. (In general if remedial action does not work more quickly, more severe techniques should be applied). 10 -31
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10.3 Introduction To Coil Tubing The coil tubing unit is a portable, compact UNIT that eliminates the problem of making and breaking connections going in and out of the hole. It uses a continuous length of small diameter (11/2” to 2” O.D.) tubing that is stored on a reel The length is usually sufficient to reach the well’s total depth or plug back depth. It is not the reel of tubing that moves the pipe as is commonly thought by those unfamiliar with a coiled tubing unit, rather it is the tubing injector. Coil tubing units uses include sand washing, jetting, spot acidizing, mud washing, cementing, paraffin removal, clean out, circulating to kill wells, geothermal completions, sand consolidation, some drilling and milling, minimising formation damage, and initiating flow. Coil Tubing units have largely replaced snubbing units for operations on completed wells. Their versatility of coil tubing due to new tooling developed, has extended their range of capabilities in recent years. The range of services now provided includes: - Drilling and milling using hydraulic motors - Casing and cutting - Circulating - Tubing clean outs - Cementing - Through - tubing operations - Tubing descaling - Running, setting, pulling wireline pressure operated type tools - Fishing wireline tools - Logging (stiff wireline) - Nitrogen lifting - Selective zonal acidising - Perforating There are many advantages of coil tubing 1. Safety: No connections to make and break; no open pipe at floor level; no connection leaks; less weight to handle. 2. Can be run and pulled in relative short time period. 3. Cost saving versus well intervention crews. 4. Smaller crew needed than full drill crews. 5. Reduces formation damage by not having to kill well. 6. No connections or couplings give better clearances. 7. Not necessary to kill the well to run in and out of hole. 8. Completion Tubing string lasts longer due to not being handled. 9. Highly mobile and compact.
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Well Service/Well Control







Fig 10.26 Typical Coiled Tubing Unit All C/T units are constructed similarly and consist of; - Power Pack - Operators Control Cabin - Tubing Reel - Goose neck - Injector head - Stripper - BOP system 10 -33
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Power Pack The hydraulic plant or power pack is the heart of the coil tubing unit. It consists of two main sections: The Prime Mover Due to the hazardous environment at well sites, the minimal amount of electrical activity is desired. For this reason, diesel engines’ rather than electric motors, are preferred. They are also considered less troublesome and easier to maintain in the field. The diesel engines are “sized” to the type, weight and length of tubing used, as well as other demands for horsepower for the hydraulic circuitry. Hydraulic System/Circuitry Engine driven hydraulic pumps generate the required hydraulic fluid power. The fluid used is hydraulic oil. There are oil filtering and cooling systems incorporated in the circuitry to condition the oil and protect components from internal damage. Although systems vary from manufacturer to manufacturer, most systems consist of five basic circuits. A. 



Main Power Circuit - The main power circuit provides FLUID power to operate the tubing injector head.



B. 



BOP Power Circuit - The BOP power circuit provides fluid power for the operation of the blowout preventers. A hydraulic accumulator at some point in this circuit should be incorporated to provide an emergency supply of pressurised fluid, should power pack failure occur.



C. 



Reel Power Circuit - The reel power circuit provides fluid power for the operation of the tubing reel and crane (on crane equipped coiled tubing units).



D. 



Pilot Circuit - The pilot circuit provides fluid power to the valve network that hydraulically controls the primary components of the system.



E. 



Auxiliary Circuit - The auxiliary circuit is a standby fluid power for emergencies and for operating nonstandard accessories.



Coil tubing units have some disadvantages such as: 1. 



Can do only light drilling. Drillstring and only with downhole motors.



2. 



Tubing sizes are limited.
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3. 



Collapse pressures are low.



4. 



Tubing has low yield strength.



5. 



Limited service life due to it’s bending cycles over reel and through injector head.



Operating Console The Operating Console consists of controls, and various gauges. It provides a protective shelter for personnel and sensitive components as well as serving as a central location for all the critical controls to operate the coil tubing unit. The majority of the functions of the unit can be controlled and regulated from this console. This gives greater ease of operation and safety to the unit’s operator. From within the operating console the following items are monitored: 1. 



Wellhead Pressure.



2. 



Hydraulic Stripping Rubber Pressure.



3. 



Hydraulic Skate (back-up plate) pressure.



4. 



Blowout Preventer Circuit Actuating Pressure.



5. 



Tubing Reel Operating Pressure.



6. 



Tubing Injector Operating Pressure.



7. 



Pipe Depth.



8. 



Air System Pressure.



9. 



Auxiliary Circuit Pressure.



The items listed below are controlled from within the operating console: 1. 



Hydraulic Stripping Rubber Pressure.



2. 



Hydraulic Skate (back-up pad) Pressure.



3. 



BOP Actuation.



4. 



Tubing Reel Tension.



5. 



Tubing Reel Direction. 10 -35
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6. 



Level Wind Direction.



7. 



Tubing Injector Operating Pressure.



8. 



Tubing Injector Direction (in/out of hole or stop).



9. 



Blowout Preventer Accumulator Emergency Engagement.



10. 



Power Pack Start and Stop.



11. 



Power Pack Engine Throttle Speed.



Tubing Reel The tubing reel assembly consists of two independent components that work together to store the work string. It consists of a reel and a level wind mechanism. Each is controlled from the console, and driven by a hydraulic motor. Their functions are: 1. 



The Reel Mechanism: The reel mechanism maintains tension on the work string during operation to prevent unused pipe from backlashing, or uncoiling.



2. 



The Level Wind Mechanism: The level wind mechanism distributes and “spools” the pipe onto the reel in an orderly fashion.



When the unit is in operation, the reel’s motor provides tension by pulling slightly against the injector. This, coupled with the level wind mechanism, maximises pipe storage capacity on the reel and minimises pipe damage from overlap kinking and delays from tangled or crossed pipe wraps. The reel is mounted on an axle that turns on two bearings. At one end, the axle is fitted with a circulating swivel. One end of the swivel connects to the work string on the reel The opposite end of the circulating swivel is fitted with a pump manifold secured to the reel support skid. This feature offers a great advantage in that pumping operations can be conducted without interruption during the process of running pipe in and out of the hole. This gives coiled tubing units an edge on safety, as the reel eliminates the need to handle the work string.
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Stripper Assembly The tubing stripper assembly is attached to the lower structure of the injector assembly. It is positioned as close as possible to the lower gripping area of the chain. This is to prevent the workstring from deviating from its proper path when well pressure exerts upward force on the pipe. The stripper seal elements are two semi-circular rubber elements that fit together in the cylindrical bore of the stripper body. When Installed the elements surround the workstring. They are retained by a cap that fits into the top of the stripper body, secured by two pins. Tubing Injector Head The tubing injector head imparts upward and downward movement of the work string. Direction of pipe movement is controlled from the operating console. The tubing injector head consists of hydraulic motors and a pipe transport mechanism. Force required to move the pipe comes from hydraulic motors that are mounted on the injector head side plates. The pipe transport mechanism uses friction to hold and direct the pipe. It is comprised of a series of sprockets around which two independent chains (a left and a right chain) revolve. Each chain is three links wide, with the outer links connected to form a continuous chain. The inner links are formed steel “gripper” blocks with semicircular faces that correspond to the diameter of the work string. Each of the two upper sprockets are connected to one of the hydraulic motors and drives a chain. The motors are assigned opposite hydraulic flow that causes one to turn clockwise while the other turns counter-clockwise. Since the motors are facing “opposite” of each other, they run in the same direction (both turning the chains toward or away from the wellbore). The sprockets are arranged so that the chains face each other as they revolve down the middle of the injector. The semicircular gripper blocks form a circular gripping area to hold the pipe in place in the chain. The energy needed to force and hold the opposing gripper blocks together is generated by backup plates, or skates. These are mounted behind the chains. They constrict inward when hydraulic pressure is applied. This will pinch the opposing gripper block faces together to generate more friction to better “grip” and hold the pipe. As the blocks grip and hold the pipe, they are simultaneously in an upward or downward direction motion. This motion carries the pipe in the direction in which the gripper blocks are travelling in the injector assembly. The ability to grip and control string movement, coupled with high pressure surface equipment, make the coiled tubing unit ideal for many high pressure and workover applications that normally were reserved for conventional or hydraulic workover rigs. Safety features prevent runaway conditions where the work string might run in or out of the hole 10 -37
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uncontrollably. Direct control is accomplished by use of flow control valves. These valves will not allow hydraulic flow to the injector motors when hydraulic operating pressure is absent or abruptly lost. This will “load lock” the injector, and prevent pipe travel, or “runaway pipe,” until operating pressure returns. On newer units, mechanical braking systems have been installed to give more safety.



Fig 10.27 Tubing injector head and goose neck An energiser or hydraulic piston below the seal elements is hydraulically forced upward to make contact with the seal elements. A taper on the end of the seal element corresponds to a taper on the energiser. When force is exerted on the tapers, the seal elements are forced together creating a pressure tight seal around the workstring Wellbore force may “energize” the stripper assembly, assisting in an effective seal in some type of stripper preventers. Blowout Preventers The BOP is the secondary or fail safe piece of well control equipment. The blowout preventers are placed below the stripper assembly. The standard arrangement (from top to bottom) for coil tubing is as follows: - 



The Blind Ram The blind ram only seals on its own elastometer. If pipe is still across the ram area no seal will be implemented.



- 



The Shear Ram The shear ram will only cut the tubing and any wire contained within. There is no seal on this function. Extreme caution should be taken when functioning any of the rams . If a ram function is mistaken for this one then the results could be disastrous.



- 



The Slip Ram The slip ram is designed to hold the full tubing weight, and it too has no sealing function. The slip toolface can mark the tubing significantly and induce an area where premature cracking can occur. Caution should be used when considering the use of these rams.



- 



The Tubing Ram The tubing ram is used to effect a seal against the tubing. Wellbore pressure aids in the sealing of the ram when a differential is created, by bleeding off above. Both this ram and the blind ram do not hold pressure from above.
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Fig 10.28 Quad Bop Accessories and Auxiliary Equipment 1. 



Depth counter. Tubing depth counters are used to measure the workstring depth. They may be mechanical, magnetic transducers or microprocessors.



2. 



Hydraulic crane. A hydraulic crane is often incorporated into the unit package where lifting is not available at the location by other means.



3. 



Free standing injector bases are used for “crane free” rigging up. These are used where overhead space, crane capacity, or weight prohibits normal rig up. The injector base may incorporate self elevating hydraulic cylinders for height adjustment when rigging up, and include hydraulic winches for skidding the assembly across the location for positioning



4. 



Fluid pumping unit. The fluid pump, whether liquid or gas (nitrogen) provides the method for circulation or to provide pressure.



5. 



The liquid pump has an intake located in or selected from the desired tank(s). Fluid is drawn from the tank, through the pump, to the manifold and lines, where it may be mixed with nitrogen. It then goes to the circulating swivel on the tubing reel where it connects to the tubing.



6. Tanks and equipment for mixing and storing fluid. Typical tanks offer two or three compartments and are available in desired capacity. The suction of the tank may either be on the sides several inches from the bottom so sediment cannot enter the suction line, or “cement” type where the suction is on the bottom. 7. 



Centrifugal pumps and a mixing hopper are often included, as well as a filtering unit. 10 -39
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10.4 Underbalanced Drilling (UBD) Underbalanced drilling (UBD) is a technique in which the hydrostatic pressure in the well’s circulating system, while drilling, is maintained at some pressure less than the pressure of the target formation of interests. Underbalanced Drilling (UBD) Underbalanced drilling (UBD) is a technique where the hydrostatic pressure of the circulating system is kept below the formation pressure of the zone of interest. This underbalanced condition can be generated naturally with low density fluids (Water or light hydrocarbon systems) where high natural pressure exists in the formation. This method is commonly referred to as flow drilling. In other situations, the underbalanced condition is generated artificially by injecting some type of non-condensable gas the circulating fluid system to reduce effective hydrostatic density. The gas most commonly utilized is nitrogen due to its availability and ease of transportation. UBD operations are consistently developing and making significant impact on increased reservoir productivity. Some of the Benefits of Underbalanced Drilling Are: 1. Prevention of Formation Damage 2. Increased drill bit penetration rates (2 - 6 times) 3. Increased drill bit life (2 - 3 times) 4. Eliminates differential sticking 5. Additional reservoir information while drilling 6. Ability to run well production tests at any point during the drilling of the horizontal wellbore 7. No exotic muds or chemicals required Fluids can be handled (disposed of or sold) within existing field production facilities. In most cases the aggregate benefits derived from underbalanced horizontal drilling outweigh conventionally drilled horizontal wells. Underbalanced drilling can provide some good results. However, if not properly designed and executed, can have disastrous results. There are some situations where UBD is not suited. Some potential downsides and damage mechanism associated with UBD are: • Increased cost and Safety Concerns • Difficulty in maintaining a continuously underbalanced condition • Absorbing nature of some fluids to fluids or fluid to rock causing a reduction in permeability at the wellbore face • Glazing and cutting damage as a result of drill bit polishing the formation face on the bottom of the hole adversely affecting UBD fluid system 10 -40
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• Mashing of formation face by polishing it with formation fines (small solids) reducing permeability. Gas drilling operation particularly sensitive. • Macroporosity Gravity Induced Invasion in large open fractures can occur on low wellbore sides of hole of drilling fluids Horizontal or vertical wells drilled underbalanced or while flowing must have surface equipment and a blowout preventer stack specially designed for circulating operations. Several well control elements must be addressed carefully on each underbalanced well: • Drilling fluid requirements • Well control procedures and equipment • Surface equipment and special considerations for handling hydrocarbons produced while drilling. Additionally, personnel training and on-site supervision are critical aspects of a successful underbalanced well.



Drilling Fluids One of the considerations in the planning of an underbalanced well is which type of drilling fluid system to use. The decision whether to use a clear fluid like brine or fresh water, diesel, native crude, fluid gasified with natural gas or nitrogen, air, mineral oil or some other lightweight fluid design or a more conventional drilling fluid system. Before selecting on the drilling fluid type the operator should collect offset well data and talk to other operators in the area. Seeking counsel of experienced underbalanced drilling engineers is also recommended.



Clear Fluids Brine, water, diesel, native crude, fluid gasified with natural gas or nitrogen, air and mineral oil. These can benefit generations by reducing formation damage where losses occur, however, some of the drawbacks with clean fluid are: 



• • • • 



Hole Cleaning Can Be Expensive System Handling and Environmental Concerns Will Lead to Higher Surface Pressure Verses Mud Systems
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Mud Base Fluid Water Base Mud (WBM) system, Oil Base Mud (OBM) systems or Synthetic Oil Base Mud (SOBM) systems. These can benefit operations by assisting in controlling wellbore stability where problems of this nature exist. These systems can also help control emigration, improve hole cleaning and maintain lower surface pressure than clean fluid systems. Some of the drawbacks to mud fluid systems are: 



• • • 



Can Be Expensive Formation Fluid Invasion Handling and Environmental Concerns



Clear Fluids Clear fluids have the benefit of reduced formation well damage if lost circulation or seepage occurs. The drawbacks of clear fluids are the expense, hole cleaning capabilities (if viscosifiers are not used), and increased surface pressures during ”live well” situations. Mud Standard drilling mud (either oil based or water based) is better in areas where well bore stability is questionable or where well bore damage is not a consideration. Drilling muds and viscosified fluids help solve hole cleaning problems better than clear fluids. A viscosified fluid lowers surface pressures because of its ability to help prevent gas migration. If gas migration can be reduced, the control of the well at the surface improves because of the ability to maintain a more level hydrostatic head pressure. UBD Techniques Using Nitrogen Generally, there are two different categories or techniques where nitrogen is used in underbalanced drilling operations. These categories are drillpipe injection and parasite injection. Parasite Injection refers to an approach where a flow path is created to supply nitrogen downhole to be injected into the drilling annulus. Drillpipe Injection classifies an operation in which both the liquid and gas phases are introduced at surface before going down hole, resulting in comingled circulation throughout the entire flow path. Parasite Injection Parasite injection (PI) is a nitrified underbalanced drilling technique that utilizes a downhole nitrogen injection point. With an independent nitrogen supply flow path. Typically, this flow path



10 -42



BASIC DRILLING TECHNOLOGY AND EQUIPMENT SECTION 10 : SPECIAL OPERATIONS



is provided in the form of a 25.4 mm (1 inch) coiled tubing string is run outside of the casing string and cemented in place in the annulus during the primary cement job. Alternatively, an internal independent nitrogen flow path can be run inside the casing. While drilling, the required liquid pump rate is supplied through the drillstring to the BHA, just as in a conventional drilling operation. Two Categories of Application - Parasite Injection - Drillstring Injection At the same time nitrogen is being pumped down to the injection point and enters the drilling annulus to co-mingle with the drilling fluids, as they are returning to surface.



Injection Sub



Fig 10.29 Circulation Arrangement for Parasite Injection The physical requirements of this style of application dictate that the injection point be positioned at some point above the last casing shoe. Operations to date have used injection points set anywhere from the kick off point or vertical section, down to 60˚ in the build section. Benefits From the Parasite Injection Technique • The first benefit is that with only a liquid phase in the drillstring and therefore no damping effects, conventional “mud pulse” MWD can be utilized. • No pressure bleed-off procedures are required when stopping to make connections.
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• Better hole cleaning in critical hole angles • Nitrogen injection is independent of the drilling operation. As a result, whenever the rig circulation system is shut down for connections, surveying, tripping or repairs, nitrogen circulation can be continued as required to maintain underbalance condition. Benefits From Drillstring Injection Technique • Low nitrogen consumption as compared to equivalent Parasite Injection Operation Drillstring Injection Drillstring injection (DI) results in nitrogen injection co-mingling with drilling fluids throughout the entire drilling flow path. The most significant benefit of this technique is that nitrogen consumption will be lower than for a comparable PI operation.



• Nitrified Circulation Through Drillpipe



Fig 10.30 Circulation Arrangement for Drillpipe Injection BOP Stack The typical underbalanced well blowout preventer (BOP) stack design has a three-ram stack and also allows for installing and additional set of pipe rams below the blind rams. The choke and kill lines are normally set between the upper pipe rams and the blind rams. Further, a rotating blowout preventer (RBOP) is installed if flow drilling, or underbalanced drilling is present. RBOP The rotating blowout preventer (RBOP) is used with conventional BOP’s to maintain surface back pressure typically as much as 1,500 psi while the well is drilled in an underbalanced condition. The RBOP uses hydraulically actuated packing elements supported on a large roller 10 -44
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bearing assembly. This bearing assembly is protected by mechanical seals inside a housing from the drilling circulating fluid system. An RBOP has a flange for mounting to the BOP-stack and a return discharge flange. Hydraulic oil pressure actuates the packing elements which ride against the kelly or the drill pipe. Typically the internal bag-type packer element has two sections so that a split in the inner section does not result in loss of actuating pressure. Also, the inner section is designed where it can be changed without replacing the outer section. Quick Change Packer Assembly



Kelly Driver Assembly



Hydraulic Fluid Inlet Inner Packer Outer Packer Bearings Mechanical Seal Hydraulic Fluid Return



Casing Flange



Fig 10.31 The Rotating Blowout Preventer (RBOP) Surface Equipment Surface equipment specially designed for circulating will be required for underbalanced drilling operations. If sour gas is expected during drilling then all equipment should meet safety requirements for sour gas service applications. The RBOP has a very important role in safe well control practices for underbalanced drilling. The three ram BOP stack with an annular preventer and RBOP allows the well returns to be taken off the drilling spool between the blind rams and pipe rams or off the flow line or discharge (diverter) line on the RBOP. Gas, oil, and drilling fluid returns are then taken through the choke and kill manifold. Compared to the conventional overbalanced drilling hookup systems, the choke and kill manifold requires some special safety considerations for underbalanced drilling: 10 -45
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• Choke opening size must be considered carefully, this is to help control and limit the amount of back pressure held on the wellbore during live drilling when only minimal flow is experienced at the surface. • Choke redundancy and flow paths are required. In remote areas a dual choke manifold should be considered. • Line sizes should be minimum 4” as all fluids and cuttings to be carried through the choke and kill manifold. The size to be large enough to help clear the solids through the manifold. • A sample catcher should be in line to allow the examination of cutting during live underbalanced operations. Additionally, all elbows and tees should be “fluid cushioned” (targeted) and thoroughly inspected. Solids in the return fluids can accelerate a washout in any connection. Returns after the choke and kill manifold flow to the mud gas separator. The separator can consist of a primary and secondary buster, if needed. If H2S or gasification is present or required, a closed two or three phase separator system must be considered. Large diameter flare lines (6-12 in.) should be used with a large pit or flare stack. An automatic electric igniter should be installed at the flare. The returns flow from the mud/gas seperator flow to the containment tanks for final separation. The reservoir fluids are pumped to storage tanks, and then transported off location. While the drilling fluid is cleaned and returned refuse as drilling continues.
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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 can’t change a well’s production potential, but completion techniques suggested by formation data can. Formation evaluation is done routinely, and in more ways than the early oilmen could have dreamed. Methods for evaluation of subsurface formations now include the sophisticated use of seismic survey records from nearby wells, the driller’s log, mud logs, core samples, a multitude of wireline well logs and logging while drilling (LWD).



11.2 Seismic Surveys Seismic surveys help in deciding where to drill and can also give clues to pay zones (fig. 11.1). From a seismic record the location, depth, and size of potential reservoirs can be predicted. Later, if a formation is found to hold petroleum, its volume can be estimated. Records from Nearby Wells Although formations under neighbouring leases may differ greatly, oil fields are sometimes uniform over wide areas. Well records from nearby leases can be helpful in evaluating a new well. Clues such as geological marker beds may be noted to help locate pay sands, and pressure, temperature, or corrosion problems may be foreseen.



Fig 11.1 11 - 1
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11.3 Driller’s Logs The driller’s log is an excellent record of formations penetrated by the wellbore. The depth and thickness of each formation bed is noted. Although the driller’s log may tell little more about the beds than their relative hardness, that hardness can be matched to specific formation types. The driller’s log gives the first general picture of the well and provides the basis for later planning.



A- Line in drilling operations column moves to the left indicating that driller got on bottom with new bit and started drilling B - This is the way a connection looks on the drilling time chart C - A 4 foot hard streak was encountered at 5,235 feet, as indicated by the increased spacing of the foot marks on this time chart D - A connection was made at 5,259 feet and a vertical deviation of the hole E - Soft bed was drilled from 5,266 to 5,269 feet F - This section represents 5 feet of drilling. Note that every 5 feet the base line is offset for 1 foot, making a convenient marker for determining the depth of significant drilling changes. G - Connection was made at 5,287 feet H - A hard streak was encountered at 5,288 feet I - At 5,290 feet the formation softened, drilling continued to 5,300 feet where the driller was given orders to cease drilling and circulate for samples J - Circulating for samples



Fig 11.2 Drilling Time Log (Single or Multiple Pen Recorders) These devices can measure and record other drilling parameters such as torque, RPM, pump pressure and pump speed. Driller log ending devices in the field are sometimes referred to as TOTCO recorders after a particular recording manufacturer. These can come in the form of a single pen recorder to multiple pens. These devices can record various drilling parameters such as : ROP, Torque, RPM, Pump Pressure and Pump Strokes. 11 - 2
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11.4 Mud Logs Mudlogging is a useful evaluation technique that has developed since the advent of rotary drilling in the 1920‘s. Since mud circulates while pumping 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 (see fig. below).







Fig 11.3 Mud Log
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11.5 Core Samples 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. Barrel cores. When the bit is about to enter a formation of special interest, a service company may be brought in to take a core. The coring tool consists of an annular (doughnut shaped) 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. Core diameters range from 1 1/2 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.



Barrels in 30 ft lengths single or multiple lengths can be run







Fig 11.4 11 - 4
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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 (see fig. below). 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 can be 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.



Fig 11.5 Core analysis. The well-site 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 back near the oil company office. Porosity and permeability may be studied by several techniques. Core analysis can tell more about local reservoir structure than any other formation evaluation method. Depth
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11.6 Wireline Well Logs 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 in the hole, and a recorder plots a graph at the surface as the sonde is raised to the surface. 



LOG BEING PLOTTED



RIG



WIRELINE TRUCK



WELLBORE CONDUCTOR LINE SONDE



Fig 11.7 Basic Wireline Well Diagram 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. The most useful and economical combination of logs must be chosen to provide the completion people with enough information to plan a good completion program for the well. Some data may be taken from logs run on neighbouring wells, while other logs are run routinely on every well. Caliper logs, spontaneous potential logs, resistivity logs, radioactivity logs, or acoustic logs may be included in a typical logging run. Typical Logs Run (1) Caliper Logs (2) Spontaneous Potential Logs (3) Resistivity Logs (4) Radioactivity Logs (5) Acoustic Logs (1) Caliper logs A caliper is a tool that measures diameter. A caliper logging sonde measures the inner diameter of the borehole. Arms, springs, and/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 to be logged on graph paper. 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. 11 - 6
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Fig 11.8
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(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. But some, like salt, NaCI, 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.



• Measures natural Electrical current flow in formations or between formation and mud (Conductors) • When a layer of rock or mudÄ filter cake separate 2 areas ofÄ different current levels. Current flows from higher to lower level. Measured in multivolts. • SP Logs are good at interpreting formation bed boundaries and thickness. It also provides relative permeabilities of formation rocks. Included in most every run.







Impermeable formation graph line moves to right. Permeable formation graph line moves to left. Fig 11.9
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The SP curve is graphed in millivolts against well depth. The millivolt value is useful in calculations of formation water resistivity. 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. (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 ohm/metre (OHMM). For mathematical convenience, some well log formulas use resistivity while others use conductivity. But 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, and 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 the logger may infer that it holds petroleum. 



Fig 11.10 Resistivity Log Measures and records resistance of a formation to the flow of electricity expressed in Ohm - Meter (OHMM). Resistance to flow depends on how much water the formation can hold (porosity) how freely it can flow (permeability), how saturated (salinity) it is and its temperature. High porosity and high permeability lower resistivity. High water saturation lowers resistivity while oil and gas raise resistivity . Increases in temperature lower resistivity. 11 - 9
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Common Resistivity Logs • Lateral Focus Log • Induction Log • Micro Resistivity Log (a) Lateral Logs 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.



Fig 11.11 







11 - 10



• Lateral logs send current from electrode on tool, through mud and into formation measuring resistivity. • Non focused logs are not good with conductive muds. They are adequate fo formations of mud rate resistivity with thick beds. They are not too accurate with vertical element travel of current. • Focused logs direct current more horizontally thus eliminating effects of mud and formation above and below point of interest.
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(b) Induction Log The induction log, as its name suggests, 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 rare logged. Like the lateral focus log, the induction log is very accurate for investigating thin formation beds.
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Fig 11.12



Measures conductivity rather than resistivity. No contact electrodes used, oil based therefore, can be run in empty holes or hole with non conductive muds (OBM and Freshwater) as well as conductive muds (salt water). Transmitter oscillator induces constant alternating current in the shape of horizontal doughnut magnetic field around wellbore. This induces eddy currents in formation measured as voltage in receiver.
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(c) 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.



Fig 11.13 4. Radioactivity 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 clayfilled sands. Improvement made to conventional unfocused lateral logs which held tool against wellbore face with springs. This confined resistivity measurement to within a few inches into formation called the flush zone. Flush zone is the formation area where mud filtrate forced out movable formation fluids further back into the formation. Good at identifying porous and permeable zones and identifying the true resistivity of unaffected formation when compared to other logs. Gamma ray logs show radiation from 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. 11 - 12
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(a) Gamma Ray Log A logging tool (sonde) containing a gamma ray detector such as a Geiger counter measuring in API standard gamma ray units or scintillation counter detecting the light emitted when gamma rays strike it. Scintillation Counters are more commonly used. Gamma ray Log used to define lithology. Shales & Clays - Normally good gamma ray source Clean sands & Lime - Normally low level gamma ray source (b) 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.



Fig 11.14
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Neutron surface loaded in tool at surface bombards formations with neutrons that are slowed by collision with atoms of same mass. (Hydrogen has nearly same mass) standard neutron logging measures resultant gamma rays emitted. Compensated neutron logging measures neutrons at a certain energy level. Pulsed neutron logging measures gamma rays emitted after pulse and repeated. Neutron source tools usually run with gamma ray and caliper logging tools. Neutron source tools good at obtaining : 



• Presence or absence of hydrocarbons • Water saturation • Water movement • Estimating porosity • Estimating salinity



Fig 11.15 Gamma Ray & Neutron logging Comparison Typical Radioactive Log responses 11 - 14
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c) Density Log 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. 



Fig 11.16 Compensated formation density logging tool bombards formations with gamma rays. Sonde held against wellbore by spring. Measures Total Bulk Density of Rock Reflecting : Rock Matrix Density , fluid density and pore space volume. The denser less porous formations absorb more gamma rays therefore lower reading. (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. 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. 11 - 15
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Fig 11.17 Two-Receiver Acoustic Logging Sonde Measures porosity based on sound travel and measured in microsec per ft. Must be run with fluid in well as it provides coupling between tool and formation. Gas cut mud weakens coupling and may make log inaccurate. MATERIAL
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Fig 11.19 Cement Bond Logging
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Designed to compensate for bore hole diameter variations which affected the acoustic log. Well Velocity Survey Two other acoustic logs are available; a well velocity survey (also known as a seismic check shot velocity survey), and a vertical seismic profile (VSP) survey. A Well Velocity Survey, which is also called a seismic check shot velocity survey, measures the time needed for a sound pulse generated at the surface to reach successive selected depths in the borehole. Well velocity surveys are used to correct problems in downhole acoustic logs caused by filtrate invasion of the formation and borehole irregularities. They are also used to calibrate depths on seismic sections taken earlier of the formations penetrated by the wellbore. Finally, a vertical seismic profile (VSP) can be computed from the survey . Vertical Seismic Profile



Fig 11.21 11 - 18
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Dipmeter Surveying A dipmeter is run to determine the direction and angle of formation dip in relation to the borehole. The angle of formation dip is the angle between a horizontal plane and the bedding plane formation (Fig 11.22). A dipmeter survey can also locate and identify faults, unconformities, and folds; determine sedimentary dips; and locate fractures. In addition, it can provide a continuous directional survey- that is, give hole angle and direction - and present a borehole profile to aid in cement volume calculations. One of the most important uses of a dipmeter log, however, is to gain an idea of the geological structure that an exploratory well has drilled. If the well is non productive, a dipmeter survey may show that another well can be drilled at a more advantageous position on the structure. Principles of dipmeter logging are shown in figure below. 



Formation strike, dip angle, and dip direction 



Principles of dipmeter loggin



Fig 11.22 Dipmeter Survey



Records data so both the directional and the amount of formation dip can be computed. Also measures amount and direction of hole drift. A caliper Log Run are run with it as hole diameter needs to be known. Dipmeter will have 3,4 or 8 electrodes equally spaced. Each electrode records separate logging curve. Curves are correlated to obtain hole information. Formation Evaluation Data The various formation evaluation techniques from reading records of neighbouring wells are used for running well logs in finding the most promising pay zone or zones. After the well is cased and cemented, these are the sections to be perforated. Formation evaluation has shown the zones that are likely to produce, their rock types, depth, thickness, and gas-oil and oilwater contacts. Formation testing will reveal in detail what fluids the zones hold and what their expected production rates will be during the life of the well. 11 - 19
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11.7 Measurement While Drilling (Mwd) And Logging While Drilling (Lwd) Introduction Measurement while drilling (MWD) and logging while drilling has advanced the art of logging with wireline to methods which gather downhole information more readily and near real time occurrence. What these methods do is perform simultaneous operations of drilling and measuring logging instead of waiting to do these operations separately. This is making the overall operation more cost effective by reducing the operating time, thus lowering the cost. Effectively, MWD and LWD perform the same function as their wireline counterparts. Measurement-While-Drilling MWD is referred to measurements taken downhole with an electromechanical device located in the bottomhole assembly (BHA). Normally, the capability of sending the acquired information to the surface while drilling continues is included in this definition of MWD. Telemetry methods have difficulty in coping with the large volumes of downhole data, so the definition of MWD was again broadened to include data that was stored in tool memory and recovered when the tool was returned to the surface. Typical MWD systems have three major subcomponents: • A power system • A directional sensor • A telemetry system. Power systems in MWD may be divided into two general classifications: battery and turbine. In many MWD systems, a combination of these two types of power systems is used to provide power to the toolstring with or without drilling fluid flow, or during intermittent drilling fluid flow conditions. MWD Power Systems • Battery • Turbine Battery Batteries can provide tool power without drilling - fluid circulation, and they are necessary if logging will occur during tripping in or out of the hole. Lithium-thionyl chloride batteries are commonly used in MWD systems because of their excellent combination of high energy density and superior performance at service temperatures. These batteries, however, have limited instantaneous energy output, and they may be unsuitable for applications that require a high current drain.
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The second source of abundant power generation, turbine power, uses what is available in the rig’s drilling - fluid flow. A rotor is placed in the fluid stream, and circulating drilling fluid is directed onto the rotor blades by a stator. Rotational force is transmitted from the rotor to an alternator through a common shaft. MWD Turbines • Must accept a range of flow rates • Must handle solids in mud including Lost Circulation Materials (LCM) • Use of surface screens recommended Although several different approaches have been taken to transmit data to the surface, mud-pulse telemetry is the standard method in commercial MWD and LWD systems. Three mud-pulse telemetry systems are available : • Positive Pulse • Negative pulse • Continuous wave systems Positive pulse systems are more commonly used in current MWD and LWD systems. Negative pulse systems create a pressure pulse lower than that of the mud volume by venting a small amount of high pressure drillstring mud from the drillpipe to the annulus. Positive pulse systems create a momentary flow restriction (higher pressure than the drilling mud volume) in the drillpipe. Continuous wave systems create a carrier frequency that is transmitted through the mud and encode data using phase shifts of the carrier. Telemetry signal detection is performed by one or more transducers located on the HP mud standpipe, and data is extracted from the signals by surface computer equipment housed either in a skid unit or on the drill floor. Real-time detection of data while drilling is crucial to the successful application of MWD in most circumstances. Successful data decoding is highly dependent on the signal to noise ratio. A close correlation exists between the signal size and telemetry data rate; the higher the data rate, the smaller the pulse size becomes. Most modern systems have the ability to reprogram the tool’s telemetry parameters and slow down data transmission speed without stopping drilling, however, slowing data rate adversely affects log-data density. Noise Sources Affecting Mud • Mud Pump High Frequency Noise & Harmonics • Lower Frequency Noise in Mud Volume Change in Drilling Motor Loads • PDC Bit Can Set Up Lower Frequency Noise • WBM Better Transmitting Medium Than OBM or SOBM
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The state of the art in directional sensor technology for several years has been an array of three orthogonal fluxgate magnetometers and three accelerometers. Although in normal circumstances, standard directional sensors provide acceptable surveys, any application where uncertainty in the bottomhole location exists can be troublesome. Gyroscope (gyro)-navigated MWD offers significant benefits over existing navigation sensors. In addition to greater accuracy, gyros are not susceptible to interference from magnetic fields. Current problems with gyro technology center upon incorporating mechanical robustness, minimizing external diameter, and overcoming temperature sensitivity. Concerns with Standard Directional Sensors in Horizontal and Extended Reach Drilling (ERD) • Geographical locations where horizontal component of Earths Magnetic Field is Small (i.e East to West Direction at High Latitudes) • SAG in BHA components • Variations in Earth’s Magnetic Field and Local Magnetic Interference From BHA Components To correct above gyroscope mwd tools are possibly used as they are not effected by magnetic fields Limitations with Gyroscopes • Not Robust Enough • Large O.D. • Temperature Sensitive As MWD and LWD systems have evolved with the ability to add and remove measurement sections of the logging assembly as wellsite needs change, MWD/LWD systems. Methods for such design and operational issues as fault tolerance, power sharing, data sharing across tool joints, and memory management have become increasingly important in LWD systems. In most cases, a natural division in system design exists when drilling collars ODs are 4 3/4 in. or less. Smaller diameter tool systems tend to use positive-pulse telemetry systems and battery power systems, and are encased in a probe type pressure housing. The pressure housing and internal components are centred on rubber standoffs and mounted inside a drill collar. Some MWD/ LWD systems, although located in the drill collar ID, are retrievable and replaceable, in case tool failure or tool sticking occurs. In tool ODs of 6 3/4 inches or more, LWD systems are often turbine-powered since larger collar OD’s enable optimal mud flow. When used with other modules, interchangeable power systems and measurement modules must both supply power and transmit data across tool joints.
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Recent MWD LWD designs ensure that each module contains an independent battery and memory so that logging can continue even if central power and telemetry are interrupted. Standalone module battery power and memory also enable logging to be performed while tripping out of the hole. An option which can be included with the MWD package is downhole drilling parameter monitoring. This may be used to help eliminate mechanical failures of the inhole equipment by making correctional changes more quickly due to faster and more accurate data acquisition. Some of the more frequent drilling parameters run are: Weight on Bit (WOB) , String Torque, BPM’s, Shock Loads and temperature. Samples of drilling parameters run along with angle and azimuth acquisition of MWD -



Weight on bit (WOB) String Torque RPM Shock Loads Temperature



MWD systems are used in the harshest operating environments. Obvious conditions such as high pressure and temperature are all too familiar to engineers and designers. Most MWD tools can continue operating at tool temperatures up to 150˚C/300˚F. A limited selection of sensors are available with ratings up to 175˚C/350˚ F. The highest temperatures commonly encountered by MWD tools are those measured while running into a hole where the drilling fluid volume has not been circulated for an extended period. In cases such as this, it is advisable to begin circulation periodically while running in the hole. Downhole pressure is less a problem than temperature for MWD systems. Most toolstrings are designed to withstand up to 20,000 psi. The combination of hydrostatic pressure and system backpressure rarely approach the limit. Shock and vibration present MWD systems their most severe challenges. A more subtle, but no less destructive, force is caused by torsional shock. The mechanism that induces tosional shock, stick-slip, is caused by the tendency of certain bits in rare circumstances to dig into the formation and stop and then spin (slip). Hole Condition & Operations Impacting MWD Performance • Limited to Temperature Range to 150˚C/300˚F, some to 175˚C/350˚F • Can Operate Up To Pressures up to 20,000 psi • Shock and Vibration Adversely Effect Performance • Slip Stick (torquing up and down of drill string) Adversely Effects Performance Logging-While-Drilling (LWD) Successful operations can often be traced back to good planning and communications among geology, drilling and contractor staffs. Two common challenges are - choosing a device that is not well suited to the replacement of wireline log in a particular environment and improper 11 - 23
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placement of the tool in the BHA that may render its data unusable. Important issues that must be discussed between the planning and the operation groups, include the location of tools within the assembly, flow rates, mud types, and stabilization. Logging While Drilling (LWD) Important Issues: • Location of Tool in BHA • Flowrates Through Tool • Mud Compatibility • Stabilization of Tool The electromagnetic wave resistivity tool has become the standard of the LWD environment. The primary purpose of resistivity measurement systems is to obtain a value of true formation resistivity and to quantify the depth of invasion of the drilling fluid filtrate into the formation. A critical parameter in MWD measurements is formation exposure time (FET), the difference between the time the drill bit disturbs in-situ conditions and the time the sensors measure the formation. Log data, whether acquired by wireline or LWD technology, have a wide range of applications; the most common of which relate to evaluation of the properties of formations penetrated and the fluids they contain. LWD Data Uses • Reservoir types (lithology and productibility) • Hydrocarbons presence identification • Determined reservoir fluid types (oil, gas and water) • Porosity and permeability • To perform geosteering through reservoirs • Structural and stratigraphic studies • Evaluation of reservoir seals and source rocks Comparison Between LWD and Wireline Logging Efforts have been made by LWD contractors to design and manufacture reliable logging tools that will provide measurements that are representative of formation properties. LWD to wireline comparisons to ensure consistency of these measurements have been made and are continuously reviewed. Differences still remain however, because of the differing formation exposure times and logging environment confronted by LWD and wireline tools, and the differing technologies used to develop each one. The industry is also now using LWD to drill and log high angle, extended reach wells never before contemplated with wireline technology. Some of the differences that have been observed in evaluating data processed by similar logging tool are found below.
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Observed Differences Between LWD and Wireline Depth Control 



(Stretch or sag in drill string versus wireline. Not uncommon to find 5 to 10 ft difference)



Gamma Ray Logs - LWD detectors more sensitive to gamma rays from potassium. Normally less than 25% and more pronounced in shales and potassium rich sections. Will effect porosity and saturation calculations - Difference in wellbore diameter (corrections can be made to different standards) Resistivity Logs - Wireline tool operates at low frequency and tend to measure higher resistivity - Formation water resistivity not comparable between the two. - LWD more effected by dielectric effects (greatest above 20 Ohm-m) Resistivity Logs cont.d 











- Quantitative Formation Evaluation with LWD at formation dips greater than 60˚ require correction. There is a smaller effect on wireline logs due to their lower operating frequency. - Fluid invasion of LWD much less due to quicker data acquisition.



Density Neutron - Stand off (density measurement) in enlarged hole greater for LWD especially if tool is facing high side of hole. - Wireline logging tools more prone to clay hydration problem due to longer time to acquire information. - LWD better suited to eliminate fluid invasion problem due to quicker data acquisition.
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12.1 Well Testing, Wireline Formation Tests 



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. 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. EXPLORATION SEISMIC DATA PORE PRESSURE FRAC G
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Types of Formation Tests • Wireline formation tester • Drill stem test (dst) • Well test packages 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 come to be 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, test string. Wireline Formation Tester • Run on wireline • Can be run alone or with other test methods • Back up shoe pushes against wellbore which pushes pad to opposite side of wellbore to form hydraulic seal • Small (1oz) or less test chambers are filled during first and second flow period • Formation fluid samples are then taken into sample chambers (a few gallons each) • Test over equalize value opens and getaway shot fired to release back up shoe and pad • Tool pulled out of hole
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12.2 Drill Stem Tests The drill stem test or DST, like the wireline formation test, was developed from a formation fluid sampling method. It 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. DST tools come in two basic types, which may be used for open or cased holes: the single-packer DST tool and the straddle-packer DST tool . DST types • Single Packer • Straddle Packer Both used for open or cased holes. 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. 







Fig 12.3 Single Packer DST Tool 12 -3
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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. 







Fig 12.4 Straddle Packer DST Tool



In cased holes, where the smooth metal side wall 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 which etches a pressure curve. This curve can be analysed 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. 12 -4
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DST procedures Once a test zone has been chosen, the mud in the wellbore is 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. 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. Finally, the rest of the drill stem is carefully tripped in. A cushion of water or compressed gas, usually nitrogen, is often placed in the drill stem when the DST tool is run. 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. 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 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 DSTs include two flow and shut in periods. The second flow period is given more time than the first. Some longer tests have three periods. Each period includes a flow time frame followed by a shut-in time frame to record hydrostatic formation pressure. The short first period clears out any pressure pockets in the wellbore and removes mud from the drill stem.
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Fig. 12.5 During the second period, the produced fluids are caught in a holding tank or burned off as they reach the surface. If they are saved, they may be analysed later for saturation and other properties. When the test is over, the tool’s valves 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 on the drill floor while tripping out. Finally, the drill string and tool are carefully tripped out and the fluid sample and the charts are retrieved. 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 behaviour plots. The curve is a record of pressure over time. To analyse the detailed information it provides, various mathematical formulas are solved using values from plots calculated from the curve. The pressure and time values needed from the DST chart are taken by using a microscope chart reader, which may be tied in with a computer. The plots then give values for mathematical formulas whose solutions describe the well’s production potential.
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A successful DST shows reservoir pressure; average permeability; the presence and location of permeability changes, such as clay and shale lenses, faults, and pinch-outs; formation damage and production potential without damage; gas-oil and oil-water contacts; pressure depletion rates for small reservoirs; and the radius of investigation, or distance from the wellbore for which the data hold true. Fluids from the sampling chamber are analysed for saturation, viscosity, and mineral content, especially salts. A check for corredents may show hydrogen sulfide or carbon dioxide, which must be considered in the choice of materials for completion equipment. While the pressure behaviour plots are used to tell how much fluid will be produced, the fluid sample tells what kind of fluid can be expected. Lately computers have come into use to graph pressure recordings sent to the surface by conductor line during the DST. The flow periods, and shut-in periods can be seen immediately and in great detail, allowing the tester to run a more informative and economical test. Some computers even calculate an immediate pressure behaviour plot for the completion engineer. DSTs have become a common method of formation testing since the advent of rotary drilling. The information that they give is useful in forming a foundation of data for a development field and is valuable for completion planning. Still, more information is sometimes needed to give the most accurate prediction of production rates. Surface well tests can collect more of the needed data.











Fig 12.7 Layout of Typical DST Surface Testing Equipment 12 -7
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12.3 Well Completions When a well is brought into production and production tests have been completed, a production program is established for the well based upon the natural energy conditions that exist in or near the producing formation. These natural energy conditions are called reservoir drives. The reservoir drive (or stored natural energy or formation pressure within the reservoir) may be sufficient to have a natural flowing well. The stored natural energy or formation pressure depends on the conditions that exist in and around the trapped oil and/ or gas. There are five basic types of reservoir drive conditions, they include: (1) (2) (3) (4) (5) 



water drive, gas cap drive, solution gas drive, gravity drive and combination drive condition.



In addition, it is important to understand that the recovery efficiency of a reservoir will vary depending on the type of drive condition that is present. Basic Types of Drive Conditions



Fig 12.8 Water Drive 12 -8
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A water drive condition exists when a large amount of water under pressure called an “aquifier” is found in the same formation as the oil. It is located down-dip from the oil and pushes the oil to the top of the structure. This condition usually results in a naturally flowing, high pressure well that initially requires no artificial lift assistance. However, as the reservoir becomes depleted, a pressure maintenance program (using water injected wells) is usually employed along with artificial lift assistance.



Fig 12.9 Gas Cap Drive In a gas cap drive condition, the natural gas contained in the reservoir is in sufficient quantities to saturate the oil zone and form a zone of free gas above the oil zone. The impervious formation above: (1) acts as a cap trapping the gas near the top of the reservoir and (2) exerts pressure on the oil below. When the oil reservoir is penetrated, the gas exerts pressure on the oil to bring it to the surface without assistance.



Fig 12.10 Dissolved Gas Drive 12 -9



BASIC DRILLING TECHNOLOGY AND EQUIPMENT



SECTION 12 : TESTING



In a solution gas drive condition, the natural gas is dissolved in the oil and in the absence of other pressures (from within the formation or nearby formations), there is usually insufficient pressure or energy to bring oil to the surface. Where this type of reservoir condition exists, artificial lift methods must be used.



Fig 12.11 Gravity Drive In a gravity drive condition, the force of gravity creates sufficient pressure from above the well to cause the oil and gas to flow. In this type drive two reservoir conditions generally exist: (1) 



the reservoir occurs along a steep dip perhaps as a result of a fracture which created a structural trap or as a result of an intrusion of molten rock or minerals from below and



(2) 



the reservoir generally has high permeability. The gravity drive acts much like a gas cap drive and proper penetration low in the reservoir increases its recovery efficiency.



Fig 12.12 Combination Drive Condition 12 -10
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A combination drive condition exists when more than one source of natural energy exists in a formation. Often, water drive and gas cap drive conditions occur together. In this type reservoir, pressure is exerted from the expanding gas cap from above the oil zone and water is continually pressing from below. It is of considerable importance to properly penetrate the oil bearing zone so as to maintain the natural formation pressures that exist in the formation. In addition, a gravity drive condition also occurs in combination with other natural energy drives. Recovery efficiency in combination drive reservoirs are generally better than in any single drive reservoir. Recovery Efficiency The recovery efficiency, or the proportion of oil and gas recovered relative to the total amount contained in a reservoir, will vary considerably depending on the type of drive condition that exists in the reservoir. The recovery efficiency of a water drive, gas cap drive and dissolved gas drive are shown. Water Drive- Recovery efficiency about 50%. Gas Drive -Recovery efficiency from 25% to 50% Solution Gas Drive -Recovery efficiency from 15% to 25%. Perforating Methods and Equipment Prior to running the DST string, a perforating method (a means of establishing fluid communication between the wellbore and formation) must be chosen. There are different perforating methods used in the industry. These methods are: 1. - CASING GUN



2. THROUGH TUBING GUN



Typically 4 ” diameter



Typically less than 2 ” diameter



Perforate before running drill stem test assembly.



Advantage: Can perforate underbalanced



Disadvantages :



Disadvantages :



Two operations Need to perforate Overbalanced Use of Wireline BOP’s



Eccentric perforating Two operations



3. TUBING CONVEYED GUN Installed in drill stem test string Actuated by pressure or mechanical device Advantage: One operation Can perforate underbalanced Disadvantage: Risk - firing mechanism can fail



Fig 12.13
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The device used to make the physical connection channel between the wellbore and formation is called a perforating gun. There are three basic types used within the industry. These are ported, scalloped and capsule (see fig below)







Fig 12.14 The type of charges used in the gun systems fall into two categories. These are the bullet and shaped changes. (see fig below)



12 -12 Completions Well
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After a well has been drilled, tested and evaluated, the well is completed or prepared for production of oil and/or gas. The well must be converted from a well being drilled to a production well. The blow out prevention stack will be replaced with a production well head, the rig will be removed and a series of decisions are then made as to how the well will be completed. The type and method of completion is determined by the well and reservoir characteristics and its economic potential. Engineers have devised many types of well completion. A completion can be as simple as producing through uncased hole or as complicated as a multiple completion in a deep ocean. Variation from field to field also exists; for example, a completion that is excellent for one producing area may be totally inadequate for another. A good completion conforms to all local regulations, is safe, presents as little restriction as possible to the production fluid, is economical and trouble-free, and requires little or no remedial work during the life of the productive zone. Completion types include tubingless open hole, or barefoot; tubingless cased hole; conventional; multiple; pumping well; gas lift; open tubing and casing; corrosive chemical infection and dual-string single completions. Tubingless Open-Hole (Barefoot) Completions The figure below shows a single-zone completion with the well drilled through the producing formation. Casing is set and cemented above the top of the pay zone. Neither cement nor casing is set opposite the producing formation to restrict its flow. Further, no tubing is run into the well; the formation is therefore produced into the casing and to the surface. Since the well is open to the producing zone, perforations are not usually necessary, although a formation with hard, lowpermeability characteristics may require perforations to increase the flow area. Deepening or gravel-packing this type of well is not difficult. Log correlation of the pay zone is not critical, and perforated or slotted liners can be installed with little trouble if sand production requires it. Disadvantages of a tubingless open-hole completion include the following: (I ) the well may require frequent cleanout if the formation is loose and unconsolidated; (2) treating can be difficult; (3) the casing is subjected to any corrosive effects of the produced fluids; (4) saltwater production may be difficult to control; and (5) stimulation of a selected area of the reservoir is almost impossible. CASING



Fig 12.16 Tubingless Open-Hole (Barefoot) Completion 12 -13
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Tubingless Cased-Hole Completions The figure below shows a tubingless single-zone completion with casing set through the producing interval. Since casing and cement are run through the pay zone, the well must be perforated to open a flow path to the reservoir. Production flow is through the casing. A tubingless cased-hole completion creates very little flow restriction and may be deepened easily. Well cleanout is performed more easily on a tubingless cased-hole completion than on a barefoot completion. Further, saltwater production can be controlled more readily and the formation can be stimulated selectively. Disadvantages inherent in this completion method include the following: (1) cement opposite the formation may cause reduced production; (2) gravel packing is more difficult through perforations; (3) corrosion of the casing exposed to the produced fluid can be a problem; (4) perforating is required; (5) log evaluation and correlation are essential; and (6) pressures are limited to casing strength.







 



Fig 12.17 Tubingless Cased-Hole Completions Conventional Completions The figure below the most common type of completion: perforated casing that is set and cemented throughout the pay zone. A packer is made up in the tubing string and set above the production zone. The tubing controls internal corrosion of the casing because produced fluids flow through it and do not contact the casing. Moreover, since tubing is smaller in diameter than casing, it is practical to manufacture it to withstand much higher flowing and shut-in pressures than casing can tolerate. When compared to tubingless completions, conventional casing-with-tubing completions do have disadvantages: (I ) tubing restricts the flow of produced fluids; and (2) the completion is more expensive because the costs of a packer, tubing, and auxiliary equipment must be added.
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Fig 12.18 Conventional Completion Multiple Completions The figure below shows a dual completion. Each production zone is produced through its own tubing string and is isolated from the other zone by packers. Regulations in some areas require that the packers be tested to ensure that fluids from one formation do not commingle, or intermix, with those from another zone in the well. Multiple completions of up to six zones in a single well were once used in some areas, but the high cost of remedial work on such completions has greatly discouraged their use. High workover costs have also reduced the number of so-called permanent completions, which require only wireline and pumping units to work over a well once the completion rig is moved off. A dual completion operation usually begins with both zones being perforated with a wireline casing perforator. Two permanent packers are set above each production interval. The lower, or longest, tubing string is run with sealing elements spaced to seal both packers. The second string is run with one sealing element to fit the upper packer. An alternate method is first to perforate the upper zone. Two retrievable packers are then run above each productive zone on the long tubing string. Both packers are set hydraulically and the lower formation is perforated with a through tubing perforating gun after the second tubing string has been run and seated in the upper packer.
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CASING PACKER PERFORATIONS IN CASING



Fig 12.19 Multiple Completions 



Other combinations include using a permanent wireline packer on the lower zone and a retrievable tubing-run packer on the upper zone. Perforation of the individual zone depends on the formations characteristics pressure and type of fluid used at completion. Special Dual Completion The figure below shows a special dual completion. The casing is set through the lower zone and perforated. The upper formation is perforated and a packer is set between the reservoirs. The packer may be set by wireline or by running it on tubing. In some cases this completion is used to first produce only an upper oil-producing zone and not a lower gas-producing one. At a later time- for example when a pipeline has been built to accept gas production from the well-the lower zone is perforated with a through-tubing gun. CASING



TUBING



PACKER PERFORATIONS IN CASING



Fig 12.20 Special Dual Completion 12 -16
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Miniaturized Triple Completion The figure below is a miniaturized triple completion in which a relatively small-diameter hole is drilled to final depth and then cased and cemented. If the anticipated production rate is low this type of completion allows the operator to drill a hole of minimum diameter to reduce drilling costs. The tubing strings are small; in fact they are often called macaroni tubing. Each productive zone is produced through its own macaroni string. Two of the strings are capped on the bottom before they are run; the third and longest string is run open-ended or with a shoe. When all the tubing is in the hole cement is pumped into the well through the open tubing. The tubing is usually reciprocated as the cement is circulated. Each productive zone is then perforated by running a magnetically oriented tubing perforator. The perforator senses the metal in the strings and allows the operator to fire the gun into the void between the other strings. Usually, miniaturised completions are serviced and worked over by means of wireline, macaroni tubing, or coil tubing. Miniaturised completions have very restricted flow and limited workover options.



Fig 12.21 Miniaturized Triple Completion Pumping Well Completions The figure below illustrates a well being produced with a sucker rod pump. Casing has been set through the pay zone and perforated. Tubing and a tubing anchor (a mechanical hold-down device that uses slips to grip the casing) are run. The anchor minimizes tubing string movement as the pump reciprocates. The down hole pump maybe run as part of the tubing string or run on rods and set in the tubing. Pumping well completions are used where reservoir drive pressure is low, where gas for gas lift is not available, and where sufficient production cannot be obtained by means of natural flow. Well completions utilising sucker rod pumps allow large amounts of water-cut oil to be produced, which might otherwise be uneconomical to get out of the ground. When submersible electric pumps and downhole hydraulic pumps are employed, completions similar to those used for sucker rod pumps are available. 12 -17
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12.22 Pumping Well Completions Gas Lift Completions The figure below shows a typical gas lift completion. The casing is set through the pay zone and the well is perforated. A packer is run and set above the producing interval. Tubing, which has the required number of gas lift mandrels to hold the gas lift valves, is run. A readily available supply of natural gas is required for gas lift. The gas used to lift the reservoir fluid is normally compressed to pipeline pressure. After the gas has lifted the well fluids, it is either recirculated to do additional lifting or sold. Gas is injected down the casing, through the gas lift valves and into the tubing. It may be injected at various intervals (intermittent flow) or at a fixed rate (continuous flow). Surface metering and timing devices determine gas flow into the casing. The method of gas injection depends on several factors, such as the height of fluid in the casing, formation permeability, and the characteristics of the oil.
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Fig 12.23 Gas Lift Completions 12 -18
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Corrosive Well Completions The figure below illustrates a completion in which casing is set through the production zone and perforated and a packer is then set above the pay interval. Production is through tubing. In addition, a small-diameter kill string is run inside the production tubing. The kill string provides a convenient way to kill a well where pressures are high and corrosion may have weakened the production tubing. This concentric tubing string also allows for easy treating. If necessary, a small amount of chemical can be pumped down continuously for corrosion control in the production tubing. CONCENTRIC KILL/TREATING STRING
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Fig 12.24 Corrosive Well Completions Dual-String Single Completions The figure below shows a completion in which two strings of tubing are used to produce a single pay zone. Casing is set through the reservoir and perforated. A wireline packer is usually set above the pay zone and, utilising dual elevators and slips, the two strings are run simultaneously. A dual-string single completion is practical in extremely high-pressure corrosive wells. Either tubing string may be used for production or treating, and the well can be killed through either string. Fluids to be pumped down the well or to flow up the well can be diverted through either tubing string by setting wireline plugs in the tubing landing nipples. Running and pulling tubing is more time-consuming, and fishing tubing can be a problem. FLOW NIPPLE
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Fig 12.25 Dual-String Single Completions
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Fig 12.26 Typical Completion String Design 12 -20
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12.4 Well Servicing Wireline Operations Wireline has been used in wells since the first years of drilling. By running tools in the hole on wireline the necessity of running pipe in and out of the hole is avoided. There are literally hundreds of down hole wireline tools that have been devised to accomplish many specific tasks. Wireline units offer advantages over conventional, workover, coiled tubing or hydraulic workover units. Its main advantage is economics. A wireline unit can RIG up, perform its task, and rig down in less time than other type of units. Since it can perform many tasks much faster, it is also used as a support service to other rigs or units to set packers, plugs, or installing valves. Common wireline operations are: 1. 



Setting or retrieving equipment - Gas lift valves, subsurface safety valves, chokes and plugs can be set in landing nipples and mandrels in the string. Permanent packers and plugs may also be set in casing by wireline.



2. 



Fishing - Retrieving stuck or lost tools, wire etc.. An “impression shoe is often run first to determine the top profile of an object in the hole. From the top profile of the “fish” fishing tools may be selected.



3. 



Well logging - All forms of logging are done by wireline. (Electric logs, Gamma-Ray logs, temperature logs, sound logs, cement bond logs, calliper logs, density logs, neutron logs, dipmeter logs, profile logs, etc



4. 



Perforating - Most perforating is accomplished by running a gun equipped with either shaped charges or bullets in the hole by wireline.



5. 



Paraffin cutting - This job is accomplished by running a knife-like tool on wireline to cut or loosen the paraffin from inner walls of the tubing.



6. 



Sand bailing - When sand is encountered in the wellbore, it is normally a bridge. This can usually be removed with a few trips with the sand bailer. Most sand bailers consist of a piston in a cylinder and a ball check By moving the piston up and down, a suction is created and the cylinder fills. When full the bailer is pulled to the surface. The “shoe” is removed and the sand is tapped out with a hammer. Should there be pressure below the sand bridge, a water cushion should be run in the tubing.



7. 



Spot treating or cement spotting - A wireline basket designed to open by setting down on bottom or by an electrical impulse, can be used to spot stimulation or treating chemicals in the well at any given depth. (Often opposite the perforated interval.) It may be used to spot a cement plug on top of a packer or plug if desired.



12 -21



BASIC DRILLING TECHNOLOGY AND EQUIPMENT



SECTION 12 : TESTING



8. 



Open and closing sleeves and ports - Sliding sleeves or circulating ports in a production tubing string are designed to be moved up or down by wireline. These allow communication and circulation between tubing strings or between tubing and annular spaces.



9. 



Well depth measurement - The amount of wireline run in the hole can be measured and corrected for stretch to give the depths of a tool run in the hole.



Common Wireline Operations • 



Setting or Retrieving Equipment



• 



Fishing - Retrieving Stuck or Lost Tools (Wire)



• 



Well Logging



• 



Perforating



• 



Paraffin Cutting (Build Up on Tubing ID)



• 



Sand Bailing



• 



Spot Treating or Cement Spotting (Across Perforations or Other In Hole Equipment)



• 



Opening and Closing Sleeves and Ports



• 



Well Depth Measurement



Wireline does have some disadvantages, such as limited wire strength and not being able to rotate or circulate. Wireline use becomes quite limited on high angle and horizontal wells due to the fact that they rely on gravity to lower the tool. Electronic instruments also loose their effectiveness in wells with temperatures in excess of 300 °F. Wireline Units A wireline unit may be a simple rotating drum on which a slick line is wrapped, to self contained self powered electric wireline units. Most wireline units are very compact and highly portable, usually truck, trailer, or skid mounted. The typical unit contains a power source to drive a wire reel, a long thin strong wire, a lubricator to hold well pressure, and various tools. A rather large number of workover operations may be accomplished with this unit despite it’s disadvantages of limited circulation, no rotation, and lack of strength.
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Most wireline operations take place through the tubing or work string Wireline units can be rigged up on top of christmas trees, wellheads, blowout preventers, casing and open hole. By utilizing one of hundreds of tools, we can control flow, control pressure, regulate, plug off, restrict, take pressures, retrieve samples, isolate or pack off, spot materials, jar, fish,, swab, perforate, log, run gas lift valves, correlate depths, perform calmer work, run special tools, cut paraffin, cut tubing, treat, remove scale, remove sand plugs, position directionally, with wireline and the list goes on! Wireline can even accomplish “permanent type” workovers with only an additional pump truck. No rig is required and at times even short strings of small pipe are run into the well on wireline to dump cement or treatment, or to bail and clean out.



Fig 12.27
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GLOSSARY OF DEFINITIONS & TERMINOLOGY abandon v: to cease producing oil and gas from a well when it becomes unprofitable. A wildcat well may be abandoned after it has proven non productive. Several steps are involved in abandoning a well: part of the casing may be removed and salvaged; one or more cement plugs placed in the borehole to prevent migration of fluids between the different formations penetrated by the borehole. In many countries it is necessary to secure permission from official agencies before a well may be abandoned. abnormal pressure n: pressure exceeding or falling below the normal pressure to be expected at a given depth. Normal pressure increases approximately 0.465 psi per foot of depth (10.5 kPa per metre of depth). Thus, normal pressure at 10,000 feet is 4,650 psi.; abnormal pressure at this depth would be higher or lower than 4,650 psi. See pressure gradient. absolute permeability n: a measure of the ability of a single fluid (such as water, gas, or oil) to flow through a rock formation when the formation is totally filled (saturated) with the single fluid. The permeability measure of a rock filled with a single fluid is different from the permeability measure of the same rock filled with two or more fluids. Compare effective permeability. absolute porosity n: percentage of the total bulk volume of a rock sample that is composed of pore spaces or voids. See porosity. absolute pressure n: total pressure measured from an absolute vacuum. It equals the sum of the gauge pressure and the atmospheric pressure corresponding to the barometer (expressed in pound per square inch). absolute temperature scale n: a scale of temperature measurement in which zero degrees is absolute zero. On the Rankine absolute temperature scale, in which degrees correspond to degrees Fahrenheit, water freezes at 492 degrees and boils at 672 degrees. On the Kelvin absolute temperature scale, in which degrees correspond to degrees Celsius, water freezes at 273 degrees and boils at 373 degrees. See absolute zero. absolute zero n: a hypothetical temperature at which there is a total absence of heat. Since heat is a result of energy caused by molecular motion, there is no motion of molecules with respect to each other at absolute zero. acceptance criteria n: defined limits placed on characteristics of materials, products, or services. (API Specification 16A) accumulate v: to amass or collect. When oil and gas migrate into porous formations, the quantity collected is called an accumulation. accumulator n: 1. a vessel or tank that receives and temporarily stores a liquid used in a continuous process in a gas plant. n: 2. on a drilling rig, the storage device for nitrogen pressurised hydraulic fluid, which is used in closing the Blowout Preventers. See Blowout Preventer control/ unit. 13 -1
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Accumulator bank accumulator bank n: an assemblage of multiple accumulators sharing a common manifold. (API Recommended Practice 16E) accumulator precharge n: an initial nitrogen charge in an accumulator which is further compressed when the hydraulic fluid is pumped into the accumulator storing potential energy. (API Recommended Practice 16E) acidity n: the quality of being acid. Relative acid strength of a liquid is measured by pH. A liquid with a pH below 7 is acid. See pH value. acoustic control system n: a subsea control system that uses coded acoustic signals for communication. An acoustic control system is normally used as an emergency backup, having control of a few selected critical functions. (API Recommended Practice 16E) actuation test, Blowout Preventer n: the closing and opening of a Blowout Preventer unit to assure mechanical functionality. (API Recommended Practice 57) actuator n: a device used to open or close a valve by means of applied manual, hydraulic, pneumatic or electrical energy. (API Recommended Practice 64) adapter n: a pressure containing piece of equipment having API end connections of different nominal sizes and/or pressure ratings, used to connect other pieces of equipment of different API nominal sizes and/or pressure ratings. (API Specification 16A) adapter spool n: a joint to connect Blowout Preventers of different sizes or pressure ratings to the casing head. adjustable choke n: a choke in which the position of a conical needle or sleeve may be changed with respect to its seat, to vary the rate of flow; may be manual or automatic. See choke. aerated fluid n: drilling fluid injected with air or gas in varying amounts for the purpose of reducing hydrostatic head. (API Recommended Practice 64). air actuated adj.: powered by compressed air, for example, the clutch and the brake system in drilling equipment. air drilling n: a method of rotary drilling that uses compressed air as the circulation medium. The conventional method of removing cuttings from the well bore is to use a flow of water or drilling fluid. Compressed air removes the cuttings with equal or greater efficiency. The rate of penetration is usually increased considerably when air drilling is used. A principal problem in air drilling, however, 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 gap n: the distance from the normal level of the sea surface to the bottom of the hull or base of an offshore drilling platform. 13 -2
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Air/gas drilling air/gas drilling v: refer to aerated fluid air pump/air powered pump n: air driven hydraulic piston pump. (API Recommended Practice 16E) alkali n: a substance having marked basic (alkaline) properties, such as a hydroxide of an alkali metal. See base. alkalinity n: the combining power of a base, or alkali as measured by the number of equivalents of an acid with which it reacts to form a salt. Measured by pH alkalinity is possessed by any solution that has a pH greater than 7. See pH value. American Petroleum Institute n: founded in 1920, this national oil trade organisation is the leading standardising organisation for oil field drilling and producing equipment. It maintains departments of transportation, refining, and marketing in Washington, DC, and a department of production in Dallas. adj.: (slang) indicative of a job being properly or thoroughly done (as, “His work is strictly API”). American Society for Testing and Materials n: an organisation, based in Philadelphia, which sets guidelines for the testing and use of equipment and materials. American Society of Mechanical Engineers n: a New York City based organisation whose equipment standards are sometimes used by the oil industry. Its official publication is Mechanical Engineering. anchor n: any device that secures or fastens equipment. In down hole equipment, the term often refers to the tail pipe. In offshore drilling, floating drilling vessels are often secured over drill sites by large metal anchors like those used on ships. anchor buoy n: a floating marker used in a spread mooring system to position each anchor of a semi submersible rig or drill ship. angle of deflection n: in directional drilling, the angle, expressed in degrees, at which a well is deflected from the vertical by a whipstock or other deflecting tool. angle of deviation n: also called drift angle and angle of drift. See deviation. annular blowout preventer n: a large valve with a generally thyroidal shaped steel reinforced elastomer packing element that is hydraulically operated to close and seal around any drill pipe size or to provide full closure of the well bore. Usually installed above the ram preventers, it forms a seal in the annular space between the pipe and the well bore or, if no pipe is present, on the well bore itself. annular packing element n: a rubber/steel torus that effects a seal in an annular preventer or diverter. The annular packing element is displaced toward the bore centre by the upward movement of an annular piston. (API Recommended Practice 64). 13 -3
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Annular sealing device annular sealing device n: generally, a torus shaped steel housing containing an annular packing element which facilitates closure of the annulus by constricting to seal on the pipe or kelly in the well bore. Some annular sealing devices also facilitate shutoff of the open hole. (API Recommended Practice 64). annular space n: 1. the space surrounding a cylindrical object within a cylinder. 2. the space around a pipe in a well bore, the outer wall of which may be the wall of either the borehole or the casing; sometimes termed the annulus. annular velocity n: the rate at which fluid is travelling in the annular space of a drilling well. annulus n: also called annular space. See annular space. annulus friction pressure n: circulating pressure loss inherent in the annulus between the drill string and casing or open hole. anticline n: an arched, inverted trough configuration of folded and stratified rock layers. anticlinal trap n: a hydrocarbon trap in which petroleum accumulates in the top of an anticline. See anticline. 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, derived from specific gravity in accordance with the following equation: API gravity is expressed in degrees, a specific gravity of 10 being equivalent to 10˚ API. 141.5 APl gravity = 131.5 specific gravity artificial lift n: any method used to raise oil to the surface through a well after reservoir pressure has declined to the point at which the well no longer produces by means of natural energy. Sucker rod pumps, gas lift, hydraulic pumps, and submersible electric pumps are the most common forms of artificial lift. astern adv. or adj.: 1. at or toward the stem of a ship or an offshore drilling rig; abaft. 2. behind the ship or rig. atmosphere n: a unit of pressure equal to the atmospheric pressure at sea level, 14.7 pounds per square inch (101.325 kPa). One Atmosphere is equal to 14.7 psi or 101.325 kPa. 13 -4
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Atmospheres absolute atmospheres absolute n pl.: total pressure at a depth underwater, expressed as multiples of normal atmospheric pressure. atmospheric pressure n: the pressure exerted by the weight of the atmosphere. At sea level, the pressure is approximately 14.7 psi (101.325 kPa), often referred to as 1 atmosphere. attapulgite n: a fibrous clay mineral that is a viscosity building substance, used principally in saltwater base drilling fluids. automatic choke n: an adjustable choke that is power operated to control pressure or flow. See adjustable choke. automatic control n: a device that regulates various factors (such as flow rate, pressure, or temperature) of a system without supervision or operation by personnel. See instrumentation. automatic driller n: a mechanism used to regulate the amount of weight on the bit without requiring attendance by personnel. Automatic Drillers free the driller from the sometimes tedious task of manipulating the draw works brake in order to maintain correct weight on the bit. Also called an automatic drilling control unit. automatic fill up shoe n: a device that is installed on the first joint of casing and that automatically regulates the amount of fluid in the casing. The valve in this shoe keeps fluid from entering the casing until fluid pressure causes the valve to open, allowing fluid to enter the casing. automatic gauge n: an instrument installed on the outside of a tank to permit observation of the depth of the liquid inside. automatic slips n: a device, operated by air or hydraulic fluid, that fits into the opening in the rotary table when the drill stem must be suspended in the well bore (as when a connection or trip is being made). Automatic slips, also called power slips, eliminate the need for roughneck’s to set and take out slips manually. See slips. auxiliary brake n: a braking mechanism, supplemental to the mechanical brake, that permits the safe lowering of heavy hook loads at retarded rates, without incurring appreciable brake maintenance. There are two types of auxiliary brakes the hydrodynamic and the electrodynamic. In both types, work is converted into heat, which is dissipated through liquid cooling systems. azimuth n: 1. in directional drilling, the direction of the face of the deviation tool with respect to magnet north, as recorded by a deviation instrument. 2. an arc of the horizon measured between a fixed point (such as true north) and the vertical circle passing through the centre of an object. back off v: to unscrew one threaded piece (such as a section of pipe) from another. back off joint n: a section of pipe with left hand threads on one end and conventional right hand threads on the other. In setting a liner, a back off joint is attached to it so that the drill pipe may be disengaged from the liner by conventional right hand rotation. back pressure n: 1. the pressure maintained on equipment or systems through which a fluid flows. 2. in reference to engines, a term used to describe the resistance to the flow of exhaust gas through the exhaust pipe.
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Back pressure valve back pressure valve n: a valve that permits flow in only one direction (API Recommended Practice 57) backup tongs n: the tongs used to back up the drill pipe as it is being made up into or taken out of the drill stem. baffle plate n: 1. a partial restriction, generally a plate, placed to change the direction, guide the flow, or promote mixing within a tank or vessel. 2. a device that is seated on the bit pin, in a tool joint, or in a drill pipe float, used to centralise the lower end of a go devil while permitting the bypass of drilling fluid. The go devil contains a surveying instrument. bail n: a cylindrical steel bar (similar in form to the handle or bail of a bucket, but 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 also called bails or links. v: to recover bottomhole fluids, samples, fluid, sand, or drill cuttings by lowering a cylindrical vessel called a bailer to the bottom of a well, filling it, and retrieving it. bailer n: a long cylindrical container, fitted with a valve at its lower end, used to remove water, sand, fluid, drill cuttings, or oil from a well. ball valve n: a valve which employs a rotating ball to open or dose the flow passage. (API Recommended Practice 64). barge n: any one of many types of flat decked, shallow draft vessels, usually towed by a boat. A complete drilling rig may be assembled on a drilling barge, which usually is submersible; that is, it has a submersible hull or base that is flooded with water at the drilling site. Drilling equipment and crew quarters are mounted on a superstructure above the water level. barite n: barium Sulphate, BaSO4; a mineral frequently used to increase the weight or density of drilling fluid. Its specific gravity or relative density is 4.2 (i.e., it is 4.2 times heavier or denser than water). See Barium Sulphate and fluid. barite plug n: a settled volume of barite particles from a barite slurry placed in the well bore to seal off a pressured zone. (API Recommended Practice 59). barium sulphate n: a chemical compound of barium, Sulphur, and oxygen (BaSO4). It may form a tenacious scale that is very difficult to remove. Also called barite. barrel n: a measure of volume for petroleum products in the United States. One barrel is the equivalent of 42 US gallons or 0.15899 cubic metres. One cubic metre equals 6.2897 barrels. barrels per day n: in the United States, a measure of the rate of flow of a well; the total amount of oil and other fluids produced or processed per day. baryte n: variation of barite. See barite
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Base base n: a substance capable of reacting with an acid to form a salt. A typical base is sodium hydroxide (caustic), with the chemical formula NaOH. For example, sodium hydroxide combines with hydrochloric acid to form sodium chloride (a salt) and water; this reaction is written chemically as NaOH + HCl . NaCI + H2O basement rock n: either igneous or metamorphic rock, seldom containing petroleum. Ordinarily it lies below sedimentary rock. When it is encountered in drilling, the well is usually abandoned. basin n: a synclinal structure in the subsurface, formerly the bed of an ancient sea. Because it is composed of sedimentary rock and because its contours provide traps for petroleum, a basin is a good prospect for exploration. For example, the Permian Basin in West Texas is a major oil producer. battery n: 1. an installation of identical or nearly identical pieces of equipment (such as a tank battery or a battery of meters). 2. an electricity storage device. bed n: a specific layer of earth or rock, presenting a contrast to other layers of different material lying above, below, or adjacent to it. bedding plane n: the surface that separates each successive layer of a stratified rock from its preceding layer. belching v: a slang term to denote flowing by heads (API Recommended Practice 59). bell nipple n: a short length of pipe (a nipple) installed on top of the Blowout Preventer. The top end of the nipple is expanded, or belled, to guide drill tools into the hole and usually has side connections for the fill line and fluid return line. bent housing n: a special housing for the positive displacement down hole fluid motor that is manufactured with a bend of 1 3 degrees to facilitate directional drilling. bentonite n: a colloidal clay, composed primarily of montmorillonite, that swells when wet. Because of its gel forming properties, bentonite is a major component of drilling fluids. See gel. bent sub n: a short cylindrical device installed in the drill stem between the bottom most drill collar and a down hole fluid motor. The purpose of the bent sub is to deflect the fluid motor off vertical to drill a directional hole. See drill stem test. bit n: the cutting or boring element used in drilling oil and gas wells. The bit consists of a cutting element and a circulating element. The circulating element permits the passage of drilling fluid and utilises 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, and the bit is attached to the end of the string of drill collars. Most bits used in rotary drilling are roller cone bits, but diamond bits are also used extensively. See roller cone bit and diamond bit. bit breaker n: a heavy plate that fits in the rotary table and holds the drill bit while it is being made up in, or broken out of, the drill stem. See bit. 13 -7
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Bit gauge bit gauge n: a circular ring used to determine whether a bit is of the correct outside diameter. Bit gauges are often used to determine whether the bit has been worn down to a diameter smaller than specifications allow; such a bit is described as under gauge. bit sub n: a sub inserted between the drill collar and the bit. blank casing n: casing without perforations. blank flange n: a solid disk used to dead end, or close off, a companion flange. blast hole drilling n: the drilling of holes into the earth for the purpose of placing a blasting charge (such as dynamite) in them. bleed v: to drain off liquid or gas, generally slowly, through a valve called a bleeder. blind drilling n: a drilling operation in which the drilling fluid is not resumed to the surface. Sometimes blind drilling techniques are resorted to when lost circulation occurs. 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. See ram. blind ram preventer n: a Blowout Preventer in which blind rams are the closing elements. blind/shear rams n: blind rams with a built in cutting edge that will shear tubulars that may be in the hole, thus allowing the blind rams to seal the hole. Used primarily in subsea systems. (API Recommended Practice 53). block n: any assembly of pulleys, 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 raised and lowered in the derrick by the drilling line. When elevators are attached to a hook on the travelling block and drill pipe latched in the elevators, the pipe can be raised or lowered. block position n: the centre position of a three position control valve. (API Recommended Practice 16E) blooey line n: the discharge pipe from a well being drilled by air drilling. The blooey line is used to conduct the air or gas used for circulation away from the rig to reduce the fire hazard as well as to transport the cuttings a suitable distance from the well. See air drilling blowout n: an uncontrolled flow of gas, oil, or other well fluids into the atmosphere. A blowout, or gusher, can occur 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 and kick.



13 -8



BASIC DRILLING TECHNOLOGY AND EQUIPMENT



SECTION 13 : GLOSSARY OF DEFINITIONS, TERMINOLOGY & ABBREVIATIONS



Blowout preventer 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; and on floating offshore rigs, on the sea floor. See annular blowout preventer, inside blowout preventer, and ram blowout preventer. blowout preventer control panel n: a set of controls, usually located near the driller’s position on the rig floor, that is manipulated to open and close the Blowout Preventers. blowout preventer control unit n: a service 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. blowout preventer drill n: a training procedure to determine that rig crews are familiar with correct operating practices to be followed in the use of blowout prevention equipment. A “dry run” of blowout preventive action. (API Recommended Practice 53) blowout preventer stack n pl: the assembly of well control equipment, including preventers, spools, valves and nipples connected to the top of the casing head (API Recommended Practice 53). blowout preventer test tool n: a tool to allow pressure testing of the Blowout Preventer stack and accessory equipment by sealing the well bore immediately below the stack. (API Recommended Practice 53). body n: any portion of API equipment between end connections, with or without internal parts, which contains well bore pressure. (API Specification 16A) boiling point n: the temperature at which the vapour pressure of a liquid becomes equal to the pressure exerted on the liquid by the surrounding atmosphere. The boiling point of water is 212˚F or 100˚C at atmospheric pressure (14.7 psig or 101.325 kPa). boll weevil n: (slang) an inexperienced rig or oil field worker; sometimes shortened to weevil. boll weevil corner n: (slang, obsolete) the work station of an inexperienced rotary helper, on the opposite side of the rotary from the pipe racker. bolting n pl: threaded fasteners (studs, nuts, bolts and cap screws) used to assemble pressure containing parts or join end or outlet connections. (API Specification 16A) BOP closing ratio (Ram BOP) n: a dimension less factor equal to the well bore pressure divided by the operating pressure necessary to dose a Ram BOP against well bore pressure. Usually calculated for maximum rated well bore pressure. (API Recommended Practice 16E)
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BOP stack maximum rated well bore pressure BOP stack maximum rated well bore pressure n: the pressure containment rating of the ram Blowout Preventer’s in a stack. In the event that the rams are rated at different pressures, the Blowout Preventer Stack Maximum Rated Well bore Pressure is considered equal to the lowest rated ram Blowout Preventer pressure. In stacks which do not contain any ram Blowout Preventer, the Blowout Preventer stack maximum rated well bore pressure is considered equal to the lowest rated Blowout Preventer pressure. (API Recommended Practice 16E) bore n: 1. the inside diameter of a pipe or a drilled hole. 2. the diameter of the cylinder of an engine. borehole n: the well bore; the hole made by drilling or boring. See well bore. borehole pressure n: total pressure exerted in the well bore by a column of fluid and/or back pressure imposed at the surface. (API Recommended Practice 57). bottom hole n: the lowest or deepest part of a well. adj.: pertaining to the bottom of the well bore. bottom hole assembly n: the portion of the drilling assembly below the drill pipe. It can be very simple composed of only the bit and drill collars or it can be very complex and made up of several drilling tools. bottom hole pressure n: 1. the pressure at the bottom of a borehole. It is caused by the hydrostatic pressure of the drilling fluid in the hole and, sometimes, any back pressure held at the surface, as when the well is shut in with a Blowout Preventer. When fluid is being circulated, bottom hole pressure is the hydrostatic pressure plus the remaining circulating pressure required to move the fluid up the annulus. 2. the pressure in a well at a point opposite the producing formation, as recorded by a bottom hole pressure bomb. bottom hole pressure bomb n: a bomb used to record the pressure in a well at a point opposite the producing formation. bottom hole temperature n: temperature measured in a well at a depth at the midpoint of the thickness of the producing zone. bottoms up n: a complete trip from the bottom of the well bore to the top. bottoms up gas n: gas that has risen to the surface from previously drilled gas bearing formations. (API Recommended Practice 64). bottom supported drilling vessels n pl: offshore drilling vessels which float to the desired drilling location and are either ballasted or jacked up so that the vessel is supported by the ocean floor while in the drilling mode. Rigs of this type include platforms, submersibles, swamp barges and jack up drilling rigs. (API Recommended Practice 64).
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Bourdon tube bourdon tube n: a flattened metal tube bent in a curve, which tends to straighten when pressure is applied internally. By the movements of an indicator over a circular scale, a Bourdon tube indicates the pressure applied. box n: the female section of a connection. See tool joint box and pin n: See tool joint Boyle’s law n: a gas law that concerns pressure. It states that for any ideal gas or mixture of ideal gases at any definite temperature, the product of the absolute pressure times the volume is a constant (PV = K). Bradenhead n: (obsolete) casing head. Bradenhead flange n: a flanged connection at the top of the oil well casing. Bradenhead squeezing v: the process by which hydraulic pressure is applied to a well to force fluid or cement outside the well bore without the use of a packer. The Bradenhead, or casing head, is closed to shut off the annulus when making a Bradenhead squeeze. Although this term is still used, the term Bradenhead is obsolete. See annular space and casing head and squeeze.. brake n: a device for arresting the motion of a mechanism, usually by means of friction, as in the draw works brake. brake band n: a part of the brake mechanism, consisting of a flexible steel band lined with asbestos or a similar material, that grips a drum when tightened. On a drilling rig, the brake band acts on the flanges of the draw works drum to control the lowering of the travelling block and its load of drill pipe, casing, or tubing. brake block n: a section of the lining of a band brake; it is shaped to conform to the curvature of the band and is attached to it with countersunk screws. See brake band. break circulation v: to start the fluid pump for restoring circulation of the fluid column. As the stagnant drilling fluid has thickened or gelled during the period of no circulation, a high pump pressure is usually required to break circulation. breaking strength n: the load under which a chain or a rope breaks. break out v: 1. to unscrew one section of pipe from another section, especially drill pipe while it is being withdrawn from the well bore. During this operation, the tongs are used to start the unscrewing operation. 2. to separate, as gas from a liquid or water from an emulsion. breathe v: to move with a slight, regular rhythm. Breathing occurs in tanks of vessels when vapours are expelled and air is taken in. For example, a tank of crude oil expands because of the rise in temperature during the day and contracts as it cools at night, expelling vapours as it expands and taking in air as it contracts. Tubing breathes when it moves up and down in sequence with a sucker rod pump. 13 -11
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Breather breather n: a small vent in an otherwise airtight enclosure for maintaining equality of pressure within and without. bridge n: 1. an obstruction in the borehole, usually caused by the caving in of the wall of the borehole or by the intrusion of a larger boulder. 2. a tool placed in the hole to retain cement or other material that may later be removed, drilled out, or left permanently. bridge plug n: a down hole tool, composed primarily of slips, a plug mandrel, and a rubber sealing element, that is run and set in casing to isolate a lower zone while an upper section is being tested or cemented. 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. brine n: water that has a large quantity of salt, especially sodium chloride, dissolved in it; salt water. bring in a well v: to complete a well and put it on producing status. broaching v: venting of fluids to the surface or to the seabed through channels external to the casing. (API Recommended Practice 57). bubble point n: 1. the temperature and pressure at which part of a liquid begins to convert to gas. For example, if a certain volume of liquid is held at constant pressure, but its temperature is increased, a point is reached when bubbles of gas begin to form in the liquid. That is the bubble point. Similarly, if a certain volume of liquid is held at a constant temperature but the pressure is reduced, the point at which gas begins to form is the bubble point. 2. the temperature and pressure at which gas, held in solution in crude oil, breaks out of solution as free gas. buckling stress n: bending of the pipe which may occur due to deviation of the hole. The pipe may bend because of the angle of the hole or because of an abrupt deviation such as a dog leg. building test n: a test in which a well is shut in for a prescribed period of time and a bottom hole pressure bomb run in the well to record the pressure. From this data and from knowledge of pressures in a nearby well, the effective drainage radius or the presence of permeability barriers or other production deterrents surrounding the well bore can be estimated bullet perforator n: a tubular device that, when lowered to a selected depth within a well, fires bullets through the casing to provide holes through which the formation fluids may enter the well bore. bullhead squeezing v: the process by which hydraulic pressure is applied to a well to force fluid such as cement outside the well bore. Annular flow (returns) is prevented by a packer set in the casing above the perforations and/or in open hole. (API Recommended Practice 57). bull plug n: a threaded nipple with a rounded closed end, used to stop up a hole or close off the end of a line. 13 -12
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Bumpless transfer bumpless transfer v: the transfer from main electrical supply power to an alternate electrical power supply without losing signal and/or memory circuit normally associated with poser interruption. (API Recommended Practice 16E) button hole assembly n: that part of the drill string located directly above the drill bit. The components primarily include the drill collars and other speciality tools such as stabilisers, reamers, drilling jars, bumper subs, heavy weight drill pipe, etc. (API Recommended Practice 64). buoyancy n: the apparent loss of weight of an object immersed in a fluid. If the object is floating, the immersed portion displaces a volume of fluid the weight of which is equal to the weight of the object. bypass valve n: A valve that permits flow around a control valve, a piece of equipment, or a system. calibration n: comparison and adjustment to a standard of known accuracy. (API Specification 16A) cap a well v: to control a blowout by placing a very strong valve on the well head. See blowout. cap rock n: 1. impermeable rock overlying an oil or gas reservoir that tends to prevent migration of oil or gas out of the reservoir. 2. The porous and permeable strata overlying salt domes that may serve as the reservoir rock. carbon dioxide n: a colourless, odourless gaseous compound of carbon and oxygen (CO2). A product of combustion and a filler for fire extinguishers, this heavier than air gas can collect in low lying areas where it may displace oxygen and present the hazard of anoxia. carbon monoxide n: a colourless, odourless gaseous compound of carbon and oxygen (CO). A product of incomplete combustion, it is extremely poisonous to breathe. cascade system n: in respiratory systems, a series connection of air cylinders in which the output of air from one adds to that of the next. cased adj.: pertaining to a well bore in which casing has been run and cemented. cased hole n: a well bore in which casing has been run. case hardened adj.: hardened (as for a ferrous alloy) so that the surface layer is harder than the interior. 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, to prevent seepage of fluids, and to provide a means of extracting petroleum if the well is productive. casing hanger n: a circular device with a frictional gripping arrangement, used to suspend casing in a well.
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Casing head/spool casing head/spool n: a heavy, flanged steel fitting connected to the first string of casing. It provides a housing for slips and packing assemblies, allows suspension of intermediate and production strings of casing and supplies the means for the annulus to be sealed off. Also called a spool. casing pressure n: the pressure built up in a well between the casing and tubing or the casing and drill pipe. casing seat test n: a procedure whereby the formation immediately below the casing shoe is subjected to a pressure equal to the pressure expected to be exerted later by a higher drilling fluid density and back pressure created by a kick. (API Recommended Practice 59). casing shoe n: the rounded concrete bottom end of a string casing. (API Recommended Practice 64). casing string n: the entire length of all the joints of casing run in well. Casing is manufactured in lengths of about 30 feet (9 metres), each length or joint being joined to another as casing is run in a well. casting n: (1) an object at or near finished shape obtained by solidification of a substance in a mould. v: (2) pouring molten metal into a mould to produce an object of desired shape. (API Specification 16A) catalyst n: a substance that alters, accelerates, or instigates chemical reactions without itself being affected. cathode n: 1. one of two electrodes in an electrolytic cell, represented as the positive terminal of a cell. 2. in cathodic protection systems, the protected structure that is representative of the cathode and is protected by having a conventional current flow from an anode to the structure through the electrolyte. caustic soda n: sodium hydroxide, used to maintain an alkaline pH in drilling fluid and in petroleum fractions. Its formula is NaOH. caving n: collapsing of the walls of the well bore, also called sloughing cavings n pl.: particles that fall off (are sloughed from) the wall of the well bore. Not the same as cuttings. Celsius scale n. the metric scale of temperature measurement used universally by scientists. On this scale 0 degrees represents the freezing point of water and 100 degrees its boiling point at a barometric pressure of 760 mm. Degrees Celsius are converted to degrees Fahrenheit by using the following equation: °F=9/5x(°C)+32 The Celsius scale was formerly called the centigrade scale, now, however, the term Celsius is preferred in the international System of Units (SI). 13 -14
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cement plug n: a portion of cement placed at some point in the well bore to seal it.



Cement plug



change rams v: to take rams out of a Blowout Preventer and replace them with rams of a different size or type. When the size of a drill pipe is changed, the size of the pipe rams must be changed to ensure that they seal around the pipe when closed. channelling n: the bypassing of oil in a water drive field due to erratic or uncontrolled water encroachment. The natural tendency toward channelling is aggravated by excessive production rates, which encourage premature water encroachment. Charles’s law n: a gas law that states that at constant pressure the volume of a fixed mass or quantity of gas varies directly with the absolute temperature. 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. chemical analysis n: determination of the chemical composition of material. (API Specification 16A) chert n: a quartzitic rock with hardness equal to or harder than flint. choke n: a device with an orifice installed in a line to restrict the flow of fluids. Surface chokes are part of the Christmas tree on a well and contain a choke nipple, or bean, with a small diameter bore that serves to restrict the flow. Chokes are also used to control the rate of flow of the drilling fluid out of the hole when the well is closed in with the Blowout Preventer and a kick is being circulated out of the hole. choke and kill valves n pl: BOP stack mounted valves which are connected below the BOPs to allow access to the well bore to either choke or kill the well. (API Recommended Practice 16E) choke line n: a high pressure line connected below a BOP to direct well fluids from the annulus to the choke manifold during well control operations. choke manifold n pl: the arrangement of piping and special valves, called chokes, through which drilling fluid is circulated when the Blowout Preventers are closed and which is used to control the pressures encountered during a kick. See 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. 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. circulate and weight method n: a method of killing well pressure in which circulation is commenced immediately and fluid weight is brought up gradually, according to a definite schedule. Also called concurrent method. 13 -15
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Circulating device circulating device n: a flow control device such as a sliding sleever or side pocket mandrel, which is run on production/injection tubing for the purpose of establishing communications between tubing and the tubing annulus. (API Recommended Practice 57). circulating fluid n: also called drilling fluid. See drilling fluid. circulating head n: a device attached to the top drill pipe or tubing to allow pumping into the well without use of the kelly. (API Recommended Practice 59). circulating pressure n: the pressure generated by the fluid pumps and exerted on the drill stem. clamp connection n: a pressure sealing device used to join two items without using conventional bolted flange joints. The two items to be sealed are prepared with clamp hubs. These hubs are held together by a clamp containing two to four bolts (API Recommended Practice 53). cleanout n: a point in the flow line piping where access to the internal area of the pipe can be achieved for the purpose of removing accumulated debris and drill cuttings. (API Recommended Practice 64). closed in pressure n: See formation pressure. close in v: 1. to temporarily shut in a well that is capable of producing oil or gas. 2. to close the Blowout Preventers on a well to control a kick. The Blowout Preventers close off the annulus so that pressure from below cannot flow to the surface. closed loop circuit n: a hydraulic control circuit in which spent fluid is returned to the reservoir. (API Recommended Practice 16E) closing unit (closing system) n pl: the assembly of pumps, valves, lines, accumulators, and other items necessary to open and close the Blowout Preventer equipment. (API Recommended Practice 59). closing ratio n: the ratio between the pressure in the hole and the operating piston pressure needed to close the rams of a Blowout Preventer. closing unit pump n: term for an electric or hydraulic pump on an accumulator, serving to pump hydraulic fluid under high pressure to the Blowout Preventers so that the preventers may be closed or opened. closure bolting n pl: fasteners used to assemble API Spec 16A equipment other than end and outlet connections. (API Specification 16A) collapse pressure n: the amount of force needed to crush the sides of pipe until it caves in on itself. Collapse occurs when the pressure outside the pipe is greater than the pressure inside the pipe.
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Come out of the hole come out of the hole v: to pull the drill stem out of the well bore. This withdrawal is necessary to change the bit, change from a core barrel to the bit, run electric logs, prepare for a drill stem test, run casing, and so on. company man n: also called company representative. company representative n: an employee of an operating company whose job is to represent the companies interests at the drilling location. compressibility factor n: a factor, usually expressed as Z, which gives the ratio of the actual volume of gas at a given temperature and pressure to the volume of gas when calculated by the ideal gas law without any consideration of the compressibility factor. concentric operations n pl: well operations conducted using small diameter tubing inside conventional tubing or tubing less completion’s, normally with the Christmas tree in place and using a small rig or hoisting unit. (API Recommended Practice 57). conductor casing onshore and bottom supported offshore installations n: a relatively short string of large diameter pipe which is set to keep the top of the hole open and provide a means of resuming the upflowing drilling fluid from the well bore to the surface drilling fluid system onshore and bottom supported offshore installations. (API Recommended Practice 64). conductor casing floating installations n: the first string of pipe installed below the structural casing on which the well head and Blowout Preventer equipment are installed. (API Recommended Practice 64). conductor pipe n: 1. a short string of large diameter casing used to keep the well bore open and to provide a means of conveying the up flowing drilling fluid from the well bore to the fluid pit. 2. a boot. conformance n: compliance with specified .(API Specification 16A) constant choke pressure method n: a method of killing a well that has kicked, in which the choke size is adjusted to maintain a constant casing pressure. This method does not work unless the kick is all or nearly all salt water, it the kick is gas, this method will not maintain a constant bottom hole pressure because gas expands as it rises in the annulus. constant pit level method n: a method of killing a well in which the fluid level in the pits is held constant while the choke size is reduced and the pump speed slowed. It is not effective because casing pressure increases to the point where the formation fractures or casing ruptures, and control of the well is lost. continental shelf n: a zone, adjacent to a continent, that extends from the low waterline to the point at which the sea floor slopes off steeply to 600 feet (183 m) deep or more. continuous reeled tubing n pl: tubing stored on a reel that can be run in and out of a well without making a connection. (API Recommended Practice 57). 13 -17



BASIC DRILLING TECHNOLOGY AND EQUIPMENT



SECTION 13 : GLOSSARY OF DEFINITIONS, TERMINOLOGY & ABBREVIATIONS



Control fluid control fluid n: hydraulic oil or water based fluid which, under pressure, pilots the operation of control valves or directly operates functions. (API Recommended Practice 16E) control hose bundle n pl: a group of pilot and signal hoses assembled into a bundle with an outer protective sheath. For subsea applications it may contain a hydraulic supply line. (API Recommended Practice 16E) control line n: a flexible hose or rigid line that transmits the hydraulic power fluid to a function. (API Recommended Practice 16E). control manifold n pl: the assemblage of valves, regulators, gauges and piping used to regulate pressures and control the flow of hydraulic power fluid to operate system functions. (API Recommended Practice 16E). control panel n: an enclosure displaying an array of switches, push buttons, lights and/or valves and various pressure gauges or meters to control or monitor functions. Control panel types include: diverter panel, Driller’s panel, master panel and mini or auxiliary remote panel. All of these panels are remote *on the main hydraulic manifold and can be pneumatic, electric or hydraulic powered. (API Recommended Practice 16E). a) diverter panel n: a panel that is dedicated to the diverter and flow line system functions. It is positioned for easy Driller’s access and visual observation of the activated functions. b) 



driller’s panel n: the BOP control panel mounted at the Driller’s position on the rig floor



c) master panel (hydraulic or electric) n: the panel mounted in close proximity to the main accumulator unit. All control functions are operable from this panel, including all regulators and gauges. d) mini or auxiliary remote panel a limited function panel mounted in a remote location for use as an emergency backup. On an offshore rig it is normally located in the Tool pusher’s office, and on a land rig, at least 100 feet from the well centre on the leeward side of the prevailing wind. control pod n pl: the assemblage of valves and pressure regulators which respond to control signals to direct hydraulic power fluid through assigned porting, to operate functions. (API Recommended Practice 16E). control valve (surface control system) n: a valve mounted on the hydraulic manifold which directs hydraulic power fluid to the selected function (such as annular BOP close) while simultaneously venting the opposite function (annular BOP open). (API Recommended Practice 16E). control valve (subsea control system) n: a pilot operated valve in the subsea control pod that directs power fluid to operate a function. conventional operations n pl: well operations conducted using a rig equipped with fluid pumps, rotary table and other equipment designed to perform well Workovers, re Completions, and other work which requires removal of the Christmas tree and pulling or manipulation of the tubing. (API Recommended Practice 57). 13 -18
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Core core n: a cylindrical sample taken from a formation for geological analysis. Usually a conventional core barrel is substituted for the bit and produces a sample as it penetrates the formation. v: to obtain a formation sample for analysis. 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. corrosion resistant ring grooves n pl: ring grooves lined with metal resistant to metal loss corrosion. (API Specification 16A) crew n: the workers on a drilling or workover rig, including the Driller, Derrickman, and rotary helpers. critical point n: 1. the point at which, in terms of temperature and pressure, a fluid cannot be distinguished as being either a gas or a liquid, the point at which the physical properties of a liquid and a gas are identical. 2. one of the places along the length of drilling line at which strain is exerted as pipe is run into or pulled out of the hole. critical pressure n: the pressure needed to condense a vapour at its critical temperature. critical temperature n: the highest temperature at which a substance can be separated into two fluid phases liquid and vapour. Above the critical temperature, a gas cannot be liquefied by pressure alone. crossover sub n: a sub used between two sizes or types of threads in the drill stem assembly. crude oil n: unrefined liquid petroleum. It ranges in gravity from 9˚ API to 55˚ API and in colour from yellow to black, and it may have a paraffin, asphalt, or mixed base. If a crude oil, or crude, contains a sizeable amount of sulphur or sulphur compounds, it is called a sour crude, if it has little or no sulphur, it is called a sweet crude. In addition, crude oils may be referred to as heavy or light according to API gravity, the lighter oils having the higher gravity’s. cubic centimetres n: a commonly used unit of volume measurement in the metric system equal to 10 6 cubic metre, or 1 millilitre. The symbol for cubic centimetre is cm . cubic foot n: the volume of a cube, all edges of which measure 1 foot. Natural gas is usually measured in cubic feet, with the most common standard cubic foot being measured at 60˚F and 14.65 psi. cubic metre n: a unit of volume measurement in the metric system, replacing the previous standard unit known as the barrel, which was equivalent to 35 imperial gallons or 42 United States gallons. The cubic metre equals approximately 6.2898 barrels. current method n: also called circulate and weight method. See circulate and-weight method. cut drilling fluid n: well control fluid which has been reduced in density or unit weight as a result of entrainment of less dense formation fluids or air. (API Recommended Practice 59). 13 -19
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Cuttings cuttings n pl.: the fragments of rock dislodged by the bit and brought to the surface in the drilling fluid. They are not the same as cavings, which are particles that fall off the wall of the hole. Washed and dried samples of the cuttings are analysed by geologists to obtain information about the formations drilled. cylinder head n: the device used to seal the top of a cylinder. In modern drilling rig engines, it also houses the valves and has exhaust passages. In four cycle operation, the cylinder head also has intake passages. cylinder liner n: a removable, replaceable sleeve that fits into a cylinder. When the sliding of the piston and rings wears out the liner, it can be replaced without the block having to be replaced. daily drilling report n: a record made each day of the operations on a working drilling rig. Darcy n: an 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. dart type blowout preventer n: an inside preventer that is installed on top of the drill stem when the well is kicking through the drill stem. It is stabbed in the open position and then dosed against the pressure. The valve that closes is dart shaped, therefore the name. date of manufacture n: the date of manufacturer’s final acceptance of finished equipment. (API Specification 16A) dead well n: 1. a well that has ceased to produce oil or gas, either temporarily or permanently. 2. a well that has kicked and been killed. de foamer n: any chemical that prevents or lessens frothing or foaming in another agent. degasser n: the device used to remove unwanted gas from a liquid, especially from drilling fluid. degree API n: a unit of measurement of the American Petroleum Institute that indicates the weight, or density, of oil. See API gravity. dehydrate v: to remove water from a substance. Dehydration of crude oil is normally accomplished by emulsion treating with emulsion breakers. The water vapour in natural gas must be removed to meet pipeline requirements, a typical maximum allowable water vapour content is 7 lb per MMcf. density n: the mass or weight of a substance per unit volume. For instance, the density of a drilling fluid may be 10 pounds per gallon (ppg), 74.8 pounds per cubic foot (lb/ft3). Specific gravity, relative density, and API gravity are other units of density. See API gravity, relative density, and specific gravity.
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Depth



depth n: 1. the distance to which a well is drilled, stipulated in a drilling contract as contract depth. Total depth is the depth after drilling is finished. 2. on offshore drilling rigs, the distance from the baseline of a rig or a ship to the uppermost continuous deck. 3. the maximum pressure that a diver attains during a dive, expressed in feet (metres) of sea water. de sander 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 hydro cyclone. de silter n: a centrifugal device for removing very fine particles, or silt, from drilling fluid to keep the amounts of solids in the fluid at the lowest possible point. Usually, the lower the solids content of fluid, the faster is the rate of penetration. The de sifter works on the same principle as a de sander. deviation n: the inclination of the well bore from the vertical. The angle of deviation, angle of drift, or drift angle is the angle in degrees that shows the variation from the vertical as revealed by a deviation survey. diameter n: the distance across a circle, measured through its centre. In the measurement of pipe diameters, the inside diameter is that of the interior circle and the outside diameter that of the exterior circle. differential n: the difference in quantity or degree between two measurements of units. For example, the pressure differential across a choke is the variation between the pressure on one side to that on the other. differential pressure n: the difference between two fluid pressures, for example, the difference between the pressure in a reservoir and in a well bore drilled in the reservoir, or between atmospheric pressure at sea level and at 10,000 feet. Also called pressure differential.



directional drilling n: intentional deviation of a well bore from the vertical. Although well bores are nominally drilled vertically, it is sometimes necessary or advantageous to drill at an angle from the vertical. Controlled directional drilling makes it possible to reach subsurface areas laterally remote from the point where the bit enters the earth. It often involves the use of turbo drills, Dyna Drills whipstocks, or other deflecting tools. displacement n: the weight of a fluid (such as water) displaced by a freely floating or submerged body (such as an offshore drilling rig). If the body floats, the displacement equals the weight of the body. diverter n: a system used to control well blowouts encountered at relatively shallow depths and to protect floating rigs during blowouts encountered at relatively shallow depths and to protect floating rigs during blowouts by directing the flow away from the rig. Diverters differ from Blowout Preventers in that flow is not stopped, but rather the flow path is redirected away from the rig. diverter control system n: the assemblage of pumps, accumulators, manifolds, control panels, valves, lines etc., used to operate the diverter system. (API Recommended Practice 64). 13 -21
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Diverter housing diverter housing n: a permanent installation under the rotary table which houses the diverter unit. (API Recommended Practice 64). diverter packer n: refer to Annular Sealing Device diverter piping n: refer to Vent Line . diverter unit n: the device that embodies the annular sealing device and its actuating means. (API Recommended Practice 64). doghouse n: 1. a small enclosure on the rig floor, used as office for the Driller or as a storehouse for small objects. 2. any small building used as an office, a change house, or a place for storage. dogleg n: 1. a short change of direction in the well bore, frequently resulting in the formation of a key seat. See key seat. 2. a sharp bend permanently put in an object such as a pipe. dome n: a geologic structure resembling an inverted bowl, a short anticline that plunges on all sides. down hole fluid motor n: also called a turbo drill or Dyna Drill. See turbo drill and Dyna Drill. downtime n: time during which rig operations are temporarily suspended because of repairs or maintenance. Drake well n: the first US well drilled in search of oil. Some 69 feet deep, it was drilled near Titusville, PA., and completed in 1859. drill v: to bore a hole in the earth, usually to find and remove subsurface formation fluids such as oil and gas. drill ahead v: to continue drilling operations. drill bit n: the cutting or boring element used for drilling. See bit. drill collar n: a heavy, thick walled tube, usually steel, used between the drill pipe and the bit in the drill stem to provide a pendulum effect to the drill stem and weight to the bit. drill collar sub n: a sub used between the drill string and the drill collars. drill floor substructure n: the foundation structure on which the derrick, rotary table, draw works and other drilling equipment are supported. (API Recommended Practice 64) drill pipe n: heavy seamless tubing used to rotate the bit and circulate the drilling fluid. Joints of pipe approximately 30 feet (9m) long are coupled together by means of tool joints. drill pipe float n: a valve installed in the drill stem that allows fluid to be pumped down the drill stem but prevents flow back up the drill stem, a check valve. 13 -22
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Drill pipe pressure drill pipe pressure n: the amount of pressure exerted inside the drill pipe as a result of circulating pressure, entry of formation pressure into the well, or both. drill pipe pressure gauge n: an indicator, mounted in the fluid circulating system, that measures and indicates the amount of pressure in the drill stem. drill pipe safety valve n: a special valve used to dose off the drill pipe to prevent back flow during a kick. It has threads to match the drill pipe in use. drill ship n: a self propelled, ocean going, floating, ship shaped vessel, equipped with drilling equipment. (API Recommended Practice 64) drill stem test (DST) 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 dosed 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 dosed, 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. drill string float n: a check valve in the drill string that will allow fluid to be pumped into the well, but will prevent flow from the well through the drill pipe. (API Recommended Practice 53) drill under pressure v: to carry on drilling operations while maintaining a seal (usually with a rotating head) to prevent the well fluids from blowing out. Drilling under pressure is advantageous in that the rate of penetration is relatively fast, however, the technique requires extreme caution. 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 down hole condition of the well, operation of down hole tools, and pipe measurements. driller’s BOP control panel n: also called drillers console. driller’s method n: a well killing method involving two complete and separate circulation’s, the first circulates the kick out of the well and the second circulates heavier fluid through the well bore. drilling break n: a sudden increase in the rate of penetration by the drill bit. It sometimes indicates that the bit has penetrated a high pressure zone and thus warns of the possibility of a blowout. drilling contractor n: an individual or group of individuals that own a drilling rig and contract their services for drilling wells. drilling crew n: a Driller, a Derrickman, and two or more helpers who operate a drilling or workover rig for one tour each day. 13 -23
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Drilling fluid drilling fluid n: circulating fluid, one function of which is to force cuttings out of the well bore and to the surface. Other functions are to cool the bit and to counteract down hole formation pressure. While a mixture of barite, clay, water, and chemical additives is the most common drilling fluid, wells can also be drilled by using air, gas, water, or oil base fluid as the drilling fluid. drilling fluid additive n: any material added to drilling fluid to change some of its characteristics or properties. drilling fluid balance n: a beam balance consisting of a cup and a graduated arm carrying a sliding weight and resting on a fulcrum, used to determine the density or weight of drilling fluid. drilling fluid cake n: the sheath of fluid solids that forms on the wall of the hole when liquid from fluid filters into the formation; also called wall cake or filter cake. drilling fluid circulation n: the process of pumping fluid downward to the bit and back up to the surface in a drilling or workover operation. See normal circulation and reverse circulation. drilling fluid conditioning n: the treatment and control of drilling fluid to ensure that it has the correct properties. Conditioning may include the use of additives, the removal of sand or other solids, the removal of gas, the addition of water, and other measures to prepare the fluid for conditions encountered in a specific well. drilling fluid density n: a measure of the density of a drilling fluid expressed as pounds per gallon (ppg), pounds per cubic foot (lb/ft3), or kilograms per cubic metre (kg/m3). Fluid weight is directly related to the amount of pressure the column of drilling fluid exerts at the bottom of the hole. drilling fluid density recorder n: an instrument in the drilling fluid system which continuously measures drilling fluid density. (API Recommended Practice 53). drilling fluid engineer n: a person whose duty is to test and maintain the properties of the drilling fluid that are specified by the operator. drilling fluid flow indicator n: a device that continually measures and may record the flow rate of fluid returning from the annulus and flowing out of the fluid return line. If the fluid does not flow at a fairly constant rate, a kick or lost circulation may have occurred. drilling fluid flow sensor n: also called fluid flow indicator. drilling fluid level recorder n: a device that measures and records the height (level) of the drilling fluid in the fluid pits. The level of the fluid in the pits should remain fairly constant during the drilling of a well. If the level rises, however, then the possibility of a kick or a blowout exists. Conversely, if the level falls, then loss of circulation may have occurred. See Pit Level Recorder.
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Drilling fluid logging drilling fluid logging n: the recording of information derived from examination and analysis of formation cuttings made by the bit and of fluid circulated out of the hole. A portion of the fluid is diverted through a gas detecting device. Cuttings brought up by the fluid are examined under ultraviolet light to detect the presence of oil or gas. Fluid logging is often carried out in a portable laboratory set up at the well. drilling fluid motor n: See Dyna Drill and turbodrill. drilling fluid pit n: an open pit dug in the ground to hold drilling fluid or waste materials discarded after the treatment of drilling fluid. For some drilling operations, fluid pits are used for suction to the fluid pumps, settling of fluid sediments, and storage of reserve fluid. Steel tanks are much more commonly used for these purposes now, but they are still sometimes referred to as pits. drilling fluid pump n: a large, high pressure reciprocating pump used to circulate the fluid on drilling rig. A typical fluid pump is a two cylinder, double acting or a three cylinder, single acting piston pump whose pistons travel in replaceable liners and are driven by a crankshaft actuated by an engine or a motor. Also called a slush pump. drilling fluid return line n: refer to flow line. drilling fluid tank n: one of a series of open tanks, usually made of steel plate, through which the drilling fluid is cycled to allow sand and fine sediments to be removed. Additives are mixed with the fluid in the tanks, and the fluid is temporarily stored there before being pumped back into the well. Modem rotary drilling rigs are generally provided with three or more tanks, fitted with built in piping, valves, and fluid agitators. Also called fluid pits. drilling spool n: a connection component with ends either flanged or hubbed. It must have an internal diameter at least equal to the bore of the Blowout Preventer and can have smaller side outlets for connecting auxiliary lines. (API Recommended Practice 53). drive pipe n: a relatively short string of large diameter pipe driven or forced into the ground to function as conductor pipe. (API Recommended Practice 53). dry hole n: any well that does not produce oil or gas in commercial quantities. A dry hole may flow water, gas or even oil, but not enough to justify production. duplex pump n: a reciprocating pump having two pistons or plungers, used extensively as a fluid pump on drilling rigs. Dyna Drill n: a down hole motor driven by drilling fluid that imparts rotary motion to a drilling bit connected to the tool, thus eliminating the need to turn the entire drill stem to make hole. The Dyna Drill, a trade name, is used in straight and directional drilling. dynamic well kill procedure n: a planned operation to control a flowing well by injecting fluid of a sufficient density and at a sufficient rate into the well bore to effect a kill without completely closing in the well with the surface containment equipment. (API Recommended Practice 64) 13 -25
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Dynamically positioned drilling vessels dynamically positioned drilling vessels n pl: drillships and semi submersible drilling rigs equipped with computer controlled thrusters which enable them to maintain a constant position relative to the sea floor without the use of anchors and mooring lines while conducting floating drilling operations. (API Recommended Practice 64). effective permeability n: a measure of the ability of a single fluid to flow through a rock when the pore spaces of the rock are not completely filled or saturated with the fluid. effective porosity n: the percentage of the bulk volume of a rock sample that is composed of interconnected pore spaces which allow the passage of fluids through the sample. See porosity. electric line n: single or multiple electrical conductor housed, within a braided wireline. (API Recommended Practice 57). electric pump n: an electrically driven hydraulic pump, usually a 3 piston (triplex) pump. (API Recommended Practice 16E) electro hydraulic (EH) system n: a control system that uses an electrical signal to actuate a solenoid operated hydraulic valve to hydraulically pilot a control valve to operate a function. (API Recommended Practice 16E). end and outlet connections n pl: integral flanges, studded or open faced, and hub connections used to join together equipment that contains or controls pressure. (API Specification 16A) equipment n: any single completed unit that can be used for its intended purpose without further processing or assembly. (API Specification 16A) equivalent circulating density (ECD) n: the sum of pressure exerted by hydrostatic head of fluid, drilled solids and friction pressure losses in the annulus, divided by depth of interest and by 0.052, if ECD is to be expressed in pounds per gallon (Lbs/gal). (API Recommended Practice 59). erosion n: the process by which material (such as rock or soil) is worn away or removed (as by wind or water). exploitation well n: a well drilled to permit more effective extraction of oil from a reservoir. Sometimes called a development well. exploration well n: also called a wildcat. Fahrenheit scale n: a temperature scale devised by Gabriel Fahrenheit, in which 32 degrees represents the freezing point and 212 degrees the boiling point of water at standard sea level pressure. Fahrenheit degrees may be converted to Celsius degrees by using the following formula: C = 5/9 x (F 32)
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Fault fault n: a break in subsurface strata. Often strata on one side of the fault line have been displaced (upward, downward, or laterally) relative to their original positions. fault plane n: a surface along which faulting has occurred. fault trap n: a surface hydrocarbon trap created by faulting, which causes an impermeable rock layer to be moved opposite the reservoir bed. feed in (influx, inflow) n: the flow of fluids from the formation into the well bore (API Recommended Practice 59). fill the hole v: to pump drilling fluid into the well bore while the pipe is being withdrawn, in order to ensure that the well bore remains full or fluid even though the pipe is withdrawn. Filling the hole lessens the danger of blowout or of caving of the wall of the well bore. fill up (flood valve) n: a differentially set valve, installed on marine risers that automatically permits sea water to enter the riser to prevent collapse under hydrostatic pressure after evacuation caused by lost circulation or by gas circulated into the riser. (API Recommended Practice 64) fill up line n: a line usually connected into the bell nipple above, the Blowout Preventers, to allow adding drilling fluid to the hole while pulling out of the hole to compensate for the metal volume displacement of the drill string being pulled. (API Recommended Practice 53). filter cake n: 1. compacted solid or semisolid material remaining on a filter after pressure filtration of fluid with a standard filter press. Thickness of the cake is reported in thirty seconds of an inch or in millimetres. 2. the layer of concentrated solids from the drilling fluid or cement slurry that forms on the walls of the borehole opposite permeable formations, also called wall cake or fluid cake. filter loss n: the amount of fluid that can be delivered through a permeable filter medium after being subjected to a set differential pressure for a set length of time. final circulating pressure n: drill pipe pressure required to circulate at the selected kill rate adjusted for increase in kill drilling fluid density over the original drilling fluid density. Used from the time kill drilling fluid reaches the bottom of the drill string until kill operations are completed, or a change in either kill drilling fluid density or kill rate is effected. (API Recommended Practice 59). fish n: an object that is left in the well bore during drilling or workover operations and that must be recovered before work can proceed. It can be anything from a piece of scrap metal to a part of the drill stem. v: 1. to recover from a well any equipment left there during drilling operations, such as a lost bit or drill collar or part of the drill string. 2. to remove from an older well certain pieces of equipment (such as packers, liners, or screen pipe) to allow reconditioning of the well. fixed choke n: a choke whose opening is one size only, its opening is not adjustable.
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Flammable liquid flammable liquid n: any liquid having a flash point of 100˚ F (37.78˚ C) or less. These liquids are easily ignited. (API Recommended Practice 57). 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 breakdown n: an event occurring when borehole pressure is of a magnitude that the exposed formation accepts whole fluid from the borehole. (API Recommended Practice 59). formation competency (formation integrity) n: the ability of the formation to withstand applied pressure. (API Recommended Practice 59). formation competency test (formation integrity test) n: application of pressure by superimposing a surface pressure on a fluid column in order to determine ability of a subsurface zone to withstand a certain hydrostatic pressure. (API Recommended Practice 59). formation fluid n: fluid (such as gas, oil, or water) that exists in a subsurface rock formation. formation fracture gradient n: the hydrostatic value expressed in psi./ft that is required to initiate a fracture in subsurface formation. (API Recommended Practice 64). 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. Also called reservoir pressure or shut in bottom hole pressure. formation water n: the water originally in place in a formation. fracture gradient n: the pressure gradient (psi./ft) at which the formation accepts whole fluid from the well bore. function n: operation of a BOP, choke or kill valve or other component, in one direction (example, closing the blind rams is a function, opening the blind rams is a separate function). (API Recommended Practice 16E). function test v: closing and opening (cycling) equipment to verify operability. (API Recommended Practice 64) gallon n: a unit of measure of liquid capacity that equals 3.785 litres and has a volume of 231 in.3 A gallon of water weighs 8.34 lb at 60˚F. The imperial gallon, used in Great Britain, is equal to approximately 1.2 U.S. gallons. gas n: a compressible fluid that completely fills any container in which it is confined. Technically, a gas will not condense when it is compressed and cooled, because a gas can exist only above the critical temperature for its particular composition. Below the critical temperature, this form of matter is known as a vapour because liquid can exist and condensation can occur. Sometimes the terms gas and vapour are used interchangeably. However, the term vapour should be only be used for those streams in which condensation can occur and which originate from or are in equilibrium with, a liquid phase. 13 -28
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Gas buster gas buster n. sl.: a slang term to denote a mud gas separator. gas constant n: a constant number, mathematically the product of the total volume and the total pressure divided by the absolute temperature for 1 mole of any ideal gas or mixture of ideal gases at any temperature. gas cut fluid n: a drilling fluid that has entrained formation gas giving the fluid a characteristically fluffy texture. When entrained gas is not released before the fluid returns to the well, the weight or density of the fluid column is reduced. Because a large amount of gas in fluid lowers its density, gas cut fluid must be treated to reduce the change of a blowout. gas drilling n: See air drilling. gas reservoir n: a geological formation containing a single gaseous phase. When produced, the surface equipment may or may not contain condensed liquid, depending on the temperature, pressure, and composition of the single reservoir phase. gate valve n: a valve which employs a sliding gate to open or close the flow passage. The valve may or may not be full opening. (API Recommended Practice 53). gauge pressure n: the amount of pressure exerted on the interior walls of a vessel by the fluid contained in it (as indicated by a pressure gauge), it is expressed in psig (pounds per square inch gauge) or in kilopascals. Gauge pressure plus atmospheric pressure equals absolute pressure. See absolute pressure. gel n: a semisolid, jelly like state assumed by some colloidal dispersions at rest. When agitated, the gel converts to a fluid state. Also a nickname for bentonite. v: to take the form of a gel, to set. gel strength n: a measure of the ability of a colloidal dispersion to develop and retain a gel form, based on its resistance to shear. The gel strength, or shear strength of a drilling fluid determines its ability to hold solids in suspension. Sometimes bentonite and other colloidal clays are added to drilling fluid to increase its gel strength. glycol n: a group of compounds used to dehydrate gaseous or liquid hydrocarbons or to inhibit the formation of hydrates. Commonly used glycol’s are ethylene glycol, diethylene glycol, and triethylene glycol. go in the hole n: to lower the drill stem into the well bore. graben n: a block of the earth’s crust that has slid downward between two faults, the opposite of a horst. gunk plug n: a volume of a gunk slurry placed in the well bore. (API Recommended Practice 59).
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Gunk slurry gunk slurry n: a slang term to denote a mixture of diesel oil and bentonite. (API Recommended practice 59). gunk squeeze n: procedure whereby a gunk slurry is pumped into a subsurface zone. (API Recommended Practice 59). hanger plug n: a device placed or hung in the casing below the Blowout Preventer stack to form a pressure tight seal. Pressure is then applied to the Blowout Preventer stack in order to test it for leaks. hard shut in v: to close in a well by closing a Blowout Preventer with the choke and/or choke line valve closed. (API Recommended Practice 59). hazardous substance n: a substance which by reason of being explosive, flammable, toxic, corrosive, oxidising, irritating or otherwise harmful, has the potential to cause injury, illness or death. (API Recommended Practice 57). head n: 1. the height of a column of liquid required to produce a specific pressure. See hydraulic head 2. for centrifugal pumps, the velocity of flowing fluid converted into pressure expressed in feet or metres of flowing fluid. Also called velocity head. 3. That part of a machine (such as a pump or an engine) that is on the end of the cylinder opposite the crankshaft. heat affected zone (HAZ) n: that portion of the base metal which has not been melted, but whose mechanical properties or microstructure has been altered by the heat of welding or cutting. (API Specification 16A) heat (cast lot) n pl: material originating from a final melt. For remelted alloys, a heat shall be defined as the raw material originating from a single remelted ingot. (API Specification 16A). heat treatment (heat treating) n: alternate steps of controlled heating and cooling of materials for the purpose of changing physical or mechanical properties. (API Specification 16A). heat treatment load n: that material placed on loading or carrying devices moved as a batch through one heat treatment cycle. (API Specification 16A). heave v: the vertical motion of a ship or a floating offshore drilling rig. heave compensator n: a device that moves with the heave of a floating offshore drilling rig to prevent the bit from being lifted off the bottom of the hole and then dropped back down (i.e., to maintain constant weight on the bit). It is used with devices such as bumper subs. See motion compensator. heavyweight drill pipe n: drill pipe having thicker walls and longer tool joints than usual and also an integral wear pad in the middle. Several joints of this pipe may be placed in the drill stem between drill collars and regular drill pipe to reduce the chances of drill pipe fatigue or failure. (Also known as heavy wall arid pipe.) heel n: the inclination of a ship or a floating offshore drilling rig to one side, caused by wind, waves, or shifting weights on board. 13 -30
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High pressure squeeze cementing high pressure squeeze cementing n: the forcing of cement slurry into a well at the points to be sealed with a final pressure equal to or greater than the formation breakdown pressure. See squeeze cementing. hole n: 1. in drilling operations, the well bore or borehole. See well bore and borehole. 2. an opening that is made purposely or accidentally in any solid substance. hole opener n: a device used to enlarge the size of an existing borehole, having teeth arranged on its outside circumference to cut the formation as it rotates. 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 (90 to 590 tonnes) and turns on bearings in its supporting housing. A strong spring within the assembly cushions the weight of a stand (90 feet or about 27 metres) 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. hopper n: a large funnel or cone shaped device into which dry components (such 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 fluid to be used as the circulating fluid in a rotary drilling operation, or it may be cement slurry to be used in bonding casing to the borehole. horsepower n: a unit of measure of work done by a machine. One horsepower equals 33.000 foot pounds per minute. horst n: a block of the earth’s crust that has been raised up between two faults, the opposite of a graben. hose bundle n: see control hose bundle hot working v: deforming metal plastically at such a temperature and rate that hardness and strength do not increase. (API Specification 16A). hull n: the framework of a vessel including all decks, plating, and columns, but excluding machinery. Hydrafrac n: the copyrighted name of a method of hydraulic fracturing for increasing productivity. 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. v: to enlarge by taking water on or in. hydration n: reaction of cement with water. The powdered cement gradually sets to a solid as hydration continues. 13 -31
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Hydraulic connector hydraulic connector n: a mechanical connector that is activated hydraulically and connects the BOP stack to the wellhead or the LMRP to the BOP stack. See Lower Marine Riser Package. (API Recommended Practice 16E). hydraulic control pod n: a device used on offshore drilling rigs to provide a way to actuate and control subsea Blowout Preventers from the rig. Hydraulic lines from the fig enter the pods, through which fluid is sent toward the preventer. Usually two pods, painted different colours, are used, each to safeguard and back up the other. hydraulic fluid n: a liquid of low viscosity (such as light oil) that is used in systems actuated by liquid (such as the brake system in a modem passenger car). hydraulic fracturing n: an operation in which a specially blended liquid is pumped down a well and into a formation under pressure high enough to cause the formation to crack open. The resulting cracks or fractures serve as passages through which oil can flow into the well bore. hydraulic head n: the force exerted by a column of liquid expressed by the height of the liquid above the point at which the pressure is measured. Although head refers to distance or height, it is used to express pressure, since the force of the liquid column is directly proportional to its height. Also called head or hydrostatic head. hydraulics n: the branch of science that deals with practical applications of water or other liquid in motion. Hydril n: the registered trademark of a prominent manufacturer of oil field equipment, especially the annular Blowout Preventer. hydrocarbons n pi.: organic compounds of hydrogen and carbon, whose densities, boiling points, and freezing points increase as their molecular weights increase. Although composed of only 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. hydrochloric acid n: an acid compound commonly used to acidize carbonate rocks, prepared by mixing hydrogen chloride gas in water. Also known as muriatic acid. Its chemical formula is HCI. hydrocyclone n: a cone shaped separator for separating various sizes of particles and liquid by centrifugal force. See desander end desilter. hydrodynamic brake n: a device mounted on the end of the draw works 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 of a hydrodynamic brake is achieved by means of an impeller turning in a housing filled with water. Sometimes called hydraulic brake or Hydromatic (a manufacturer’s term) brake.
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Hydrogen sulphide (H2S) hydrogen sulphide (H2S) n: a flammable, colourless gaseous compound of hydrogen and sulphur (H2S) with the odour 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 paralysing the nervous system, particularly that part controlling the lungs and heart. Also called hepatic gas or sulphured hydrogen. hydrogen sulphide service n: refers to equipment designed to resist corrosion and hydrogen embattlement caused by exposure to hydrogen sulphide. (API Recommended Practice 64) hydrophore n: an underwater listening device that converts acoustic energy to electric signals. (API Recommended Practice 16E). hydrostatic head n: the true vertical length of fluid column, normally in feet. (API Recommended Practice 59) 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 well bore. In a water drive field, the term refers to the pressure that may furnish the primary energy for production. idle v: to operate an engine without applying a load to it. 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. impending blowout n: early manifestation or indication of a blowout. 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. impression block n: a block with lead or another relatively soft material on its bottom. It is made up on drill pipe or tubing at the surface, run into a well, and allowed to set on a tool or other object that has been lost in the well. When the block is retrieved the size, shape, and position of the fish are obtained from the examination of the impression left in the lead, and an appropriate fishing tool may be selected. indicated volume n: the change in meter reading that occurs during a receipt or delivery of a liquid product. inert gas n: the part of a breathing medium that serves as a transport for oxygen and is not used by the body as a life support agent. Its purpose is to dilute the flow of oxygen to the lungs, thereby preventing oxygen toxicity. inflow n: see feed in influx n: see feed in 13 -33
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Inhibitor inhibitor n: an additive used to retard undesirable chemical action in a product, added in small quantity to gasolines to prevent oxidation and gum formation, to lubricating oils to stop colour change, and to corrosive environments to decrease corrosive action. initial circulating pressure n: drill pipe pressure required to circulate initially at the selected kill rate while holding casing pressure at the closed in value, numerically equal to kill rate circulating pressure, plus closed in drill pipe pressure. (API Recommended Practice 59). injection n: the process of forcing fluid into something. In a diesel engine, the introduction of high pressure fuel oil into the cylinders. inland barge rig n: a drilling structure consisting of a barge upon which the drilling equipment is constructed. When moved from one location to another, the barge floats, but, when stationed on the drill site, the barge is submerged to rest on the bottom. Typically, inland barge rigs are used to drill wells in marshes, shallow inland bays, and areas where the water covering the drill site is not too deep. inner barrel n: the part of a telescopic slip joint on a marine riser which is attached to the flexible joint beneath the diverter. insert type packer n: a diverter element which uses inserts designed to close and seal on specific ranges of pipe diameter. (API Recommended Practice 64) Inside blowout preventer n: a valve installed in the drill stem to prevent a blowout through the stem. Flow is thus possible downward only, allowing fluid to be pumped in but preventing any flow back up the stem. Also called an internal Blowout Preventer. instrumentation n: a device or assembly of devices designed for one or more of the following functions: to measure operating variables (such as pressure, temperature, rate of flow, speed of rotation, etc.) to indicate these phenomena with visible or audible signals, to record them, to control them within a predetermined range, and to stop operations if the control fails. Simple instrumentation might consist of an indicating pressure gauge only. In a completely automatic system, desired ranges of pressure, temperature, and so on are predetermined and preset. Integral valve n: a valve embodied in the diverter unit which operates integrally with the annular sealing device. (API Recommended Practice 64) interlock n pl: an arrangement of control system functions designed to require the actuation of one function as a prerequisite to actuate another. (API Recommended Practice 64). 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. internal blowout preventer n: also called inside Blowout Preventer. See inside blowout preventer. 13 -34
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Internal upset internal upset n: an extra thick inside wall on the end of tubing or drill pipe at the point where it is threaded to compensate for the metal removed in threading. Unlike conventional drill pipe, which has the extra thickness on the outside, drill pipe with internal upset has the extra thickness inside and a uniform, straight wall outside. internal upset pipe n: tubular goods in which the pipe walls at the threaded end are thickened (upset) on the inside to provide extra strength in the tool joints. Thus the outer wall of the pipe is the same diameter throughout its length. Upset casing is normally run at the top of long strings in deep operations. international system of units n: a system of units measurement based on the metric system, adopted and described by the Eleventh General Conference of Weights and Measures. It provides an international standard of measurement to be followed when certain customary units, both API (Field Units) and metric, are eventually phased out of international trade operations. The symbol Sl (Le Systeme International d’Unites) designates the system, which involves seven base units. (1) metre for length, (2) kilogram for mass (3) second for time, (4) Kelvin for temperature. (5) ampere for electric current, (6) candela for luminous intensity, and (7) mole for amount of substance. From these units others are derived without introducing numerical factors. interval n: a designated portion of a zone. (API Recommended Practice 57). intrusive rock n: an igneous rock that, while molten, penetrated into or between other rocks and solidified. invaded zone n: an area within a permeable rock adjacent to a well bore into which a filtrate (usually water) from the drilling fluid has passed, with consequent partial or total displacement of the fluids originally present in the zone. iron roughneck n: manufacturers term for a floor mounted combination of a spinning wrench and a torque wrench. The iron roughneck moves into position hydraulically and eliminates the manual handling involved with suspended individual tools. iron sponge process n: a method for removing small concentrations of hydrogen sulphide from natural gas by passing the gas over a bed of wood shavings which have been impregnated with a form of iron oxide. The impregnated wood shavings are called iron sponge. The hydrogen sulphide reacts with the iron oxide, forming iron sulphide and water. isogonic chart n: a map that shows the isogonic lines joining point of magnetic declination, which is the variation between magnetic north and true north. For example, in Los Angeles, California, when the compass needle is pointing toward north, true north actually lies 15˚ east of magnetic north. isogonic line n: an imaginary line on a map that joins places on the earth’s surface at which the variation of a magnetic compass needle from true north is the same. This variation, which may range from 0 to 30 or more degrees either east or west of true north, must be compensated for to obtain an accurate reading of direction.
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Jacket jacket n: tubular piece of steel in a tubing liner type of sucker rod pump, inside of which is placed an accurately bored and honed liner. In this type of sucker rod pump, the pump plunger moves up and down within the liner, and the liner is inside the jacket. jack up 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 sea floor. A jack up rig is towed or propelled to a location with its leg up. Once the legs are firmly positioned on the bottom, the deck and hull height are adjusted and levelled. jar n: a percussion tool operated mechanically or hydraulically to deliver a heavy hammer blow to objects in the borehole. Jars are used to free objects. jar accelerator n: a hydraulic tool used in conjunction with a jar and made up on the fishing string above the jar to increase the power of the hammer blow. jet n: 1. a hydraulic device operated by pump pressure to clean fluid pits and tanks in rotary drilling and to mix fluid components. 2. in a perforating gun using shaped charges, a highly penetrating, fast moving stream of exploded particles that cuts a hole in the casing, cement, and formation. 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 (30 feet or 9m) of drill pipe, drill collar, casing, or tubing that has threaded connections at both ends. Several joints screwed together constitute a stand of pipe. Joule n: the unit used to measure heat, work and energy in the metric system. Its symbol is J. It is the amount of energy required to move an object of 1 kilogram mass to a height of 1 metre. Also called a newton metre. Joule Thomson effect n: the change in gas temperature which occurs when the gas is expanded adiabatically from a higher pressure to a lower pressure. The effect for most gases, except hydrogen and helium, is a cooling of the gas. junction box (J Box) (electrical) n: an enclosure used to house the termination points of electrical cable and components. May also contain electrical components required for system operation. (API Recommended Practice 16E) junction box (J Box) (hydraulic of pneumatic) n: a bolt on plate having multiple stab type terminal fittings used for quick connection of the multi hose bundle to a pod, hose reel or manifold. (API Recommended Practice 16E). 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 and must be fished out of the hole. v: to abandon (as a nonproductive well).
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Junk basket junk basket n: a device made up on the bottom of the drill stem to catch pieces of junk from the bottom of the hole. Fluid circulation forces the junk into a barrel in the tool, where it is held by metal projections, or catchers. When the basket is brought back to the surface, the junk is removed. Also called a junk sub. Junk sub n: also called a junk basket. See junk basket. kelly n: the heavy steel member, three , four , six , or eight 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 sums. It has a bored passageway that permits fluid to be circulated into the drill stem and up the annulus, or vice versa. 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. kelly cock n: a valve installed at one or both ends of the kelly. When a high pressure back flow begins inside the drill stem, the valve is closed to keep pressure off the swivel and rotary hose. kelly hose n: also called the fluid hose or rotary hose. See rotary hose. kelly saver sub n: a sub that fits in the drill stem between the kelly and the drill pipe. Threads on the drill pipe mate with those of the sub, minimising wear on the kelly. 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, that is, rotated rapidly for being made up. kelly valve, lower n: an essentially full opening valve installed immediately below the kelly, with outside diameter equal to the tool joint outside diameter. Valve can be closed to remove the kelly under pressure, and can be stripped in the hole for snubbing operations. (API Recommended Practice 53). Kelvin temperature scale n: a temperature scale with the degree interval of the Celsius scale and the zero point at absolute zero. On the Kelvin scale, water freezes at 273 K and boils at 373 K. See absolute temperature scale. key n: 1. a hook shaped wrench that fits the square shoulder of a sucker rod and is used when rods are pulled or run into a pumping oilwell. Usually used in pairs; one key backs up and the other breaks out or makes up the rod. Also called a rod wrench. 2. a slender strip of metal that is used to fasten a wheel or a gear onto a shaft. The key fits into slots in the shaft and in the wheel of gear. key seat n: 1. a channel or groove cut in the side of the hole of a well and parallel to the axis of the hole. A key seat results from the dragging of pipe on a sharp bend in the hole. 2. a groove cut parallel to the axis in a shaft or a pulley bore.
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Kick kick n: an entry of water, gas, oil, or other formation fluid into the well bore during drilling. 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 may occur. 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 fluid). 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 water and fluid into the hole. kill drilling fluid density n: the unit weight, e.g., pounds per gallon (Ib/gal) selected for the fluid to be used to contain a kicking formation. (API Recommended Practice 59) kill line n: a high pressure line that connects the fluid pump and the well and through which heavy drilling fluid can be pumped into the well to control a threatened blowout. This line allows fluids to be pumped into the well or annulus with the Blowout Preventer closed. kill rate n: a predetermined fluid circulate rate, expressed in fluid volume per unit time, which is to be used to circulate under kick conditions, kill rate is usually some selected fraction of the circulating rate used while drilling. (API Recommended Practice 59). kill rate circulating pressure n: pump pressure required to circulate kill rate volume under non kick conditions. (API Recommended Practice 59). kill sheet n: a printed form that contains blank spaces for recording information about killing an impending blowout, provided to remind personnel of the necessary steps to kill a well. kill weight fluid n: a fluid whose density creates a hydrostatic pressure equal to or greater than the pressure of the formations exposed to the well bore. (API Recommended Practice 57). kinematic viscosity n: the absolute viscosity of a fluid divided by the density of the fluid at the temperature of viscosity measurement. knife valve n: a valve using a portal plate or blade to facilitate open and close operation. (API Recommended Practice 64). knockout n: A knockout is a type of separator which falls into one of two categories: Free water and total liquid knockouts. (API Specification 12J) a. The free water knockout is a vessel used to separate free water from a flow stream of gas, oil and water. The gas and oil usually leave the vessel through the same outlet to be processed by other equipment. The water is removed for disposal. b.The total liquid knockout is normally used to remove the combined liquids from a gas stream. laminar flow n: a smooth flow of fluid in which no cross flow of fluid particles occurs between adjacent stream lines. 13 -38
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Land rig land rig n: any drilling rig that is located on dry land. landing nipple n: a receptacle in a production string with an internal profile to provide for latching and sealing of various types of plugs or valves. (API Recommended Practice 157). latch on v: to attach elevators to a section of pipe to pull it out of or run it into the hole. lay down pipe v: to pull drill pipe or tubing from the hole and place it in a horizontal position on a pipe rack. leak off test n: a gradual pressurising of the casing after the Blowout Preventers have been installed to permit estimation of the formation fracture pressure at the casing seat. lens type trap n: a hydrocarbon reservoir consisting of a porous, permeable, irregularly shaped sedimentary deposit surrounded by impervious rock. lifting nipple n: a short piece of pipe with a pronounced upset, or shoulder, on the upper end, screwed into drill pipe, drill collars, or casing to provide a positive grip for the elevators; also called a lifting sub or a hoisting plug. lifting sup n: also called hoisting plug or lifting nipple. light crude oil n: a crude oil of relatively high API gravity (usually 40 degrees or higher). lime n: a caustic solid that consists primarily of calcium oxide (CaO). Many forms of CaO are called lime, including the various chemical and Physical forms of quicklime, hydrated lime, and even calcium carbonate. Limestone is sometimes called lime. lime fluid n: a drilling fluid that is treated with lime to provide a source of soluble calcium in the filtrate in order to obtain desirable fluid properties for drilling in shale or clay formations. limestone n: a sedimentary rock rich in calcium carbonate that sometimes serves as reservoir rock for petroleum. limit switch n: a hydraulic pneumatic or electrical switch that indicates the motion or position of a device. (API Recommended Practice 16E). liner hanger n: a slip device that attaches the liner to the casing. liquefied natural gas n: a liquid composed chiefly of natural gas (i.e., mostly methane). Natural gas is liquefied to make it easy to transport if a pipeline is not feasible (as across a body of water). Not as easily liquefied as LPG, LNG must be put under low temperature and high pressure or under extremely low (cryogenic) temperature and close to atmospheric pressure to become liquefied.
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Liquefied petroleum gas 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 fluid that is almost incompressible. liquid level gauge n: any device that indicates the level or quantity of liquid in a container. liquid level indicator n: a device connected to a vessel, coupled with either a float in the vessel or directly with the fluid therein and calibrated to give a visual indication of the liquid level. lithology n: 1. the study of rocks, usually macroscopic. 2. the individual character of a rock in terms of mineral composition, structure, and so forth. litre n: a unit of metric measure of capacity equal to the volume occupied by 1 kg of water at 4˚C and at the standard atmospheric pressure of 760 mm. location n: the place where a well is drilled; also called well site. locking mechanism n: a support or restraint device. (API Recommended Practice 64) log n: a systematic recording of data, such as a Driller’s log, fluid log, electrical well log, or radioactivity log. Many different logs are run in wells to obtain various characteristics of down hole formations. v: to record data. longitude n: the arc or portion of the earth’s equator intersected between the meridian of a given place and the prime meridian (at Greenwich, England) and expressed either in degrees or in time. loss of circulation n: See lost circulation. lost circulation n: the quantities of whole fluid lost to a formation, usually in cavernous, fissured, or coarsely permeable beds, evidenced by the complete or partial failure of the fluid 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 material n: a substance added to cement slurries or drilling fluid to prevent the loss of cement or fluid to the formation. See bridging material. lost circulation plug n: cement set across a formation that is taking excessively large amounts of drilling fluid during drilling operations. lost returns n: loss of drilling fluids into the formation, resulting in a decrease in pit volume. (API Recommended Practice 53). 13 -40
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Lower ball joint lower ball joint n: a device located above a subsea Blowout Preventer stack that permits relative angular movements of marine riser elements to reduce bending stresses caused by vessel offset, vessel surge and sway, and environmental forces. (API Recommended Practice 64) lower kelly cock n: also called drill stem safety valve. lower marine riser package (LMRP) n: the upper section of a two section subsea BOP stack, consisting of the hydraulic connector, annular BOP, ball/flex joint riser adapter, flexible choke and kill lines, and subsea pods. This interfaces with the lower subsea BOP stack. (API Recommended Practice 16E). lubrication v: alternately pumping a relatively small volume of fluid into a closed well bore system and waiting for the fluid to fall toward the bottom of the well. (API Recommended Practice 59). Iubricator n: a specially fabricated length of casing or tubing usually placed temporarily above a valve on top of the casing head or tubing head; used to run swabbing or perforating tools into a producing well; provides method for sealing off pressure and thus should be rated for highest anticipated pressure. macaroni rig n: a workover rig, usually lightweight, that is specially built to run a string of 3/4 inch or 1 inch in diameter. magnetic brake n: also called an electro dynamic brake. make a connection v: to attach a joint of drill pipe onto the drill stem suspended in the well bore to permit deepening the well bore by the length of the joint added (30 feet or 9 m). make a trip v: to hoist the drill stem out of the well bore 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 well bore. make and break v: To connect and disconnect. (API Specification 16A) make hole v: to deepen the hole made by the bit; to drill ahead. manifold n: an assemblage of pipe, valves and fittings by which fluid from one or more sources is selectively directed to various systems or components. (API Recommended Practice 16E). manipulator valve n: a three position directional control valve that has the pressure inlet port blocked and the operator pods vented in the centre position. (API Recommended Practice 16E). manometer n: a U shaped piece of glass tubing containing a liquid (usually water or mercury) that is used to measure the pressure of gases or liquids. When pressure is applied, the liquid level in one arm rises while the level in the other drops. A set of calibrated markings beside one of the arms permits a pressure reading to be taken, usually in inches or millimetres. marine riser connector n: a fitting on top of the subsea Blowout Preventers to which the riser pipe is connected. 13 -41
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Marine riser system marine riser system n: the extension of the well bore from the subsea Blowout Preventer stack to the floating drilling vessel which provides for fluid returns to the drilling vessel, supports the choke, kill and control lines, guides tools into the well and serves as a running string for the Blowout Preventer stack. (API Recommended Practice 64). marl n: a semisolid or unconsolidated clay, silt, or sand. Marsh funnel n: a calibrated funnel used in field tests to determine the viscosity of drilling fluid. mast n: a portable derrick that is 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. 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. master valve n: normally the lower most valve(s) in the vertical run of the Christmas tree. (API Recommended Practice 57). material performance bases n pl: capabilities which must be demonstrated, as a minimum, for material to satisfy the criteria of this standard. (API Specification 16A) maximum allowable working pressure n: the maximum allowable working pressure (MAWP) is the maximum pressure, permissible by the ASME Code, at the top of the separator in its normal operating position for a designated temperature. (API Specification 12J) maximum anticipated surface pressure n: the highest pressure predicted to be encountered at the surface of the well. (API Recommended Practice 57). measuring tank n: a calibrated tank that, by means of weirs, float switches, pressure switches, or similar devices, automatically measures the volume of liquid run in and then released. Measuring tanks are used in LACT systems. Also called metering tanks or dump tanks. meridian n: a north south line from which longitudes and azimuths are reckoned. meta centre n: a point located somewhere on a line drawn vertically through the centre of buoyancy of the hull of a floating vessel with the hull in one position (e.g., level) and then another (e.g., inclined). When the hull inclines slightly to a new position, the centre of buoyancy of the hull also moves to a new position. If a second line is drawn vertically through the new centre of buoyancy, it intersects the first line at a point called the meta centre. Location of the meta centre is important because it affects the stability of floating vessels (such as mobile offshore drilling rigs). metamorphic rock n: a rock derived from preexisting rocks by mineralogical, chemical, and structural alterations caused by processes within the earth’s crust. Martbie is a metamorphic rock. 13 -42
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Methane methane n: a light, gaseous, flammable paraffin hydrocarbon, that has a boiling point of 258˚F and is the chief component of natural gas and an important basic hydrocarbon for petrochemical manufacture. metre n: the fundamental unit of length in the metric system. Its symbol is m. It is equal to about 3.28 feet, 39.37 inches, or 100 centimetres. metric ton n: a measurement equal to 1000 kg or 2,204.6 lb avoirdupois. In many oil producing countries, production is reported in metric tons. One metric ton is equivalent to about 7.4 barrels (42 US gal = 1 bbl) of crude oil with a specific gravity of 0.84, or 36˚ API. In the Sl system, it is called a tonne. mica n: a silicate mineral characterised by sheet cleavage. Biotite is ferro magnesian black mica, and muscovite is potassic white mica. Sometimes mica is used as lost circulation material in drilling. micron n: one millionth of a metre; a metric unit of measure of length equal to 0.001 mm. migration n: the movement of oil from the area in which it was formed to a reservoir rock where it can accumulate. millidarcy n: one thousandth of a darcy. Mine Safety and Health Administration n: a US government agency that evaluates research in the causes of occupational diseases and accidents. Head quarters in Arlington, Virginia, MSHA is responsible for administration of the certification of respiratory safety equipment. minimum internal yield pressure n: the lowest pressure at which permanent deformation will occur. (API Recommended Practice 53). mixing system n: a system that mixes a measured amount of water soluble lubricant and optional glycol to feed water and delivers it to a storage tank or reservoir. (API Recommended Practice 16E). mixing tank n: any tank or vessel used to mix components of a substance (as in the mixing of additives with drilling fluid). mobile offshore drilling rig n: a drilling rig that is used exclusively to drill offshore wells and that floats upon the surface of the water when being moved from one location to another. It may or may not float once drilling begins. The drill ship, semi submersible drilling rig, and jack up drilling rig are all mobile rigs; a platform rig is not. mole n: the fundamental unit of mass of a substance. Its symbol is mol. A mole of any substance is the number of grams or pounds indicated by its molecular weight. For example, water, H20, has a molecular weight of approximately 18. Therefore, a gram mole of water is 18 grams of water; a pound mole of water is 18 pounds of water. Monel steel n: a nickel base alloy containing copper, iron, manganese, silicon, and carbon. Non magnetic drill collars are often made of this material. 13 -43
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Monkey board monkey board 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 (27 m) in the derrick or mast. The monkey board provides a small platform to raise him to the proper height for handling the top of the pipe. montmorillonite n: a clay mineral often used as an additive to drilling fluid. It is a hydrous aluminium silicate capable of reacting with such substances as magnesium and calcium. See bentonite. moon pool n: a walled round hole or well in the hull of a drill ship (usually in the centre) though which the drilling assembly and other assemblies pass while a well is being drilled, completed, or abandoned from the drill ship. moored vessels n: offshore floating drilling vessels which rely on anchors, chain, and mooring lines extended to the ocean floor to keep the vessel at a constant location relative to the ocean floor. (API Recommended Practice 64) motion compensator n: any device (such as a bumper sub or heave compensator) that serves to maintain constant weight on the bit in spite of vertical motion of a floating offshore drilling rig. motor generator rig n: a drilling rig driven by electric motors with current supplied by engine driven generators at the rig. mousehole n: an opening through the rig floor, usually lined with pipe, into which a length of drill pipe is placed temporarily for later connection to the drill string. mud n: See Drilling Fluids mud gas separator n: a device that separates gas from the fluid coming out of a well when gas cutting has occurred or when a kick is being circulated out. mud hopper n: See hopper. multiplex n: a system that uses multiple electronic signals that are coded and transmitted through a conductor pair. This eliminates the requirement of a dedicated conductor pair for each required signal. (API Recommended Practice 16E). National Association of Corrosion Engineers n: organisation whose function is to establish standards and recommended practices for the field of corrosion control. It is based in Houston, Texas. natural gas n: a highly compressible, highly expandible mixture of hydrocarbons having a low specific gravity and occurring naturally in gaseous form. Besides hydrocarbon gases, natural gas may contain appreciable quantities of nitrogen, helium, carbon dioxide, hydrogen sulphide, and water vapour. Although gaseous at normal temperatures and pressures, 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. 13 -44
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Natural gas liquids natural gas liquids n: those hydrocarbons liquefied at the surface in field facilities or in gas processing plants. Natural gas liquids include propane, butane, and natural gasoline. needle valve n: a form of globe valve that contains a sharp pointed, needle like plug that is driven into and out of a cone shaped seat to accurately control a relatively small rate of flow of a fluid. In a fuel injector, the fuel pressure forces the needle valve off its seat to allow injection to take place. newton n: the unit of force in the metric system; its symbol is N. A Newton is the force required to accelerate an object of 1 kilogram mass to a velocity of 1 metre per second in 1 second. Newtonian fluid n: a fluid in which the viscosity remains constant for all rates of shear if constant conditions of temperature and pressure are maintained. Most drilling fluids behave as non Newtonian fluids, as their viscosity is not constant but varies with the rate of shear. newton metre n: also called a joule. See joule. nipple up v: in drilling, to assemble the Blowout Preventer stack on the well head at the surface. nominal size n: a designated size that may be different from the actual size. non magnetic drill collar n: a drill collar made of an alloy that does not affect the readings of a magnetic compass placed within it to obtain subsurface indications of the direction of a deviated well bore. Used in directional drilling. nonporous adj.: containing no interstices; having no pores. non retrievable control pod n: a pod that is fixed in place on the LMRP and not retrievable. (API Recommended Practice 16E). normal circulation n: the smooth, uninterrupted circulation of drilling fluid down the drill stem, out the bit up the annular space between the pipe and the hole, and back to the surface. normal formation pressure n: formation fluid pressure equivalent to 0.465 psi per foot of depth from the surface. If the formation pressure is 4,650 psi at 10,000 feet, it is considered normal. 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 pad 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. Offset well data n: information obtained from wells that are drilled in an area close to where a well is being drilled or worked over. Such information can be very helpful in determining how a particular well will behave or react to certain treatments or techniques applied to it.
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Offshore offshore n: the geographic area which lies seaward of the coastline. In general, the term coastline means the line of ordinary low water along that portion of the coast that is in direct contact with the open sea or the line marking the seaward limit of inland waters. offshore drilling n: drilling for oil in an ocean, gulf, or sea, usually on the continental shelf. A drilling unit for offshore operations may be a mobile floating vessel with a ship or barge hull, a semi submersible or submersible base, a self propelled or towed structure with jacking legs tack up drilling rig), or a permanent structure used as a production platform when drilling is completed. In general, wildcat wells are drilled from mobile floating vessels or from a jack up vessel, while development wells are drilled from platforms. offshore platform n: permanently installed bottom supported or connected offshore structure, equipped with drilling and/or production equipment for drilling and/or development of offshore oil and gas reservoirs. (API Recommended Practice 64) 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, jack up drilling rigs, semi submersible drilling rigs, submersible drill rigs, and drill ships. 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 drilling fluid n: a drilling fluid in which oil is the continuous phase. Oil base fluid and invert emulsion fluid are types of oil fluid’s. They are useful in drilling certain formations that may be difficult or costly to drill with water base fluid. oil base drilling fluid n: an oil that contains from less that 2 percent up to 5 percent water. The water is spread out, or dispersed, in the oil as small droplets. oil emulsion drilling fluid n: a water base fluid in which water is the continuous phase and oil is the dispersed phase. The oil is spread out, or dispersed, in the water in small droplets, which are tightly emulsified so that they do not settle out. Because of its lubricating abilities, an oil emulsion fluid increases the drilling rate and ensures better hole conditions than other fluids. oil field n: the surface area overlying an oil reservoir or reservoirs. Commonly, the term includes not only the surface area, but also the reservoir, the wells, and the production equipment. oil sand n: 1. a sandstone that yields oil. 2. (by extension) any reservoir that yields oil, whether or not it is sandstone. oil shale n: a formation containing hydrocarbons that cannot be recovered by an ordinary oilwell but can be mined. After processing, the hydrocarbons are extracted from the shale. The cost of mining and treatment of oil shale has until recently been too great to compete with the cost of oilwell drilling.
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Oil water contact oil water contact n: the point or plane at which the bottom of an oil sand contacts the top of a water sand in a reservoir; the oil water interface. oilwell pump n: any pump, surface or subsurface, that is used to lift fluids from the reservoir to the surface. See sucker rod pumping and hydraulic pumping. on suction adj.: of a tank, open to pump suction. Open circuit regulator n: also called demand regulator. open formation n: a petroleum bearing rock with good porosity and permeability. open hole n: 1. any well bore in which casing has not been set. 2. open or cased hole in which no drill pipe or tubing is suspended. 3. the portion of the well bore that has no casing. opening ratio n: the ratio of the well pressure to the pressure required to open the Blowout Preventer. (API Recommended Practice 53) operating company n: See operator. operating pressure n: the operating pressure is the pressure in the vessel during normal operation. The operating pressure shall not exceed the MAWP, and is usually kept at a suitable level below the setting of the pressure relieving devices to prevent their frequent opening. (API Specification 12J) 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. organic rock n: rock materials produced by plant or animal life (coal, petroleum, limestone, etc.). organic theory n: an explanation of the origin of petroleum, which holds that the hydrogen and the carbon that make up petroleum come from plants and animals of land and sea. Furthermore, the theory holds that more of this organic material comes from very tiny creatures of swamp and sea than comes from larger creatures of land. outer barrel n: the part of a telescopic slip joint on a marine riser which is attached to tension lines. Tension is transferred through the outer barrel into the riser. (API Recommended Practice 64) out of gauge hole n: a hole that is not gauge, that is, of a size smaller or larger than the diameter of the bit used to drill the hole. overbalance n: the amount by which pressure exerted by the hydrostatic head of fluid in the well bore exceeds formation pressure. (API Recommended practice 59). overboard (diverter) line n: refer to vent line.
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Overburden Overburden n: the pressure on a formation due to the weight of the each material above that formation. For practical purposes, this pressure can be estimated at 1 psi/ft of depth. (API Recommended Practice 53). overburden pressure n: the pressure exerted by the overburden on the formation targeted for drilling. over gauge hole n: a hole whose diameter is larger than the diameter of the bit used to drill it. An overgauge hole can occur when a bit is not properly stabilised or does not have enough weight put on it. overshot n: a fishing tool that is attached to tubing or drill pipe and lowered over the outside wall of pipe or sucker rods lost or stuck in the well bore. A friction device in the overshot, usually either a basket or a spiral grapple, firmly grips the pipe, allowing the lost fish to be pulled from the hole. packed hole assembly n: a drill stem that consists of stabilisers and special drill collars and is used to maintain the proper angle and course of the hole. This assembly is often necessary in crooked hole country. packed pendulum assembly n: a bottom hole assembly in which pendulum length collars are swung below a regular packed hole assembly. The pendulum portion of the assembly is used to reduce hole angle; it is then removed, and the packed hole assembly is run above the bit. packer n: a piece of down hole 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 the tubing and the wall of the well bore by sealing off the space between them. It is usually made up in the tubing string some distance above the producing zone. A sealing element expands to prevent fluid flow except through the inside bore of the packer and into the 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) packer test n: application of hydraulic pressure either through the tubing or annulus to assure that the packer is properly set and sealed. (API Recommended Practice 57). packing element n: the annular sealing device in an annular Blowout Preventer or diverter. (API Recommended Practice 64) packoff or stripper n: a device with an elastomer packing element that depends on pressure below the packing to effect a seal in the annulus. Used primarily to run or pull pipe under low or moderate pressures. This device is not dependable for service under high differential pressures. (API Recommended Practice 53). part n: an individual piece used in the assembly of a singe equipment unit. (API Specification 16A) partial pressure n: the pressure exerted by one specific component of a gaseous mixture.
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Pascal 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 metre. Its symbol is Pa. pendulum assembly n: a bottom hole assembly composed of a bit and several large diameter drill collars; it may have one or more stabilisers installed in the drill collar string. The assembly works on the principle of the pendulum effect. pendulum effect n: the tendency of the drill stem bit, drill collars, drill pipe, and kelly to hang in a vertical position due to the force of gravity. penetration rate n: See rate of penetration. percussion drilling n: 1. cable tool drilling. 2. rotary drilling in which a special tool called a hammer drill is used in combination with a roller cone bit. 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 from the surface. period of roll n: the time required for a floating offshore drilling rig to roll from one side to the other and back. permanent guide base n: a structure attached to and installed with the foundation pile when a well is drilled from an offshore drilling rig. It is seated in the temporary guide base and serves as a well head housing. Also, guidelines are attached to it so that equipment (such as the Blowout Preventer) may be guided into place on the well head. 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. See absolute permeability, and effective permeability. petroleum geology n: the study of oil and gas bearing rock formations. It deals with the origin, occurrence, movement, and accumulation of hydrocarbon fuels. pH value n: a unit of measure of the acid or alkaline condition of a substance. A neutral solution (such as pure water) has a pH of 7; add solutions are less than 7. The pH scale is a logarithmic scale; a substance with a pH of 9 is more than twice as alkaline as a substance with a pH of 8. piggyback v: (nautical) to install anchors behind each other in tandem on the same mooring line. pilot bit n: a bit placed on a special device called a hole opener that serves to guide the device into an already existing hole that is to be opened (made larger in diameter). The pilot bit merely guides, or pilots, the cutters on the hole opener into the existing hole so that the hole opening cutters can enlarge the hole to the desired size. 13 -49
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Pilot fluid pilot fluid n: hydraulic control fluid that is dedicated to the pilot supply system. (API Recommended Practice 16E). pilot line n: a hydraulic line that transmits pilot fluid to a control valve. Pilot lines are nominally grouped in a common bundle or umbilical. pilot response time n: for subsea systems, the time it takes when the hydraulic function valve is activated on the surface for the signal to travel through the pilot line and activate a control valve in the pod. (API Recommended Practice 16E). pin drive master bushing n: a master bushing that has four drive holes corresponding to the four pins on the bottom of the pin drive kelly bushing. pinion n: 1. a gear with a small number of teeth designed to mesh with a larger wheel or rack. 2. the smaller of a pair or the smallest of a train of gear wheels. 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 be obtained only 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 or kilograms per metre. Grading depends on the yield strength of the steel. pipe protector n: a protector that prevents drill pipe from rubbing against the hole or against the casing. pipe rack n: a horizontal support for tubular goods. pipe ram n: a sealing component for a Blowout Preventer that closes the annular space between the pipe and the Blowout Preventer or well head. Unless special rams accommodating various pipe sizes are used, separate rams are necessary for each size (outside diameter) pipe in use. pipe ram BOP n: a hydraulically operated assembly typically having two opposed ram assemblies that move radially inward to close on pipe in the well bore and seal the annular space. (API Recommended Practice 16E). pipe ram preventer n: a Blowout Preventer that uses pipe rams as the closing elements. pipe upset n: that part of the pipe that has an abrupt increase of dimension. pipe wiper n: a flexible disk shaped device, usually made of rubber, with a hole in the centre through which drill pipe or tubing passes, used to wipe off fluid, or other liquid from the pipe as the pipe is pulled from the hole. pit level n: height of drilling fluid in the fluid pits. 13 -50
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Pit level indicator pit level indicator n: one of a series of devices that continuously monitor the level of the drilling fluid in the fluid tanks. The indicator usually consists of float devices in the fluid tanks that sense the fluid level and transmit data to a recording and alarm device (a pit volume recorder) mounted near the Driller’s position on the rig floor. If the fluid level drops too low or rises too high, the alarm sounds to warn the Driller that he may be either losing circulation or taking a kick. pit level recorder n: See pit level indicator. pit volume recorder n: the gauge at the Driller’s position that records data from the pit level, indicator. Pit Volume Totalizer n: trade name for a type of pit level indicator that combines all of the individual pit volume indicators and registers the total drilling fluid volume in the various tanks. (API Recommended Practice 53). plastic viscosity n: an absolute flow property indicating the flow resistance of certain types of fluids. Plastic viscosity is a measure of shearing stress. plug n: any object or device that blocks a hole or passageway (as a cement plug in a borehole). plug and abandon v: to place a cement plug into a dry hole and abandon it. plug valve n: a valve whose mechanism consists of a plug with a hole through it on the same axis as the direction of fluid flow. Turning the plug 90 degrees opens or closes the valve. The valve may or may not be full opening. (API Recommended Practices 53). pneumatic adj.: operated by air pressure. pneumatic control n: a control valve that is actuated by air. Several pneumatic controls are used on drilling rigs to actuate rig components (clutches, hoists, engines, pumps, etc.). pod n: see control pod poise n: the viscosity of a liquid in which a force of 1 dyne (a unit of measurement of small amounts of force) exerted tangentially on a surface of 1 cm2 of either of two parallel planes 1 cm apart will move one plane at the rate of 1 cm per second in reference to the other plane, with the space between the two planes filled with the liquid. polymer n: a substance that consists of large molecules formed from smaller molecules in repeating structural units. In petroleum refining, heat and pressure are used to polymerise light hydrocarbons into larger molecules, such as those that make up high octane gasoline. In oil field operations, various types of organic polymers are used to thicken drilling fluid, fracturing fluid, acid, and other liquids. In petrochemical production, polymer hydrocarbons are used as the basis for plastics. polymer units n: a drilling fluid to which has been added a polymer, a chemical that consists of large molecules that were formed from small molecules in repeating structural units, to increase the viscosity of the fluid. 13 -51
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Poppet valve poppet valve n: a device that controls the rate of flow of fluid in a line or opens or shuts off the flow of fluid completely. When open, the sealing surface of the valve is moved away from a seat; when closed, the sealing surface contacts the seat to shut off flow. Usually, the direction of movement of the valve is perpendicular to the seat. Poppet valves are used extensively as pneumatic (air) controls on drilling rigs and as intake and exhaust valves in most internal combustion engines. pop valve n. a spring loaded safety valve that opens automatically when pressure exceeds the limits for which the valve is set. It is used as a safety device on pressurised vessels and other equipment to prevent damage fro excessive pressure. It also is called a relief valve or a safety valve. pore n: an opening or space within a rock or mass of rocks, usually small and often filled with some fluid (water, oil, gas or all three). pore pressure (formation pressure) n: pressure exerted by the fluids within the pore space of a formation. (API Recommended Practice 59). porosity n: the condition of something that contains pores (such as a rock formation). Portland cement n: the cement most widely used in oil wells. It is made from raw materials such as limestone, clay or shale, and iron ore. positive displacement motor. n: Usually called a Dyna Drill. See Dyna Drill post weld heat treatment n: any heat treatment subsequent to welding, including stress relief. (API Specification 16A) possum belly n: 1. a receiving tank situated at the end of the fluid return line. The flow of fluid comes into the bottom of the device and travels over baffles to control fluid flow over the shale shaker. 2. a metal box under a truck bed that holds pipeline repair tools. potable water n: a water supply that is acceptably pure for human consumption. On an offshore rig, it is usually produced by water makers and uses a supply water for mixing control fluid for a subsea control system. (API Recommended Practice 16E). pounds per square inch gauge n: the pressure in a vessel or container as registered on a gauge attached to the container. This pressure reading does not include the pressure of the atmosphere outside the container. power fluid n: pressurised hydraulic fluid dedicated to the direct operation of functions (API Recommended Practice 16E). power tongs n: a wrench that is used to make up or break out drill pipe, tubing, or casing on which the torque is provided by air or fluid pressure. Conventional tongs are operated by mechanical pull provided by a jerk line connected to a cat head. 13 -52
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Precharge precharge n: see accumulator precharge pressure n: the force that 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 liner wall of a tank or that exerted on the bottom of the well bore by drilling 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 centimetre. pressure containing part(s) or member(s) n pl: those parts exposed to well bore fluids whose failure to function as intended would result in a release of well bore fluid to the environment, such as bodies, bonnets and stems. (API Specification 16A) pressure controlling part(s) or member(s) n pl: those parts intended to control or regulate the movement of well bore fluids, e.g. packing elements, rams, replaceable seats within a pressure containing member or part(s). (API Specification 16A) pressure differential n: See differential pressure. pressure differentially set valve n: a valve that is operated when its actuator senses a change in pressure of a pre set limit. (API Recommended Practice 64) pressure drop n: a loss of pressure, resulting from friction, sustained by a fluid passing through a line, valve, fitting, or other device. pressure equalisation valve (dump valve) n: a device used to control bottom riser annulus pressure by establishing direct communication with the sea. (API Recommended Practice 64) pressure gauge n: an instrument that measures fluid pressure and usually registers the difference between atmospheric pressure and the pressure of the fluid by indicating the effect of such pressures on a measuring element (a column of liquid, a Bourdon tube, a weighted piston, a diaphragm, or other pressure sensitive device). pressure gradient n: a scale of pressure differences in which there is a uniform variation of pressure from point to point. For example, the pressure gradient of a column of water is about 0.433 psi/ft of vertical elevation. The normal pressure gradient in a formation is equivalent to the pressure exerted at any given depth by a column of 10 percent salt water extending from that depth to the surface (0.465 psi/ft or 10.518 kPa/m). pressure loss n: 1. a reduction in the amount of force a fluid exerts against a surface, usually occurring because the fluid is moving against the surface. 2. the amount of pressure indicated by a drill pipe pressure gauge when drilling fluid is being circulated by the fluid pump. Pressure losses occur as the fluid is circulated. pressure relief valve n: a valve that opens at a preset pressure to relieve excessive pressures within a vessel or line. Also called a relief valve, safety valve, or pop valve. pressure retaining part(s) or member(s) n pl: those parts not exposed to well bore fluids whose failure to function as intended would result in a release of well bore fluid to the environment such as closure bolts, clamps. (API Specification 16A) 13 -53
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Pressure test, blowout preventer pressure test, blowout preventer n: the process of pressure testing internally a Blowout Preventer or Blowout Preventer assemble. (API Recommended Practice 57). pressure vessel quality n: metallic material whose integrity is such that it can be used to safely contain pressure without risk of leakage or rupture. (API Specification 16A) preventer n: shortened form See blowout preventer. preventive maintenance n: a system of conducting regular checks and testing of equipment to permit replacement or repair of weakened or faulty pads before failure of the equipment results. 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 undesirable migration of fluids. See secondary cementing and squeeze cementing. primary well control n: prevention of formation fluid flow by maintaining a hydrostatic pressure equal to or greater than formation pressure. (API Recommended Practice 59). prime mover n: an internal combustion engine that is the source of power for a drilling rig in oilwell drilling. production packer n: a device installed in wells to effect a seal between the tubing string(s) and casing. (API Recommended Practice 57) producing zone n: the zone or formation from which oil or gas is produces. propping agent n: a granular substance (sand grains, aluminium pellets, or other material) that is carried in suspension by the fracturing fluid and that serves to keep the cracks open when fracturing fluid is withdrawn after a fracture treatment. pull it green v: to pull a bit from the hole for replacement before it is greatly worn. pull out v: See come out of the hole. pumping unit n: the machine that imparts reciprocating motion to a string of sucker rods extending to the positive displacement pump at the bottom of a well; usually a beam arrangement driven by a crank attached to a speed reducer. pump liner n: a cylindrical, accurately machined, metallic section that forms the working barrel of some reciprocating pumps. Liners are an inexpensive means of replacing worn cylinder surfaces, and in some pumps they provide a method of conveniently changing the displacement and capacity of the pumps. pump pressure n: fluid pressure arising from the action of a pump.
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Pump through tubing plug pump through tubing plug n: a plug set inside the tubing string which will not permit back flow, but will permit pumping through from the top side. (API Recommended Practice 57). pup Joint n: a length of drill pipe, tubing, or casing shorter that 30 feet. qualified personnel n pl: individuals with characteristics or abilities gained through training, experience, or both, as measured against the manufacturers established requirements. (API Specification 16A) quartz n: a hard mineral composed of silicon dioxide; a common component in igneous, metamorphic, and sedimentary rocks. rabbit n: 1. a small plug that is run through a flow line to clean the line or to test for obstructions. 2. any plug left unintentionally in a pipeline during construction (as, a rabbit that ran into the pipe). 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 well bore. 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. ram blowout preventer n: a Blowout Preventer that uses rams to seal off pressure on a hole that is with our without pipe. Also called a ram preventer. Ram preventer n: also called a ram Blowout Preventer. Rankine temperature scale n: a temperature scale with the degree interval of the Fahrenheit scale and the zero point at absolute zero. On the Rankine scale, water freezes at 491.60˚ and boils at 671.69˚. See absolute temperature scale. rate of penetration n: a measure of the speed at which the bit drills into formations, usually expressed in feet (metres) per hour or minutes per foot (metre). rated working pressure n: the maximum internal pressure equipment is designed to contain and/or control. Rated working pressure is not to be confused with test pressure. (API Specification 16A) rat hole n: 1. a hole in the rig floor, 30 35 feet (9 11 m) deep, which is lined with casing that projects above the floor and 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 and drilled in the bottom of the main hole. v: to reduce the size of the well bore and drill ahead. rat hole connection n: the addition of a length of drill pipe or tubing to the active string. The length to be added is placed in the rat hole, made up to the kelly, pulled out of the rat hole, and made up into the string. 13 -55
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Readback readback n: an indication of a remote condition. (API Recommended Practice 16E). ream v: to enlarge the well bore by drilling it again with a special bit. Often a rat hole is reamed or opened to the same size as the main well bore. See rat hole. records n pl: retrievable information. (API Specification 16A) reel (hose of cable) n: a reel, usually power driven, that stores, pays out and takes up umbilicals, either control hose bundles or armoured electrical cables. (API Recommended Practice 16E). reference point n: also called gauge point. regulator (pressure) n: a hydraulic device that reduces upstream supply pressure to a desired (regulated) pressure. It may be manual or remotely operated and, once set, will automatically maintain the regulated output pressure unless reset to a different pressure. (API Recommended Practice 16E) relative density n: the ration of the mass of a given volume of a substance to the mass of a like volume of a standard substance, such as water or air. In conventional measurement units, specific gravity is similar to relative density. relief valve n: a device that is built into a hydraulic or pneumatic system to relieve (dump) any excess pressure. (API Recommended Practice 16E). relief well n: a well drilled near and deflected into a well that is out of control, making it possible to bring the wild well under control. See wild well. remote BOP control panel n: a device, placed on the rig floor, that can be operated by the Driller to direct air pressure to actuating cylinders that turn the control valves on the main BOP control unit, located at a safe distance from the rig. remote choke panel n: a set of controls, usually placed on the rig floor, that is manipulated to control the amount of drilling fluid being circulated out through the choke manifold. This procedure is necessary when a kick is being circulated out of a well. See choke manifold. remote controlled valve n: a valve which is controlled from a remote location replacement n: the process whereby a volume of fluid equal to the volume of steel in tubulars and tools withdrawn from the well bore is resumed to the well bore. (API Recommended Practice 59).
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Reservoir reservoir n: a subsurface, porous, permeable rock body in which oil and/or gas is stored. Most reservoir rocks are limestone’s, dolomites, sandstone’s, 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 gravity’s. 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 drive mechanism n: the process in which reservoir fluids are caused to flow out of the reservoir rock and into a well bore by natural energy. Gas drives depend on the fact that, as the reservoir is produced, pressure is reduced, allowing the gas to expand and provide the driving energy. Water drive reservoirs depend on water pressure to force the hydrocarbons out of the reservoir and into the well bore. reservoir pressure n: the pressure in a reservoir. reservoir rock n: a permeable rock that contains oil or gas in appreciable quantity. response time n: the time elapsed between activation of a function at the control panel and complete operation of the function. (API Recommended Practice 16E). retarder n: a substance added to cement to prolong the setting time so that the cement can be pumped into place. Retarder’s are used for cementing in high temperature formations. retrievable control pod n: a subsea pod that is retrievable remotely on a wire line. (API Recommended Practice 16E). returns n pi.: the fluid, cuttings, and so forth that circulate up the hole to the surface. reverse circulation n: the course of drilling fluid downward through the annulus and upward through the drill stem, in contrast to normal circulation in which the course is downward through the drill stem and upward through the annulus. Seldom used in open hole, but frequently used in workover operations. Also referred to as “circulating the short way”, since returns from bottom can be obtained more quickly than in normal circulation. reverse circulation junk basket n: a special device that is lowered into the hole during normal circulation to a position over the junk to be retrieved. A ball is then pumped down to cause the drilling fluid to exit through nozzles in the tool, producing reverse circulation and creating a vacuum inside the tool so that the junk is sucked into it. rheology n: the study of the flow of gases and liquids, of special importance to fluid engineers and reservoir engineers. rig n: the derrick or mast, draw works, and attendant surface equipment of a drilling or workover unit. 13 -57
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Rig floor rig floor n: the area immediately around the rotary table and extending to each corner of the derrick or mast; the area immediately above the substructure on which the draw works, rotary table, and so forth rest. Also called derrick floor and drill floor. ring joint flange n: a special type of flanged connection in which a metal ring (resting in a groove in the flange) serves as a pressure seal between the two flanges. riser n: a pipe through which liquid travels upward; a riser pipe. See riser pipe. riser angle indicator n: an acoustic or electronic device used to monitor the angle of the flex joint on a floating offshore drilling rig. Usually, a small angle should be maintained on the flex joint to minimise drill pipe fatigue and wear and damage to the Blowout Preventers and to maximise the ease with which tools may be run. Also called azimuth angle indicator. riser connector (LMRP connector) n: a hydraulically operated connector that joins the Lower Marine Riser Package to the top of the lower BOP stack. (API Recommended Practice 16E). riser pipe n: the pipe and special fittings used on floating offshore drilling rigs to establish a seal between the top of the well bore, which is on the ocean floor, and the drilling equipment, located above the surface of the water. A riser pipe serves as a guide for the drill stem from the drilling vessel to the well head and as a conductor of drilling fluid from the well to the vessel. The riser consists of several sections of pipe and includes special devices to compensate for any movement of the drilling rig caused by waves. It is also called a marine riser. riser spider n: equipment used to support the marine riser while it is being run or retrieved. (API Recommended Practice 64). riser tensioned line n: a cable that supports the marine riser while compensating for vessel movement. rock n: an aggregate of different minerals. Rocks are divided into three groups on the basis of their mode of origin: igneous, metamorphic, and sedimentary. rock bit n: also called roller cone bit. See roller cone bit. 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. 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 movement of the kelly while the stem is fuming. rotary bushing n: also called master bushing. See master bushing.
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Rotary drilling 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 hose n: a reinforced flexible tube on a rotary drilling rig that conducts the drilling fluid from the fluid pump and standpipe to the swivel and kelly; also called the fluid hose or the kelly hose. rotary line n: also called drilling line. rotary pump n: a pump that moves fluid by positive displacement, using a system of rotating vanes, gears, or lobes. The vaned pump has vanes extending radially from a rotating element mounted in the casing. The geared rotary pump uses opposite rotating, meshing gears or lobes. rotary slips n pi.: also called slips. See slips. rotary support beams n: the steel beams of a substructure which support the rotary table. (API Recommended Practice 64) 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 bevelled gear arrangement to create the rotational motion and an opening into which bushings are fitted to drive and support the drilling assembly. rotating blowout preventer n: also called rotating head. rotating drilling head n: a sealing device used to close off the annular space around the kelly in drilling with pressure at the surface, usually installed above the main Blowout Preventers. A rotating head makes it possible to drill ahead even when there is pressure in the annulus that the weight of the drilling fluid is not overcoming; the head prevents the well from blowing out. It is used mainly in the drilling of formations that have low permeability. The rate of penetration through such formations is usually rapid. rotating stripper head n: a sealing device installed above the Blowout Preventers and used to close the annular space about the drill pipe or kelly when pulling or running pipe under pressure. (API Recommended Practice 64) round trip n: the action of pulling out and subsequently running back into the hole a string of drill pipe or tubing. Making a round trip is also called tripping. sack n: a container for cement, bentonite, ilmenite, barite, caustic, and so forth. Sacks (bags) contain the following amounts: 



Cement Bentonite Ilmenite Barite 



94 lb (1 cu ft) 100 lb 100 lb 100 lm 13 -59
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Safety clamp safety clamp n: a device used to suspend a rod string after the pump has been spaced or when the weight of the rod string must be taken off the pumping equipment. safety Joint n: an accessory to the fishing tool, placed above it. If the tool cannot be disengaged from the fish, the safety point permits easy disengagement of the string of pipe above the safety joint. Thus, part of the safety joint, as well as the tool attached to the fish, remains in the hole and becomes part of the fish. safety valve n: 1. an automatic valve that opens or closes when an abnormal condition occurs (e.g., a pressure relief valve on a separator that opens if the pressure exceeds the set point, or the shutdown valve at the well head that closes if the line pressure becomes too high or too low). 2. a valve installed at the top of the drill stem to prevent flow out of the drill pipe if a kick occurs during tripping operations. salt dome n: a dome that is caused by an intrusion of rock salt into overlying sediments. A piercement salt dome is one that has been pushed up so that it penetrates the overlying sediments, leaving them truncated. The formations above the salt plug are usually arched so that they dip in all directions away from the centre of the dome, thus frequently forming traps for petroleum accumulations. salt water flow n: an influx of formation salt water into the well bore. (API Recommended Practice 53). sandstone n: a detrital sedimentary rock composed of individual grains of sand (commonly quark) that are cemented together by silica, calcium carbonate, iron oxide, and so forth. Sandstone is a common rock in which petroleum and water accumulate. 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). scrubber n: a scrubber is a type of separator which has been designed to handle flow streams with unusually high gas to liquid ratio. These are commonly used in conjunction with dehydrators, extraction plants, instruments or compressors for protection from entrained. (API Specification 12J) sea floor n: the bottom of the ocean; the seabed. 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. secondary control n: the proper use of blowout prevention equipment to control the well in the event primary control is lost. sediment n: 1. the matter that settles to the bottom of a liquid; also called tank bottoms, basic sediment, and so forth. 2. in geology, buried layers of sedimentary rocks. 13 -60
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Sedimentary rock 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. selector valve n: a three position directional control valve that has the pressure inlet port blocked and the operator ports blocked in the centre position. (API Recommended Practice 16E). self elevating drilling unit n: an offshore drilling rig, usually with a large hull. It has a mat or legs that are lowered to the sea floor and a main deck that is raised above the surface of the water to a distance where it will not be affected by the waves. Also called a jack up drilling rig. semi submersible drilling rig n: a floating offshore drilling structure that has hulls submerged in the water not resting on the sea floor. Living quarters, storage space, and so forth are assembled on the deck. Semi submersible rigs are either self propelled or towed to a drilling site and either anchored or dynamically positioned over the site or both. They are more stable than drill ships and are used extensively to drill wells in deep and rough waters. separator n: a separator is a cylindrical or spherical vessel used in the field to remove well stream liquid(s) from gas components. The separator may be either two phase or three phase. Two phase separators remove the total liquid from the gas, while three phase separators also remove free water from the hydrocarbon liquid. Corrosion consideration for separators shall be for the pressure containing parts of the vessel only, and as can be identified as falling within the requirements of the applicable sections of the ASME Code. Corrosion considerations for vessel internals (non pressure parts) is by mutual agreement between the purchaser and the manufacturer. Material selection for corrosive fluids should be selected based on a review of related API or NACE publications for materials that conform to ASME Code. Consideration should be given to material selection as it relates to weight loss, sulphide stress cracking, chloride stress cracking, or other forms of corrosion. It is the responsibility of the user to determine what consideration for corrosion should be made to the vessel during its intended life (Reference ASME Code as applicable to corrosion). (API Specification 12J) serialisation n: assignment of a unique code to individual parts and/or pieces of equipment to maintain records. (API Specification 16A) shale n: a fine grained sedimentary rock composed of consolidated silt and clay or fluid. Shale is the most frequently occurring sedimentary rock. shale shaker n: a vibrating screen used to remove cuttings from the circulating fluid in rotary drilling operations. The size of the openings in the screen should be carefully selected to be the smallest size possible that will allow 100 percent flow of the fluid. Also called a shaker. shear ram n: the components in a Blowout Preventer that cut, or shear, through drill pipe and form a seal against well pressure. Shear rams are used in mobile offshore 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. 13 -61
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Shear ram (BOP) (blind/shear rams) shear ram (BOP) (blind/shear rams) n: rams have cutting blades that will shear tubulars that may be in the well bore, while the rams close and seal against the pressure below. (API Recommended Practice 16E). sheave n: a wheel or rollers with a cross section designed to allow a specific size of rope, cable, wireline or hose bundle to be routed around it at a fixed bend radius. Normally used to change the direction of, and support, the line. (API Recommended Practice 16E). shooting nipple assembly n: a fabricated length of pipe equipped with a wireline Blowout Preventer and pack off installed above the Blowout Preventer stack to accommodate removal of logging or perforating tools and for protection against unexpected pressure while performing through casing wireline operations. (API Recommended Practice 57) shut in v: 1. to close the valves on a well so that it stops producing. 2. to close in a well in which a kick has occurred. See Hard Shut In, Soft Shut In shut in adj.: shut off to prevent flow. Said of a well, plant, pump, and so forth, when valves are dosed at both inlet and outlet. shut in bottom hole 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 casing pressure n: pressure of the annular fluid on the casing when a well is shut in. shut in drill pipe pressure n: pressure of the drilling fluid on the inside of the drill stem; used to measure the difference between hydrostatic pressure and formation pressure when a well is shut in after a kick and the fluid pump is off. shut in pressure n: the pressure when the well is completely shut in, as noted on a gauge installed on the surface control valves. When drilling is in progress, shut in pressure should be zero, because the pressure exerted by the drilling fluid should be equal to or greater than the pressure exerted by the formations through which the well bore passes. On a flowing, producing well, however, shut in pressure should be above zero. shutoff valve n: a valve that closes a hydraulic or pneumatic supply line. (API Recommended Practice 16E) shuttle valve n: a valve with two or more supply pressure ports and only one outlet port. When fluid is flowing through one of the supply ports the internal shuttle seals off the other inlet port and allows flow to the outlet port only. (API Recommended Practice 16E) side track v: to drill around broken drill pipe or casing that has become lodged permanently in the hole, using whipstock, turbo drill, or other fluid motor. silicon controlled rectifier n: a device that changes alternating current to direct current by means of a silicon control gate. Commonly called SCR or Thyristor. 13 -62
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Single



single n: a joint of drill pipe.



single shot survey n: a directional survey that provides a single record of the drift direction and off vertical orientation of the hole. skid the rig v: to move a rig with a standard derrick from the location of a lost or completed hole preparatory to starting a new hole. Skidding the rig allows the move to be accomplished with little or no dismantling of equipment. slick line n: a smooth, single strand, high strength, steel wire used in wireline operations. (API Recommended Practice 57) slim hole drilling n: drilling in which the size of the hole is smaller than the conventional hole diameter for a given depth. This decrease in hole size enables the operator to run smaller casing, thereby lessening the cost of completion. slip ram preventer n: a ram Blowout Preventer with pipe slips which, when engaged, prevents movement of the pipe but does not control flow. (API Recommended Practice 57). slips n pi.: 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 surface. sloughing n: (pronounced “sluffing”). Also called caving. See caving. Slow Circulating Rate (SCR) n: a predetermined pump rate which can be used to kill a well which has experienced a kick. slug the pipe v: to pump a quantity of heavy fluid into the drill pipe. Before hoisting drill pipe, it is desirable (if possible) to pump into its top section a quantity of heavy fluid, or a slug, that causes the level of the fluid to remain below the rig floor so that the crew members and the rig floor are not contaminated with the fluid when stands are broken out. slurry n: a plastic mixture of cement and water that is pumped into a well to harden, where it supports the casing and provides a seal in the well bore to prevent migration of underground fluids. snubbing v: pulling or running tubulars under pressure through a resilient sealing element where special equipment is used to apply external force to push the pipe into the well or to control pipe movement out of the well. (API Recommended Practice 57) soft shut in v: to close in a well by closing a Blowout Preventer with the choke and choke line valve open, then closing the choke while monitoring the casing pressure gauge for maximum allowable casing pressure. (API Recommended Practice 59) 13 -63
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Solenoid valve solenoid valve n: an electrically operated valve that controls a hydraulic or pneumatic pilot signal or function. (API Recommended Practice 16E) Solution n: a single, homogeneous liquid, solid or gas phase that is a mixture in which the components (liquid, gas, solid, or combinations thereof) are uniformly distributed throughout the mixture. In a solution, the dissolved substance is called the solute, the substance in which the solute is dissolved is called the solvent. stored hydraulic fluid volume n: the fluid volume recoverable from the accumulator system between the maximum designed accumulator operating pressure and the precharge pressure. (API Recommended Practice 16E). sour adj.: containing or caused by hydrogen sulphide or another acid gas (e.g., sour crude, sour gas, sour corrosion). sour crude oil n: oil containing hydrogen sulphide or another acid gas. sour gas n: natural gas containing hydrogen sulphide space out v: procedure conducted to position a predetermined length of drill pipe above the rotary table so that a tool joint is located above the subsea preventer rams on which drill pipe is to be suspended (hung off) and so that no tool joint is opposite a set of preventer rams after drill pipe is hung off. (API Recommended Practice 59). space out joint n: the joint of drill pipe which is used in hang off operations so that no tool joint is opposite a set of preventer rams. (API Recommended practice 59) special processes n pl: operations which convert or affect material properties. (API Specification 16A) 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 39˚ weights 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. spent fluid n: hydraulic control fluid that is vented from a function control port when the opposite function is operated. (API Recommended Practice 16E). splash zone n: the area on an offshore structure that is regularly wetted by seawater but is not continuously submerged. Metal in the splash zone must be well protected from the corrosive action of seawater and air. spool n: a pressure containing piece of equipment having API end connections, used below or between equipment functioning to space apart, adapt or provide outlets in a equipment assembly. When outlet connections are provided, they shall be API connections. (API Specification 16A)
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Spud



spud v: to move the drill stem up and down in the hole over a short distance without rotation. Careless execution of this operation creates pressure surges that can cause a formation to break down and results in lost circulation. See spud in. spud in: v: to begin drilling, to start the hole. square drill collar n: a special drill collar, square but with rounded edges, used to control the straightness or direction of the hole, often part of a packed hole assembly.



square drive master bushing n: a master bushing that has a square opening or recess to accept and drive the square that is on the bottom of the squaredrive kelly bushing. squeeze n: 1. a cementing operation in which cement is pumped behind the casing under high pressure to re cement channelled areas or to block off an uncemented zone. 2. the increasing of external pressure upon a diver’s body by improper diving technique. 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. squench joint n: a special thread less tool joint for large diameter pipe, especially conductor pipe, sometimes used on offshore drilling rigs. When the box is brought down over the pin and weight is applied, a locking device is actuated to seal the joints. Because no rotation is required to make up these joints, their use can save time when the conductor pipe is being run. 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 12m) above the derrick floor. The Derrickman or another crew member 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 monkey board but is temporary instead of permanent. stabiliser n: 1. a tool placed near the bit, and often just above it, in the drilling assembly and used to change the deviation angle in a well by controlling the location of the contact point between the hole and the drill collars. Conversely, stabilisers are used to maintain correct hole angle. See packed hole assembly. 2. a vessel in which hydrocarbon vapours are separated from liquids. 3. a fractionation system that reduces the vapour pressure so that the resulting liquid is less volatile. stack n: 1. a vertical pile of blowout prevention equipment. Also called preventer stack. See Blowout Preventer. 2. the vertical chimney like installation that is the waste disposal system for unwanted vapour such as flue gases or tail gas streams. stack a rig v: to store a drilling rig upon completion of a job when the rig is to be withdrawn from operation for a time.
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Stand stand n: the connected joints of pipe racked in the derrick or mast during a trip. The usual stand is 90 feet long (about 27 m), which is three lengths of drill pipe screwed together (a treble). standard cubic foot n: a gas volume unit of measurement at a specified temperature and pressure. The temperature and pressure may be defined in the gas sales contract or by reference to other standards. Its abbreviation is scf. standard pressure n: the pressure exerted by a column of mercury 760 mm high; equivalent to 14.7 psia. standard temperature n: a predetermined temperature used as a basic measurement. The petroleum industry uses 60˚F (15.5˚C) as its standard temperature during measurement of oil. The volume of a quantity of oil at its actual temperature (assuming it is not 60˚F) is converted to the volume the oil would occupy at 60˚F. Conversion is aided by the use of API conversion tables. standard well kill procedure n: any of industry’s proven techniques to control a flowing well wherein well control is obtained through pumping drilling fluid of increased density at a predetermined pumping rate with Blowout Preventer(s) closed and simultaneously controlling casing and drill pipe surface pressures by varying choke manifold choke settings until the well is stable and static with zero surface pressure. (API Recommended Practice 64). standpipe n: a vertical pipe rising along the side of the derrick or mast, which joins the discharge line leading from the fluid pump to the rotary hose and through which fluid is pumped going into the hole. starboard n: (nautical) the right side of a vessel (determined by looking toward the bow). steel tooth bit n: a roller cone bit in which the surface of each cone is made up of rows of steel teeth. Also called a milled tooth bit or milled bit. still drilling assembly n: also called packed hole assembly. See packed hole assembly. straight hole n: a hole that is drilled vertically. The total hole angle is restricted, and the hole does not change direction rapidly no more than 3˚ per 100 feet (30.48 m) of hole. straight through function n: a subsea function that is directly operated by a pilot signal without interface with a pod mounted pilot operated control valve. Straight through functions typically require a low fluid volume to operate and the response time is not critical. (API Recommended Practice 16E). stress relief n: controlled heating of material to a predetermined temperature for the purpose of reducing any residual stresses after welding. (API Specification 16A) strip a well v: to pull rods and tubing from a well at the same time for example, when the pump is stuck. Tubing must be stripped over the rods a joint at a time, and the exposed sucker rod is then backed off and removed.
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Stripper head stripper head n: a blowout prevention device consisting of a gland and packing arrangement bolted to the well head. It is often used to seal the annular space between tubing and casing. stripping in v: 1. the process of lowering the drill stem into the well bore when the well is shut in on a kick. 2. the process of putting tubing into a well under pressure. strip pipe v: 1. to remove the drill stem from the hole while the Blowout Preventers are closed. 2. to pull the drill stem and the wash over pipe out of the hole at the same time. structural casing n: the outer string of large diameter, heavy wall pipe installed in wells drilled from floating installation to resist the bending movements imposed by the marine riser, and to help support the well head installed on the conductor casing. (API Recommended Practice 64) stuck pipe n: drill pipe, drill collars, casing, or tubing having inadvertently become immovable in the hole. Sticking may occur when drilling is in progress, when casing is being run in the hole, or when the drill pipe is being hoisted. stuck point n: the depth in the hole at which the drill stem, tubing, or casing is stuck. studded connections n: connections in which thread anchored studs are screwed into tapped holes. (API Specification 16A) stuffing box n: a packing gland screwed in the top of the well head through which the polished rod operates on a pumping well. It prevents the escape of oil, diverting it into a side outlet to which is connected the flow line, leading to the oil and gas separator or the field storage tank. subsea blowout preventer n: a Blowout Preventer placed on the sea floor for use by a floating offshore drilling rig. subsea test tree n: a device designed to be landed in a subsea well head or Blowout Preventer stack to provide a means of dosing in the well on the ocean floor so that a drill stem test of an offshore well can be obtained. subsurface safety valve n: a device installed in the production tubing in a well below the well head and designed to prevent uncontrolled well flow when actuated. These devices can be installed and retrieved by wireline (wireline retrievable) and pump down methods, or be an integral part of the tubing string (tubing retrievable). (API Recommended Practices 57) suction pit n: also called a suction tank, sump pit, or fluid suction pit. suction tank n: the fluid tank from which fluid is picked up by the suction of the fluid pumps. sulphate reducing bacteria n: bacteria that digest sulphate present in water, causing the release of hydrogen sulphide, which combines with iron to form iron sulphide, a troublesome scale. supercharge v: to supply a charge of air to the intake of an internal combustion engine at a pressure higher than that of the surrounding atmosphere. surface casing n: also called surface pipe. 13 -67
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Surface motion compensator surface motion compensator n: a heave compensator. surface pressure n: pressure measured at the well head. surface safety valve n: a Christmas tree valve and actuator assembly designed to prevent uncontrolled well flow when actuated. (API Recommended Practice 57). surge n: 1. an accumulation of liquid above a normal or average level, or a sudden increase in its flow rate above a normal flow rate. 2. the motion of a mobile offshore drilling rig in a direction in line with the centre line of the rig, especially the front to back motion of the rig when it is moored in a sea way. surge effect n: a rapid increase in pressure down hole that occurs when the drill stem is lowered rapidly or when the fluid pump is quickly brought up to speed after starting. surging n: a rapid increase in pressure down hole that occurs when the drill stem is lowered too fast or when the fluid pump is brought up to speed after starting. swab n: a hollow, rubber faced cylinder mounted on a hollow mandrel with a pin joint on the upper end to connect to the swab line. A check valve that opens upward on the lower end provides a way to remove the fluid from the well when pressure is insufficient to support flow. v: to operate a swab on a wireline to bring well fluids to the surface when the well does not flow naturally. Swabbing is temporary operation to determine whether or not the well can be made to flow. If the well does not flow after being swabbed, a pump is installed as a permanent lifting device to bring the oil to the surface. swab valve n: the uppermost valve in vertical line on the Christmas tree, always above the flow wing valve. (API Recommended Practice 57). swabbed show n: formation fluid that is pulled into the well bore because of an underbalance of formation pressure caused by pulling the drill string too fast. swabbing effect n: a phenomenon characterised by formation fluids being pulled or swabbed into the well bore when the drill stem and bit are pulled up the well bore fast enough to reduce the hydrostatic pressure of the fluid below the bit. If enough formation fluid is swabbed into the hole, a kick can result. sweet crude oil n: oil containing little or no sulphur, especially little or no hydrogen sulphide. sweet gas n: gas that has no more than the maximum sulphur content defined by (1) the specifications for the sales gas from a plant or (2) the definition by a legal body such as the Railroad Commission of Texas. switchable three way target valve n: a device having an erosion resistant target with changeable position to enable selection of flow direction of diverted well fluids. (API Recommended Practice 64). 13 -68
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Swivel 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. swivel packing n: special rubberised compounds placed in a swivel to prevent drilling fluid from leaking out under high pressure. tail pipe n: 1. a pipe run in a well below a packer. 2. a pipe used to exhaust gases from the muffler of an engine to the outside atmosphere. take out v: to remove a joint or stand of pipe from the drill stem. tally v: to measure and record the total length of pipe, casing, or tubing that is to be run in a well. tapered string n: drill pipe, tubing, sucker rods, and so forth with a diameter near the top of the well larger than the diameter below. tar sand n: a sandstone that chiefly contains yew, heavy, tar like hydrocarbons. Tar sands are difficult to produce by ordinary methods; thus it is costly to obtain usable hydrocarbons from them. target n: a bull plug or blind flange at the end of a tee to prevent erosion at a point where change in flow direction occurs. (API Recommended Practice 53). targeted n pl: refers to a fluid piping system in which flow impinges upon a lead filled end (target) or a piping tee when fluid transits a change in direction. (API Recommended Practice 59). telescoping joint n: a device used in the marine riser system of a mobile offshore drilling rig to compensate for the vertical motion of the rig caused by wind, waves, or weather. It consists of an inner barrel attached beneath the rig floor and an outer barrel attached to the riser pipe and is an integrated part of the riser system. telescopic (slip) joint packer n: a torus shaped hydraulic or pneumatically actuated, resilient element between the inner and outer barrels of the telescopic (slip) joint which serves to retain drilling fluid inside the marine riser. (API Recommended Practice 64). telltale hole n: a hole drilled into the space between rings of packing material used with a liner in a fluid pump. When the liner packing fails, fluid spurts out of the telltale hole with each stroke of the piston, indicating that the packing must be renewed. temporary guide base n: the initial piece of equipment lowered to the ocean floor once a mobile offshore drilling rig has been positioned on location. It serves as an anchor for the guidelines and as a foundation for the permanent guide base and has an opening in the centre through which the bit passes. It is also called a template. tensile strength n: the greatest longitudinal stress that a metal can bear without tearing apart. Tensile strength of a metal is greater than yield strength.
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Tensioner system tensioner system n: a system of devices installed on a floating offshore drilling rig to maintain a constant tension on the riser pipe despite any vertical motion made by the rig. The guidelines must also be tensioned, and a separate tensioner system is provided for them. Texas deck n: the main load bearing deck of an offshore drilling structure and the highest above the water, excluding auxiliary decks such as the helicopter landing pad. thermometer n: an instrument that measures temperature. Thermometers provide a way to estimate temperature from its effect on a substance with known characteristics (such as a gas that expands when heated). Various types of thermometers measure temperature by measuring the change in pressure of a gas kept at a constant volume, the change in electrical resistance of metals, or the galvanic effect of dissimilar metals in contact. The most common thermometer is the mercury filled glass tube that indicates temperature by the expansion of the liquid mercury. thermostat n: a control device used to regulate temperature. thief formation n: a formation that absorbs drilling fluid as the fluid is circulated in the well; also called a thief sand or a thief zone. Lost circulation is caused by a thief formation. thixotropic 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. tight formation n: a petroleum or water bearing formation of relatively low porosity and permeability. tight hole n: 1. a well about which information is restricted for security or competitive reasons and such information given only to those authorised to receive it. 2. a section of the hole that, for some reason, is under gauge. For example, a bit that is worn undergauge will drill a tight hole. tight spot n: a section of a borehole in which excessive wall cake has built up, reducing the hole diameter and making it difficult to run the tools in and out. Compare key seat. ton n: 1. (nautical) a volume measure equal to 100 ft3 applied to mobile offshore drilling rigs. 2. (metric) a measure of weight equal to 1000 kg. Usually spelled tonne. tonne n: a mass unit in the metric system equal to 1 000 kg. 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 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, screwed on, or both. A hard metal facing is often applied in a bad around the outside of the tool joint to enable it to resist abrasion from the wall of the borehole. 13 -70
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torque n: the fuming 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 units of length and force (foot pounds, Newton metres).



Torque



torque indicator n: an instrument that measures the amount of torque (fuming 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. torque recorder n: an instrument that measures and makes a record of the amount of torque (fuming or twisting action) applied to the drill or casing string. total depth n: the maximum depth reached in a well. tour n: (pronounced “tower”) a working shift for drilling crew or other oil field workers. The most common tour is 8 hours long; the three daily tours are called daylight, evening, and graveyard (or morning). Sometimes 12 hour tours are used, especially on offshore rigs; they are called simply day tour and night tour. toxic substance n: a substance or material which can be detrimental to human health or the functional capacity of a person having exposure to it. (API Recommended Practice 57). traceability, Job lot n: the ability for parts to be identified as originating from a job lot which identifies the included hear(s). (API Specification 16A) transducer n: a device actuated by power from one system and supplying power to another system, usually in a different form. For example, a telephone receiver receives electric power and supplies acoustic Dower. tricone bit n: a type of bit in which three cone shaped cutting devices are mounted in such a way that they intermesh and rotate together as the bit drills. The bit body may be fitted with nozzles, or jets, through which the drilling fluid is discharged. A one eyed bit is used in soft formations to drill a deviated hole. trip n: the operation of hoisting the drill stem from and resuming it to the well bore. v: shortened form of “make a trip”. See make a trip. tripping v: the operation of hoisting the drill stem out of and resuming it to the well bore; making a trip. See tap. trip gas n: an accumulation of gas which enters the hole while a trip is made. (API Recommended Practice 53). trip margin n: an incremental increase in drilling fluid density to provide an increment of overbalance in order to compensate for effects of swabbing. (API Recommended Practice 59).
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Trip tank trip tank n: a small fluid tank with a capacity of 10 to 15 bbl, usually with 1 bbl divisions, used exclusively to ascertain the amount of fluid necessary to keep the well bore full with the exact amount of fluid that is displaced by drill pipe. When the bit comes out of the hole, a volume of fluid equal to that which the drill pipe occupied while in the hole must be pumped into the hole to replace the pipe. When the bit goes back in the hole, the drill pipe displaces a certain amount of fluid, and a trip tank again can be used to keep track of this volume. true vertical depth n: the depth of a well measured from the surface straight down to the bottom of the well. The true vertical depth of a well may be quite different from its actual measured depth, because wells are very seldom drilled exactly vertical. 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. tubingless completion n: a method of completing a well in which a small diameter production casing is set through the producing zone with no tubing or inner production string employed to bring formation fluids to the surface. (API Recommended Practice 57). tubular goods (tubulars) n pi.: any kind of pipe; also called tubulars. Oil field tubular goods include tubing, casing, drill pipe, and line pipe. tungsten carbide bit n: a type of roller cone bit with inserts made of tungsten carbide. Also called tungsten carbide insert bit. tungsten carbide insert bit n: also called tungsten carbide bit. See tungsten carbide bit. turbine motor n: usually called a turbodrill. See turbodrill. turbodrill n: a drilling tool that rotates a bit that is attached to it by the action of drilling fluid on the turbine blades built into the tool. When a turbodrill is used, rotary motion is imparted only at the bit; therefore, it is unnecessary to rotate the drill stem. Although straight holes can be drilled with the tool, it is used most often in directional drilling. turbulent flow n: the flow of a fluid in an erratic, nonlinear motion, caused by high velocity. twist off n: a complete break in pipe caused by rotational force wrenching damaged pipe apart. twist off v: to part or split drill pipe or drill collars, primarily because of metal fatigue in the pipe or because of mishandling. ullage n: the amount by which a tank or a vessel comes short of being full, especially on ships. Ullage in a tank is necessary to allow space for the expansion of the oil in the tank when the temperature increases. Also called outage. umbilical n: a line that supplies a diver or a diving bell with a lifeline, a breathing gas, communications, a pneumo fathometer, and if needed, a heat supply.
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Under balance under balance n: the amount by which formation presser exceeds pressure exerted by the hydrostatic head of fluid in the well bore. (API Recommended Practice 59). unconsolidated sandstone n: a sand formation in which individual grains do not adhere to one another. If an unconsolidated sandstone produces oil or gas, it will produce sand as well, if not controlled or corrected. underground blowout n: an uncontrolled flow of gas, salt water, or other fluid out of the well bore and into another formation that the well bore has penetrated. upper kelly cock n: the kelly cock, as distinguished from the drill stem safety valve, sometimes called the lower kelly cock. See kelly cock. upset v: to forge the ends of tubular products so that the pipe wall acquires extra thickness and strength near the end. Usually upsetting is performed to provide the thickness needed to form threads so that the tubular goods can be connected. n: the thickened area formed by upsetting of tubular goods. upstream adv.: in the direction opposite the flow in a line. n: the point in a line or system situated opposite the direction of flow. usable hydraulic fluid n: the hydraulic fluid volume recoverable from the accumulator system between the maximum designed accumulator operating pressure and the minimum operating pressure. (API Recommended Practice 16E) U tube n: a U shaped tube. U tubing n: the action of fluids flowing in a U tube (as heavy fluid forcing lighter fluid down the drill stem and up the annulus). vacuum n: 1. theoretically, a space that is devoid of all matter and that exerts zero pressure. 2. a condition that exists in a system when pressure is reduced below atmospheric pressure. vacuum degasser n: a device in which gas cut fluid is degassed by the action of a vacuum inside a tank. The gas cut fluid is pulled into the tank, the gas removed, and the gas free fluid discharged back into the fluid tank. vapour n: a substance in the gaseous state, capable of being liquefied by compression or cooling. V door n: an opening at floor level in a side of a derrick or mast. The V door is opposite the drawworks and is used as an entry to bring in drill pipe, casing, and other tools from the pipe rack. The name comes from the fact that on the old standard derrick, the shape of the opening was an inverted V. vent n: an opening in a vessel, line, or pump to permit the escape of air or gas. vent line n: the conduit which directs the flow of diverted well bore fluids away from the drill floor to the atmosphere. (API Recommended Practice 64) 13 -73
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Vent line valve vent line valve n: a full opening valve which facilitates the shut off of flow or allows passage of diverted well bore fluids through the vent line. (API Recommended Practice 64). vent outlet n: the point at which fluids exit the well bore below the annular sealing device via the vent line. (API Recommended Practice 64) venturi effect n: the drop in pressure resulting from the increased velocity of a fluid as it flows through a constricted section of a pipe. vertical n: an imaginary line at right angles to the plane of the horizon. adj.: of a well bore, straight, not deviated. 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. visual examination n: examination of parts and equipment for visible defects in material and workmanship. (API Specification 16A) voids n pi.: cavities in a rock that do not contain solid material but may contain fluids. volumetric efficiency n: actual volume of fluid put out by a pump, divided by the volume displaced by a piston or pistons (or other device) in the pump. Volumetric efficiency is usually expressed as a percentage. For example, if the pump pistons displace 300 cubic inches, but the pump puts only 291 cubic inches per stroke, then the volumetric efficiency of the pump is 97 percent. volumetric non destructive examination v: examination for internal material defects by radiography acoustic emission or ultrasonic testing. (API Specification 16A) wait and weight method n: a well killing method in which the well is shut in and the fluid weight is raised the amount required to kill the well. The heavy fluid is then circulated into the well, while at the same time the kick fluids are circulated out. So called because one shuts the well in and waits for the fluid to be weighted before circulation begins. wall cake n: also called filter cake or fluid cake. See fluid cake. wall sticking n: also called differential pressure sticking. See differential pressure. washout n: 1. excessive well bore enlargement caused by solvent and erosive action of the drilling fluid. 2. a fluid cut opening caused by fluid leakage. water based hydraulic fluid n: control fluid mixture composed of water soluble lubricant and water. (API Recommended Practice 16E) water base fluid n: a drilling fluid in which the continuous phase is water. In water base fluids, any additives are dispersed in the eater. Compare oil base fluid. weight cut n: the amount by which drilling fluid density is reduced by entrained formation fluids or air. (API Recommended Practice 59). weight indicator n: an instrument near the driller’s position on a drilling rig. It shows both the 13 -74
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Weight indicator 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. weight on bit n: the difference between the net weight of the entire drill stem and the reduced weight resulting when the bit is resting on bottom. weight up v: to increase the weight or density of drilling fluid by adding weighting material. weld, fabrication n: a weld joining two or more parts. (API Specification 16A) weld, non pressure containing n: a weld, the absence of which will not reduce the pressure containing integrity of the component. (API Specification 16A) weld, pressure containing n: a weld, the absence of which will reduce the pressure containing integrity of the component. (API Specification 16A) weld groove n: an area between two metals to be joined that has been prepared to receive weld filler metal. (API Specification 16A) weld joint n: a description of the way components are fitted together in order to facilitate joining by welding. (API Specification 16A) welding v: the fusion of materials with or without the addition of tiller materials. (API Specification 16A) well n: the hole made by the drilling bit, which can be open, cased, or both. Also called well bore, borehole, or hole. well bore n: a borehole; the hole drilled by the bit. A well bore may have casing in it or it may be open (uncased); or a portion of it may be cased, and a portion of it may be open. Also called borehole or hole. well control n: the methods used to prevent a well from blowing out. Such techniques include, but are not limited to, keeping the borehole completely filled with drilling fluid 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 fluid put into the hole to replace the volume of pipe removed from the hole during a trip. wellhead n: the equipment installed at the surface of the well bore. A well head includes such equipment as the casing head and tubing head. adj.: pertaining to the well head (e.g., well head pressure). wellhead connector (stack connector) n: a hydraulically operated connector that joins the BOP stack to the subsea well head. (API Recommended Practice 16E) 13 -75
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Wellhead connector (stack connector) wild well n: a well that has blown out of control and from which oil, water, or gas is escaping with great force to the surface; also called a gusher. wireline operations n pl: operations performed in a well bore by use of tools which are run and pulled on small diameter slick, braided or electric wireline. (API Recommended Practice 57). wireline preventers n pl: preventers installed on top of the well or drill string as a precautionary measure while running wireline. The preventer packing will close around the wireline. (API Recommended Practice 59). wireline well logging n the recording of subsurface characteristics by wireline tools. Wireline well logs include acoustic logs, calliper logs, radioactivity logs, and resistivity logs. working pressure n: the maximum pressure at which an item is to be used at a specified temperature. wireline preventer n: preventers installed on top of the well or drill string as a precautionary measure while running wireline. The preventer packing will close around the wireline. (API Recommended Practice 53). working pressure rating n: the maximum pressure at which an item is designed for safe operation. (API Recommended Practice 64) 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: the stress level measured at room temperature, expressed in pounds per square inch of loaded area, at which material plastically deforms and will not return to its original dimensions when the load is released. All yield strengths specified in this standard shall be considered as being the 0.2% yield offset strength per ASTM A370. (API Specification 16A) zone n: a term used to distinguish different rock strata (e.g. shale zone, sand zone, pay zone etc.). (API Recommended Practice 57).
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