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PURPOSE: The purpose of this document is to provide information to experienced offsiders and up and coming drillers. The document is intended to be used as a reference and a guide, and should not be used as a substitute for consultation with experienced personnel. If you are experiencing drilling problems, nothing can compare to the knowledge and experience of personnel who have worked in the drilling industry.
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 HOW IMPREGNATED DIAMOND BITS WORK. The broad objective of an Impregnated Diamond Bit is to produce a bit where the Matrix, under given conditions, erodes at a rate, so that, as active diamonds become blunt, they will be released and fresh, sharp diamonds will be exposed to come into contact with the rock being drilled.



The matrix is a critical factor in impregnated bit manufacture, as it must have the capacity to retain the synthetic diamonds for as long as they continue to cut but to then wear at a rate that will allow non-performing diamonds to ‘strip’ out and allow new sharp diamonds to be exposed. The matrix must be strong enough to resist "pull out" of diamonds, but must not be so strong as to resist the strip out of spent diamonds. Diamond concentration is a further important consideration in an impregnated core bit as it is believed that an increase in concentration reduces the ‘strip’ rate of the matrix and increases the load required for "self-sharpening" Two extremes of matrix, diamond size and diamond concentration are possible. At one extreme, the matrix is far too "hard" and worn diamonds are not released. At the other extreme, the matrix releases diamonds prematurely, while they still have some useful life left. In the former case, the bit becomes glazed and excessive loads are required to continue drilling, or the penetration will be reduced until it stops altogether, whilst in the latter case, the bit wears far too rapidly and bit costs increase significantly. A final consideration in the manufacture of bits, be they surface set or impregnated, is the water ways. As the matrix to rock clearance is much less with impregnated bits than with surface set bits, the waterways assume a greater degree of importance. A relationship has been established between the operating efficiency of a bit and the coolant flow, so an adequate coolant flow is of prime importance.
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 SELECTING AN APPROPRIATE DRILL BIT



The first thing to consider when choosing a drill bit is the hardness of the rock. This can be determined using Moh’s hardness scale. Rock hardness is often given by the Moh’s scale which can be seen below. It is a very simple and old test method based on the principle that harder minerals scratch softer minerals. E.g.: on Moh’s scale diamond has a hardness rating of 10 because it is impossible to scratch with any other mineral. The softest being chalk which has a Moh’s hardness of 1. To determine the hardness of the rock you will require a Moh’s hardness etcher to scratch the sample in different sections and take the average of three or so tests, or you could just ask the geologist looking after your rig what the hardness of the rock is.



D IA M O N D



MINERAL Moh'shardness 10 9



C O R U N D R U M



8



F E L D S P A R



Q U A R T Z



T O P A Z



7



6



F L U O R T IT E



A P A T IT E



5



4



C A L C IT E



3



G Y P S U M



T A L C U M



2 1



On the Moh’s scale, a pencil lead has a hardness of 1; a fingernail has hardness 2.5; a copper penny, about 3.5; a knife blade, 5.5; window glass, 5.5; steel file, 6.5. Using these ordinary materials of known hardness can be a simple way to approximate the position of a mineral on the scale. There is another method that is used to determine the hardness of rock; this is by conducting a test using a sclerometer. A sclerometer test consists of measuring microscopically, the width of a scratch made by a diamond under a fixed load, and drawn across the face of the specimen under fixed conditions. By measuring the width of the scratch, they determine the absolute hardness of the rock. This can be compared with mohs hardness scale to give you a better idea of the hardness of the rock. By doing this you can see that diamond, 10 on mohs scale, is almost four times harder than corundrum, 9 on mohs scale. You could say that the absolute hardness scale has its numbers in proportion to the actual hardness of the rock.
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 MOH’S SCALE COMPARED TO ABSOLUTE HARDNESS MINERAL



MOHS



ABSOLUTE



TALCUM



1



1



GYPSUM



2



2



CALCITE



3



9



FLUORTITE



4



21



APA TITE



5



48



ORTHOCLASE



6



72



QUARTZ



7



100



TOPAZ



8



200



CORUNDRUM



9



400



10



1500



DIAMOND



Once the hardness of the rock has been established you then need to consider the abrasiveness and fractures within the particular formation that you are drilling. It is difficult to predict the abrasive action of rocks, minerals, and ores. Often, rocks belonging to the same geological classification will vary widely in abrasiveness from one locality to another. "Coarse" grains are visible to the naked eye (greater than about 0.1 millimetre), and the minerals can usually be identified using a magnifier; "fine" grains are smaller and usually cannot be identified with a magnifier. Ask the geologists on your rig to identify the grain size and minerals within the rock you are drilling, ask him to explain and have a look your self to get a better understanding. THE GENERAL RULE OF THUMB IS: 







Course grain rock formations (abrasive and fractured) use a low bit series number (harder matrix). Fine grain rock formation (non abrasive and competent) use a higher bit series number (softer matrix).
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 MINERALS AND ROCKS Minerals can be described as a naturally occurring solid formed through geological processes that has a characteristic chemical composition, a highly ordered atomic structure, and specific physical properties. Rocks can be described as an aggregate of mineral grains, which means that rocks are a bunch of mineral grains all stuck together, and need not have a specific chemical composition..



Minerals form in and on the Earth in a variety of ways. The processes of mineral formation may be classified as follows:



NAME



CAUSE



LOCATION



CHARACTERISTICS



created when layers of sediment (mud, sand, gravel and minerals) settle to the bottom of the ocean and then compacted (pressed together) over thousands of years created when molten rock (lava) inside the Earth pushes through the crust (like in a volcanic eruption) and then cools created when sedimentary or igneous rocks undergo metamorphosis (change) caused by pressure, heat, and



where oceans or bodies of water once existed or still exist



soft, layered, may contain fossils



where volcanoes have or do exist



crystalline, glossy, coarse-grained



deep within the earth (where pressure and heat have a very large affect)



hard, may contain bands or layers, may contain crystals



(Examples) Sedimentary



limestone; sandstone; chalk; coal; rock salt; shale; dolomite; conglomerate



Igneous



quartz; pumice; granite; basalt; obsidian



Metamorphic



marble; slate; gneiss; schist; quartzite; eclogite



water acting on the rocks Some characteristics of these three classifications are listed over the page, and will help you to identify what classification of rock you are drilling.
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 Igneous: A tough, frozen melt with little texture or layering; mostly black, white and/or grey minerals. Sedimentary: Hardened sediment with layers (strata) of sandy or clayey stone; can vary greatly in colour; may have fossils and water or wind marks. Metamorphic: Tough rock with layers (foliation) of light and dark minerals, often curved; various colours; often glittery from mica.



Within these three board classifications are many different rock formations that all contain different levels and types of minerals. Below is a chart of some common formations that you may experience while drilling. This chart will give you an idea of grain size, abrasiveness, hardness and other characteristics of the rocks.



The following charts show some characteristics of different rock types Identification of Igneous Rocks Grain Size



Usual Colour



fine



dark



fine



light



fine



dark



many large bubbles



lava froth from fluid lava



Scoria



fine or mixed



light



contains quartz



high-silica lava



Felsite



fine or mixed



medium



between felsite and basalt



medium-silica lava



Andesite



fine or mixed



dark



has no quartz



low-silica lava



Basalt



mixed



any colour



large grains in finegrained matrix



large grains of feldspar, quartz, pyroxene or olivine



Porphyry



coarse



light



wide range of colour and grain size



feldspar and quartz with minor mica, amphibole or pyroxene



Granite



coarse



light



like granite but without quartz



feldspar with minor mica, amphibole or pyroxene



Syenite



coarse



medium to dark



little or no quartz



low-calcium plagioclase and dark minerals



Diorite



coarse



medium to no quartz; may have high-calcium plagioclase and dark dark olivine minerals



Gabbro



coarse coarse



Other



Composition



Rock Type



glassy appearance



lava glass



Obsidian



many small bubbles



lava froth from sticky lava



Pumice



dark



dense; always has



dark



olivine dense



olivine with amphibole and/or



Peridotite



pyroxene mostly pyroxene with olivine and Pyroxenite amphibole



coarse



green



dense



at least 90% olivine



Dunite



very coarse



any colour



usually in small intrusive bodies



typically granitic



Pegmatite
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 Identification of Sedimentary Rocks Hardness



Grain Size



hard



coarse



hard



coarse



hard or soft



mixed



hard or soft hard or soft



Composition



Other



Rock Type



clean quartz



white to brown



Sandstone



quartz and feldspar



usually very coarse



Arkose



mixed sediment with rock grains and clay



grey or dark and "dirty"



Wacke/ Greywacke



mixed



mixed rocks and sediment



round rocks in finer sediment matrix



Conglomerate



mixed



mixed rocks and sediment



sharp pieces in finer sediment matrix



Breccia



hard



fine



very fine sand; no clay



feels gritty on teeth



Siltstone



hard



fine



chalcedony



no fizzing with acid



Chert



soft



fine



clay minerals



foliated



Shale



soft



fine



carbon



black; burns with tarry smoke



Coal



soft



fine



calcite



fizzes with acid



Limestone



soft



coarse or fine



dolomite



no fizzing with acid unless powdered



Dolomite rock



soft



coarse



fossil shells



mostly pieces



Coquina



very soft



coarse



halite



salt taste



Rock Salt



very soft



coarse



gypsum



white, tan or pink



Rock gypsum



Identification of Metamorphic Rocks Foliation



Grain Size



Hardness Usual Colour



Other



Rock Type



foliated



fine



soft



dark



"tink" when struck



Slate



foliated



fine



soft



dark



shiny; crinkly foliation



Phyllite



foliated



coarse



hard



mixed dark and light



wrinkled foliation; often has large crystals



Schist



foliated



coarse



hard



mixed



banded



Gneiss



foliated



coarse



hard



mixed



distorted "melted" layers



Migmatite



foliated



coarse



hard



dark



mostly hornblende



Amphibolite



nonfoliated



fine



soft



greenish



shiny, mottled surface



Serpentinite



nonfoliated



fine or coarse



hard



dark



dull and opaque colours, found near intrusions



Hornfels



nonfoliated



coarse



hard



nonfoliated



coarse



soft



light



calcite or dolomite by the acid test



Marble



nonfoliated



coarse



hard



light



quartz (no fizzing with acid)



Quartzite



red and green dense; garnet and pyroxene



Eclogite
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 There are three other factors that can influence bit choice. These are the Elasticity, plasticity and toughness of the rock being drilled. These factors are usually only learnt by drilling the formation and can be described as the rocks response to force. Rocks have elastic properties. This means that when forces are applied to rocks, such as pulling, pushing, twisting, or compression, they change their shape. Rocks, like all other materials with elastic properties, have an elastic limit, a point at which any additional force will permanently deform the object's shape. Sometimes there is plastic deformation, which means that the shape of an object can be changed an additional amount beyond its elastic limit before it breaks; other times, if the substance is brittle; it breaks at its elastic limit before any plastic deformation occurs. For example, pyrite (fools gold) shatters when you press a piece between two hard surfaces. It has very little flexibility and hence is brittle. Pure gold, on the other hand will spread like butter under the same conditions. It is extremely flexible, but has no elasticity, so it can be moulded like clay. Thus gold is plastic. ELASTICITY



Elasticity can be defined as the ability of an object to temporarily change shape when force is applied, but return to the srcinal shape when force is released. As rocks and minerals have elastic properties, we can apply the foundations of this statement to diamond drilling. If the force applied to the rock by the diamonds exposed at the face of the drill bit, dose not exceed the rocks elastic limit, the rock will deform or deflect under the point of the diamonds and then return to its srcinal shape when pressure is released, without being cut. Factors that will influence this is the force applied to the drill bit, the size of the diamonds impregnated in the drill bit and the exposure of the diamonds at the face of the bit. PLASTICITY



Plasticity can be defined as the ability of an object to permanently change its shape in response of force being applied but remain in one piece (ability to mould) As some rocks and elements have plastic properties, especially clays which have a high water content, it is possible for them to mould (squash) around the drill bit, blocking the waterways or worst case scenario, bogging the drill rods. Factors that will influence this are the depth of the cutting surface (height of exposed diamonds); impregnated drill bits don’t have deep cutting surfaces as the diamonds are only exposed by fractions of millimetres. When drilling in formations with a high plasticity, tungsten/ PCD bits with large cutters will perform better, as they tear the material rather than trying to cut it. Thus reducing the likelihood of smearing at the cutting face
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 TOUGHNESS



The toughness of the rock refers to its elastic limit. This can be described as the maximum amount of energy that the rock can absorb before permanently altering its shape, some rocks have plastic properties and may change their shape by deforming or moulding but still staying in one piece (e.g. clays), other rocks have little or no plastic properties and will change there shape by fracturing (e.g. quartz). These rocks can be referred to as being brittle. As mentioned above, all rocks and minerals have an elastic limit, this is the point at which any additional force applied to the rock or mineral will permanently alter its shape. Many ultra hard formations are drilled by the fracturing caused when the elastic limit of the rock is exceeded, rather than the diamonds in the drill bit actually cutting it. In some cases, the pressure on the rock applied by the exposed diamonds scar the rock, creating a weak point but not actually fracturing it. When the force is relieved from the scared area, the rock attempts to return to its srcinal shape “elasticity”, as it dose, the rock fractures at the scar. As the drill bit rotates, the fractured ground passes under the bit face, wearing the matrix, exposing fresh diamonds and is eventually flushed out of the hole. THE DRILL RIG



The last thing to consider is the type of diamond drill rig that you are drilling with. Generally hard matrix drill bits require more force than soft matrix drill bits.



DRILL BIT CONFIGURATION



There are many different configurations of impregnated drill bits, different water way configurations, different diamond sizes and concentrations, different face and gauge configurations, different matrix heights and different matrix compositions. On the following pages is listed a few drill bit configurations that you are likely to encounter in the field. Each configuration has a different purpose and is suited to different formations; these are also listed on the following pages.
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 COMMON DRILL BIT CONFIGURATIONS REGULAR REGULAR.



Unless otherwise specified, this is the standard waterway configuration used on most types of impregnated core bits. This design uses canal type waterways that deliver the circulating fluid from inside diameter of the bit crown, across the face and eject the fluid and cuttings at the outside diameter of the bit crown. This waterway configuration is used primarily on wire line core bits that are intended for use in predominantly fractured formations.



TURBO



This waterway configuration is a modification of the Regular configuration. In addition to the standard canal type waterways, an equal number of intermediate partial waterways are included. The ‘Turbo’ design is best suited to formations that are hard to very hard under conditions that are solid or at most slightly broken. Due to the reduced face contact area, Turbo configuration will generally cut with less bit load and torque than a core bit of equivalent size and matrix type manufactured with the Regular configuration and will usually do so with an equivalent or higher rate of penetration. They also require less wei ht to stri .
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 EXTRA WIDE WATERWAY



This waterway configuration is best suited where higher than normal flushing volumes are required. This waterway configuration uses a reduced number of canal type waterways compared to the Regular type. The waterway canals this configuration are wider thanon those found on the regular configuration and As a result, provides a flushing capacity increase, while maintaining approximately the same bit face contact area as the regular configuration.



FACE DISCHARGE



This waterway configuration is best suited when drilling in relatively soft, unconsolidated formations and/or when using triple-tube wire line core barrel systems. Unlike core bits that are manufactured with conventional canal type waterways that eject the circulating fluid through ports on the inside diameter of the bit crown, the FaceDischarge configuration ejects the fluid through ports moulded into the face of the bit. The re-direction of the circulating fluid results in minimum core wash and reduces the potential for subsequent core erosion.



Note: if waterways become blocked, excessive erosion causing core loss ma occur.
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 REAMING SHELLS



Reamers act to open the walls of the hole slightly wider than the outside gauge of the drill bit. They open up the annulus of the hole, allowing flow of drilling fluids to the surface; they also keep your drill bit centred. The reaming shell is generally located behind your drill bit, between the drill bit and the barrel, but in some situations an additional reamer can be positioned on the backend of the barrel, this will increase the stability of the barrel, keeping the drill bit centred thus drilling a straighter hole. This is commonly used during straight directional drilling. In some situations the front reamer may be replaced with a blank (ensuring the back reamer is used). This will reduce the clearance between the barrel and hole (annulus) creating a tighter fit to maintain a straighter direction in the hole. Every rod pull, the diameter of your reamer should be checked by attempting to slide a “no go gauge” over the reamer, if the gauge is able to slide over the matrix section of the reamer, it should be replaced as it has lost its gauge and will create a tight hole, this will result in increased torque. Another thing that may indicate the reamer is worn is if the core has a wavy appearance. This could indicate that the reamer has expired and the drill bit is not stabilised “walking’. When drilling deep holes in hard formations two reamers must be used and rotated. Changing them over every rod pull will eliminate the chance of having to ream back to bottom as you would if running one reamer and it expires. Where possible, if reamers are overly worn prior to starting a hole, they must be replaced so that they will last the distance of the hole. When a reamer expires and is replaced while drilling a hole, it may be necessary to ream back to bottom with the new reamer to open the hole up to the appropriate diameter. This will reduce drilling time. And if the drill bit was also replaced, could cause the outside gauge of the new drill bit to expire prematurely.



Shoe bits
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 CARE OF DIAMONDS Diamond costs represent a substantial percentage of the total drilling costs; therefore, it is imperative that bits and reaming shells receive the best care to keep those costs as low as possible. All users of diamond bits and reaming shells should become thoroughly familiar with the following list of instructions. WHAT TO DO



WHY IT IS DONE



Be sure that wrenches never contact the



Broken stones will result.



diamonds in bit and shells.



Diamonds will not stand this kind of abuse. The sharp points on a new bit may be broken on a rough rock surface. To remove the cuttings that have settled in the bottom of the hole. The used bit replaced may have been slightly under gauge.



Collar a hole with a used bit whenever possible. Start water circulating before putting bit on bottom. Stop a new bit 4-6in. (depending on hole conditions) from bottom and drill it down. Run a new bit in slow feed and at moderate rpm for the first few inches. Tighten all drill rod joints and wick when necessary before lowering into hole. Grease core barrel and rods. Avoid grinding core. Use a core picker or chopping bit to remove lost core. Avoid dry blocking, use core lifters. Never drop a bit on bottom. Never start bits turning under pressure. Make sure that fluid is circulating through the bit before starting to drill. When necessary to improve circulation in sticky ground, never raise the bit more than half an inch off bottom. When penetration drops off, take off the bit. Do not use excessive fluid. Keep a minimum number of used drill bits on the job.



To give the diamonds time to seat themselves in the rock. Wash water may escape through the joints and the bit will burn in the sludge at bottom. To prevent vibration and its hammering effect, which results in broken diamonds Grinding core rapidly destroys both bit and shell. Running over loose core is very destructible to the bit. The heat generated in dry blocking can render a bit useless. Diamonds bay shatter. This will damage the cutting points on the diamonds. Remember that time is required, particularly on deeper holes, for circulation to reach the bit. Short lengths of core may fall in the hole and damage the bit. It will save you time and money. It has a scouring effect on the matrix of the bit. Money tied up in used bits can be employed to better advantage.
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 DRILLING SIZES, ROCK ROLLERS, DRAG BITS, SUBS AND ADAPTORS. Drilling sizes. A combination of letters and numbers will indicate drilling size. Commonly used sizes of drilling are designated by letters which determine the size, or diameter of the hole, but not necessarily the diameter of the core.



These letters and diameters are: “EQ” =hole diameter 37.7mm “AQ” =hole diameter 48.0mm “BQ” =hole diameter 60.0mm “NQ” =hole diameter 75.8mm “HQ” =hole diameter 96.0mm “PQ” =hole diameter 122.6mm The most commonly used sizes in the surface division are: “NQ” =hole diameter 75.8mm “HQ” =hole diameter 96.0mm “PQ” =hole diameter 122.6mm The factor that will determine the diameter of the core sample is the configuration of the inner tube. This will be determined by the consistency of the ground being drilled. In soft in-consistent ground, triple tube coring will be used. Triple tube coring consists of an outer tube, inner tube and a split tube. In hard consistent ground, straight wire line coring may be adopted. Wire line coring consists of only an outer tube and inner tube. During triple tube coring The split tube is pumped out of the inner tube around the core sample to help maintain the integrity of the core sample (hold it together). Core samples from triple tube are smaller in diameter than those of straight wire line coring due to the extra split tube. HQWL = straight wire line (outer and inner tube only) HQ3 = triple tube (outer, inner and split tube) HQWL and HQ3 drill bits, core lifters, stop rings and lifter cases are not compatible with each other as the HQ3 drill bit will be cutting a smaller diameter core sample than the HQWL drill bit. HQ3 and PQ3 lifters are identified by 3 lines cut into the outside diameter on the top edge of the core lifter. HQ3 and PQ3 cases are identified by a two stage taper located on the outside bottom of the case. HQ3 and PQ3 stop rings are identified by one side of the ring having a taper that accommodates for the split tube.
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 ROCK ROLLERS.



Rock rollers (also known as tricone bits) are often used through the alluvial ground at the start of a hole. They can come in tungsten tooth and steel tooth. They have a male API thread. Rock rollers can be used to: Clean out pre-collars drilled by other rigs, to allow casing to be run down free of hang-ups. Drill a pre-collar through soft alluvial ground for a diamond tail. Open up holes to set collars. 



 



RULES FOR ROCK ROLLING When using Rock rollers the drill head must be in low gear and the spindle revs should be low. Mud must be thick to be able to lift large cuttings out of the hole Water flow must be increased to allow flushing of cuttings out of the hole. Rock Rollers shouldn’t be put under more than 5000 lbs bit weight pressure Rock Rollers should never be used in hard formations as they are not designed to break solid rock.



Common sizes: 2 15/16″ 3 7/8″ 4 3/4″ 5 1/8″ 5 7/8″ 6 1/4″



= hole diameter of aprox = hole diameter of aprox = hole diameter of aprox = hole diameter of aprox = hole diameter of aprox = hole diameter of aprox



75mm 100mm 120mm 130mm 150mm 160mm



N-ROD 2 3/8 API pin 2 7/8 API pin 2 7/8 API pin 3 1/2 API pin 3 1/2 API pin



NOTE: if it doesn’t sound right it generally isn’t.
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 DRAG BITS.



Drag bits (also known as blade bits) are best suited to soft clays and shales but can also be used to open up a hole to set a collar in very soft ground. They also have a male API thread



RULES FOR DRAG BITS:



When using drag bits the drill head must be in low gear and the spindle revs should be low. Mud must be thick to be able to lift large cuttings out of the hole. Water flow must be increased to allow flushing of cuttings out of the hole. Blade bits shouldn’t be put under more than 5000 lbs bit weight pressure. Drag bits should never be used in hard formations as they are not designed to break solid rock.



Common sizes:



Drag bits are available in all the same common sizes as the rock rollers. As well as: 7 3/8″



= hole diameter of aprox 187mm.
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 SUBS AND ADAPTORS: Haul plug subs: Haul plugs are attached to your main winch cable. They have a NW female thread that needs to be adapted to fit the thread of the drill rods being used. Common haul plug subs and adaptors used throughout the surface division are:



NW PIN TO HQ PIN NW PIN TO NQ PIN NW PIN TO HRQ PIN NW PIN TO PHD PIN NQ BOX TO HQ PIN NQ BOX TO HRQ PIN HQ BOX TO PHD PIN PHD BOX TO PW PIN PHD BOX TO PWT PIN
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 Drive subs: Drive subs adapt the thread on your spindle extension to the thread of the drill rods. All rigs in the surface iron ore division have a 4 1/2 ″male Metzke pin on the spindle sub extension. Common drive subs used throughout the surface division are:



4 ½ MET BOX TO NQ PIN 4 ½ MET BOX TO HQ PIN 4 ½ MET BOX TO HRQ PIN 4 ½ MET BOX TO HWT PIN 4 ½ MET BOX TO PW PIN 4 ½ MET BOX TO PWT PIN
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 Rock Roller subs: Rock roller subs adapt the male API thread form the rock rollers and drag bits to the thread of the drill rods being used. Common roller subs used throughout the surface division are:



HQ BOX TO 2 3/8″ API BOX HQ BOX TO 2 7/8″ API BOX HWT BOX TO 2 7/8″ API BOX HWT BOX TO 3 1/2″ API BOX
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 THE BACKEND



The spear head point: The spearhead point is the recovery point of the backend and the inner tube. Inside the spear head point is a compression spring and the detent plunger. The compression spring pushes the detent plunger into the valley on the spear hear base. The spearhead point is attached to the spear head base with a spirol pin; this is the pivot point for the spear head point. The spear head point should pivot on the spear hear base, locking into place when the detent plunger is pushed into the valley on the spearhead base by the compression spring. The spearhead assembly must be lubricated with oil (work the oil in by pivoting the spearhead point) and inspected every time the inner tube is retrieved.



1.



Spear Head point.



2.



Compression spring.



3.



Detent plunger.



4.



Spear head base.



5.



Spirol pin.
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 The Upper latch body: The upper latch body houses the links and latches; it also has a compression spring which is held on via a large washer and a nyloc bolt. The spring allows the latch retracting case and latches to spring into the locked position when it is not being pulled up by the overshot. The latch retracting case should slide up towards the spear head point then spring back into position once let go. The whole assembly is held together by spring pins and must be lubricated with oil (work the oil in by sliding the latch retracting case up and down) and inspected every time the inner tube is retrieved.



The links and latches: The links and latches are what hold the inner tube assembly down the rods while drilling is in progress. When the over shot pulls up on the spear head point, the latch retracting case should slide up, and the latches should retract, allowing the inner rube to be retrieved up the rods. During drilling operations when the inner tube is seated, the latches will lock in under the locking coupling, not allowing the inner tube assembly to be pushed up the rods by the core entering the inner tube.



6.



Latch retracting case.



7.



Spring pin.



8.



Nyloc bolt.



9.



Washer.



10. Latch compression spring. 11. Upper latch body. 12. Latch. 13. Link. 14. Spring pin.
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 The lower latch body: The lower latch body screws onto the upper latch body. The landing shoulder slides onto the lower latch body and is located in between the lower and upper latch bodies. The landing shoulder acts as a water tight seal, when the inner tube is seated it sits on the landing ring located in the barrel, the water flows through the upper latch body down through a hole in the base, through the lower latch body and out of the holes in the side of it. A Water retention spring, steel fluid retention bushing and a 22 mm ball bearing can be placed in the latch bodies, restricting water flow and giving the driller a pressure reading if water return has been lost. Alternately, if you have water return, a landing indicator bushing and 22mm steel ball bearing can be used to indicate when the inner tube has seated, water pressure builds up behind the ball bearing causing a spike on the Cameron gauge before the ball bearing is forced through the nylon bushing, allowing water to flow to the bit face.



15. Stainless steel ball, 22mm. 16. Landing indicator bushing. 17. Landing shoulder. 18. Lower latch body. B1. 22mm Steel ball bearing. B2. Fluid retention bushing. B3. Fluid retention spring.
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 The spindle: The lower latch body screws into the spindle and is locked in place with a hex nut and washer. The length of the inner tube assembly can be altered from this point by loosening the hex nut and screwing the spindle either in or out of the lower latch body. The long shaft on the other end of the spindle is the housing point for the shutoff valves, thrust bearings, spindle bearing, hangar bearing, compression spring and stover lock nut.



19. Washer. 20. Hex nut. 21. Spindle. 22. Shutoff valve hard. 22A. Shutoff valve soft. 23. Valve adjusting washer. 24. Thrust bearing. 25. Spindle bearing. 26. Hanger bearing. 27. Compression spring. 28. Stover lock nut.
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 The shutoff valves and valve adjusting washers: The shutoff valves are the section of the backend that cause the water pressure to blow off when the core won’t go up the inner tube. When core won’t slide up the inner tube, the inner tube is pushed up, the latches stop it from sliding up the barrel, causing the shutoff valves to squash and block the water from flowing past them, thus causing water pressure to rise, indicating to the driller that the tube is blocked or full. Shut off valves come in three standard colours, the colours indicate the rating of the shutoff valve (how much force is required to squash them and block flow) Black: Soft, squashes easily, best used in soft formation when core loss is a problem. Yellow: Medium, good all round. Red: Hard, Doesn’t squash easily, best suited for hard/ broken formations where core wedging is a problem. The valve adjusting washers can be configured in two different ways, with washers in between each shutoff valve separating the two (requires more pressure to block flow) or with the washers positioned on the outside of the shutoff valves, not separating the shutoff valves(requires less pressure to block flow). Each configuration will alter the water pressure required to block the water flow.



The thrust, spindle and hanger bearings: The thrust bearings and hanger bearing allow the spindle bearing to remain still while the rods spin. This in turn stops the inner tube from spinning as it is attached to the spindle bearing via the inner tube cap, allowing the core to slide up the inner tube freely. The bearings must be greased every time the inner tube is retrieved. This can be achieved by pumping grease into the inner tube cap until grease is pushed through the holes in the thrust bearings.



The compression spring: The compression spring acts like a shock absorber, taking the load when the inner tube and backend are retrieved through the rods.



The Stover lock nut: The Stover lock nut adjusts the tightness of the spindle assembly. When tightening the assembly after replacing parts, the lock nut shouldn’t be over tightened. When the assembly is at correct adjustment there should be no play in the components but the shutoff valves should be able to be twisted by hand and the spindle bearing should spin relatively freely.
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 The inner tube cap assembly: The inner tube cap screws onto the spindle bearing, and is the greasing point for the bearings. It has a grease nipple on the side of it that must be greased every time the tube is retrieved. The inner tube cap also allows water to escape out of the inner tube while core is being pushed up the inner tube. The water is pushed up through the check valve at the base of the inner tube cap, and escapes via the holes in the side of the cap. The check valve is a one way valve that allows water to pass up through it and out of the inner tube but doesn’t allow water to be pumped down into the inner tube.



29A. Grease nipple. 29B. Stainless steel ball bearing 22mm. 29C. Inner tube cap. 29D. Check valve body.
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 INNER TUBE ASSEMBLY CARE AND MAINTENANCE Inner tube checks.



Check the overall appearance of the assembly, lubrication, damaged and loose pins, ensure valve shut off rubbers are not chipped or large diameter, etc. Spear head.



No chips, cracks or burrs, Lifting face slightly concave, Knuckle head spear point must pivot and have correct detent action. Lubricate detent plunger and working area. Retracting case



Check for excessive side clearance of latches. In fully retracted position the latches should be below the outside surface of the retracting case. Case should operate freely and pin holes should be in good condition. Check for burring or belling due to overshot impact. Latches



Check for cracks or chips and excessive pivot pin wear. If wear of latch outside surface 2mm for BQ/ 3mm for NQ & HQ from spring hole, replace. Look for worn orreaches bent latch spring. Spring pins



Check for tight fit in latch retracting case and for cracked, chipped or burred ends. Circulation ports



Check for obstructions including sludge. Landing indicator



Check for condition and correct action. Landing shoulder



Check For height and face shape. The landing shoulder should have a sharp profile to 45degrees and no sign of taper. OD gauge of landing shoulder should be very little below new size. Lock nut



Check for tightness and condition.
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 Inner tube



Check For excessive denting or having outer tube rub marks indicating a bent inner tube. Visually check inner tube for straightness. Check the thread condition and for stress marks inside thread area. Core lifter case



For thread condition, cracks or dents and belling at thread or stress belling at lower end. Excessive wear and rough sliding surface inside lifter case. Core lifter



Check the gripping teeth on ID. Out of round appearance and correct gap for core holding. Check with core for lifter holding action. Stop ring



Check for correct positioning in lifter case. For square section and round profile. The ring should be oversized so it is under tension when set in lifter case. HQ3 stop ring is a full circle. Thrust bearing assembly



Ensure that large ID race is faced towards the spindle bearing to allow grease to enter from cap. Adjustment



After assembling valve rubbers and washers to spindle, adjust hanger nut until drag is felt when turning valve shutoff rubbers. (not loose and not compressing rubbers). Self locking nut



If nut is not tight to turn on spindle thread, replace or remove the nut and place it face down on a hard surface and hit the locking device with a hammer. This shrinks the locking device and the nut will now be effective. Lubrication



Each time an inner tube is emptied MP grease should be pumped into the bearing cap until clean grease appears at the thrust bearing vent hole. Grease or oil knuckle head detent in the spearhead assembly. Clean and grease or oil inner tube threads before fitting core case or bearing cap. Oil latch retracting case, slides and latches. Use clear alvania grease to lubricate the core lifter assembly as it will not stain the core sample.
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 C O R E R E T R I V E A L S Y S T E M



CORE BARREL OVERVIEW HISTORY Boart Longyear introduced the wireline core retrieval system in 1958, being the first diamond drilling exploration product manufacturer to offer this revolutionary system which increased productivity on the worksite and made tripping core from the bottom of the hole safer for the drilling assistant. Prior to the introduction of wireline technology, the drill crew was required to pull the entire rod string out of the ground to gain access to the conventional core barrel located behind the drill bit. Once the core barrel was emptied, the complete rod string would be lowered into the exploration hole prior to drilling the next core run. The introduction of wireline technology allowed for the retrieval of the full inner tube without the need to pull the rod string out of the hole. This was accomplished by creating a completely independent inner-tube which is not attached to the rod string but rests at the bottom of the rod string, directly behind the drill bit. Mounted at the top of the inner tube assembly is a device called a head assembly. The head assembly includes the latching and retrieval hardware required to bring the inner tube to the surface. When the inner tube is full, a device called an overshot is lowered down the hole via a wireline cable and brought to the surface by use of a winch. Once the inner tube assembly is at the surface, an empty inner tube is lowered into the hole so drilling can resume.



1950
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1960



1970



1980



1958



1966



1989



Boart Longyear introduced the srcinal wireline core retrieval system



Launched improved, patented Q® Wireline system



Introduced Thin Kerf (QTK) to the Q ® Wireline system



0 8 B o a rt L o n g y e a r. A ll R i g h ts R e s e rv e d .



®



www.boartlongyear.com
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 The Boart Longyear design engineering team continued to refine the initial system, resulting in the launch of the industry-standard patented Q® wireline system in 1966. With the goal of providing our customers a larger diameter core sample without increasing hole diameter, Boart Longyear introduced the Thin Kerf wireline system product line in 1989. In 1998, Boart Longyear once again secured its position as the leading innovator in wireline technology by introducing the patented Link Latch mechanism. While the Q® system was adapted to pump-in applications for inclined holes underground, Boart Longyear maximized reliability of the latching mechanism with the release of the patented Quick Pump-In head assemblies in 2002. This head assembly added positive latch indication and removed the pump-in lip seal from the latch retracting case, eliminating latching concerns against in-ground fluid, gas pressure zones and fluid evacuation or suction.



C O R E R E T R I V E A L S Y S T E M



Boart Longyear launched the patented Quick DescentTM core barrel head assembly in March 2008. Providing the customer with the potential to increase core barrel descent speed up to 30%, this Quick Descent head assembly is a central component of the High Productivity TM



Coring System



which also includes the Stage3 diamond coring bit and the V-Wall coring rod.



1990



2000



2010



11



1998



2002



2008



Introduced NextQTM Wireline system



Added Quick Pump-In Head Assembly to Q® Wireline system



Released patented Quick Descent Core Barrel Assembly
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 SYSTEM OVERVIEW



C O R E R E T R I V E A L S Y S T E M



OVERSHOT ASSEMBLY (1) The overshot is dropped, or pumped, into the drill string to retrieve the inner tube assembly via wireline cable and hoist.



1



2



LOCKING COUPLING (2)



The ‘Locking Coupling’ threads to the drill rod string and provides a hardened mating surface against which the core barrel inner tube assembly latches ride while drilling. 3



4



Additionally, Locking couplings provide directional control for the core barrel assembly through wear resistant stabilizing pads which abrade against the drill hole wall.



ADAPTER COUPLING (3) The adapter coupling mates between the locking coupling and core barrel outer tube, providing the pocket into which the head assembly latches deploy.



HEAD ASSEMBLY (4)



5



The head assembly provides: latching and pivoting spearpoint mechanisms to allow insertion and retrieval of the inner tube assembly, a bearing assembly to allow the inner tube to remain stationary and avoid sample damage while drilling, fluid pressure operating indications and fluid control valves.



6



All head assemblies incorporate a shut off valve assembly which provides a fluid pressure signal to the drill operator when the valve members are compressed, indicating a full or blocked inner tube.
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7



OUTER TUBE (5)
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The outer tube houses the inner tube assembly and connects to the diamond products cutting the hole. The increased wall thickness of the outer tube provides additional stiffness for directional control and a tighter hole annulus for increased fluid velocity and rapid cuttings evacuation for bit performance. Multiple outer tubes can be assembled to extend the possible core sample length.



®



www.boartlongyear.com
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 INNER TUBE (6) The inner tube captures the core sample as drilling progresses. Multiple inner tubes can be assembled with couplers or extensions to accept longer core samples.



1



2



INNER TUBE STABILIZER (7)



3



Seated in the reaming shell, or in mated outer tube extensions, the replaceable and reversible inner tube Stabilizer provides centralizing for improved sample recovery, and a bearing between the stationary inner tube and the rotating outer tube.



C O R E R E T R I V E A L S Y S T E M



CORE LIFTER (8)



4



The core lifter is a hardened steel, split collar with a tapered body that mates to a tapered socket in the core lifter case.



5



In a core breaking operation, the drill string is lifted off bottom and the core sample begins to slide out of the inner tube. Grip features on the inner surface of the core lifter catch the moving core sample and pull the core lifter towards the smaller end of the tapered socket in the core lifter case. The core lifter is constricted against the core sample and retains it after it has broken, allowing retrieval to surface.



6



CORE LIFTER CASE (8) The core lifter case mates to the inner tube and houses the core lifter in a tapered socket which controls movement of the core lifter. 7



As the drill string is lifted during a core breaking operation, the core lifter case bottoms out on the inside of the drill bit transferring the pullback load from the drill string to the core lifter until the core sample breaks. 9



8



STOP RING (9) The Stop Ring is hardened steel snap ring designed to seat into a mating groove, and retain the core lifter in the core lifter case.
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 SYSTEM OVERVIEW



C O R E R E T R I V E A L S Y S T E M



SYSTEMS OVERSHOT ASSEMBLY



Boart Longyear currently offers three models of the wireline core barrel system:



LOCKING COUPLING



Q



ADAPTER COUPLING



CORE BARREL HEAD ASSEMBLY



OUTER-TUBE



Q/QTK wireline systems (represented to the left) consist of the core barrel assembly and the overshot assembly. Both assemblies are integral to the wireline system. The core barrel assembly is composed of the inner-tube group and outer-tube group.



14



The outer-tube group always remains at the bottom of the hole and houses the inner-tube group during the drilling process.



INNER-TUBE STABILIZER



REAMING SHELL CORE LIFTER CASE, CORE LIFTER & STOP RING



®



www.boartlongyear.com



The inner-tube group collects the core sample during the drilling process and is independent of the outer-tube group. The outer-tube group is composed of the remainder of the core barrel components: Locking Coupling Adapter Coupling Outer Tube



INNER-TUBE
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Q3



The inner-tube group is composed of: Head Assembly Inner Tube Core Lifter Case Core Lifter Stop Ring



Q/QTK
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QTK



Q3 wireline systems (represented to the right) consist of the same groups as the Q ® and QTK but utilize a third tube called an inner-tube liner or split tube. The liner is placed inside the inner tube.



CORING BIT
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 APPLICATIONS OVERSHOT ASSEMBLY LOCKING COUPLING



Q® systems are ideal for use in most drilling conditions and are available for application in standard DCDMA hole sizes (A, B, N, H, P). QTK systems are optimized to allow for a larger core sample while retaining the same hole, low fluid pressure, and robust inner and outer tubes. QTK systems are offered in the A, B and N sizes.



ADAPTER COUPLING



CORE BARREL HEAD ASSEM BLY



Q3 systems enable integral core recovery when drilling coal, clay bearing or highly fractured formations. The liner, or split tube, retains the core sample in its received state for easier loading into sample trays or for storage and subsequent presentation to the geologist. The Q3 system is only available in surface configurations and is available in N, H and P sizes.



C O R E R E T R I V E A L S Y S T E M



The High Productivity Coring System is a time saving surface coring system which includes the Quick Descent™ head assembly, V-Wall™ coring rod and the Stage3™ diamond coring bit.



Q3



OUTER-TUBE



INNER-TUBE



Each system component increases core recovery and productivity, delivering greater efficiencies to the driller. When all three products are used in conjunction, the High Productivity Coring System increases bit life by up to 300 percent and core barrel tripping speed by up to 50 percent over most coring systems. 15



INNER-TUBE LINER (Q3 ONLY)
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INNER-TUBE STABILIZER
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REAMING SHELL



CORE LIFTER CASE, CORE LIFTER & STOP RING



CORING BIT
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 C O R E R E T R I V E A L S Y S T E M



SYSTEM OVERVIEW DIAMETER OFFERING (ACTUAL CORE SIZE) PQ Q®



QTK



HQ



NQTK (NQ2") BQTK



AQTK NQ BQ



Q3



PQ3



DIMENSIONS S IZ E



COREØ



HOL EØ



AQTK



35.5 mm (1-3/8 in)



48 mm (1-7/8 in)



BQ



36.4 mm (1-7/16 in) 60 mm (2-3/8 in)



BQTK NQ
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HQ3 NQ3



60 mm (2-3/8 in) 75.7 mm (3 in)



NQTK (NQ2") 50.6 mm (2 in)



75.7 mm (3 in)



NQ3



45 mm (1-3/8 in)



75.7 mm (3 in)



HQ



63.5 mm (2-1/2 in)



96 mm (3-3/8 in)



HQ3



61.1 mm (2-3/8 in)



96 mm (3-3/8 in)



PQ



85 mm (3-3/8 in)



122.6 mm (4-7/8 in)



83 mm (3-1/4 in)



122.6 mm (4-7/8 in)



PQ3



0 8 B o a rt L o n g y e a r. A ll R i g h ts R e s e rv e d .



40.7 mm (1-5/8 in) 47.6 mm (1-7/8 in)



The Boart Longyear nomenclature and hole sizes are based on the globally accepted Diamond Core Drilling Manufacturers Association (DCDMA) “W" series. Also note that the DCDMA specifications were adopted into ISO3551 (1992) and British Standard BS4019 (1993) Rotary Drilling Equipment. The Boart Longyear wireline systems also conform to ISO10097/BS4019 Wireline Core Drilling Equipment – System A.
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 CORE BARREL CONFIGURATIONS FEATURES AND OPTIONS CORE RETRIEVAL LENGTH Boart Longyear core barrel kits and inner tube groups are available in two standard lengths of 1.5 m (5 ft) and 3.0 m (10 ft). These lengths refer to the inner-tube length which dictates the maximum amount of core that can be retrieved in one drilling run, before the inner tube must be retrieved. Note that optional couplings and adapters are available, for Q ® and QTK systems, to extend the core barrel in 1.5 mm (5 ft) or 3.0 m (10 ft) multiples. Also, optional inner tube couplings and extensions are available to allow for extended length reaming shells. INNER-TUBE



C O R E R E T R I V E A L S Y S T E M



FULL-HOLE OPTION Full-hole systems are designed for operation in competent ground formations where hole accuracy is a top priority. The oversized outer diameter and 4-flat design keeps the core barrel system tight to the hole while allowing adequate cutting flow. It should be noted that while hole deviation is greatly minimized, higher-than-normal drilling pressures may be experienced when operating a full-hole coring system. Boart Longyear A, B, N, and H size core barrel systems can be configured as full-hole wireline coring systems. This system is comprised of standard core barrel components, the full-hole locking coupling and outer tube. When ordering a core barrel kit, these two optional full hole items must be selected. STANDARD



FULL-HOLE



TOP VIEW



TOP VIEW
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HOLE CORE
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 WATER FLOW, DRILLING FLUIDS, BIT PRESSURE AND SHARPENING TECHNIQUES. Flow of drilling fluid to the bit face is the most important aspects of diamond drilling. Some important functions of the drilling fluid are to remove cuttings from the bit face and carry them to the surface, to keep cuttings in suspension when circulation has temporarily stopped, to control loss of circulation to the formation, to reduce torque and chatter by lubricating the rods, to protect the rods and reduce excessive wear, to prevent stuck rods due to differential sticking, to prevent hole caving in and maximize core recovery and to cool and lubricate the bit and rods. The fluid flow to the drill bit should be as high as possible, but will be directly related to the bit size and the type of formation being drilled. For example in soft or fractured rock with a high penetration rate the water flow should be set higher then for rock that is very hard and competent with a slow penetration rate. Note: in hard and competent rock where speed of penetration is low, the water flow should be reduced to enable the cutting of the rock and lower the risk of polishing the diamonds. Below is a chart showing suggested water flow for different size drilling in various formations in litres/min. very hard to extremely hard and competent hard to very hard and competent other



AQ



BQ



NQ



HQ



PQ



14-18 18-23 27-36



23-27 23-36 32-45



27-36 36-50 56-64



36-41 45-54 64-73



45-50 55-60 68-77



There are two classifications of fluid flow, laminar and turbulent. Laminar flow, also known as streamline flow, occurs when a fluid flows in parallel layers, with no disruption between the layers. It is the opposite of turbulent flow. In non-scientific terms laminar flow is "smooth," while turbulent flow is "rough." While we need water pressure at the face of the drill bit to cool it, the flow of the drilling fluid must be laminar so as not to blow away core and erode away the walls of the hole, this will result in wall failure in soft formations and greatly increase the chances of cave in. Factors that will dictate whether the fluid flow is laminar of turbulent include; The viscosity of the drilling fluid: drilling fluids with a higher viscosity will have a



greater tendency to flow laminar than thin fluids, flowing smoother. Imagine pumping drilling fluid through a 1/2”hydraulic hose, as the mud has a greater tendency to hold form, the flow is smoother this could be described as a laminar flow. Now imagine pumping fresh water through the same hose, the flow will be more sporadic and the water will not hold its form, it will spray every where. This could be described as turbulent flow. This will also be directly influenced by the pressure being pumped through the hose. The water pressure at the drill bit: The higher the water pressure at the drill bit, the greater change of creating a turbulent flow at the face of the bit. Thinner mud’s will
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 have a tendency to create turbulence at the bit face, resulting in the blowing away of core. Also relative to the water pressure is the annular flow of the hole. The annular flow rate of the hole: while we need to have a sufficient annular flow to clean the hole, an annular flow that is too high will result in a turbulent flow resulting in the erosion of the walls of the hole and may result in a cave in. the level of turbulence and amount of hole erosion will be directly influenced by the viscosity of the fluid. Annular flow should not exceed 50m/min.



The above three factors all directly influence the flow of the fluid and all relate to each other.



This image illustrates laminar and turbulent flow of cigarette smoke



TURBULENT FLOW



LAMINAR FLOW
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 DRILLING FLUIDS One of the most important aspects of diamond drilling is the drilling fluids. Incorrect mixing and, or lack of drilling fluids can cause major problems down hole. It is much easier to prevent problems down hole from occurring rather than trying to fix down hole problems once they have occurred. Drilling fluids are used to: Increase productivity, reduce down hole problems, reduce overall costs, complete the hole safely and productivity. Different drilling fluids serve different purposes but the main overall functions of drilling fluids are: To Cool and lubricate the bit and rods. To remove cuttings from the bit face and carry them to the surface. To keep cuttings in suspension when circulation has temporarily stopped. To drop cuttings at the surface. To control loss of circulation to the formation. To reduce torque and chatter by lubricating the rods. To protect the rods and reduce excessive wear. To prevent stuck rods due to differential sticking. To create a wall cake, preventing hole caving and maximising core recovery. There are four points to consider when planning for a correct drilling fluid 1. Water quality: Is the water fresh or saline? Some drilling fluids will not mix correctly with salt water, if mixing with salt water a drilling fluid that has a high tolerance to salt will need to be used. Is the water acid or alkaline? This can be tested using a PH tester, drilling fluids mix best with a PH in the range of 8.5 to 10. Products such as water conditioner, soda ash or caustic soda can be used to achieve this range. 2. Pit design: Pit volumes, is the pit large enough to hold fluids for the duration of the hole, will it hold fluid or will it need to be lined. Settling out of cuttings is the pit design appropriate to allow the settling of cuttings before recycling of the fluid occurs. 3. Mixing equipment: Hoppers, liquid drilling additives Hootenannies, powder form additives Using agitators or not. 4. Fluid choice in relation to the formations: Over burdens, sands, clays, rock.         



Some points to remember: Allow for cuttings settlement in the pit design. Suction hoses should always be suspended and placed as far from the return line as possible. Choose fluids to suit drilling conditions. Competent ground: cutting oil/ polymer? Friable ground: bentonite/ PAC?
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 Drill sumps allowing settling of cuttings in the first pit and hose suspended in second pit



Core sample after cleaning of filter cake showing variations in formations
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 RHEOLOGY, YIELD POINT AND ANNULAR VELOCITY



One of the most important parameters of a drilling fluid is the rheology of the fluid. Rheology is the study of the flow of matter, in this case the drilling fluid and the cuttings supported in the drilling fluid flowing up the annulus and out at the surface. The yield point, not the funnel viscosity is the measurement of the lifting capacity of the drilling fluid. The yield point of A drilling fluid is its resistance to initial flow, or represents the stress required to start fluid movement. This resistance is due to electrical charges located on or near the surfaces of the particles, pulling them together (mud holds its form better than water, is thicker and is harder to pump thus it has a higher yield point). The values of the yield point and thixotropy (the ability of the mud to hold particles in suspension while at rest, while circulation has stopped), respectively, are measurements of the same fluid properties under dynamic (with circulation) and static states (without circulation). the yield point and thixotropy of a drilling fluid can be increased by the use of viscosifiers like liqui pol. The higher the yield point of the drilling fluid, the greater the lifting capability and the lower the yield point the lower lifting capability of the fluid. The annular velocity is equally important as reholgy; the annular velocity is the speed of the flow of drilling fluid up the annulus of the hole. Where possible the annular velocity should be around 30mt/min, even higher in deviated holes. Running the same pump rate and fluid thickness, holes with a large annulus will have a lower up hole velocity than holes with smaller annulus. If the annular velocity is in-sufficient to clean the hole, rheology (flow of matter) must be increased. This can be achieved by increasing pump flow and or increasing the yield point of the fluid. Plastic viscosity is an absolute flow property indicating the flow resistance of certain types of fluids. In the drilling industry it can be measured through a marsh cup and funnel test. It is a measure of shearing stress. Sheer stress is a measure of the ability of a colloidal dispersion (a suspension of extremely fine particles in a liquid, for example a drilling mud mixed with water) to develop and retain a gel form, based on its resistance to shear (ability to hold its form to a certain point). The gel, or shear, strength of a drilling mud determines its ability to hold solids in suspension. Higher viscosity mud’s need less up hole velocity for effective hole cleaning as they have a greater ability to suspend particles. The table below illustrates effective up hole velocities in relation to viscosity measured with marsh cup and funnel in seconds. Low viscosity, 28 seconds



U.H.V. 0.6M/SEC (36M/MIN)



Medium viscosity, 35 seconds High viscosity, over 50 seconds



U.H.V. 0.4M/SEC (24M/MIN) U.H.V. 0.2M/SEC (12M/MIN)



The formula for calculating annular velocity is listed in the calculations section of this manual.
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 SLIP VELOCITY



Slip velocity refers to the rate at which drilled solids tend to settle in the borehole as the hole is being drilled. As we pump mud down the rods and up the annulus, the cuttings are continually falling back through the mud down to the bit. If our up hole velocity is less than the slip velocity, we will get bogged. Slip velocity as a rule of thumb can be taken as 6meters per minute and this needs to be subtracted from the calculated up hole velocity to arrive at a net working figure. I.e. if up hole velocity is 17.5m/min, the working up hole velocity is 11.5m/min. for consistent, safe hole cleaning, a minimum up hole velocity of 25-30 m/min is recommended. By selecting the correct up hole velocity and running the pump at the required rate to achieve this, gives us the best chance of effectively cleaning the hole with minimal erosion. Up hole velocities provide the best indication of the required carrying capacity of the mud. With velocities at the lower end of the scale, we obviously need a mud with high carrying capacity and we therefore plan to use high viscosity mud’s. BOTTOMS UP



By Dividing the annular volume of a hole by the pump rate in litres per min will give us the time taken for a cutting to leave the bit and travel up the annulus to the surface. Again this answer will be in minutes. We can use this number to ensure all the cuttings are removed from the annulus before shutting down the pump to; add pipe, pull tubes, end of shift etc.



FLUID LOSS CONTROL The building of an impermeable wall cake is very important as this will help stabilise the wall of the formation and assist in forming a thin rubbery filter cake. When drilling in permeable formations that’s pore openings are smaller than the drilled mud solids, the liquid portion of the drilling fluid filters into the formation and the mud solids are deposited onto the formation face forming a filter cake. The filter cake then governs the rate of further fluid loss to the formation. If the filtrate loss to the formation becomes excessive, problems will develop down hole such as a thick wall cake, which will increase toque, cause problems when pulling rods and can even cause stuck rods through differential sticking. Regularly conduct a visual filtrate test. Stabilising gel should build inside the wall of the formation helping to hold it together. A thin rubbery filter cake should build over the face of the formation. And fluid loss should be minimal.
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 Types of AMC drilling fluids and products



Viscosifiers: The removal of rock chips from the cutting face of the bit and the carrying of these cuttings to the surface is dependent on the flow properties (viscosity) of the drilling fluid. Viscosity is defined as the resistance by a fluid to flow. The driller recognises this as “thickness”. Polymers are employed to build viscosity for drilling fluids while improving bore hole stability and maximizing core recovery through inhabitation of water sensitive clays and shales. AUS-TROL CR-650 LIQUI-POL AUS-GEL AMC-PAC R



Lubricants and cutting oils: In deep and deviated diamond drill holes, poor bit life, rod vibration and excessive rotary torque can be major problems. Cutting oils have extreme pressure lubrication properties designed for the operating parameters at the face of the bit. The concentrated blend of wetting agents, surfactants and corrosion inhibitors in cutting oils act to enhance the cooling of the impregnated diamond particles and to accelerate the removal of fine cuttings thereby improving penetration rates and extending bit life. Cutting oils eliminate rod vibration and reduce rotary torque by depositing a soft, tenacious film of grease on the outside of the rods. EP BIT LUBE and AMC-UNIVERSAL are vegetable oil-based, non toxic biodegradable soluble oils. AMC-UNIVERSAL can be used in harsh and salty waters, both on surface and underground operations. EP BIT LUBE is suitable for fresh water surface systems, while EP BIT LUBE (S) has been especially formulated for salt water surface systems. AMC ROD GREASE AMC-UNIVERSAL AUS-CUT EP-BIT LUBE PENETROL XTRA
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 Lost circulation materials: Lost circulation occurs when there is a continuous loss of whole mud into permeable formations, fractures or voids. To cure the loss of whole mud the zones the zones must be plugged so that a filter cake can be formed. In diamond drilling the loss of returns above the water table may result in a dry hole which can cause loss of hole support, excessive equipment wear and problems when landing the inner tube. Lost circulation materials may be divided into fibres, flakes and granules. In general, Fibres and flakes are more effective in low density mud’s and are more applicable to diamond drilling and water well drilling. Care should be taken when drilling into aquifers using loss circulation materials to avoid plugging off the aquifer and subsequent bore development problems. AUS-PLUG: granular polymer KWIK-SEAL: mixture of fibres, flakes- fine, medium and course.



Specialty products and chemicals: POTASSIUM CHLORIDE: acts as a shale inhibitive system to minimise hole problems when drilling un-stable clay and shale formations. The potassium ion reacts between the individual clay platelets in the shale so that they are held together, thus eliminating entry of water from the drilling fluid. WATER CONDITIONER: is a blend of water treating agents. It is used for the treatment of recycled mine water or extremely hard artesian water. Water conditioner will treat both soluble calcium and magnesium without high residual levels.



Cement and grouting additives: Lost circulation problems while drilling, can cause expensive rig down-time and increased costs through water transportation. The crevices and fractures which cause lost circulation can be sealed with quick setting gypsum cements, particularly when drilling and setting surface casing. HARD SET
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 Calculations related to drilling fluids. Calculating the volume in a circulating system: SURFACE SYSTEMS Sump volumes: To calculate the volume that a sump will hold, Volume of a rectangular pit or tank:    



Length (m)X Width (m)X Depth (m)X 1000 This gives you the answer in litres. We will use a pit that is 3m X 2m X 1m deep. 3 X 2 X 1 X 1000 = 6000ltrs



Volumes of round tanks: Round tanks are often used at the rig site for mixing and storing mud and holding displacement fluid volumes. It is therefore necessary to be able to calculate the volume of these tanks. Volume in litres: πr²L Where r= radius and L= Length Our rig is using a round mixing tank that is 1.27m in diameter and 1.47m in depth. V= π x .635 x .635 x 1.47 = π x .593   







= 3.144 x .593 = 1.86m³ 1860 litres. OPEN HOLE VOLUMES AND or DRILL PIPE CAPACITIES We have calculated the surface volumes now we need to look at the volumes in the hole. The “open hole” volume is the volume of the hole without drill pipe. We use the same formula to calculate “drill pipe capacity” but use the inside diameter of the drill pipe instead of the diameter of the hole being drilled. We will use a 187mm hole and drill pipe that is 90mm OD and 76mm ID.  The depth of the hole, at TD, will be 220m.  Hole diameter² (mm) 1270  187mm² ÷ 1270 = 27.53 litres per meter  To calculate the full open hole volume at TD, we multiply the litres per meter by the depth in meters  27.53 x 220 = 6057 litres  For the pipe capacity, we use the ID of the drill pipe, 76mm, instead of the hole diameter.  Pipe ID² (mm) 1270 76mm² ÷ 1270 = 4.54 litres per meter 
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 ANNULAR VOLUMES In order to complete the circulation system volume, we need to calculate the volume in the annulus: hole diameter² (mm) – pipe OD² (MM)  1270  This will give the annular volume in litres per meter. Our hole diameter is 187mm and the pipe OD is 90mm.  (187mm² - 90mm²) ÷ 1270 = 21.16 litres per meter. 



To calculate the full volume of the given interval, we need to multiply the answers by the length in meters of the interval. The annular volumes need to be calculated for each section of the hole, i.e.: the annular volume inside the casing will differ from that of the open hole section. The total annular volume is the sum of the different sections. Total annular volume at 220 meters = 4655 litres. The volume of the hole with pipe at TD is the annular volume at TD, added to the drill pipe capacity at TD. For our hole, this is 4655 + 999 = 5654 litres.  



To convert to US Gallons divide litres by 3.785. To convert to Imp Gallons divide litres by 4.55. ANNULAR VELOCITIES



To calculate the annular velocity of the hole you need to know the pump output of the mud pump in litres per minute. For this calculation we will say that our pump output is 370L/min. The formula is: 1270 X Pump output (L/min) Hole dia² (mm) - pipe² (mm) 1270 X 370 ÷ ( 187mm² - 90mm²)= 17.5m/min 







SLIP VELOCITY AND RECOMMENDED UP HOLE VELOCITY



Slip velocity as a rule of thumb can be taken as 6meters per minute and this needs to be subtracted from the calculated up hole velocity to arrive at a net working figure. Our annular velocity is 17.5m/min 17.5m/min – 6m/min = net working up hole velocity 11.5m/min 25-30 m/min is recommended.   



BOTTOMS UP



Dividing the annular volume by the pump rate gives us the time taken for a cutting to leave the bit and travel up the annulus to the surface in minutes. Our annular volume was 4655 litres and pump rate was 370L/min 4655 ÷ 370 = 12.6min  
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 CEMENT MIXING FORMULA 1 x 40kg bag of cement should be mixed with 20 litres of water. This will produce 33 litres of cement slurry. Note: In unconsolidated ground, allow for up to 20-25% slurry loss during pumping procedures. CORED HOLE VOLUMES BQ Hole NQ Hole HQ Hole PQ Hole



= = = =



287 litres/ 100m 451 litres/ 100m 725 litres/ 100m 1180 litres/ 100m



= = = =



approx. 8.5 x 40kg bags required approx. 13.5 x 40kg bags required approx. 22 x 40kg bags required approx. 35.5 x 40kg bags required



DRILL ROD VOLUMES BQ Drill string NQ Drill string HQ Drill string PQ Drill string



= = = =



166 litres/ 100m 286 litres/ 100m 477 litres/ 100m 837 litres/ 100m



EXAMPLE: To cement up 200 meters of a HQ hole, you will need 1448 litres of slurry (44 x 40kg bags of cement mixed with 880 litres of water). This amount of slurry would fill up 305 meters of HQ rods.



OTHER HOLE DIAMETER VOLUMES 5 1/8” 5 1/4” 5 3/8” 5 1/2” 5 5/8”



= = = = =



1335 litres/ 1400 litres/ 1467 litres/ 1537 litres/ 1607 litres/



100m 100m 100m 100m 100m
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. e s u d l e  r o f ff o d e d n u o r n e e b e v a h rs o t c a F *



 MARSH CUP AND FUNNEL TEST



Viscosity testing: The viscosity should not be allowed to fall to low as this may contribute to down hole failure, as a general rule the viscosity range should be between 30-40 seconds depending on the ground conditions. This is calculated by using the marsh cup and funnel test. To conduct a marsh cup and funnel test, block the hole at the bottom of the funnel with your finger, and using the cup, scoop mud out of the tank and pore it into the funnel through mesh.surface, Fill theand funnel to the the mud line at the the top.funnel into the cup, time Place the cup onthe a level drain from how long it takes to fill the cup to the top line. This will give you your viscosity reading. Viscosity of 1000ml of fresh water is 27seconds.
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 BIT PRESSURE AND TORQUE While drilling, the force applied by the drill and the weight of the rods must be as low as possible, although It is important to keep sufficient speed of penetration in order to prevent the polishing of diamonds. Fast penetration is usually achieved by applying as much bit weight as the ground, bit, rods and rig will allow you. By applying a high bit weight the drill bit will be cutting the largest cuttings possible and yield the highest advance per revolution of the drill bit, however there are consequences of bit weight being too high. If the weight applied to the drill bit exceeds the maximum load rating of the drill rods, the line string could bend or even concertina, flogging out the walls of the hole and the drill rods it could also break above the top of the hole (area of least support) this could result in a fatal situation. In soft sandy formations where a high penetration rate is achieved, if the water flow (annular velocity) is too low for the rate of penetration, thus being insufficient to flush cuttings out of the hole, the drill bit and reamer can become bogged. This is commonly referred to a reamer lock. Usually with increased force on the drill bit you will have an increased torque reading (unless your drill bit is polished). After engaging your rotation in preparation of the drill run, before you touch bottom you should take note of your “off bottom torque” and also adjust your bit weight gauge. A good rule of thumb to follow for HQ size coring is that your drilling torque shouldn’t be more than 700psi higher than you’re off bottom torque. E.G.: if you’re off bottom torque is 1100psi your drilling torque should be kept under 1800psi, Any higher than this and you will be causing damage to your drill bit and it will expire prematurely. In soft clays, if the weight on the bit is too great, there is a chance that the bit could press into the clays, blocking the water ways and increasing the water pressure, even blocking them completely, causing water pressure to blow off and leading to a rod pull. Also with a bit weight that is too great, there is a greater probability of the deviation of the hole. When put under high bit weight, the drill bit will always try to take the easiest path possible (through the softer formations) in stead of cutting evenly through the hard formations. Below is a chart showing general limits for straight drilling for different size drilling. This will vary depending on angles of foliation and rock types. BQ - 2000 lbs NQ - 5000lbs HQ--10000lbs 8000lbs PQ
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 The one exception to the rule is when you have to strip the bit. There are other factors that can have an influence on your torque reading and the pressure required for the bit to cut. Incorrect bit selection for the ground being drilled: If you are experiencing high torque while applying low bit weight, this could indicate that the drill bit you are running is too soft for the ground being driller and is wearing at a rate that is too fast, this will result in premature expiry of the drill bit. On the other hand, if you have to apply high bit weight to the drill bit to get it to cut, experiencing low torque readings and constantly having the bit polish up, this could



indicate that the drill bit you are running is too hard for the formation being drilled.



Thickness of the drilling fluid: High torque can also be experienced when the drilling fluid that you are running isn’t thick enough to carry the shavings up to the surface; this is usually experienced in sandy formations with a high penetration rate. The shavings oscillate around your drill bit and reamer, causing increased friction and wear on the components. On the other hand, low torque and slow penetration rates can be experienced when the drilling fluid is mixed too thick. If mixed too thick in hard formations, penetration can cease, torque will diminish and the bit weight required to cut the ground will be excessively high. The deeper the hole is being drilled, the higher the torque will get. This is expected due to the greater length, weight and friction of the line string. Drilling fluids can be used to combat this such as bit lubes or rod grease. High torque will also be experienced if you are drilling without water return. This is due to the lack of lubrication of the line string. This can be combated by using rod grease and by running drilling fluid via hose down the annulus of the hole to aid in the lubrication of the line string above the cavity.
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 THE RPI INDEX The RPI index (bit revolutions per inch of penetration) or r/cm (bit revolutions per cm of penetration) is a most important device in achieving maximum bit life, lowest bit cost and good productivity. To calculate the RPI (r/cm) index, divide the rotational speed (rpm) of the bit by the rate of penetration, i.e., 800 rpm divided by 4 in/min = 200 RPI (800 rpm divided by 10 cm/min = 80 r/cm) IDEALLY AIM FOR 200-250 RPI (80 – 100 R/CM) Providing you work within this guideline and the bit selected matches the formation, drilling should progress smoothly and the bit will wear at a more or less constant rate over its entire life. If RPI (r/cm) is below the recommended minimum of 200 (80), excessive wear can occur so you should either increase rpm or decrease penetration rate by reducing bit weight. If ground conditions or drill limitations prevent you from making these adjustments, change to a lower number bit; i.e., SERIES 9 to an SERIES 7. If RPI (r/cm) index is much above the recommended maximum of 250 (100), the bit may “polish” so you should reduce rpm or increase penetration rate by increasing bit weight. If rpm or weight cannot be altered, change to a higher numbered bit (i.e., a SERIES 2 to a SERIES 6). Polishing, glazing or closing-up are terms commonly used to describe a condition where the face of the bit becomes metal bound and no diamond points protrude from the matrix to cut the rock. Penetration virtually ceases and it becomes necessary to “strip” the bit down the hole or otherwise re-expose the diamond. It is of the utmost importance, in order to avoid polishing, that the driller should keep the bit cutting.
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 STRIPPING THE BIT. While drilling in hard to extremely hard rock the drill bit can polish up. You will be able to recognise this through an increase in bit weight and a decrease in torque. Your penetration rate will also greatly diminish. If you are using a drill bit that is not suited to the ground conditions, the matrix can even smear, blocking the waterways increasing the chance of burning the bit, in this situation the water pressure will also increase. In the later stages of a bit being polished, penetration will cease and the amount of weight required to strip the bit will be greatly increased. When a drill bit becomes polished, so too dose the rock it was trying to drill. It is good practice to recognise that your bit is becoming polished before it reaches this later stage, keeping your drill bit sharp will save a lot of time wasted trying to sharpen the bit. Sharpening a drill bit is a delicate operation. You are basically stripping back the polished section of matrix to expose fresh diamonds. The safest method of striping a bit is to gradually increase the bit weight until your torque level rises (the amount of weight required to achieve this will depend on how polished the bit and the ground is). Once you see (through increase in torque) and hear the drill bit “bite in” close your feed tap and using your fine feed lever take the weight off the drill bit. Try not to pull the bit off bottom as this will break the core sample, just try to reduce the weight to around 3000lbs. Then engage your fine feed, open your feed tap and continue drilling. If you are unable to sharpen the bit, pull the rods and replace the bit. When you run the new bit down the hole, remember that the rock becomes polished as well so the new bit will have the task of trying to drill polished rock, extra weight may be required to get the bit started. Warning: under no circumstances should the water flow be shut off to dry strip a drill bit.
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 Directional Diamond Drilling Modern survey tools and hole bending techniques make it possible to intersect targets very precisely and to drill multiple branch holes from one “parent” hole, but the cost of drilling branch holes must be evaluated against the drilling of separate holes. Generally, branch holes are only economical in deep drilling programmes, or where several branch holes are required from a single parent hole. The “Navi Drill” down-hole motor is powered by circulation fluids. The down-hole motor housing and drill string does not rotate, only the bit and drive sub rotates.
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 Directional Diamond Drilling



Drilling Medium: Description:



Drilling Suitability:



Sample Quality: Driller:



Offsider:



Pros & Cons



Limitations:



Lost Circulation: OH&S Layout:



Water / Mud Directional drilling uses a diamond bit, which rotates on the end of drill rod whilst the rods are held still. Generally there is no coring whilst running a navi tool. Though there are tools that will enable coring whilst turning the hole. Directional drilling is suitable for large deep ore bodies. By only drilling one ‘mother hole’ and multiple daughter holes that branch out as required to define the ore body. (similar to an upside down umbrella) No sample during directional drilling means that hole has to be on course before predicted intersection of ore body. The driller has to be very experienced to undertake navi drilling. Generally off site personal are brought in to help with surveying and to interpret the information on the hole direction. Directional drilling can be very frustrating as it is a slow process. Whilst navi drilling is in progress offsider will be resting or doing simple cleaning. As there are generally more rod trips to be done for change of tool status or direction. Also hole reaming and setting of wedges etc as required. Especially as the holes are deep and multiple rod trips can be expected some shifts and next to nothing others whilst the drilling is performed. Costs are reduced in regards to drilling multiple holes vs. navi drilling towards targets. A lot of planning is required Size of machine and certain ground conditions will limit the depth that can be achieved. Bending the hole is limited to what the rods can withstand. Same problems as with diamond drilling. But would be of greater concern when directional drilling Diamond Specific Occupation Health and Safety – see page 31 Standard Layout – see page 32
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 Directional Diamond Drilling



The following is a brief guide on what the probable outcome will be utilising a combination of core barrels and reamer configurations, given that differing hole angles as well as ground conditions play a major part in the final outcome. Some directional drilling may be achieved by utilising differing barrel and reamer configurations down hole. These include the following items:         



Chrome Barrel Standard Barrel Flexi Barrel Front Reamer Front Blank Reamer Back End Reamer Blank Back End Reamer New Locking Coupling Worn Locking Coupling



The barrel configurations are either: 1.5m   



3m 6m two piece



The optimum angles for hole control and movement with this type of directional operation are between 50 degrees and 75 degrees. Angles steeper than 75 degrees also move but it can be difficult to get lift and consequently easier to have the hole drop. The reverse is true when dealing with holes that are shallower than 50 degrees: i.e. it is more difficult to have the hole drop and easier to have the drill hole start to lift. The length of the barrel itself and the length of the configuration also play a large part in the flexibility and consequently the amount of movement you can expect. When using any of these methods it is important to remember that the more weight you use, within reason, the faster it will move and generally the more movement you can obtain. Always remember that you must stay inside all manufacturers’ tolerances regarding any and all equipment being used.
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 Directional Diamond Drilling



SINGLE BA RREL CONFIGURATIONS: CHROME BARREL :



Chrome barrels are designed to keep the hole straight due to their close tolerances. They can also be used to cut off a section of unwanted drill hole. This usually occurs after a hole has deviated too far from the srcinal target parameters or a failed navi run. In this situation you would use either a:    



New (or near new) impregnated drill bit Blank front reamer Good back end reamer locking coupling



To cut off a rising hole dip (or lowering dip survey readings i.e. 60 degrees to 53 degrees.)    



New (or near new) impregnated drill bit Good front reamer Blank back end reamer Old / worn locking coupling



To cut off dropping hole dip (or increase in dip survey readings i.e. 60 degrees to 67 degrees.) The chrome barrel also has the ability to be used with both a front and back reamer in this situation and still cut off a bend.
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 Directional Diamond Drilling



STANDARD BA RREL :



The standard barrel is the most common that is used in the drilling process and is susceptible to much greater movement than the chrome due to having a greater annular space or tolerance within the hole. As with the chrome barrel and also the flexi barrel, dip movement can be achieved utilising the same principals below. To achieve hole lift and/or drop, in most cases, you would set up the barrel as follows: LIFT



DROP



New front reamer Blank back end reamer Old / worn locking coupling



Blank front reamer New back end reamer New locking coupling



This courseUnfavourable totally dependent on ground conditions and holeeffect angleon at the time is of of drilling. ground conditions have the most the process and this is when certain bit types (internal/external step bits) can help to bend the hole or keep it straight depending on the angle of intersection with ground foliation. The detail to be aware of with the standard core barrel is that, due to its increased flexibility, it can also move the azimuth of the drill hole which may not be the desired result if direction is critical.
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 Directional Diamond Drilling FLEXI BARREL :



The flexi barrel is the most difficult of the core barrels to control due to its ability to “flex” down the hole, hence its name. Due to its nature you can achieve hole movement with the barrel even in its normal set up condition: i.e. both new front and back end reamers and a new locking coupling. This barrel is also the most susceptible to ground conditions and will follow formation bedding / foliation much easier than the chrome or standard barrel. The advantage with the flexi barrel is the ability to obtain large movement in the hole over a relatively short period of drilling. The major disadvantage can be can be the same though, if the drill hole moves in an incorrect direction. When utilising this barrel, as with all directional operations, a regular and short surveying regime should be enacted with the consultation and permission from the client. This is to ensure that any unacceptable movement can be caught early before irreparable directional damage has resulted in the loss of the hole.
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 Directional Diamond Drilling



DUAL BARREL CONFIGURATIONS: CHROME FRONT STANDARD REAR:



This barrel configuration is used when a mild lift without azimuth movement is required. By placing downward pressure on the drill string, using a blank back end reamer and a worn locking coupling in the core barrel assembly, the rod string and rear section of the barrel assembly is able to lie on the bottom of the hole and flex over the length of the standard barrel. The constant pushing with this configuration then allows the chrome barrel to be steered gently upward whilst maintaining the azimuth direction of the hole. For greater lift with this configuration an oversize front reamer and an impregnated wedging bit can also be utilised CHROME FRONT FLEXI REAR:



This barrel configuration is used when a more severe lift in hole dip over the proceeding method is required whilst still maintaining the azimuth direction of the current hole. Due to the much greater flexibility of the flexi barrel a much steeper upward curve can be obtained. The use of a blank back end reamer as well as a worn locking coupling also enhances the lifting capabilities. This method must be suitably monitored as large dip movements can occur over very short periods of drilling. An impregnated wedging bit and oversized front reamer can also be utilised in this configuration for even greater lift if required. It is also worth noting that when using the impregnated wedging bit with all these methods, as the wedge bit wears, the ability of the barrel configuration to move on azimuth increases. When the wedge bit is nearly fully consumed you can expect a transference of movement to azimuth with little to no further movement in hole dip. This is another very important reason why close monitoring is needed whilst using this method.



Page 58



 Directional Diamond Drilling



STANDARD FRONT FLEXI REAR:



Once again, this barrel configuration is used when a more severe lift in direction is required over the chrome front barrel option. The greater flexibility of the standard barrel allows for larger increases in direction change over very short periods of drilling. This method can deliver dangerous amounts of hole lift and if not controlled, can cause component failure whilst drilling. As with the other configurations an impregnated wedge bit and oversized reamer can be used. This method is also much more susceptible to lateral azimuth movement and must be monitored closely to ensure that any untoward movement is noticed and rectified immediately by changing the down hole barrel configuration to one more suitable. SUMMARY: All the above methods can be, at times, quite successful but once again ground conditions, hole angle, penetration rate, weight on bit, type of bit and configuration all play a major part in the eventual outcome using these directional methods. Once the desired trend has been established within the hole the drilling can generally continue using the standard barrel configuration. If the trend is proving too much then a chrome barrel may have to be utilised to bring the hole under control. An important point to remember with these methods is that they must be correctly and accurately monitored to allow for configuration changes to take place when they are needed. These methods also do not work everywhere and in all situations but are supplied as a guide to general drilling conditions with the parameter guides above. This method of directional drilling can save the client a large cost to their drilling program and therefore can result in more metres being drilled by the contractor. With hole direction becoming a necessity these days the above methods can be a useful tool to know.
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 Wedging Wedging and navigational drilling could be considered a black art. Many myths and idiosyncrasies exist. Hopefully some of the following information will help establish a basic understanding of wedging procedures. Wedging is used to alter the course of a drill hole for any given circumstance, this may include: - To control deviation so target intersection is achieved; - To allow multiple target intersections from the parent hole; - To sidetrack abandoned equipment in a hole to allow drilling to continue. Wedges are designed to produce an initial deflection of 1.5degrees. Critical factors that effect this achievable deflection include: - If the rock is harder than the steel wedge, the wedge will tend to drill out with little deflection; - If the rock is soft or talcy the drill string will tend to go past the wedge with little deflection; - Strongly foliated formations will tend to carry the drill bit in their natural direction. A coupleshould of “rules with regard to wedging thatAlso twoifconsecutive wedges notofbethumb” used within 15metres of each are other. deflections of >1.5degrees over 15metres are achieved this will place excessive loads on down hole equipment and can result in an increased frequency of broken rods or stuck equipment. Hole conditions are critical when placing wedges to limit the amount of possible problems encountered and get the best outcomes from placing a wedge. - Bad or incompetent formation can lead to the plugs supporting the wedge moving or dropping with disastrous results. Loose material from the drill hole wall can inadvertently drop down into the drill string, the rotating barrel assembly and the wedge itself and cause the entire assembly to become locked into the hole. - Any sludge remaining in the drill hole can lead to the plugs (both Van Ruth and wooden), after being set, once again moving down the hole. This can also cause the equipment to become “sludged in”. - If the drill hole is not of uniform gauge then there is the distinct possibility that items of equipment can become stuck in the hole and also that equipment can move after being set
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 - If a hole has an uneven base then a possible problem is the wedge assembly being incorrectly set due to movement after the unit has been orientated. Also any movement of the wedge assembly after drilling had commenced can cause disastrous results including the entire setup being stuck in the hole. - Greasing of the wedge face lowers the amount of wear that the wedge and barrel assembly experience when first drilling off the new wedge hole. The chance of the barrel and wedge catching each other is also greatly reduced. - Using suitable lubricant also has the benefits of greatly reducing both heat, wear and damage on the wedge and barrel assembly whilst drilling. Before attempting to set a wedge detailed records need to be kept of all facets of the operation. Information that needs to be included: - Length of rod string; - Depth of Van Ruth Plugs, Wooden Plugs and Cement; - Physical dimensions and permanent sketches of all equipment placed in the hole; - The exact wedge depth, both top and bottom of the wedge.
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 Wedges Types of wedges:   



Clappison Wedge Hall Rowe Wedge Casing Wedge



Clappison Wedge: A Clappison wedge is a retrievable or fixed wedging assembly for steering or branching of a borehole is provided in which the assembly is locked in position by means of an annular locking method, which engage about the wall of the borehole at the desired position. These wedges have not been used for some time in drilling operations within Australia Hall Rowe Wedge: Hall Rowe wedges are primarily designed to be put down a drill hole to navigate around an obstruction or for a one off hole direction correction. The main characteristics of this wedge are that it is non retrievable and must be left in hole and that the current or parent hole can be continued utilising the same size (e.g. HQ Hall Rowe wedge and a HQ drill string) As with the Casing wedge it is extremely important to ensure that the parent drill hole is clean. A good practice is to grease the face of the wedge and wedge itself when lowering the equipment into the hole for orientation and setting. As the drill string does not stay down the hole when the wedge is set but is immediately removed again to allow fitting of the core barrel there is no need to grease the rod string when initially placing the wedge assembly into the hole. The Hall Rowe wedge design can best be described as a tapered concave metal plug or wedge that can be set in a drill hole at a predetermined depth and bearing to deflect or straighten an off-course borehole. The Hall Rowe design is a solid body type only, due to fact that it must be “sheared off” the wedge adaptor down the hole. These wedges are never a hollow body type. Casing wedge: Casing wedges are primarily used to branch off an existing previously drilled parent hole. Casing wedges are retrievable thus reducing some of the costs involved with directional drilling. Use of the casing wedge requires the new hole to be drilled at the next smaller size. Casing wedges can come in two main designs that being either a hollow body or solid body. Hollow body wedges have the advantage of being able to be manufactured in the field.
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 They are however less robust. The solid body wedges should be used when wedging in hard ground or when a substantial amount of drilling is going to be attempted under the wedge. Both wedges are set onto a similar system. When a wedge is being positioned onto the bottom of the hole it will be placed onto a pine plug and set. If the wedge is to be set at some depth above the bottom of hole a Van Ruth Plug will have to set at the desired depth before the pine block and wedge can then be placed.



A Hall Rowe Wedge Assembly



A Casing Wedge Assembly
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 Van Ruth Plug



This pipe represents the Silver Section Placing the Van Ruth ID of a NQ Hole represents a NQ Rod Plug into top of rod string in the hole string prior to cutting cable tie



In-Hole view after Van View from above after The springs that help Ruth plug has been Van Ruth plug has been activate the plug, the seated seated reason the cable tie is not cut before placing in rods
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 Down-hole Motors With the use of a down-hole motor wedging can be avoided. Three main reasons a down-hole motor is use are: - INTERSECTION – To intersect planned multiple geological targets from the one ‘parent hole’ - COLLISION – Planned collisions i.e. Paste holes / Breakthrough holes - CORRECTION – To steer the drill hole back on path Intersection drill holes can be designed to intersect known targets with the ‘Lip Cutting’ technique which can be very cost effective. Once a depth is reached where the hole can be steered to an upper target, a down-hole motor (navitool) can be run to turn/direct the hole towards that target. Once the first target has been reached the process of cutting a lip can be done at the srcinal turn point. This is done by the use of a new bit and/or an internal step bit on a chrome barrel. The use of the chrome barrel means that the old hole will not be followed by the new hole we are attempting to drill.
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 Down-hole M oto rs Collision is where the bore hole is designed to intersect a single known target that is usually underground workings. This hole can be drilled for a number of reasons but is predominately for power cable runs, pilot hole for vent shafts and paste holes. Regular surveying and correctional runs are required to ensure the small target window is intersected. Correction of drill holes is part and parcel of collision method but is normally the result of no planning or directional control during the drilling process. When correcting a drill hole special care needs to be taken to keep the turns and dogleg rates within the limits to reduce the fatigue damage from excess torque and drag that can be created if a hole is poorly corrected.



Page 67



 Down-hole Motors Adjustment of NX Navi Tool
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 Down-hole Motor Once the required increment has been set on the adjustable bent housing this will now be the ‘top dead centre’ (TDC) and is the direction the motor will steer.



Ad ju st abl e Ben t Ho us in g In cr emen t Sett ing s 1 Degree Increments



0



0.2



0.38



0.56



0.71



0.83



0.92



0.98



1



Build Rate Degrees/30m



0



N/A



0.5



3.1



5.2



6.9



8.1



9



9.2



Build - drilling directionally with the intent to increase / decrease bore hole inclination. Build Rate (BR) is often expressed in Degrees / 30m Turn - drilling directionally with the intent to increase / decrease bore hole horizontal direction (azimuth). Rate of Turn (ROT) is also often expressed in Degrees per 30m and is directly related to the inclination of the bore hole with higher ROT’s achievable at more vertical inclinations.
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 Dog Leg Severity - a normalized estimate (e.g., degrees / 30m) of the overall curvature of an actual well path between two consecutive directional survey stations, according to the minimum curvature survey calculation method. With respect to a planned well path, dogleg severity may at times be synonymous with build gradient and/or turn gradient. (Degrees / 30meters) Using Dog Leg Severity (DLS) to plan intersections is usually done with the use of drilling software due to the complexity of the calculation e.g. Pluto, SES Making Hole, and Well-Nav etc
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 Down-hole Motor The power section assembly is a positive displacement motor made up of a rotor and stator. The rotor has one less ‘lobe’ than the stator and is a counter threaded rod with a high resistance shell to protect it from corrosion. The base of the rotor connects to the universal joint inside the transmission via a rotor adaptor



The inside wall of the alloy steel stator is lined with a durable Highly Saturated Nitrile elastomeric rubber compound. The manufacturing process produces a spiral cavity in the stator similar to the shape of the rotor. When the components are assembled, they form a continuous sealed chamber. As the rotor is rotating inside the stator, the volume of the sealed chamber remains constant – The Rotor & Stator converts the hydraulic energy inside the sealed Power Section into mechanical energy. The mechanical energy is then transferred via the transmission and through to the drill bit. The fluid not lubricates the power but also drilling the bearings of only the mud lubricated bearingsection pack and for this reason a very low solids content is required. Drilling Fluid for a Mud lubricated DHM should be preferably fresh with an additive that is a soluble oil with water soluble surfactants i.e. AMC Aus-Cut. A vegetable based soluble oil can be used i.e. Bit-Lube but should be in lower concentrations to avoid build up of a grease film within the power section. Common Lobe Configurations Because diamond impregnated drill bits are used in mineral exploration the high speed 1-2 is preferred due to the higher rotation speed required.
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 Soil Pene tration Tests (Soil Survey’s) The purpose of a soil survey is to determine the sub-surface soil condition at a particular site. The information obtained by the soil survey will give a positive identification and indication of:     



the thickness and elevation of each layer location stable and unstable soils water tables presence of rock and bed rock any other physical particulates of the intended building site.



A detailed soil survey is a program of soil sampling and field testing. That will yield accurate sub surface data which can be used for the final design and cost estimates of the foundation work. Another classification is known as undisturbed sampling. It is obtained with one of many thin wall tube samplers. Samples obtained with these tools have minimum physical disturbances. The purpose of the Standard Penetration Test is to identify the soil stratification and engineering properties of soil layers. During the SPT, it was possible to take disturbed and undisturbed samples (using split barrelsampler) which were used for further laboratory tests. The in-situ penetration test provides a soil sample for identification purposes and for of thesampling laboratory that of allow the ause of disturbed samples. Thea method soiltests consists driving split-barrel sampler to obtain representative, undisturbed sample and to simultaneously obtain a measure of the resistance of the subsoil to the penetration of a standard sampler. The resistance to penetration is obtained by counting the number of blows required to drive a steel tube of specified dimensions into the subsoil to a specified distance using a hammer of a specified weight .
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 MATRIX WEAR PROFILE ANALYSIS



On the following pages you will find some pictures of worn and expired matrices along with probable causes and possible solutions. These should be used as a guide only as there may be other factors that are influencing the wear of your bit. Drilling is full of variables; no two holes are the same.



If you encounter problems you should go back to basics and consider all possible causes, investigate the possible causes and through process of elimination determine the cause. If you can’t pinpoint the cause of the problem, contact your supervisor or head office in Perth. Speak to someone with drilling experience; they may identify a cause that you have overlooked. Matrix Wear Profile Analysis



1. New impregnated bit



2. Ideal Wear: Even wear, complete up to the carbide with the diamonds evenly worn.



3. Consumed bitimpregnated : bit consumed perfectly and out of the hole



4. the matrix wears too of fastthe before Diamond exposed: diamonds popoverly out prematurely thus reducing the life bit. the diamonds have worn out. The



Caused by : Drilling pressure too high for the speed of rotation. The water flow is too low. The use of high series bit (too soft a matrix).
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 Solution : Increase the water flow. Change the bit for a lower series (harder matrix).



5. Core bit polished or glazed: The bit does not cut, the diamonds are polished. Caused by : The drilling pressure is too low for the speed of rotation. The water flow is too high. Using a low series bit for the ground (too hard a matrix). Sol ut ion :



Sharpen the bit. Reduce the rotation speed and increase drilling pressure. Reduce water flow. Select a bit from a higher series (softer matrix).



6. Bit is completely melted and destroyed. Burnt core bit: Caused by



:



Ran out of water. The operator forgot to open the water valve. Drilling with high water pressure. Trying to force core up the tube Sol ut ion :



Increase water flow. Increase water flow. Check if the pump is working well. Check the rods for leaks in the joints. Confirm whether the inner tube is too long and adjust, if necessary. Pull tube as required in wedgie/ broken formations.



7. Cracks in the water ways: Cracks on the sides of the water ways. Caused by : Too much weight on the bit. Dropped the rods.
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 The inner tube was dropped in a dry hole. The bit was crushed by the foot clamp or rod holder.



Solution : Take some weight off the bit (hold-back) If it is a “dry-hole”, mark the wire line and carefully dry release the tube.



8. Loss of inside diameter Wear : of inside diameter and inside ringing Caused by : Drilling pressure too high. Very broken ground. Core left in the hole. Water flow too low. Matrix too soft.



Solution : Increase rotation speed. Reduce drilling pressure Change for a lower series core bit (harder matrix) Increase water flow. Check the length of inner tube.



9. Loss of outside diameter Wear : of outside diameter and outside ringing Caused by : Vibration. Rotation speed too high. Water flow too low. Cave in, the hole was reamed.



Solution :



Increaserotation water flow. Reduce speed. Check the diameter of reaming shell. Add drilling fluids (to reduce vibration).
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 10. Inside wear pattern : Outside to inside wear of bit Caused by : Drilling pressure too high for the rotation speed. Core left in the hole had to be drilled. Very broken ground.



Solution : Decrease drilling pressure Increase rotation speed. Check the core barrel. Add drilling fluids (fractured ground).



11. Outside wear pattern Wear : of the bit towards outer diameter Caused by : Water flow too low Loss of water by the rods Hole “reamed”.



Solution : Increase the water flow. Check for leaks. Check the diameter of sell.
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 HISTORY BOART PRODUCTS



H IS T O R Y



Our diamond products were srcinally developed by Anglo American Corporation in the 1930’s as a way to commercialize industrial-grade diamonds for the world’s leading diamond producer. Boart Products led the research and development program which enabled practical and reliable manufacturing of diamond coring bits.



EARLY SUCCESS IN THE COPPER BELT The rst Boart bits off the line were put to use exploring for copper in Zambia and gold in the Orange Free State, South Africa. The early success of these bits paved the way for widespread adoption of the technology within the industry.



LONGYEAR® In 1938, the Longyear contract drilling department started using Cast Set diamond bits. Almost immediately after Longyear had the bits in the eld, the sales department started receiving inquiries from around the world regarding the availability of the diamond bit. As our surface-set diamond bit technology developed, Longyear brand bits were put to use around the world. In the 1960’s, the Longyear® Q® wireline took the industry by storm and opened the door for widespread adoption of Longyear drilling tools and consumables.



1930



6 C o p y irg h t © 2 0



1940



1950



1970



1930s



1949



1955



Diamond bit technology developed by Boart Products



Key manufacturing partnership formed to produce Longyear bits



Longyear develops drilling system for NASA



1938



1950s



Longyear Cast Set diamond drill bits launched



Powder metallurgy rst applied to surface-set diamond bits



0 9 B o a tr L o n g y e a r. A ll R ig h ts R e s e r v e d .



www.boartlongyear.com
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 REVOLUTIONARY ENGINEERING 1974 was an important year for Boart Longyear. Boart International became the sole owner of Longyear. With the new found technical talent and capital investment from Boart International, Longyear became the leading manufacturer of diamond bits. It was during this transition when engineers in North Bay, Ontario secured a reliable source of high-performance synthetic diamonds which triggered the development of a completely revolutionary bit design – the impregnated-diamond bit. With decades of powder metallurgy



H IS T O R Y



experience behind them, Longyear engineers set out to develop a new crown which consisted of synthetic diamonds evenly distributed throughout a composite matrix. This new design could drill further and faster than surface-set bits and it cut through much harder material. By 1980, 75% of our Canadian-produced bits were of the new impregnated type and Longyear was manufacturing diamond bits in more than eight countries.



CONTINUED INNOVATION Today, there are many marketers of diamond bits and very few of those companies have invested in bit development. Boart Longyear is dedicated to the development of diamond bit technology. Our customers see it in our recent designs – such as Stage® (patent pending) – and they can trust us to deliver unmatched productivity year-after-year.



1980



1990



1978



ynthetic diamond impregnated bits eveloped by Longyear Canada



2000



2000



2010



2002



2007



Alpha™ titanium-coated diamond technology launched



Stage® waterway design is launched
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 SYSTEM OVERVIEW 1



S Y S T E M O V E R V IE W



2 3



4 5



Q® & Q®TK SYSTEM



14 C o p y irg h t © 2 0 0 9 B o a tr L o n g y e a r. A ll R ig h ts R e s e r v e d .



REAMING SHELL (1) The reaming shell is used to maintain a specified hole diameter as the rod string descends. In addition the reaming shell helps to stabilize the rod string.



CORE LIFTER CASE (4) The core lifter case mates to the inner-tube and houses the core lifter in a tapered socket which controls movement of the core lifter.



STOP RING (2) The Stop Ring is hardened steel snap ring designed to seat into a mating groove, and retain the core lifter in the core lifter case.



CORE DRILLING BIT (5) The core drilling bit attaches to the outer tube and is the cutting-edge at the bottom a drill string. Coring bits are available in a broad range of configurations which are specifically designed to perform in an equally-broad range of drilling conditions



CORE LIFTER (3) The core lifter is a hardened steel, split collar with a tapered body that mates to a tapered socket in the core lifter case. The core lifter is constricted against the core sample and retains it after it has broken, allowing retrieval to surface.



www.boartlongyear.com



Standard coring bits available for all types of drilling.
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 9 6



S Y S T E M O V E R V IE W



7



10



8



11 Q®3 SYSTEM OPTION



Q® TT SYSTEM OPTION



The Q®3 system is designed to improve core recovery in soft or highly broken ground conditions. STOP RING (6) Retains the inner-tube and the liner.



The Q® TT system is similar to the Q ®3 system but includes a specialized core lifer case and bit. These components enable change in the water flow by creating a seal which routes water flow away from the inner-tube – further improving core recovery.



INNER TUBE LINER (7) The inner-tube liner is used when collecting highly fractured or soft core samples.



INNER TUBE LINER (9) The inner-tube liner is used to improve core collection of highly fractured and soft core samples.



Q®3 CORE DRILLING BIT (8) Core bits made for a 3 tube core barrel system are designed to provide a smaller-diameter core sample which allows the core to feed into the extra tube.



CORE LIFTER CASE (10) A specially designed piloted core lifter case that improves core recovery and reduces core washing by directing fluid flow away from the ID of the core bit. Q® TT CORE DRILLING BIT ( 11)



Core bits made for a 3-tube core barrel system are designed to accommodate a pilot core lifter case. This style of core bit requires face discharge ports or deep ID waterways.
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 PRODUCT RANGE IMPREGNATED DIAMOND BITS The impregnated diamond bit is used for cutting holes in medium to ultra hard formations. A variety of variations are available to maximize drill life and penetration.



P R O D U C TR A N G E



The crown is made up of a metal powder and diamond matrix that wears away during the drilling process and exposes new layers of diamonds, renewing the cutting points.



SURFACE SET CORING BITS Surface set bits are typically used in softer formations. They utilize a single layer of natural diamonds set in a hard matrix and can be manufactured in many crown profiles to fit the different types of formations.



TSD BITS The TSD bit is used for fast penetration in soft/medium rock formations. TSD’s are a cost effective alternative for large stone surface set bits. 16 C o p y irg h t © 2 0 0 9 B o a tr L o n g y e a r. A ll R ig h ts R e s e r v e d .
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 PCD BITS PCD bits are made for cutting softer formations at high penetration rates. They typically have round PCD cutters that can be replaced, extending the life of the bit.



CARBIDE CHIP The carbide chip bit is a general purpose bit for geo-technical applications used primarily in soft formations. This is a cost effective alternate to carbide tooth bits.



P R O D U C T R A N G E A N D O V E R V IE W



DIRECTIONAL BITS Directional bits are used with down hole motors to steer the drill string in different directions. 17 . d e v r e s e R ts h ig llR A .r a e y g n o L tr a o B 9 0 0 2 © t h g ri y p o C
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 BIT RANGE CHART



SOFTER



B IT R A N G E C H A R T



L im e s t o n e



Sandstone



Andesite



Schist



P e g m a t it e



Basalt



SURFACE SET DIAMOND



SS 6/10 SS 10/15 SS 15/25 SS 25/35 SS 35/45 SS 45/55 SS 55/70 IMPREGNATED DIAMOND



SERIES 1 SERIES 2 SERIES 4 SERIES 6



TSD



TSD
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PCD



PCD



CARBIDE



CRB
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 HARDER



Diorite



Granite



Rhyolite



Gneiss



Quartzite



Taconite



Jasperite



B IT R A N G E C H A R T



SERIES 7 SERIES 8 SERIES 9 SERIES 10
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Conditions are often encountered where formations change repeatedly within a very short interval of drilling. Under such circumstances, select a bit which will cut the hardest of the expected formations, and adjust drill rates as abrasive rock is encountered to protect the bit from excessive wear rates.



For details about bit selection as well as custom exploration bits, please contact your regional sales representative.
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 IM P R E G N A T E D B IT S



IMPREGNATED BIT OVERVIEW IMPREGNATED BITS The combination of diamond and matrix determine the performance of an impregnated bit. The simultaneous erosion of the matrix and the diamonds makes the bit self sharpening. Boart Longyear uses a special matrix that provides optimal performance.



COATED SYNTHETIC DIAMONDS Boart Longyear utilizes CSDs so the diamonds stay in the bit matrix longer. Longer adhesion allows more of the diamond surface to be exposed and enables faster cutting. The coating also protects the diamonds from degradation during the bit production process.



CROWN HEIGHT Boart Longyear offers three different impreg depths of 6mm, 9mm, 12mm, and 25mm (with the patent-pending Stage® waterway). The longer crown heights provide improved bit stability and reduced vibrations, enhancing bit performance and life.



REINFORCED RIB PATTERN Extra-wide flat surfaces on the ID and OD shoulders strengthen the gauges, reducing bit face wear and promoting better cutting characteristics. This contributes to higher performance and longer bit life.



MAGNUM GAUGE
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Natural diamonds have been replaced with TSD (thermally stable diamond) pins. In addition, our unique gauge-keeping pattern provides improved stability and wear resistance, resulting in extended bit life. With a pure synthetic diamond design, drillers do not need to request an ‘All Synthetic’ or ‘No Natural Diamond’ bit for diamond exploration.
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 IM P R E G N A T E D



1



B IT S



2



3



4 5



6



7
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THREADS (1) Precision cut industry standard bit threads.



WATERWAYS (5) Controls fluid flow around the cutting edge of the bit



BIT SHANK (2) Made of high-quality steel and machined in small batches to maintain manufacturing standards



BIT FACE (6) Optimum design allows for quick startup of a new bit



CORE LIFTER CASE SEAT (3) Supports core lifter case when breaking core



CROWN (7) Available in an extremely wide variety of formulations, the crown is the cutting edge of the bit.



TUNGSTEN CARBIDE AND TSD PINS (4) Protect the integrity of the crown
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 IM P R E G N A T E D B IT S



LONGYEAR® IMPREGNATED BIT RANGE Selecting the right bit for the job is not as difcult as it may seem. Just assess the speed and power capability of your drill for the size and depths of the holes to be drilled and gain as much knowledge as you can about the expected rock types and downhole conditions; then follow the guidelines below. The Boart Longyear bit range is manufactured in sizes to suit Boart Longyear's and competitors' core barrels, and to accommodate oversize/undersize requirements. Boart Longyear recognizes that drilling conditions are often encountered where formations change repeatedly within a very short interval of drilling. Under such circumstances, the lowest bit which



will cut the hardest of the expected formations is recommended, and some discretion should be exercised to restrict penetration rates in any abrasive rocks encountered to protect the bit from excessive wear rates. However, if hole deviation becomes a problem, a higher bit, combined with reduced penetration rates, may contribute to bringing it under control. In certain instances, particularly in broken ground conditions, a mud program should be developed to maintain hole stability.



-



-



-
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 IMPREGNATED BIT SELECTION GUIDE



U



U bit



U



U bit



bit



bit



U



U bit



B IT S



U



U bit



IM P R E G N A T E D



bit



bit
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bit
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 IM P R E G N A T E D



IMPREGNATED BIT OVERVIEW MATRIX DESIGN OVERVIEW Boart Longyear offers the most accepted range of impregnated bit matrices. Long respected as the industry rule, our Series matrix selection provides an easy to select and dependable foundation for your drilling needs. When available, Longyear® impregnated bits matrices can be ordered in Abrasive, Standard and Competent formulations.



B IT S



ABRASIVE bits are for broken, abrasive drilling conditions or for harder rock with broken, abrasive conditions. COMPETENT bits are free-cutting for fast penetration in very hard, competent rock or for use on lower-powered rigs and in geo-technical applications.



SERIES 1 BIT



1 H



S



2 H



S



4 26



H



S



Series 1 is made with an extremely wear resistant matrix for long life in soft formations, but can also be used in medium broken formations.



SERIES 7 BIT



7 S



SERIES 2 BIT



SERIES 8 BIT



Series 2 is made to cut soft formations and large grain medium formations with excellent bit life. Is also



Series 8 is a general purpose bit for cutting hard formations. It is also a good choice to improve



a good choice for cutting concrete with reinforcing.



8 H



S



SERIES 9 BIT



Series 4 is a good choice for cutting soft to medium formations. Series 4 is also a good alternative to the Series 6 for high torque low rpm rigs.



Series 9 is a free cutting formula for cutting very hard and ultra hard formations. This is a good choice when drilling medium hard formations with a low torque drill rig.



9 H



S



SERIES 6 BIT Series 6 is a general



6 S



H



drilling production of medium hard formations.



SERIES 4 BIT
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Series 7 is made to cut medium hard formations. Series 7 is a good choice for formations that have a mixture of medium hard and H hard conditions.



purpose formula for cutting formations in the medium hard range. Series 6 also works well in formations of variable hardness.
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SERIES 10 BIT Series 10 is made to cut ultra hard fine grain formations. This is an alternative when drilling very hard formations with a H low torque drill rig.
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 IMPREGNATED BIT WATERWAY OPTIONS STANDARD WATERWAYS Recommended for general purpose coring operations. Available with various numbers of waterways and waterway widths. Also available in WIDE waterway configurations.



Recommended for soft and broken ground applications where blocking of regular TAPERED WATERWAYS (TW) waterways is possible. The jetting effect of the taper tends to keep the waterway free of cuttings and reducing pressure across the bit face.



IM P R E G N A T E D B IT S



Also available in WIDE waterway configurations.



EXPRESS WATERWAYS (EX) Provides greater penetration rates in competent formations. The hydraulic effect of the design improves the flushing efficiency and controls bit-rock contact. The allows for reduced torque and increased penetration rate. When drilling at depth and rig power is declining, the express design is recommended. Also available in WIDE waterway configurations.



DEEP ID WATERWAYS (DD) Recommended in loss-of-circulation applications. Deep ID waterways prevent the vacuum effect which pulls the core lifter case into the bit causing a loss of water flow to the bit face. The extra clearance allows water to flow past the bit face and the additional ID waterway area reduces jetting and core washing. Also available in WIDE waterway configurations.



FACE DISCHARGE WATERWAYS (FD) Recommended for very soft and broken ground or swelling core applications with Q®3 barrels. The face discharge ports offer excellent flushing to prevent blockages in the waterway channels by reducing pressure to the ID and redirect fluid to the face of the bit. Also available in WIDE waterway configurations.



STAGE® WATERWAYS The new patent-pending Stage® waterway design is recommended for all drilling applications. The design has proven to be highly efficient, allowing for superior flushing capability and highly productive penetration rates. Bits utilizing the Stage ® waterway are currently only available in a impreg height of 25.4mm.
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 STAGE® WATERWAY OVERVIEW STAGE® WATERWAYS



S T A G E



The Stage® waterway option represents a new way of looking at bit crown design. One look and a driller knows it’s different – the massive crown, increased cutting area and incredibly stable window design – Stage® is changing the industry.



®



The 25.4mm is achieved using a patent-pending window-waterway design. As the crown height is worn down through normal usage, a new stage is revealed. The windows of the new stage open up to form waterways. Each new stage of windows will open before the previous stage finishes.



STAGE® WATERWAY FEATURES



25.4mm



THE INDUSTRY’S TALLEST CROWN
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PATENT-PENDING WINDOW DESIGN



Longyear ® bits configured with the Stage ® waterway design are more structurally sound than any diamond impregnated bit currently on the market – at any height.



HIGHLY EFFICIENT WATERWAYS



The longer crown height of the Stage ® adds stabilization to the drill string which results in less deviation at the bottom of the hole and increases both reamer life and overall productivity.



The window design has proven to be highly efficient, allowing for superior flushing capability and highly productive penetration rates.
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 IM IMPREGNATED BIT ORDERING DETAILS P R E READING A LONGYEAR IMPREGNATED DIAMOND BIT DESCRIPTION: G N ® A T E D WATERWAY B IT MATRIX SIZE SIZE WATERWAY S GAUGE OPTION IMPREG DEPTH ®



NQ 02 R C6 EX 5@155



SIZE Longyear ® bits are available in all standard drilling sizes as well as a number a regionspecific sizes. MATRIX The Longyear® impregnated diamond bit line has been designed to manage an extremely wide variety of ground conditions. See page 26 for complete details.
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GAUGE Longyear ® bits are available in four standard gauge configurations. STANDARD GAUGE (S) EQUAL TO REAMING SHELL GAUGE (R) LESS THAN REAMING SHELL GAUGE (-R) OVERSIZED OD (OS, INCHES) IMPREG DEPTH Longyear ® impregnated diamond bits are currently available in four standard impreg depths of 6mm, 9mm, 12mm and 25mm.



WATERWAY OPTION Longyear ® impregnated diamond bits are available in six specially designed waterway options: STANDARD TAPERED (TW) EXPRESS (EX) DEEP ID (DD) FACE-DISCHARGE (FD) STAGED WATERWAY SIZE Longyear ® impregnated diamond bits offer the widest variety of waterway sizes in the industry. The description represents the number of waterways and the waterway size:



5 @ 155 FIVE EACH WATERWAY WATERWAYS IS .155” WIDE 1



.155” 5



2



4



3
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 OVERVIEW C A S IN G S H O



Boart Longyear® casing shoes are heavy duty products which can match up to the toughest formations. With the use of very resilient matrix to optimize diamond retention, they will hold up in very abrasive, unfriendly formations.



S E



shoe can be used to ream the casing downward when advancing a casing string in an existing hole with the rod string still in place.



CASING & ROD SHOES (1) The casing and rod shoes are threaded to the end of the outer drill string for penetration through overburden. It assists in seating the outer drill string into the bedrock, providing a tight seal for the drilling fluids to return to the surface. A casing



The casing shoe inside diameter is flush or has clearance to the inside diameter (ID) of the casing which allows free passage of the core barrel through the shoe. Casing shoes are available in standard and oversize diameters.



1



Casing shoes are available in impregnated, carbide and surface set. CASING BITS (2) These are less commonly used and differ from casing shoes in that the inside diameter of the casing bit is smaller. It will not permit the passage of the core barrel due to the overlap of dimensions. Casing bits are used when deep or difficult overburden is encountered. CASING ADVANCER SHOES (NOT SHOWN) The casing advancer shoe is designed much like a typical casing shoe but has an oversized outer diameter which allows for a roller cone to pass through the ID and provides clearance for the extra cuttings generated.



2
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 CASING SHOE ORDERING DETAILS



READING A BOART LONGYEAR®



WATERWAY



C A S IN G S H O



SIZE



S E



CASING SHOE DESCRIPTION:



CAS NW 08 S C9 5@155 CASE OR ROD



MATRIX GAUGE THREAD IMPREG DEPTH



CASE OR ROD Longyear® casing shoes are available in both casing (CAS) and rod (ROD) shoe configurations.



IMPREG DEPTH Longyear® impregnated diamond bits are currently available in four standard impreg depths of 6mm, 9mm, 12mm and 25mm.



THREAD Longyear® bits are available in all standard drilling thread types as well as a number a



WATERWAY SIZE Longyear® impregnated casing shoes offer the widest variety of waterway sizes in the industry.



region-specific sizes.



The description represents the number of waterways and the waterway size:



MATRIX The Longyear® impregnated diamond bit line has been designed to manage an extremely wide variety of ground conditions. See page 26 for complete details. GAUGE Longyear® bits are available in three standard OD gauge configurations. STANDARD GAUGE (S) EQUAL TO REAMING SHELL GAUGE (R) OVERSIZED OD (OS, INCHES)



5 @ 155 FIVE WATERWAYS



EACH WATERWAY IS .155” WIDE



1 79



.155” 5



2



4
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BOART LONGYEAR OFFERS COMPLETE CUSTOM DESIGN SERVICES. SEE PAGE 20 FOR DETAILS.
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 SURFACE-SET OVERVIEW S U R F A C E S E T B IT S



Boart Longyear offers a wide variety of designs for surface set diamond bits. Our selection includes a variety of crown profiles, diamond grades and stone size as well as erosion resistant features. Surface set bits can be very cost effective in soft sedimentary rocks. CROWN PROFILES The profile of the bit face or crown is important because it affects drilling speed, hole deviation, and core recovery. There is a wide choice of profiles for surface set bits which cover all common drilling conditions. As a rule, multistep bits drill fastest but are less robust in hard, broken conditions where round or semi-flat profiles are preferred.



SEMI-ROUND (SRC) The semi-round is a good general purpose bit, suitable for a wide variety of conditions. It offers good strength in broken conditions.



STEP-TYPE (STP) The step-type profile provides stabilized drilling capabilities and improves penetration in hard and competent formations. Available profiles. in 1-4 step



PILOT (PC) The pilot is good for core recovery in soft consolidated formations. This profile offers improved stability and reduced vibrations.



CONCAVE FACE PLUG (CC) The concave face plug bit is used in general purpose drilling. The profile has a rounded shoulder to a concave face.
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PILOT WITH FACE DISCHARGE (PC) The face discharge crown features extended



PILOT PLUG (PC) The pilot plug bit is used to control hole deviation in softer formations.



ports to minimize sample erosion. It increases core recovery in delicate formations.



This profile has two rounded shoulders to a concave face.
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 DIAMOND GRADE OVERVIEW DIAMOND CONFIGURATION Once a crown profile has been identified, DIAMOND GRADE and DIAMOND SIZE are the key factors to choose from to maximize your drill bits performance for life and speed. DIAMOND GRADE In selecting the correct diamond grade for the ground condition you are in, the following selection guidelines should be considered: PREMIUM (PRM): Has the highest percentage of high quality unprocessed natural diamonds. SPECIAL (SPL): Has a lower percentage of high quality unprocessed natural diamond compared to our premium grade.



S U R F A C E S E T B IT S



SELECT (SEL): The best quality, processed drilling diamonds are suitable for core bits for medium hard to softer formations. These are lower cost diamonds suitable for all general purpose tools. STANDARD (STD): The lowest cost, partially processed drilling diamonds are normally used in casing tools. These diamonds are suitable in core bits for the softest formations only.. DIAMOND SIZE Rule of Thumb: The harder the rock, the smaller the diamonds. Small diamonds should not be specified for drilling badly broken ground. Number of individual stones (or diamonds) is a very important factor in determining how well a bit will cut. Boart Longyear uses mathematical formula to position each and every diamond on a bit to ensure proper overlap with a minimum of diamonds. This keeps the carat weight (and initial bit cost) as low as possible in a balanced design. Using advanced powder metallurgy technology, coupled with decades of field experience, Boart Longyear has developed a high performance matrix that is suitable for virtually all drill conditions.



BOART LONGYEAR STANDARD DIAMOND SIZES (IN STONES PER CARAT - SPC) SPC RANGE



DIAMOND SIZE



6/10



0.098in



2.49mm



10/15



0.085in



2.16mm



15/25



0.071in



1.80mm



25/35



0.063in



1.560mm



35/45



0.058in



1.47mm



45/55



0.054in



1.37mm



55/70



0.048in



1.22mm



70/90



0.044in



1.12mm



90/100



0.042in



110/130



0.040



1.07mm 1.02 mm
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 SURFACE-SET ORDERING DETAILS S U R F A C E S E T B IT S



READING A LONGYEAR® SURFACE-SET



NQ 6/10 SEL R PC FD ®



SIZE



DIAMOND WATERWAY GAUGE SIZE OPTION (SPC) CROWN DIAMOND PROFILE GRADE



SIZE Longyear ® bits are available in all standard drilling sizes as well as a number a regionspecific sizes. DIAMOND SIZE Longyear ® surface-set diamond bits are available in stone-per-carat configurations ranging for 6/10 to 110/130 SPC. Please see page 87 for complete details.
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DIAMOND BIT DESCRIPTION:



DIAMOND GRADE Once a crown profile and diamond size has been identified, DIAMOND GRADE is a key factor for maximizing your drill bit performance, life and speed. Please see page 87 for complete details.



GAUGE Longyear ® bits are available in four standard gauge configurations. STANDARD GAUGE (S) EQUAL TO REAMING SHELL GAUGE (R) OVERSIZED OD (OS, INCHES) CROWN PROFILE Longyear ® surface-set diamond bits are available in a wide variety of crown profiles. Please see page 86 for complete details. WATERWAY OPTION Where applicable, waterway options will be identified here. SPIRAL (TW) DOUBLE ANGLE (DA) FACE DISCHARGE (FD)
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 TSD OVERVIEW T S D B I T S



THERMALLY STABLE DIAMOND BITS (TSD) TSD cutters are smaller and generally more robust than PCD cutters. The inserts are set in a tough wear-resistant matrix body and feature broached gauge reinforcements. Cutters are placed to provide full coverage across the cutting face. These bits are suitable for drilling soft to medium-hard formations depending on the power of the drill rig. The smaller, more robust cutters make this bit usable in rock types that are somewhat harder than those which can be drilled with PCD bits.
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 TSD BIT ORDERING DETAILS READING A LONGYEAR® TSD BIT DESCRIPTION:



NQ 3 TSD R FD NND R/B ®



SIZE



BIT TYPE



GAUGE WATERWAY



T S D B I T S



ROD/BOX THREAD



NO NATURAL DIAMOND SIZE



WATERWAY OPTION



Longyear® bits are available in all standard drilling sizes as well as a number a regionspecific sizes.



Where applicable, waterway options will be identified here. DEEP ID (DD) FACE DISCHARGE (FD)



GAUGE Longyear® TSD bits are available in two standard gauge configurations. EQUAL TO REAMING SHELL GAUGE (R) OVERSIZED OD (OS, INCHES)



NO NATURAL DIAMOND Only synthetic diamonds are used throughout.



ROD/BOX THREAD ROD BOX (R/B) ROD PIN (R/P)



103 . d e v r e s e R ts h ig llR A .r a e y g n o L tr a o B 9 0 0 2 © t h g ri y p o C
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 PCD OVERVIEW



P C D B I T S



POLYCRYSTALLINE COMPACT DIAMOND BITS Ideal for drilling in soft to medium sedimentary formations which are homogeneous and competent. The PCD cutters are available in several sizes and are located to yield maximum penetration rate and long life depending on the application. The bits are constructed with a tough, wear-resistant matrix body and gauge reinforcement. As a result, worn cutters can be rotated or replaced allowing the continued use of the bit.
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 PCD ORDERING DETAILS READING A LONGYEAR® PCD BIT DESCRIPTION:



HQ PCD8 R FD NND R/B ®



THREAD PCD SIZE



ROD/BOX THREAD



GAUGE WATERWAY OPTION



P C D B I T S



NO NATURAL DIAMOND THREAD



WATERWAY OPTION



Longyear® bits are available in all standard drilling thread types as well as a number a region-specific sizes.



Where applicable, waterway options will be identified here. DOUBLE ANGLE (DA) FACE DISCHARGE (FD)



PCD SIZE Standard Longyear® PCD bits are available with either 8mm or 13mm PCD cutters.



NO NATURAL DIAMOND



GAUGE



ROD/BOX THREAD



Longyear® PCD bits are available in three standard gauge configurations. STANDARD GAUGE (S) EQUAL TO REAMING SHELL GAUGE (R) OVERSIZED OD (OS, INCHES)



Only synthetic diamonds are used throughout.



ROD BOX (R/B) ROD PIN (R/P)
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 CARBIDE OVERVIEW C A R B ID E B IT S



Longyear ® carbide products are designed for drilling in soft-to-medium rock formations and overburden conditions. CARBIDE CHIP DEVIL’S NIGHTMARE The Devil’s Nightmare is aggressive – the special carbide that is used maximizes its capabilities. With efficient flushing characteristics, it offers high performance in a variety of applications ranging from soils to soft rock formations.
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 CARBIDE BIT ORDERING DETAILS



READING A LONGYEAR® CARBIDE BIT DESCRIPTION:



C A R B ID E B WATERWAY IT OPTION S



SHOE CAS NW DN OS FD BIT OR SHOE



SIZE



CASE OR ROD



(SHOE ONLY)



CASE OR ROD Longyear ® casing shoes are available in both casing (CAS) and rod (ROD) shoe configurations. SIZE Longyear ® bits are available in all standard drilling sizes as well as a number a regionspecific sizes. BIT TYPE DEVIL’S NIGHTMARE (DN)



BIT TYPE



GAUGE



GAUGE Longyear ® carbide bits are available in three standard OD gauge configurations. STANDARD GAUGE (S) EQUAL TO REAMING SHELL GAUGE (R) OVERSIZED OD (OS, INCHES) WATERWAY OPTION Where applicable, waterway options will be identified here. DOUBLE ANGLE (DA) FACE DISCHARGE (FD)
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 REAMING SHELL OVERVIEW



R E A M IN G S H E L S



LONGYEAR® REAMERS UTILIZE A SPIRAL PAD DESIGN WHICH HAS TWO KEY BENEFITS: Longyear® reamers feature increased stability and reduced vibrations due to the specially designed spiral pads. The design provides increased contact with the circumference of the hole. Longyear® reaming shells experience longer life in the field due to the greater number of diamonds and carbide reinforcements.



1 IMPREGNATED DIAMOND REAMERS (1) A mixture of large natural stones combined with synthetic stones concentrated on the surface of the reamer pad 122 C o p y irg h t © 2 0



2 BROACHED REAMERS (2) Natural diamonds are placed in a broach that is made up of several half round strips. This is designed to reduce the contact of the reamer on the rock decreasing drag and increasing water flow. Ideal for softer formations
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 Boart Longyear provides four different types of reamer configurations to ensure the right reamer for the right application. The magnum and premium reamers contain tungsten carbide to absorb impact and improve life through decreasing erosion of the pad.



3 MAGNUM REAMERS (3) Have alternating rows of tungsten carbide and TSD pins. Can be used for gathering core samples that can not be contaminated by natural diamond fragments



4 PREMIUM REAMERS (4) Contains the most natural diamond content of all the reamers. Each pad is protected with Tungsten carbide strips on both the leading and trailing edges to help protect gauge and improve life
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BOART LONGYEAR ALSO PROVIDES THE FOLLOWING SPECIALTY REAMER CONFIGURATIONS: ROD REAMERS Used anywhere in the rod string to stabilize the rod. Can also be used to keep the hole to size.



R E A M IN G S H E L S



DIAMOND ADAPTER COUPLING Used to stabilize the core barrel. It contains a rod thread on one side and the core barrel thread on the other. Can also be used to keep the hole to size.
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 REAMING SHELL ORDERING DETAILS



R E A M IN G S H E L S



READING A LONGYEAR®



REAMING SHELL DESCRIPTION:



NQ IMP R ®



SIZE



GAUGE REAMER TYPE



SIZE Longyear® reaming shells are available in all standard drilling sizes as well as a number a region-specific sizes. REAMER TYPE Longyear® reaming shells are available in four standard types. See page 122 for complete descriptions. DIAMOND IMPREGNATED (IMP) MAGNUM (MGM) PREMIUM (PREM) BROACHED (BROACH)



124



GAUGE Longyear® reaming shells are available in three standard gauge configurations. STANDARD GAUGE (S) EQUAL TO REAMING SHELL GAUGE (R) OVERSIZED OD (OS, INCHES)
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 OVERVIEW



W E D G IN G T O O LS



DIAMOND WEDGING TOOLS



Boart Longyear® wedging tools are diamond products that are made to follow wedges set in the bore hole with the intention of altering the hole direction. They consist of surface set wedge reamer, surface set bullnose bits, and impregnated tapered crown core bits. These special profiles are required to avoid drilling straight through the wedge. IMPREGNATED TAPERED CROWN CORE BITS The combination of diamond and matrix determine the performance of an impregnated bit. The simultaneous erosion of the matrix and the diamonds makes the bit self sharpening. Boart Longyear uses a special matrix which provides optimal performance. The tapered crown profile is available in a taper varying from 1/4” to 7/16”.
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 WEDGING BIT ORDERING DETAILS



READING A LONGYEAR® WEDGING BIT DESCRIPTION:



BQ 06 C9 S FD 5@125 ®



SIZE



WATERWAY MATRIX CROWN WATERWAY SIZE HEIGHT OPTION GAUGE



SIZE Longyear® bits are available in all standard drilling thread types as well as a number a region-specific sizes. MATRIX The Longyear® impregnated diamond bit line has been designed to manage an extremely wide variety of ground conditions. See page 26 for complete details.



W E D G IN G T O O LS



WATERWAY OPTION Where applicable, waterway options such as FACE DISCHARGE (FD) will be identified here. WATERWAY SIZE Boart Longyear® wedging bits offer the widest variety of waterway sizes in the industry. The description represents the number of waterways and the waterway size:



GAUGE Boart Longyear® bits are available in standard gauge configurations. STANDARD GAUGE (S)



5 @ 125 FIVE WATERWAYS



EACH WATERWAY IS .125” WIDE



1



IMPREG DEPTH Longyear® wedging bits are currently available in 2 standard impreg depths of 9mm and 12mm.



131



.125” 5



2



4
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3



BOART LONGYEAR OFFERS COMPLETE CUSTOM DESIGN SERVICES. SEE PAGE 20 FOR DETAILS.
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 D IR E C T IO N A L D R IL L IN G



OVERVIEW DIRECTIONAL DRILLING TOOLS



Directional drilling bits are threaded onto downhole motors and used in directional drilling applications. They have reinforced center ports and have an impregnated full face crown. Boart Longyear® directional drilling bits can also be used as an impregnated plug bit. IMPREGNATED DIRECTIONAL DRILLING BITS The combination of diamond and matrix determine the performance of an impregnated bit. The simultaneous erosion of the matrix and the diamonds makes the bit self sharpening. Boart Longyear uses a special matrix which provides optimal performance. Boart Longyear® directional drilling bits feature threaded ports in shank allow plugs to be threaded to more closely regulate fluid flow.
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 DIRECTIONAL DRILLING ORDERING DETAILS



READING A LONGYEAR® DIRECTIONAL DRILLING BIT DESCRIPTION:



AW R/P DHM 10 OS TP MATRIX ROD THREAD



DOWN-HOLE MOTOR



PLUG DEFINITION THREAD Longyear® directional bits are available in a variety standard drilling thread types as well as a number a region-specific sizes. PLUG DEFINITION ROD BOX (R/B) ROD PIN (R/P) MATRIX Longyear® impregnated diamond bits are been designed to manage an extremely wide variety of ground conditions. See page 26 for complete details.



SHANK OPTIONS GAUGE



D IR E C T IO N A L D R IL L IN G



GAUGE Longyear® bits are available in three standard gauge configurations. STANDARD GAUGE (S) EQUAL TO REAMING SHELL GAUGE (R) OVERSIZED OD (OS, INCHES) SHANK OPTIONS Where applicable, shank options such as THREADED SHANK PORTS (TP) will be identified here.
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BOART LONGYEAR OFFERS COMPLETE CUSTOM DESIGN SERVICES. SEE PAGE 20 FOR DETAILS.



Page 110



BOART LONGYEAR GLOBAL PRODUCT CATALOGUE | LONGYEAR® BITS AND ACCESSORIES | 09-2009R



 Page 111



 Page 112



 Page 113



 Page 114



 Page 115



 Page 116



 R



O



T



L



NG



R GE



YEA



O



NU



IN



E P



A



B



R O D TH R E A D O V E R V IE W



T



S



|



|



ROD THREAD OVERVIEW
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Wireline Drill Rod Threads Q® THREAD Leading industry thread Easy make and break



RQ® THREAD Upgrade over Q® rod Maximum depth capacity Increased strength and wear life



HD THREAD Large diameter drilling Robust thread
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Conventional Drill Rod Threads
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WJ THREAD Industry-standard DCDMA thread Reliable friction welded construction
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V-WALL OVERVIEW The V-Wall is an internally-upset rod available with our genuine Q® thread, the high loadefficiency RQ® thread or HD thread. In addition, all V-Wall® rods undergo a unique combination of heat treatment processes for performance in demanding applications. With up to 30% less weight in your drill string, you’ll be able to manage more coring rods – increasing your existing drill’s depth capacity. For example, a drill rated for 2500 m will be able to manage a 3250 m drill string using V-Wall®.
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The mid-body also benefits from the internally-upset process and provides flexibility for wedging and steering in deviated hole applications. Annular clearance between the core barrel and the interior wall of the rod has increased 30%, enabling up to a 20% increase in core barrel descent speed. When utilizing V-Wall® rods with our patented Quick Descent Core Barrel, drop speeds can be expected to increase up to 50%. Depending on the drill, this increase in productivity could equal an extra trip per shift on a 3000 m hole, providing more core to the client.



V-WALL® ROD DESIGN Q ®, RQ O® HD RBOX THREAD HEAT TREATMENT



Q



®



, RQ® OR HD PIN THREAD HEAT TREATMENT



V -W A LL ®



R O D O V E R V IE W



SUPERIOR MIDBODY FLEXIBILITY CASE-HARDENED PIN END



INCREASED INSIDE DIAMETER FOR FASTER INNER TUBE TRIPPING



V-WALL® PULL-BACK ADVANTAGE ® PHD V-WALL VS. STRAIGHT WALL



DRILL: BLY



LF 90D



HRQ V-WALL® V S . S T RAI GH T WAL L DRILL: BLY



LF 90D



P a t e n t # 5 ,7 8 8 ,4 0 1 ; o th e r p a te n t s p e n d in g



N RQ V-WAL ® L VS. STRAIGHT WALL DRILL: BLY



LF 90D



PULLBACK RATING:



PULLBACK RATING:



PULLBACK RATING:



16000 LBS (7273 KG)



16000 LBS (7273 KG)



16000 LBS (7273 KG)



0 m



7 PHD



250 m
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STRAIGHT



418 m



PHD V-WALL 500 m



ll R A



HQ



570 m



STRAIGHT



+30%



632 m



NQ



750 m



STRAIGHT



HRQ



932 m



V-WALL 796 m



+22% 1000 m



NRQ V-WALL 1054 m



+12%



1250 m
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 C A SI N G TH R E D A O V E R V IE W



CASING THREAD OVERVIEW Casing Threads W THREAD Industry-standard DCDMA thread



WT THREAD Premium over W Casing Easy make and break HD thread
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DRILL ROD JOINT DEPTH CAPACITY
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R Q H



2000 m (6500 ft)



2500 m (8200 ft)
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3360 m (11023 ft)



Rod capabilities and failure loads were determined by an independent facility. A safety factor has been applied for the above ratings (applies to new, unused Boart Longyear rods used in a straight vertical hole, assuming compliance to wireline drill rod care and handling manual and standard core drilling practices). This is a measure of how much load a joint can carry, as compared to the midbody (e.g. 30% provides a third of the strength). Inversely, this is a measure of how much more stress is created in the joint by a load, as compared to the midbody (e.g. 30% creates three times the stress under a load). • • • •



Depth capacity is limited by drill rig capacity. Depth capacity decreases with wear. For example, derate by at least 50% for box shoulder thickness worn to 50% of srcinal. Increase make-up torque to match operating torque as depth increases. Operating torque should not exceed make-up torque. Load efficiency is an excellent indicator of load capacity and fatigue strength. Choose a high efficiency joint in deep or deviated holes.
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 D R IL L R O D M A X TO R Q U E R A TI N G



DRILL ROD JOINT MAX TORQUE RATING



0 8 B o a rt L o n g y e a r. A ll R i g h ts R e s e rv e d .



P



2400 Nm (1750 ft-lb)
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1000 Nm (750 ft-lb)
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0 Rod capabilities and failure loads were determined by an independent facility. A safety factor has been applied for the above ratings (applies to new, unused Boart Longyear rods used in a straight vertical hole, assuming compliance to wireline drill rod care and handling manual and standard core drilling practices). This is a measure of how much load a joint can carry, as compared to the midbody (e.g. 30% provides a third of the strength). Inversely, this is a measure of how much more stress is created in the joint by a load, as compared to the midbody (e.g. 30% creates three times the stress under a load). • • • •



Depth capacity is limited by drill rig capacity. Depth capacity decreases with wear. For example, derate by at least 50% for box shoulder thickness worn to 50% of srcinal. Increase make-up torque to match operating torque as depth increases. Operating torque should not exceed make-up torque. Load efficiency is an excellent indicator of load capacity and fatigue strength. Choose a high efficiency joint in deep or deviated holes.
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 MAKING AND BREAKING DRILL STRING Stabbing Wireline drill rods and casing provide very little radial clearance when first inserting a pin end into a box end (stabbing). If the pin end is not aligned, it will stab into the box end shoulder causing permanent damage regardless



A P P L IC A T IO N



of design or heat treatment. This damage will create leakage ranging from negligible to significant, depending on the degree of damage (see fluid seal). Severe stabs can compromise the fit of the joint and potentially cause fatigue failures. Once the face of the pin end shoulder is even with the face of the box end shoulder, the pin end should be lowered slowly into the box until the stab flank of the pin thread mates against the stab flank of the box thread. If the pin is not in true vertical alignment over the box or if the joint has insufficient taper to allow the first turn of pin thread to clear the first turn of box thread, the pin thread crest may wedge or ‘jam’ against the box thread crest or begin to crossthread. Rotating the connection counter-clockwise ¼ to ½ turn will correct the misalignment. Once successfully lowered, rotate the stabbing rod by hand to ensure proper thread engagement (see make-up). It is recommended that a stabbing guide be utilized (e.g. Boart Longyear hoist plug and water swivel adapter subs have a bull nose lead-in feature to prevent stabbing damage).



Make-Up
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Wireline rods and casing make-up by slowly rotating the pin clockwise into the box (right hand threads). On most drills, this must be done at a very low rotation (e.g. 10 RPM or less) to avoid applying extraneous torque due to the inertia of the drill head. For example, a 45 kg (100 lb) drill head rotating at 100 RPM can apply an extra 1350 Nm (1000 ft-lb) or more of inertial torque when the joint is closed abruptly. If the stand-off gap is outside specification or if the joint does not close after applying a small amount of make-up torque, break-out the joint, clean and inspect both threads. This is an indication of excessive wear, excessive foreign material, or thread deformation due to overloading during making or breaking. It may also indicate that the product is from a different manufacturer. Due to the significant safety risk, Boart Longyear drill rods should never be mixed with another manufacturers’ rods. Doing so may cause catastrophic equipment failure, leading tobodily injury ordeath. In addition, mixing rods will void the Boart Longyear warranty.
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 MAKING AND BREAKING DRILL STRING Make-Up Torque (Pre-Loading) After the stand-off gap is closed, additional make-up is required to sufficiently pre-load the joint. While a large wrench may be sufficient on smaller sized rod strings or less demanding applications (check torque rating on catalogue ‘Rod Wrenches’ page), make-up applied with the drill head or other power make-up devices is often required. This is to ensure the box shoulder does not become unloaded during drilling allowing leakage, fretting or premature fatigue failures. Joints will not self makeup sufficiently during drilling alone as the joint has additional frictional resistance to make-up under drilling loads.



Fluid Seal: Shoulder compression and pin tension closes gap and stops leakage of drill fluids. PIN



p -u e k a m y b e m o c r e v o e c n e r fe re t n I



Joints with insufficient make-up will begin to leak as the pullback load increases and the box shoulder relaxes. Another visual sign of insufficient make-up is pitting-wear in the joints due to fretting (see glossary) and in extreme cases, fatigue failures. As a rule of thumb, the make-up torque on each joint should be adjusted to match the drilling torque it is expected to see. Additional make-up is required to maintain box shoulder compression under excessive pullback or bending loads. However, note that excessive make-up reduces the available load capacity and fatigue strength. Note: A common practice, in standard applications, is to apply 20% more make-up than drilling torque, however this takes away from the remaining load capacity and is not recommended for demanding applications. The pin end is engineered to be slightly shorter than the box end to allow pre-loading of the box shoulder and elastic response to drilling loads. This is evident by a gap at the internal torque shoulder. Under extraordinary make-up or drilling torque, the pin and box will be sufficiently loaded to close this gap and engage the internal torque shoulder providing additional torque capacity.



. re u s s e r p ti f e c n e r e fr e t n i g in t a e r
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c e u rq o t



BOX Slight internal stand-off gap under recommended makeup torque — will close as operating torque increase to provide maximum capacity.
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 MAKING AND BREAKING DRILL STRING Lowering/Inserting The drill drive and hoist sheave must be aligned with the center line of the hole to prevent undue bending and drag. The drill must also be well secured to the casing, ground or work face to ensure it does not load the rod string or



A P P L IC A T IO N



become misaligned. Adjust hollow spindle drive chucks or feed rollers to ensure that contact pressure is not permanently deforming or bending midbodies, especially in the case of light weight rod strings. In down-holes always lower the rod string with the inner tube assembly latched in position. The inner tube assembly will act as a check valve in case the rod string is accidentally dropped.



Break-Out Theory and laboratory tests show that break-out torque should be 70-80% of the greater of make-up or drilling torque applied to each joint. Despite this, breaking-out may be problematic due to adhesion wear or as some drill rigs do not have the same load capacity in breaking as they do in making-up or drilling. Additionally, during drilling the joints may be subject to vibration and loss of thread compound reducing the frictional resistance and allowing incremental make-up. Note that a poor choice of compound will contribute to this effect as well. This may result in a break-out torque requirement that exceeds the srcinal make-up applied. This can be overcome utilizing the same effect by applying a slight percussive blow to the side of the box with a rubber mallet or similar non-damaging tool. Do not use a metal hammer or similarly hard objects. They will affect material properties in the impacted area and potentially cause fatigue failures and may void the Boart Longyear warranty.
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On down hole applications of significant depth, prior to breaking-out, ensure that the drill rig foot-clamp is holding the rod string weight and that any tension across the joint (between the drill head and foot clamp) has been relieved. This eliminates undue thread wear and a potential safety hazard on deep holes; the pin should not ‘jump’ out of the box on break-out. Once the threads have disengaged, the pin can be slowly lifted. Cleaning and re-lubricating is recommended to maximize wear life.
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 MAKING AND BREAKING DRILL STRING Fluid Seal Conventional and wireline drill rods and casing utilize steel-on-steel interfaces as a fluid seal. Make-up torque is required to load the box end shoulder face against the pin external shoulder face to develop the necessary contact pressure at the interface. Given the high elastic modulus of steel, the performance of these seals is very limited despite seal face geometry or heat treatment. As a result, the fluid seal is very sensitive to damage on either seal face.



Fluid Seal: Shoulder compression and pin tension closes gap and stops leakage of drill fluids. PIN



Note: Chucking on or applying wrenches to the external shoulder will cause leakage (see Stabbing).



p -u e k a m y b e m o c r e v o e c n e r fe re t n I



The sealing performance of a rod string in a down hole can be evaluated with a pressure test: •



•



•



Drop an inner tube assembly adjusted to zero-bit-gap such that the weight of the column of fluid above the inner tube will create a seal between the core lifter case and the bit. Run the fluid supply pump until maximum pressure is achieved and then close the valve between the rod string and pump. Monitor the fluid pressure gauge and record any drop in pressure over a time interval. The amount of flow loss can be calculated using standard pressure vessel formula.



. re u s s e r p ti f e c n e r e fr e t n i g in t a e r
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c e u rq o t



While no drop in pressure should occur on a new string, only a complete loss of pressure in less than one minute is significant. EXAMPLE: An 1800 m (5900 ft) string of NQ rod that loses 14 MPa (2000 psi) in one minute is only losing 7 lpm (1.6 gpm) where the minimum recommended flow for an NQ bit is 30 lmp (8 gpm).



BOX
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 C A R E A N D H A N D L IN G



CARE AND HANDLING Packing Features: •



• • •



Drill rods and casing are packaged and sold in “bundles” which offer product protection during shipping and handling. Protective cardboard caps cover box and pin threads sealing in thread lubrication. Heavy duty galvanized hexagon bundle end caps protect the drill rod ends. Drill rods are coated with rust inhibitor to reduce surface oxidation during shipping. When storing rods for long periods of time, it is recommended you reapply a rust inhibitor to protect the rods from oxidation.



Lubrication and Cleaning Boart Longyear drill rod threads are coated with thread compound (lubricant) for shipment from the factory. For initial use, it is neither necessary nor desirable to remove this thread compound unless contamination has occurred. Thereafter, each time the rods are used, clean and re-lubricate the threads with a Boart Longyear recommended compound (BOL or Esso Z50). Use enough compound to cover both thread and shoulder surfaces. A 40 to 50 mm (1.5 to 2 inches) brush is excellent for applying compound. Note: Keep the compound and brush clean Note: While occasional mixing of the compound is recommended to avoid settling, dilution of any kind (e.g. Diesel, gasoline or oil) will render the compound ineffective.



The thread compound is critical to the wear life of the joint. In order to prevent wear, metallic particulate in the compound forms an inner-layer that is able to withstand the contact pressure and prevent the mating surfaces from interacting. A poor choice of compound or diluted compound will allow the mating surfaces to interact, resulting in adhesion or abrasion wear.
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The thread compound is also critical to the strength of the joint. The interaction of the metallic particulate and the surface determines the frictional resistance to torque loads. This in turn determines the joint load efficiency: how much torque is transferred through the joint versus how much is absorbed by the joint. A poor choice of compound or diluted compound will provide insufficient friction, decreasing efficiency loading to overload failure. Compounds containing 50% zinc particulate generally provide a higher friction factor (higher torque capacity) and get better resistance than those containing similar amounts of copper, lead or graphite particulate. Environmentally friendly compounds must contain non-toxic, bio-stable, solid particles of similar properties and performance characteristics to that of typical zinc particles in order to perform. Note: Use of compounds without solid particulate will void the warranty. Note: Metal compounds will react in acidic water leading to hydrogen embrittlement and reduce fatigue life (see glossary) however, copper is less reactive than zinc.



In addition, lubricating the rod body with grease is recommended to reduce hole friction, drilling torque, and midbody wear.
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 CARE AND HANDLING Preparation for Transit Load rods on at least three cross members and tie down with suitable chain or strap at end cross members. For long rods, an additional chain or strap should be provided in the middle. Note: Always provide proper protection for threaded ends.



Storage of Drill Rods Always clean and grease the pin and box end threads of the rods before storing. Store rods horizontally on a minimum of three cross supports on less than 30 cm (12 in) from the ground to keep moisture and dirt away from the rods.



C A R E A N D H A N D L IN G



Note: Always provide proper protection for threaded ends.



When rods are to be temporarily stacked in the mast or rod rack, always provide a wooden or rubber base to protect the pin ends. This is especially important when handling multiple length stands of 6 m (20 ft) or more. Inspect used rods for bent midbodies regularly. Discard bent rods immediately as these cause vibration and can hamper drilling performance. Restraightening of rods is not recommended as this further reduces the bend strength of the midbody and bending will likely reoccur (see midbody wear). In addition to thread compound, a corrosion inhibitor on the body is recommended for long term storage (see packaging).
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 C A R E A N D H A N D L IN G



CARE AND HANDLING Thread Wear The wear of sliding steel-on-steel surfaces, such as in a rod or casing joint, is well defined in engineering literature. Galling is the common industry term given to thread wear which mainly consists of adhesion and abrasion wear as a result of making and breaking (see glossary). While some wear can be tolerated without compromising performance, worn surfaces are prone to further wear. Unattended, the degree of wear can worsen to the point where it can cause premature failure or, in the case of mating surfaces of similar hardness, seize the joint. Alternatively, a worn thread can damage a good thread. The rate of wear to be expected in a sliding metal-to-metal system can only be determined by considering all of the following variables: Lubrication or wear factor: published values are greater for poor lubrication; less for mating surfaces of dissimilar hardness (see lubrication and cleaning) The hardness of the softer surface The distance of contact slide The contact load or pressure •



• • •



Less wear resistance can be achieved by: Cleaning and lubricating joints regularly; preferably after every break. Dry lubrication coatings are available but these wear off and must also be cleaned and lubricated (see lubrication and cleaning) Choosing joints with mating surfaces of dissimilar hardness. Published data shows that given equal contact pressures and equal hardness on the softer surfaces, a system with a harder mating surface (dissimilar hardness) can provide several times the wear life Choosing joints with greater hardness on the softer thread Reduce the sliding contact distance by choosing joints with greater taper Reduce or eliminate the contact pressure by adjusting the feed rate and rotation speed during make and break to match the thread pitch and compensate for rod and drill head weight •



•



• • •



54



Another source of rod joint wear is worn accessories. All threaded accessory equipment, such as Kelly (drive) rods, drive head adapter subs, hoist plugs, water swivels and cross-over adapter subs should be inspected prior to use to ensure they are in good condition. Use only genuine Boart Longyear accessories to ensure proper fits and maximum wear life. Boart Longyear tooling and gauging adhere to an uncompromising global standard.



C o p y ri g h t © 2 0 0 8 B o a rt L o n g y e a r. A ll R i g h ts R e s e rv e d .



THREAD WEAR GAUGE ORDERING INFORMATION



PN# 3547010 (GAUGE, BQ/BRQ R/B) PN# 3547011 (GAUGE, HQ/HRQ R/B) PN# 3547027 (GAUGE, NQ/NRQ R/B)
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 CARE AND HANDLING Box and Midbody Wear Similar to the steel-on-steel wear systems of the joint, the box and midbody are subject to relative sliding contact with the wall of the casing or hole. In the case of wear against the wall of the hole, the surface of the hole may be of significantly greater hardness and roughness (not to mention cuttings suspended in the drilling fluid) potentially resulting in rapid wear rates. However, in many applications the cause of retirement of a drill rod is due to localized wear resulting from the deformation of the box out of a ‘flush’ position or of the typical midbody out of straight. In typical joints, it is inherent for the box and box end shoulder to elastically deform radially or ‘bulge’. This is due to radial and hoop stresses (see glossary) imposed by conventional threads which add to drilling load stresses. This is evident by a thin section in the box shoulder and/or a small polished area on the side of the joint where thread engagement begins. As the wear progresses, the box becomes weaker and the deformation more pronounced, increasing the wear rate. RQ® style joints however, mimic the load response of a solid tube in that radial and hoop stresses imposed by the thread subtract from drill load stresses, virtually eliminating “bulging”.



C A R E A N D H A N D L IN G



It is inherent for a rod string to respond to significant drilling loads and rotation in a three dimensional corkscrew shape, a phenomenon first identified and defined by Boart Longyear as ‘helical whirling’. As loads or rotation increase, the contact pressure between the string and the hole increases contributing to an increased midbody wear rate. Given sufficient contact pressure and speed, the heat generated between the rod string and casing or hole can cause heat-check cracking (see glossary) which ultimately appears as an axial crack, typically on the box end. The bending stresses associated with this helical whirling become significant under high load or rotation, especially in oversize holes or ‘caves’, and may cause permanent bending of the string. Boart Longyear drill rods incorporate enhanced tubing processing which doubles the bend strength of the midbody virtually eliminating permanent bending. 55



The use of ‘rod grease’ to reduce friction between the rod string and the casing or hole is common (see lubrication and cleaning) however the only effective solution to reduce midbody abrasion wear is to significantly increase the hardness through case hardening.



. d e rv e s e R ts h ig ll R A
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 C A R E A N D H A N D L IN G



CARE AND HANDLING Loads and Deviated Holes Fatigue failures are brittle failures or cracks that occur under stress or load levels that are significantly below static load ratings; however, the loads are applied or cycled a large number of times. An example of this type of load is where a rod string is rotating in a deviated hole, the surface of the rod undergoes both tension and compression in each revolution. Where the rod is deviated at significant depth, this bending load is superimposed on a constant pullback load resulting in a fluctuating tension load on the rotating surface. Another example is in oversized holes or caved hole sections wherein the string can bend or buckle, significantly increasing bending stresses. Due to the reduced cross-sections of material in the threaded ends, the joints between mated rods in the string are significantly weaker than the rod midbodies – regardless of heat treatment or thread design (despite the interlocking thread, RQ ® joints for example, are weaker and are not stiffer than their midbody). Also, joints are pre-loaded (make-up) and have interference fits which further reduce the deviation capacity of the joint. A further limitation on the ability of a drill rod joint to perform through a bend is due to a peculiarity of the steel material itself. If there is a constant tension load applied in addition to a cyclical load, the fatigue strength is even further reduced. In the case of drill rod joints, if the joint is properly made up the pin end will always be under a greater tension load than the box end (see make-up torque). As a result, the pin end is the weakest part of a drill rod and is the typical location of failure under an excessive cyclic load. Boart Longyear utilizes a full scale cyclic bend load test to evaluate joint designs and to ensure manufacturing quality. A fatigue failure crack always occurs perpendicular to the cyclic load or stress. Therefore the most common failure is a circumferentially oriented crack which indicates that the cyclic load or stress was axially oriented which can only be caused by bending. If the crack is axially oriented it is either the result of heat-check cracking (see glossary) or indicates that the cyclic load was circumferentially oriented and this can only be caused by improper fit of a joint in terms of make-up, deformation, foreign debris, or wear.



56 C o p y ri g h t © 2 0 0 8 B o a rt L o n g y e a r. A ll R i g h ts R e s e rv e d .



Fatigue failures can be avoided by limiting the level of cyclic loads with consideration for the pullback load. Limit the build angle or rate of hole deviations checking that the deviation rating per rod length is not exceeded rather than the deviation per 30 m (100 ft), for example, which can be significantly less. Deviation should be further limited as pullback increases with increasing hole depth. Note: Standard weight wireline drill rods have limited deviation capacity. Lightweight or internally upset rods are recommended for greater deviation.
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 TROUBLE SHOOTING PIN



Stand-Off Gap Excessive or Does T R O U B L E S H O O T IN G



Not Close Breaking Upon Minimal Difficulty Out Make-Up or CONVENTIONAL AND Q®



ROD



RQ® AND RQ®TK ROD



. Clean and inspect threads for excessive foreign or wear debris. Accelerated ,wear may be due to damaged accessories; , inspect accessories (e.g. adapter subs). . .I .



Rods are of different manufacture. Separate all rods by manufacturer and do not interchange.



. RQ® style joints are proprietary to , Boart , Longyear. , ,



Threads are deformed from overload or excessive load during make and break. Inspect string for damage and discard rods , with deformed threads. Overload or difficult breaking may be due to poor choice of thread compound (see lubrication and , , cleaning and break-out). ,



Deformation due to hammering damage (see break-out) or stabbing damage (see stabbing). Inspect string and discard damaged rods.



Leakage (see Fluid Seal) 58 CONVENTIONAL AND Q® C o p y ri g h t © 2 0 0 8 B o a rt L o n g y e a r. A ll R i g h ts R e s e rv e d .



ROD



RQ® AND RQ®TK ROD



Rods run in loose (joints not closed) due to insufficient make-up or to excessive stand-off gap (see causes of excessive stand-off above). The pin or box outer diameter shoulder face has stabbing or handling damage (see stabbing). Outer shoulder contact pressure distribution is uneven due to poor fit. Threads are significantly worn or deformed from overload or excessive load during make and break (see thread wear) or shoulders are deformed from overload. Accelerated wear may be due to damaged accessories; inspect accessories e.g. adapter subs. Inspect string for excessive wear (see thread wear). Overload may be due to poor choice of thread compound (see lubrication and cleaning). If using Q®, consider upgrade to RQ® rods. . , ,



Box wear life exceeded. Inspect string for excessive wear. Consider upgrade to RQ® rods. . .I . .



Rods are of different manufacture. Separate all rods by manufacturer and do not interchange.



®



RQ style joints are proprietary to , Boart, Longyear. , , , ,
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 TROUBLE SHOOTING



Fatigue Failures or Cracked Pins or Boxes (see Fatigue Strength) CONVENTIONAL AND Q® ROD



RQ® AND RQ®TK ROD



Bend stresses have exceeded the fatigue strength of the joint. Bend stresses are caused by excessive steering, excessive hole deviations or caves, or helical whirling (see midbody wear). Do not exceed deviation ratings. This may have been compounded by high pullback loads at depth or excessive make-up. Plan deviations to occur at portions of the string that are under low pullback (e.g. avoid the upper portion of a deep hole string). Fatigue strength may have been exceeded in previous application and joint has now reached limit (see memory and fatigue strength). Consider upgrading to RQ® joints for higher load capacity or consider lightweight rods for reduced stiffness.



Rods run in loose (joints not closed) due to insufficient make-up or to excessive stand-off gap (see causes of excessive stand-off). Extraneous hoop stresses (see glossary) caused by deformation due to hammering damage (see break-out), stabbing damage (see stabbing), excessive foreign debris, or wear debris in the joint (see thread wear).



T R O U B L E S H O O T IN G



Box shoulder deformed due to overload leaving pin or box unsupported. Overload may be due to poor choice of thread compound (see lubrication and cleaning). Consider upgrade to RQ® rods. Box wear life exceeded. Inspect string for excessive wear (see wear life). . ,



Rods string has suffered from hydrogen embrittlement (see, glossary). Replace rod string and use non-metallic thread . compound. .I . .



Rods are of different manufacture. Separate all rods by manufacturer and do not interchange.



®



RQ style joints are proprietary to ,Boart Longyear. , , , ,



59



,



,



,



. d e rv e s e R ts h ig ll R A



Premature Box End Cracking / Heat Check Cracking CONVENTIONAL AND Q® ROD



RQ® AND RQ®TK ROD



Axial cracks at the box end due to a change in micro-structure of the tubing material. Change in microstructure is caused by the cyclic friction between the rotating string and the casing or hole wall and is independent of tubing type, steel grade and/or applied heat treatments. Reduce drilling loads and/or pullback, or improve lubrication of the string to compensate.
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 TROUBLE SHOOTING



Thread Wear or Galling T R O U B L E S H O O T IN G



(see Thread Wear) CONVENTIONAL AND Q®



ROD



RQ® AND RQ®TK ROD



Thread compound has failed to prevent mating thread surfaces from interacting. This is due to either a poor or diluted compound or poor lubrication practice. Upgrade thread compound or increase frequency of cleaning and re-lubing joints. Thread contact pressure is excessive. For stab flank wear, reduce feed rate/pressure and/or increase rotation during make and break. For load flank wear, increase feed rate and/or reduce rotation during make and break. Rods with significant load flank wear should be discarded. Thread sliding contact is excessive (e.g. too RQ® style joints have the greatest joint taper (e.g. fewest make/break much drag during make/break turns) or frequent turns) available in the industry and have anti-jamming geometry. jamming or cross-threading. Consider upgrade to RQ® style joints. Accelerated wear may be due to damaged accessories; inspect accessories for damage or wear (e.g. adapter subs). Thread wear life exceeded. Accelerated wear may be due to damaged accessories; inspect accessories (e.g. adapter subs). Inspect string for excessive wear. Consider upgrade to RQ® rods (e.g. harder threads last longer).



60 C o p y ri g h t © 2 0 0 8 B o a rt L o n g y e a r. A ll R i g h ts R e s e rv e d .



RQ® joints have the hardest threads available in the industry.



Box Wear or Box Bulging or Thread Jumping (see Box and Midbody Wear) CONVENTIONAL AND Q®



ROD



Box bulging due to excessive hoop stresses (see glossary) imposed by thread, potentially from overload. Evident by polished areas on one side of box or thread jumping in the extreme case. Overload may be caused by poor choice of thread compound (see lubrication). Consider upgrade to RQ® rods.



RQ® AND RQ®TK ROD RQ® joints do not bulge nor jump, and have the highest yield strength material available in the industry.



Box wear life exceeded leading to overload. Inspect string for excessive wear. Consider upgrade to RQ® rods (e.g. harder material lasts longer).
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 TROUBLE SHOOTING



External Shoulder Wear or External Shoulder Flared/Rolled Over CONVENTIONAL AND Q® ROD



RQ® AND RQ®TK ROD



Box shoulder flared and/or pin outer shoulder rolled over due to overload. Overload may be due to poor choice of thread compound (see lubrication). Consider upgrading to RQ® joints. RQ® joints have the highest load capacity available in the industry. Box shoulder wear life exceeded. Inspect string for excessive wear. Consider upgrade to RQ® rods.



RQ® boxes are the hardest available in the industry.



T R O U B L E S H O O T IN G



Premature Midbody Wear or High Drilling Torque CONVENTIONAL AND Q® ROD



RQ® AND RQ®TK ROD



Hole deviations (e.g. rotary drilled holes, wedging, or down-hole monitoring) induce increased contact pressure and friction between string and hole or casing wall. Improve lubrication of string to compensate. Hole has oversized or ‘cave’ sections allowing the string to elastically bend or buckle under load increasing contact pressure and friction. Reduce drilling loads or rotation speed to compensate or repair hole. High pullback or thrust load combined with high rotation speed has caused the string to elastically or permanently bend, increasing contact pressure and friction against the hole or casing wall. Evident by polished or heavy wear on one side of string in a slow spiral pattern (e.g. spiral has a multiple length pitch). Reduce drilling loads and/ or pullback. Consider upgrade to RQ® rods (e.g.



High pullback or thrust load combined with high rotation speed has caused the string to elastically bend, increasing contact pressure and friction against the hole or casing wall. Evident by polished or heavy wear on one side of string in a ‘slow’ spiral pattern (e.g. spiral has a multiple length pitch).



®



61 . d e rv e s e R ts h ig ll R A



RQ midbodies have double the bend strength).
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 HYDRAULIC SYSTEMS. To properly understand how your rig functions you need to have a basic understanding of hydraulic systems. The basic components of a hydraulic system are: A hydraulic tank to hold the hydraulic oil. Hydraulic pump’s to pump hydraulic oil around the system. Hydraulic hoses to deliver oil to components of the system. Valve bank’s to control the direction of flow to components around the    















 



system. Hydraulic motors controlled by flow of hydraulic oil to drive components e.g.: FMC pump. Hydraulic cylinders (rams) that extend and retract to enable movement of components e.g.: raise the mast. Relief valves that are set to a pressure e.g.: 1500psi and relief any pressure higher than this. Pressure gauges that give you a reading of the pressure in the system. Check valves that prohibit the flow of oil in cylinders when not in operation, that are under pressure from rig components e.g.: jack legs.



The hydraulic pumps are driven by the funk box, which is driven by the rig motor. Each pump will deliver flow of hydraulic oil to a valve bank. There will be two valve banks. The primary valve bank, which receives flow from the primary pump and will control primary valve functions the rig: Fast feed, Haul winch, pump Wire line. And thethe secondary bank,ofwhich receives flowrotation, from the secondary and will control the secondary functions of the rig: foot clamps, break out arm, head slide, jack legs etc. Each valve bank will have operating levers, which allow you to control the direction of hydraulic flow around the system to various components of the rig. (fig1.1) Each valve bank will have a pressure relief valve, which will be set to the maximum working pressure of the valve bank and its components e.g.: hoses, cylinders etc. If the pressure build up in the bank exceeds the pressure relief setting the excess pressure will be relieved, thus not allowing the excessive pressure to reach the components the bank controls. (fig1.2) Hydraulic pressure gauges will be present for each valve bank and will give you a reading of how much pressure is flowing through the bank. (fig1.1) Check valves are installed in hydraulic lines feeding cylinders that are going to be put under pressure from components of the Rig e.g.: Mast raising cylinders and jack legs. They prohibit the flow of hydraulic oil forced back to the banks and tank from the pressure exerted on the ram from the component of the rig, thus prohibiting the cylinder from creeping. Also in the event of a blown hose, the check valve will allow the cylinder to hold pressure, thus not allowing cylinder to retract through loss of oil.
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 In older drill rigs its also common to find ball valves used in a similar way as check valves, commonly on the feed lines to the jack legs. Instead of a check valve in the line, there will be a ball valve that is required to be shut after jacking the rig up. It serves the same purpose as a check valve, to prohibit the flow of hydraulic oil forced back to the banks and tank from the pressure exerted on the ram from the weight of the drill rig. (fig1.3)
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 BASIC PLUMBING OF A DRILL RIG It is important to understand the plumbing system of your drill rig, the path it takes and how to operate it. All diamond rigs are fitted out with a water pump of some sort to pump water down hole to drill with. The most common pump equipped on KWL rigs is a FMC piston pump. A basic plumbing system on a drill rig comprises of a FMC piston pump, powered by a hydraulic motor, a water delivery hose that feeds water to the water swivel and inturn down the hole. This line will also have a ball valve controlled by a hydraulic ram, and a pressure relief hose that is located at the control panel and also has a ball valve to relieve any residual pressure in the system. Relief pressure must be set to 500 psi unless otherwise advised by operations. (fig2.2)
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 TYPES OF PUMPS. Positive displacement pumps. Positive displacement is the means of which the pump moves a fluid. A positive displacement pump causes a fluid to move by trapping a fixed amount of it then forcing (displacing) that trapped volume into the discharge pipe. This means that if the pump (piston, etc) moves, the liquid must move; it is positively displaced, therefore these pumps must be fitted with a relief valve. This category includes three types of pumps that can be used for core drilling and applications on a drilling site. Diaphragm pumps.



Diaphragm pumps have good suction lift characteristics, some are low pressure pumps with low flow rates; others are capable of higher flows rates, dependent on the effective working diameter of the diaphragm and its stroke length. They can handle sludge’s and slurries with a good amount of grit and solid content.These pumps work by positively displacing a fluid when the diaphragm is retracted, and sucking the fluid when the diaphragm is expanded. They work in a similar way to our lungs. Piston pumps.



These pumps are best suited to pumping drilling fluids down the hole, are capable of reaching pressures in excess of 150bar and are able to pump large volumes of fluid (in excess of 300 L/min). They are equipped with either steel backed ceramic, or porcelain sleeves with Buna “N” plunges travelling backwards and forwards and can be equipped with either ball or disc valves. Dirty water and drilling fluids are best handled by pumps equipped with ball valves. Plunger pumps.



These pumps use ceramic or stainless steel plungers travelling backwards and forwards with stationary seals on the outside of the plunger. These pumps as a rule use disk valves and are better suited to a high pressure, low volume, clean water application.



Centrifugal pumps A centrifugal pump is a rotodynamic pump that uses a rotating impeller to increase the velocity of a fluid. Centrifugal pumps are commonly used to move liquids through a piping system. The fluid enters the pump impeller along or near to the rotating axis and is accelerated by the impeller, flowing radically outward into a diffuser or volute chamber, from where it exits into the downstream piping system. Centrifugal pumps are used for large discharge through smaller heads. Efficiency of a single stage centrifugal pump is lost rapidly as the suction lift is increased above 4meters.
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 PUMP OPERATING SPEEDS AND PRESSURES



As the power required to drive the pump will be directly affected by the pressure, amount of fluid handled and the thickness of the fluid handled, it is recommended that the pump be operated according to manufactures specifications. It the pump speed is increased excessively there is a danger of either overheating the bearings, or cavitation in the fluid end of the pump. Cavitation occurs when the pump suction is under a low-pressure/high-vacuum condition as is experienced when the pump speed is increased rapidly. Under these conditions the liquid turns into a vapor at the eye of the pump impeller (An impeller is a rotor inside a tube or conduit to increase the pressure and flow of a fluid). This vapor is carried over to the discharge side of the pump, where it no longer sees vacuum and is compressed back into a liquid by the discharge pressure. This imploding action occurs violently and attacks the face of the impeller. An impeller that has been operating under a suction cavitation condition can have large chunks of material removed from its face or very small bits of material removed, causing the impeller to look sponge like. Both cases will cause premature failure of the pump, often due to bearing failure. Suction cavitation is often identified by a sound like gravel or marbles in the pump casing. Also if pressure is increased excessively there is a danger of over load on the crank bearings or bursting either the valve chamber or some part of the discharge line. Exceeding pump specification limit for either pressure or speed will result in overloading the power source.
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 PUMP KNOCKING AND VIBRATING What is knocking? A mud pump in operation on a drill rig is a noisy device. The knocking noise is very prevalent when the pump is not operating properly; however, it is difficult to decide exactly what is responsible for developing these new sounds or what corrective measures should be taken. This is the reason for the wide variation in the description of knocks which are commonly called valve hammer, valve knock, and fluid hammer. The knocking sound may be the result of a mechanical difficulty or abnormal operating conditions. These knocks can be placed into three classifications.



Mechanical knocking Mechanical knocks usually occur over a wide range of pump speeds and usually give a sharper, more metallic sound than fluid knocking. Noise in the power end usually is mechanical, but may be a transmitted noise from the fluid end. A given noise may be louder in different pumps due to variations in the construction of the pump. Noise in the fluid end may be either a mechanical or fluid knock. Mechanical knocks usually have one or more of the following characteristics:     



The sound is localized and mechanic. The knock develops after a maintenance job The knock occurs at low and high speeds. It may be more severe with higher pressures at a given speed. It develops with no change in operation.



If the noise is coming from the fluid end, an attempt should be made to localize the source with the aid of a wrench. Place one end of the wrench to your ear and the other onto the pump in different positions. If the noise can be localized, it probably is a mechanical knock but if it seems general and hard to locate, it may be a fluid knock.



Operational knocks Operational knocks are sounds that develop from normal operation of the pumps. Sounds of this type occur at high and low speeds at the instant a load is placed on the member. The sound that occurs when a drum is struck is familiar example of an operational knock. If the load develops rapidly, a sound might occur due to a deflection under the load which starts the part vibrating. This can occur in a pump the instant discharge pressure develops in the line. This puts a high thrust on the rod and power end which sets up vibrations depending on the particular design. Since the pump is designed to handle the operational loads, sounds from this source can usually be ignored.
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 Hydraulic knocking Hydraulic knocks may be the result of poor priming, air or water hammer. A poorly primed pump makes considerable noise when placed into operation, even at very low speeds. This must be corrected at once to prevent equipment damage. However, prime may be lost after a period of operation and a knock develops. This may happen if the fluid level is low, a leak occurs in the suction line, or if a whirlpool occurs in the tank or pit. This admits a large amount of air into the pump and results in incomplete filling. If partial loss of prime is suspected, the knock should remain quite noticeable, even at very low pump speeds. To prevent air entrapment through whirlpools, the suction pipe should be located near the edge of the tank instead of the center. This breaks up the swirling action. Baffles can also be used for the same purpose. Fluid knock due to water hammer has very definite characteristics that have now been established by extensive tests. Water hammer can occur when a pressure surge or wave is developed in the system, when a fluid in motion is forced to stop or change direction suddenly (momentum change). Water hammer commonly occurs when a valve is closed suddenly at an end of a pipeline system, and a pressure wave propagates in the pipe. A hydraulic knock occurs when the pump operation causes the development of a void in a cylinder. When the void is filled, usually just past mid stroke, the fluid strikes the position causing a hydraulic shock wave and a loud audible knock.
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 PUMP TROUBLE SHOOTING SYMPTOM Discharge pressure too low



Discharge volume too low



TEST Connect a hose to the overflow port in the relief valve and start the pump.



RESULT



1. Close all guns and nozzles.



No flow in the overflow hose.Item4 Flow in the overflow hose. Item1



2. Open all of the discharge guns or nozzles.



No flow in the overflow hose.Item5 and 6 Flow in the overflow hose. Items 7,8,9



Low discharge volume will be caused by slow pump speed or by low volumetric efficiency as shown in the following tests: 1. Calculate displacement



Displacement volume



volume of the pump as follows: a. Measure counter shaft speed with a tachometer.



lower than required. Item 6 Displacement volume equal to the required volume. See next test for volumetric efficiency.



2. Measure the actual volume Measured flow is the of the pump. Close all guns actual liters per min and discharge valves and output. measure the number of liters coming from the overflow hose for one minute. 3. Volumetric efficiency is a measure of how much the actual output is less than the displacement. 94% to 99% volumetric efficiencies are normal.



Normal volumetric efficiency but volume less than required. Item 6 Volumetric efficiency less than 94% Items 2,3,4 or cavitation



Vol eff= actual L/min x100 Displ. L/min
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 Cavitation



Check the following to determine if cavitation exists:



Cavitation in the pump occurs when the cylinders do not 1. Volumetric efficiency. completely fill with water during the suction stroke. Resulting in pressure pulsations that can severely damage the 2. Discharge pressure pump and related piping if the condition is not recognized and corrected immediately. 3. Pulsations in the suction or discharge lines



Results if cavitation exists



Less than 94% with good valves and plunger packing’s indicates cavitation. Less than expected and fluctuation erratically indicates cavitation Erratic pulsation of abnormal magnitude indicates cavitation



4. Listen for sharp erratic hammering sounds in the valve chamber. If cavitation is indicated from the preceding, use the following tests to locate its cause.



Do not confuse the sharp regular sound of the valves with the erratic sounds that indicates cavitation.



a) Reduce the temperature of the pumped liquid to room temperature



If cavitation stops Item 10



b) If the relief valve overflow is piped into the pump suction line, disconnect the overflow line.



If cavitation stops Item 11



c) Disconnect the suction inlet piping and replace it with a short hose connected to a barrel or tank.



If cavitation stops Items 2,12,14



d) Disconnect the discharge typing and connect a short



If cavitation stops Item 13



hose to the pump outlet e) Replace the pump plunger packing and inspect the valve assembly



If cavitation stops Item 15
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 ITEM CONDITION VERSUS SOLUTION Item condition Incorrect relief valve 1. adjustment 2.



3.



4. 5.



Leakage from the pump plunger packing’s Suction or discharge valves or seats warn, pitted or broken Restriction in the suction line Incorrect nozzle capacity



6.



Pump speed too slow



7.



Worn seat of stem in the relief valve Worn packing cup in the relief valve Foreign material lodged in the relief valve Vapor pressure too high at pumping temperature Turbulence in the pump suction inlet



8. 9.



10.



11.



12.



Excessive losses in the suction piping



13.



Water hammer in the discharge line



14.



Air leaking into the suction system Weak and partially worn plunger packing



15.



Remedy To increase relief valve pressure, tighten the nut on top of the valve. Caution: do not exceed the rated pressure of the pump. Leakage exceeding several drops per min indicates that the packing should be replaced.



Inspect or replace where required.



Check for clogged strainers, closed valves, empty suction tanks, etc. Worn nozzles or nozzles with capacity in excess of the capacity will reduce the discharge pressure- replace where required. Change the sheave combination to obtain the desired speed. Caution: do not exceed the maximum rated speed. Replace worn parts as required Replace the packing if water is leaking in the openings in the relief valve body Relieve the spring tension and flush the interior of the valve to remove the foreign material. Reduce the temperature or increase the suction pressure by an amount sufficient to overcome the vapor pressure Relocate overflow lines further from the pump inlet. If necessary, provide a tank to supply undistributed suction flow conditions to the pump Increase the suction pipe diameter, increase the suction pressure or reduce the length of the suction line. In some cases, an air chamber may be required to sufficiently reduce the suction losses. Install an air chamber or an accumulator in the discharge piping. Inspect and tighten all the hose and pipe connections. Partially worn plunger packing may draw air on the suction stroke but not leak on the discharge stroke. This will cause the pump to operate as if it is cavitating. Replace packing.
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 SETTING RELIEF PRESSURE ON FMC PUMP



All FMC piston pumps are installed with an automatic pressure relief valve. During drilling operations the relief pressure should be set at 500psi for routine operations. If required to navi drill (using down hole motors), a higher relief pressure will be required. The pressure setting will depend on the depth of the hole and the required up hole velocity. To check the relief valve setting you will first need to close the ball valve on the delivery hose to the head. This ball valve is usually controlled by a hydraulic cylinder, the control lever for this cylinder can be found on the control panel, usually labelled air/ water. Once the delivery feed to the head is closed, open the residual water pressure relief ball valve. Start the FMC pump pumping by opening the flow regulator tap on the control panel (water pump speed). The pump should be pumping water through the residual pressure relief hose. Close the ball valve on the residual pressure relief hose to build up pressure in the system. Watch your Cameron gauge (water pressure gauge) to see what the pressure builds up to before the pressure valve relives the pressure, you can identify that it is relieving pressure when you see the water pumping out of the pressure relief valve outlet. To adjust the relief pressure all you need do is adjust the screw on the top of the valve, loosen the lock nut and adjust the screw, undoing the screw will decrease the relief pressure and tightening the screw will increase the relief pressure. Once you have the relief pressure at 500psi tighten the lock nut. A cross section of an automatic relief valve can be seen in (fig2.3).
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 THE CONTROL PANEL The control panel is the point of operation on the drill rig. The control panel consists of Pressure gauges, temp gauges, hydraulic levers that control the function of the rig, flow regulating valves, the ignition point for the rig, and the shut down point for the rig. GAUGES Murphy gauges: Engine oil pressure, hydraulic oil temperature and engine water temp. Murphy gauges related to engine pressures and fluid temperatures can be found on most drill rigs. They have a built in “kill switch” that will activate and shut the rig down when the engine oil pressure gets to low or fluid temperatures get to high. This is illustrated in (fig2.4). The pressure and temperature cut off limits can be identified by the by the short metal hand on the face of the gauge. If the engine oil pressure drops below the indicator set at 40psi the rig will be shut down automatically, alternatively if the engine temperature rises above 100 C the rig will be shut down automatically. WARNING: Do not adjust Murphy gauges without prior approval from the maintenance department.



Fig 2.4
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 Bit weight gauge: The bit weight gauge gives a reading of the feed cylinder pressure in psi and bar on the inside section of the gauge, and an indication of the weight on the drill bit on the outside bezel of the gauge. The outside bezel of the bit weight gauge should be set regularly throughout the shift, to ensure an accurate reading of the weight applied to the drill bit during drilling operations. To set the bit weight gauge, the bit must be off bottom, with the fine feed tap



completely closed. Engage the fine feed lever in the down position and adjust the outer bezel of the gauge so that “0 lbs” is in line with the feed cylinder pressure gauge needle. This indicates the weight of the rods. As rods are added to the line string, the weight of the line string will increase, thus decreasing the pressure required to be exerted by the feed cylinder to achieve the same weight on the drill bit. (fig2.5).



fig2.5
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 Hydraulic pressure gauges: As discussed in the hydraulic systems section, each valve bank, primary and secondary will both have hydraulic pressure gauges. These gauges will indicate the operating pressures of the functions controlled by the particular banks while in use. Special considerations must be made for the gauge, from the bank that controls the rotation drive to the head. This gauge will give you a torque reading, or the reading of how much hydraulic pressure (force) is required to rotate the drill rods.



Before starting the run, while the rods are rotating and off bottom make note of the pressure reading registered by this gauge. This is known as the “off bottom torque”. The torque reading while coring should never be more than 700psi greater than the off bottom torque. If the torque reading while coring is more than 700psi greater than the off bottom torque, this could indicate a down hole problem or excessive weight on the drill bit.( fig 2.6) (The one exception to the rule is when “stripping the bit” )



FIG 2.6
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 DRILL HEADS A basic description of a Drill head is a gear box with high and low gear ratios, driven by a hydraulic motor or motors, which in turn provides rotation to the drill rods. Although all drill heads serve the same purpose, there are variations that will affect the operating techniques required by the driller. TOP DRIVE Top drive rigs are driven by hydraulic motors mounted on top of a gear box (The drill head) they can have a fixed or floating spindle. The water swivel will be mounted on top of the spindle and the drill rods will screw onto a thread adaptor on the bottom of the spindle. The rod attached to the head is called the “head rod”. All top drive rigs will have a gear lever on the head with high and low selections, high being fast rotation and low being slow rotation with increased torque. On KWL rigs, low gear is low torque high rotation and high is high torque, low rotation. Floating spindle or fixed spindle: Floating spindles allow the spindle shaft to travel up and down through the head, which in turn allows the driller to screw rods in and out without having to operate the feed lever up or down. Fixed spindles are fixed and do not travel. This requires that the driller operate the feed lever as well as the rotation to allow the thread to screw in or out. (Fig2.7 fixed. Fig2.8 floating)



fig2.7



fig2.8
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 CHUCK DRIVEN Chuck driven rigs are driven by hydraulic motors mounted on top of a gear box similar to top driven rigs except there is no spindle shaft. The first rod travels through the head and the water swivel is attached directly to the top of it using an adaptor sub. The rod that travels through the head is called the “Kelly rod”. Chuck driven rigs will also have a gear lever on the head with high and low selections, high being fast rotation and low being slow rotation with increased torque. (fig2.9)



Fig2.9
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 DRILL PAD AND ACCESS TRACK INSPECTION Before moving the rig to a new drill pad, the drill pad must be inspected and cleared by either the supervisor on site or the driller in charge of the rig. Some things to consider when inspecting a new drill pad include: 











Communications at the drill pad. Is the pad in two way range and what channels are used, sat phone operational and in reception, mobile phone coverage etc. The access track to the drill pad. It the track wide enough for the rig, are there any over head obstructions (Trees, powerlines etc), under ground services, any corners that the rig might not make it around, steep declines and inclines: will the rig make it up the inclines, will the rig bottom out when entering and exiting the inclines and declines, any creek crossings, and the overall condition of the track, will it cause any tyre damage.



The drill pad. Are there any over head obstructions (Trees, powerlines etc), under ground services Is the pad of sufficient size to drill the hole, is the pad on too greater slope, has the pad been graded, if the pad is on



the side ofheight a hill are there placetyre andminimum), are they of is a the sufficient ( Half thewindrows height of in a truck sump a sufficient size in relation to the depth of the hole, Will the sump hold water or will it need plastic lining, Is there sufficient area at the drill site to turn a truck around, if not can a cut back be put in the access to the pad that will enable the water truck to turn around and reverse in, area for lighting towers if running night shift. 



The hole details. The hole number, location of the hole on the drill pad, Pre collar or from surface, the depth of the pre collar, angle or vertical, azimuth of the hole, size of the hole, dose the hole require orientations, camera surveys, packer testing, Estimated EOH depth, water pumped to site or run by water truck, where is the water supply, double shift or single.



When inspecting a drill pad, its good practice to imagine the site set up with everything in place (water tanks, drill racks, hutchie, the rig etc) and step out approximate measurements for all equipment to ensure the pad will be of sufficient size. Remember to allow sufficient access for refuelling of the drill rig and parking of support vehicles.
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 SETTING UP THE RIG. Before setting up the rig for the first time, read the S.W.P on setting up the rig



The first thing to consider when setting up the rig is the location of the hole and any pre requisites related to the hole, for example angle holes will have a set azimuth that the rig will have to be lined up on in order to be able to drill the hole. This applies for pre collars and surface angle holes. For surface angle holes, the geologist looking after the rig will usually guide the rig onto the correct azimuth or will have pegged out a guide line for the driller to be able to line the rig up with. It’s always a good idea to have the geologist present on site when lining up for a surface angle hole to approve the azimuth of the rig before drilling commences. For pre collar angle holes the geologist on site is not required to line the rig up as the rig previous will have already started the hole and set the azimuth and angle. The biggest challenge with pre collar angle holes is lining up over the hole on the correct azimuth and angle to be able to run the rods in. The easiest way is to use the previous rigs tyre tracks as a guide for the azimuth. When drilling angle holes there is no choice as to which way the rig will be positioned. When lining up for vertical holes there are choices as to which way the drill rig will be facing although there are some factors that may influence the decision. If the drill pad is on a slight slope it is always good practice to have the cab of the rig facing down hill if possible. The rig will need to be in a position that allows easy access for refuelling. The rig will need to be in a position that will allow clear access for the water truck and support vehicle. The rig will need to be set up away from any overhead obstructions. The rig will need to be in a position that will allow enough room for the mud tanks, lighting towers, rod bench and deck boards to be set up. The rig will need to be setup close enough to the sump to allow suction hoses to recycle drilling fluids. Jack blocks: Once the drill rig is in position over the hole, the next step is to set up the jack blocks. The jack blocks must be positioned evenly under all jack legs and must be level. If on sloping or uneven ground, the jack blocks must be dug in and level. (Fig3.1 illustrates correct and incorrect setting up of jack blocks.)
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 Fig3.1 Incorrect



Correct



Bunding and jack legs: Shut down and isolate rig. (Ensure park brake is on and rig is wheel chocked), Prepare Bunding. (Some types require absorbent matting to be fitted), Delegate assistants to place Bunding under rig, ensure ropes are positioned in an accessible location once the rig is jacked up. (Correct manual handling techniques must be used). Jack the rig up until the rig tyres are just off the ground (try to limit the amount of twist in the deck by operating both front and rear jacklegs evenly). Delegate assistants to use the ropes to pull the Bunding taught and secure. Lower rig and raise jacklegs.



Delegate to and pullBunding Bundinghave taught under jackthe legs. Once the assistants jack blocks been set up, rig can be levelled. Lower the jack legs one at a time. Lower a leg until it just lifts the deck of the rig then stop and lower the next. Repeat the process for all four jack legs. The rig must be levelled before the mast can be raised. When levelling the rig try to limit the amount of twist in the deck by operating both front and rear jacklegs evenly To level the front of the rig, place a clinometer vertically on the front jackleg housing and raise the front left or right jack leg until the clinometer reads level. (fig3.2) If the front of the rig is off level by a lot, you may have to operate the left or right rear jackleg at the same time to limit twisting in the deck. Once the front of the rig is level, place the clinometer horizontally across the rear of the rig behind the hydraulic oil tank. Adjust the rear jack legs until the rear of the rig is level. (fig3.3) Then to get the front of the rig level with the rear of the rig, place the clinometer vertically on the back side of the rear jack leg housing. Operating either both front or both rear jack legs at the same time, adjust until clinometer reads level. (fig3.4) Once the front of the rig is level with the rear, go back and re-check the front and rear and adjust if needed. Try to keep the rig as low as possible. This will keep the centre of gravity low, thus increasing the stability of the rig. On sloping ground it may be necessary to dig in, or even remove the tyres from the rig to bring the height down.
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 Fig 3.2



Fig 3.3



Fig 3.4
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 Raising the mast: Refer to rig operators manual for rig specific mast raising procedures Once the rig has been levelled the mast can be raised. For new KWL rigs with a hydraulic mast locking system: slowly raise the mast to 90 ensuring that no hydraulic hoses catch on any part of the rig, engage mast locking cylinder, Watch the claw on the cylinder lock over the high tensile rod in the back of the mast, Set clinometer to desired angle and place on the front of the mast, slowly lower the mast until the clinometer reads level. (fig3.5) NOTE: do not lower mast past 60 while mast lock is engaged. To disengage the mast lock, take the mast back to 90, disengage the mast lock and then lower the mast. For older KL rigs with a mast locking pin setup: Slowly raise the mast, ensure that no hydraulic hoses catch on any part of the rig, Set clinometer to desired angle and place on the front of the mast, slowly raise mast until the clinometer reads level, place locking pin through designated holes located on “A frame” and back of drill mast.. (fig3.6) For LF rigs with support leg systems: Before raising the mast, loosen the two bolts on either side of the mast pivot swivel mounting blocks (do not completely unscrew, loosen only one turn), loosen the cap screws and nuts which hold the mast support legs in there travelling positions (doing this before raising the mast will avoid any unnecessary delays in securing the mast support legs once the tower has been raised and put at the desired angle). Slowly raise the mast (ensuring that no hydraulic hoses catch on any part of the rig) until it is clear of the mast rest, extend the telescopic section of the mast and install the locking pin and hard wear, slowly raise the mast to 90. Release the outside mast support leg from its retaining bracket on the lower mast section, pull the snap lock hitch pin and allow the inner tube to fall. Position the leg in its respective support bracket located on the drill base, adjust the rod end until the leg can be bolted in the support bracket (bolt leg into support bracket), tighten the jam nut, and reinstall the hitch pin into the support leg. Repeat the process for the other support leg but this time don’t re-install the hitch pin, remove the hitch pin from the outer support leg, set clinometer to desired angle and place on the front of the mast, slowly lower the mast until the clinometer reads level, reinsert both hitch pins and tighten the jam nut on both rod ends, re tighten the four mast pivot block bolts. (fig3.7)
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 Fig 3.5



Fig 3.6



Fig 3.7
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 For UDR 1000 and 1200:  Before raising the mast theDRILLER is to ensure that the upper wedges are in the locked position (IN) and the lower wedges are in the raised position(OUT) Inspect the Hydraulic level in the tank.   Position crew members around the rig in a safe location so they can be seen and monitor for any snagging on the mast or cables. Raise the mast to the 90 degree position.  NOTE: Ensure to check that no hoses/cables get snagged during raising the mast. NOTE: When raising the mast, use sand/line to carefully lower the drilling platform, ensure all Personnel are standing clear of the platform.  ENSURE: That the platform does not catch on any hoses or damage the control panel (or any attachments to bottom) when lowering into position. If the required angle for operations is 90 degrees lock bottom pins in place and commence dumping operations. (Leave the top pins in as well so all four pins are in). For angle holes:  Drop lower wedges into place, via the interlock system  Ensure: Bottom pins are in before removing the top ones. (The interlock system MUST never be in a position where no pins are in).  NOTE: This will also drop the left and right interlock plates.  ENSURE: These interlock plates have dropped before attempting to move the mast into an angled position. (If the interlock plates are not free moving the system must be removed and freed up. Consult maintenance department before  



doing so). Remove upper wedges and place in a safe location. Move mast to required angle (Fig 3.8 illustrates the interlock system)



If drilling a hole from surface it is always better to set your clinometer on the barrel as well as the mast before commencement of drilling
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 Fig3.8



Top wedges



Bottom Wedges



Fig 3.8
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 Dumping the mast, KWL and LF: Once the mast has been raised and locked in at the required angle, if a dump function is installed, the mast will need to be dumped down to ground level. If drilling a vertical hole, Level out the ground under the table and place a jack block down (refer to jack block instructions on the previous page). Ensuring no hydraulic hoses catch on any part of the rig, Dump mast slowly until it comes into contact with the jack block. NOTE: take care not to apply to much weight as this could result in the mast lifting the jack legs off the ground and could cause the rig to become off balance and tip. Just apply enough weight to stabilise the mast.



If drilling an angled hole, it will be necessary to dig the jack block in to lower the height of the table. The depth will depend on the angle of the hole, the lower the angle; the deeper the block will need to be dug in. The block should be set on approximately the same angle as the mast, this will maximise surface area contact and reduce the risk of the mast slipping off the block. Dumping the mast UDR: Before dumping the mast on an ANGLED HOLE, the Driller is to ensure the  upper wedges have been disengaged and the lower wedges are in the lowered (locked) position.  Before dumping the mast on a 90 degree hole, the Driller is to ensure the upper wedges are in the locked position and the lower wedges are also in the locked position.  Use the sand line to lower drilling platform in to position whilst dumping mast 



down. Note: Watch that the platform does not snag any hoses/cables or platform does not damage control panel and ensure personnel are clear of area.



WARNING: Failure to fit the two Upper wedges (when the lower Wedges are disengaged), will result in a free- fall mast collapse and possibility of serious injury or death to personnel.
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 MUD TANKS AND HOSES: The location of the mud tanks should be considered before the rig is set up. THINGS TO CONSIDER WHEN SELECTING THE TANK SITE: Ensure the suction hose will reach the rig bean pumps. The site should be close enough to the sump to allow drill mud to be recycled. Ensure that the site selected will be accessible with the water truck. The site should be in a location where any required drainage can be done with minimal fuss. The site should be relatively flat and free of rocks etc to keep site preparation to a minimum. The site must not block any access tracks, or be too close to the anticipated location of the drilling equipment to be moved. NOTE: Remember when selecting a tank site, access tracks must not be blocked by the water truck whilst it is filling the tank. PREPARING THE TANK SITE: Rake the site ensuring you remove all the rocks and any other debris. If the area is excessively rocky shovel topsoil from the sump walls onto the tank site to cover the rocks. (Ensure you don’t render the sump useless). Fill in any holes or depressions with topsoil and shovel away any excess. If on a slope build up the site to ensure the tanks will sit reasonably level. (A slight angle is ideal, so that in the event of an overflow it runs into the sump provided and not back toward the rig). Check to ensure the site is clean of anything that may damage the bottom of the tanks. Ensure that tank site is large enough to position mud drums and aux. pumps. Carefully roll the tank onto its edge and roll it onto the site. (Do not roll the tank over its tap). SETTING UP THE TANKS AND HOSES: Sit the tank in position. Spin the tank until the tap faces downhill. If you require two tanks ensure that they are at least 600mm apart and there is easy access around the tanks to avoid injury to drill crew as the result of over extending (hyperextension). Attach one end of a two inch suction hose to the FMC pump on the rig that pumps drilling fluid down the hole. Attach a fool valve on the other end and place it into the designated mud tank, just off the bottom of the tank. Secure hose to the side of the mud tank using tie wire or cable ties. This will eliminate the chance of the rig suction hose slipping out of the tank or accidentally being removed. Attach another two inch hose to the auxiliary pump intake fitting (robin pump or auxiliary pump mounted on the rig) and attach a foot valve to the other end. Place hose into the water tank. Using correct lifting techniques lift the hopper and mount to the side of the mud tank, attach a two inch hose to the intake on the hopper and attach the other end to the outlet fitting on the auxiliary pump. Hoses that lead to the tank should be placed in P.V.C. and run under the ground, if this is not possible they must be clearly marked to indicate a trip hazard. Roll any excess hose up neatly and place under the rig to eliminate trip hazards.
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 Fig 4.1



Tank set up
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 DRILL SITE SET UP. Digging the drain: The drain must be dug in a position that will not interfere with operations around the drill pad. Start by digging a hole around the table where the rods will drill, slightly sloping towards the front of the rig (rear of the hole) and build it up slightly around the rear of the hole. Mark the route of the drain with a shovel as a guide line and Start digging the drain



from the rear side of the hole that has been dug. The drain must flow freely so it has to be on a downwards slope towards the sump so don’t dig to deep to start with. The best route to take is usually between the control panel and the rear jack leg, but this will vary depending on the setup of the rig in relation to the sump. Regular maintenance and cleaning out of the drain is required during drilling operations. Setting up the deck boards: Ideally, three deck boards should be set up around the drilling table to provide stable, mud free footing during drilling operations. Rake the area around the table to remove any large rocks and level the area. If required bring in some fresh top soil to help level the area out. Using two people and correct lifting techniques, Place the first deck board directly in front of the table, running in line with the rig. Ensure the deck board is stable and dig in if required (never place rocks under corners to level the deck boards) Place the next deck board in-between the control panel and the table, running parallel with, and butted up against the first deck board. Line up the forth under purling of the second deck board with the third under purling of the first deck board so that about a quarter of the second deck board is positioned under the rig. Ensure the deck board is stable and dig in if required (never place rocks under corners to level the deck boards) Position the third deck board on the other side of the first and Repeat the process. Once all deck boards are stable and level with each other, bring in some top soil and build up the dirt around the edges to eliminate trip hazards. (fig4.2) Setting up the rod bench: Ensure all Trestles and benches have been inspected and cleaned before use. Some trestles used on rod benches are heavy so to eliminate manual handling use HIAB crane to unload. Clear and level the bench area removing the trip hazards etc. Place the first rod rack in line with the middle deck board so that the legs on the control



panelare side are justontouching the middle deck board, also ensure that the pin holes in the rack located the control panel side. Check that the rack is stable and level, dig in if necessary. Step out aprox 2.3 meters from the centre of the rack and mark with boot (this will be the position of the centre of the next rack), place next rack inline with the first, line up by eye using first rack as a guide, level rack. Repeat the process for the third rack. Check stability and levels, Racks are to be level side to side as well as front to back. Insert rack pins and load bench rods on the control panel side of the racks. (fig4.3)
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 Fig 4.2 deck board set up



Fig 4.3 rack setup



Page 166



 Setting up the tool rack: Select a suitable site within the work area for the tool rack. (Ensure that this is located so that if any slips or trips when breaking rods occur, the crew member will not fall onto it). Rake away any rocks etc. Level the area and ensure that it has a firm footing as it will be holding quite a lot of weight. Clean tool rack and inspect welds, general condition and ensure it has no sharp edges. Sit the rack on the selected site Ensure that the tools are clean and serviceable. (If not they must be washed).



Fill the tool rack ensuring the tools are placed in the correct position. Setting up the drilling office (hutchie): At the drill site park as close to thehutchie site as practicable. Untie the hutchie and drop the side of the tray. Two or more crew members then lift thehutchie off the back of the light vehicle, carry it to the desired location and set it down. Line the hutchie up so it runs parallel to the side of the drill rig. Ensure the hutchie is sitting level with all legs on the ground. Shovel in, or dig out topsoil as required. Hammer the hutchie pegs through the holes in the legs. In strong winds the hutchie may need to be tied down. Setting up the spill kit: This must be located in clear view near where the rig will be re-fuelled Setting up the fire extinguishers:



All fire extinguishers must be checked that they are in-charge and tagging is current All fire extinguishers must be located in a clear visible spot where they can be reached easily. (In some situations they might need to be removed from the rig, placed near the jack/legs and signposted). Setting up the Fluid drums/ mud drums:



Ensure that the drums are clean Ensure that MSDS sheets are available for all fluids All fluid must be positioned within designated bunded area. Sit the drums so the lid is on the high side. (This will stop water from contaminating any fluids). Setting up the rubbish bin:



Position the rubbish bin out of the way, on the edge of the work area Ensure the rubbish is securely contained to prevent it from blowing away and to stop wildlife getting into it Empty it on a regular basis (at the end of each shift). Do not wait for overflow. Follow site procedures for disposal of hydrocarbon waste and other recycling requirements.
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 PREPARATION FOR CORING Select appropriate barrel, inner tubes etc for the size of drilling required (NQ, HQ, PQ). Usually at the start of hole you can expect short runs due to the nature of the ground, so a 5ft core barrel assembly running triple tube would be recommended. If drilling from a pre-collar and in hard consistent formations 10ft barrels or longer may be used. Contact your supervisor if unsure about the barrel lengths to be run. The next step is to inspect and assemble the barrel components. The following procedures have been taken straight out of the SWP’S: assembling a barrel, assembling the tube. Compiled by Adam Wenn.



PURPOSE: The purpose of this SWP is to ensure that barrel and components are inspected and fitted correctly. SCOPE: All Diamond Drill crews RESPONSIBILITY: It is the responsibility of the Driller to ensure that all of the barrel components are correctly inspected



and fitted. It is also the Drillers responsibility to ensure that the correct Barrel has been selected for the particular application. PPE & SAFETY EQUIPMENT



ANY VARIATIONS TO THIS PROCEDURE MUST BE SUPPORTED WITH A WRITTEN JSA, PRIOR TO COMMENCING THE TASK



HAZARD AND CONTROL MEASURES:  Manual handling procedure must be followed whilst moving the barrel around.  All Diamond articles must be inspected before use.  Locking couplings must be inspected for wear. Stilsons must never come into contact with diamonds.   Anti seize compound must be applied to stabilisers and landing rings.  Landing rings, stabilisers must be removed and inspected for wear.  Tube lengths must be checked before running barrel into hole. PROCEDURE: WARNING: Foot/clamps or any mechanical aids must never be used in the process of assembling or dis-assembling barrel configurations. NOTE: Select the type of barrel configuration that you are going to run. (See barrel configuration procedure or contact your supervisor or operations manager)
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 DRILL BIT INSPECTION:      



Ensure that the bit is the correct size i.e. HQ opposed to HQ 3 Ensure that you have selected the right bit for the application. Ensure that the bit face hasn’t been egged. (This will cause it to cut undersize core). Ensure that the inside and outside are still in gauge. Check the bit for any stress cracks or fractures. Ensure that all the water ways are clean.







Ensure the diamonds exposed. (Not a polished bit). Inspect that the threads are in aare serviceable condition. Check the gauge on the box end thread to ensure it hasn’t been excessively worn. Check the overall condition of the bit and ensure that it isn’t cutting on gauge stones. Record the bit number. (All of it) FITTING: Select correct size stilson. Ensure threads are clean and greased. Stilson must be of correct size and fitted as close to the outside gauge of the diamonds as possible, but never on them. (If the stilson is adjusted incorrectly or positioned over the threaded section it will crimp the bit and make it unserviceable). The Drill bit only needs to be nipped up once the shoulders meet. Never use strong arms or mechanical aids to fit or remove a drill bit.    



  



 



REAMER INSPECTION, BACK AND FRONT:



Ensure that it is in gauge, not over or under size. (Check with the “Go and no go” gauges.) Check the shell for overall condition. Check that the matrix (shell) hasn’t got any cracks and isn’t separating. Ensure it hasn’t been egged by incorrect stilson use. Ensure that threads are in good condition. Check the box end to ensure that the outside gauge is not excessively worn. Check that the stabiliser locator inside is free from dirt and grit. (Front reamer only). Record its serial number. (All of it). FITTING: Select correct size stilson. Ensure serviceable stabiliser is fitted. Ensure threads are clean and greased. Stilson must be of correct size and fitted as close to the diamonds as possible, but never on them. (If the stilson is adjusted incorrectly or positioned over the threaded section it will crimp        



   



  



the it to unserviceable). Thereamer reamerand onlymake needs be nipped up once the shoulders meet. Never use strong arms or mechanical aids to fit or remove a drill bit. The reamer must be fitted (with stabiliser inside) to the barrel before the bit is fitted. (Front end reamer only).
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 STABILISER INSPECTION.



Ensure that it is the correct size. (Worn stabilisers often leave scarring on the inner tube and assist in losing core and short runs in poor ground formations). Check that it is not excessively worn. (This can be done by sliding a new core lifter case through it to check for play). Ensure that it hasn’t been egged. FITTING: Ensure that it is in a serviceable condition. Apply anti seize or thread grease around the outside diameter. Push in to box end of front reamer, until fully located against locating shoulder. 











  



LANDING RING INSPECTION:



Ensure landing ring is not excessively worn. (This can be checked by inspecting the inside gauge of the shoulder, when it becomes rounded and smooth it is generally worn out). Ensure that it hasn’t been egged. FITTING: Ensure that it is in a serviceable condition. Apply anti seize or thread grease around the outside diameter. Push in to box end of front reamer, until fully located against locating shoulder. 







  



ADAPTOR/LOCKING COUPLING INSPECTION:



Check for gouges or excessively worn sections. Inspect threads to ensure they are in a serviceable condition. Check around box end to ensure the outside gauge hasn’t been excessively worn. Check the entire coupling for stress marks and cracks. FITTING: Select correct size stilson. Ensure serviceable landing ring is fitted is fitted to the barrel. (Adaptor coupling only). Ensure threads are clean and greased. Stilson must be of correct size and fitted as close to the centre of the coupling as possible (If the stilson is adjusted incorrectly or positioned over the threaded section it will crimp the coupling and make it unserviceable). The coupling only needs to be nipped up once the shoulders meet. Never use strong arms or mechanical aids to fit or remove a coupling.    
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 OUTER CORE BARREL INSPECTION.      



Ensure that correct barrel has been selected for the application. Check the Barrel is straight. Look down the barrel to ensure nothing has been left inside it. Check for gouges or excessively worn sections. Inspect threads and ensure they are in a serviceable condition. Check around box end to ensure the outside gauge hasn’t been excessively worn.







Remove inspect landing ring marks locating shoulder Check theand entire barrel for stress and cracks. is clean and free from grit. FITTING. Fit landing ring into box end of barrel. Select correct size stilson. Ensure threads are clean and greased. Stilson must be of correct size and fitted 300mm away from the end (If the stilson is adjusted incorrectly or positioned over the threaded section it will crimp the barrel and make it unserviceable). Fit back reamer/adaptor coupling. Fit Locking coupling. The reamer/s, couplings, extensions only need to be nipped up once the shoulders meet. Never use strong arms or mechanical aids to fit or remove items. The front reamer/blank must be fitted (with stabiliser inside) to the barrel. Fit the Drill Bit. 



   



     



NOTE: extensions required must to be be fitted due to in thethe usesame of ori tools must bedisposed fitted to of the frontIfofbarrel the barrel. Barrelare extensions inspected way as they a barrel and after approximately every 28 days of use as a maximum. WARNING: Using worn barrels and components can be a costly exercise, if in doubt replace them and have them inspected by your supervisor.
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 THIS IS AN EXAMPLE OF A 6 METER BARREL



Adaptor couplings come in blank adaptors and Diamond adaptors.



NOTE: When joining two barrels together a stabiliser must be fitted instead of a landing ring, in the landing ring locator.



Barrel extensions must be fitted to the front of the barrel behind the front reamer. Don’t forget to note adjustments to barrel length in your run book
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 PURPOSE: The purpose of this SWP is to ensure that the core inner tube assembly is constructed correctly. SCOPE: All Diamond Drill crews RESPONSIBILITY: It is the responsibility of the Driller to ensure that all crew members have been trained on assembling tubes. It is the responsibility of the offsider to ensure all components have been inspected correctly and that the tube is in a serviceable condition before it is used. PPE & SAFETY EQUIPMENT



ANY VARIATIONS TO THIS PROCEDURE MUST BE SUPPORTED WITH A WRITTEN JSA, PRIOR TO COMMENCING THE TASK HAZARD AND CONTROL MEASURES:       



Manual handling procedures must be followed. Gloves must be worn at all times. Ensure work area is free from slip before and trip hazards. All components must be inspected re-assembling. Ensure that tube is free from all existing sample. Joints must not be over tightened. Ensure that lifter grabs the core on the surface before re-assembly.



NOTE: All Boart Longyear Drill rigs should be fitted with an overshot and backend service guide as a reference, if your rig is not fitted with one they must be ordered through operations. PROCEDURE:      



  



  



Check and clean threads to ensure they are in a serviceable condition. Clean core lifter and case in clean water to ensure all grit and contaminants are removed. Ensure the core lifter is in good condition and moves freely inside the case. Ensure that the core lifter stop ring is seated in the case correctly. Wipe the core lifter case dry with a clean rag. Apply ofoff Alvania/APXT grease inside the lifter case. (Do not use thread grease as it is hardatolayer clean the core sample). Move the core lifter up and down to work the grease in behind the lifter. Wipe off all excess grease. Place a competent piece of core sample in the lifter and slide back and forward to ensure that the lifter grabs. Wash and replace the core back into the tray in the correct location. Lightly oil the threads on the lifter and tube. Screw the lifter case hand tight.
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 If using extenda tubes clean inspect and lightly oil threads and screw the tubes together hand tight.  Clean and lightly oil head (Backend) and tube threads.  Screw together hand tight.  Using tube spanners, following tube spanner procedure nip up all joints. (Do not over tighten as this can damage and bell the threads easily.  Remove the tube spanners and place back in rack.  Service the Backend as per servicing the back end procedure. Q 3 SERIES INNER TUBES: 



     



  



Inspect Splits, file off any sharp edges and replace if excessively worn or damaged. Ensure that suitable gloves are being worn: a rag should be used to prevent cuts/abrasions. Wash the inside of the tube to remove all the grit. Position tube securely on the tube/rod rack. Wash the splits. Hold the tube with one hand, Ensure gloves are worn and push the lower split into the inner tube leaving 200mm short. (The exposed area will work as a guide to help fit the upper split). Fit top split ensuring that there is no overlap between the splits and it is sitting correctly. Push the top split into the inner tube, a rag should be used in conjunction with gloves. If splits do not push all the way into the inner tube they will have to be removed and reassessed for straightness, cleanliness and general condition.



NOTE: Splits should be replaced if they become difficult to insert into the inner tube.      



Ensure that both splits are flush with the inner tube end. Fit core lifter as above. (Ensure the angled side of the stop ring is facing the splits). Remove the thread protector. (If used). Clean Brass pump out piston and inspect “O” ring condition. Lubricate pump out piston and “O” ring with soluble oil. I.E. cutting oil or bit lube. Fit pump out piston to end of inner tube, tap carefully with rubber mallet if necessary and ensure that “O” ring doesn’t get damaged.



NOTE: Pump out pistons are expensive and MUST NEVER be hit using a steel hammer as damage will result. 



Clean, inspect and oil backend and tube threads.



NOTE: In most applications an orientation tool will be used, this will be required to be serviced, set and assembled to the tube before the head assembly (Back end).  Screw back end on by hand. Ensure that gloves are worn to avoid pinch points. Using tube spanners, Ensure correct body positioning so as your shoulders are doing the work and spanners cannot come into contact with your chin or face area. Nip up all joints with tube spanners. (Do not over tighten).
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 ADJUSTING INNER TUBE LENGTH Once the core barrel and inner tubes have been selected and assembled, the length of the inner tubes must be inspected and altered if required. To inspect the length of the inner tube; on the bench, insert inner tube assembly into the barrel and slide it right up to the end so that the landing shoulder is flush with the landing ring. Inspect the gap between the core lifter and the inside gauge of the drill bit, about 2 to 3mm gap is ideal, never more than 5mm. In broken, sandy formations, the closer the better. If the length of the tube needs to be altered; Pull the inner tube back out of the barrel; place a 36”Stillson under the lower latch body, ensuring that it is adjusted correctly, and a soft jaw over the hex nut on the spindle. Apply force down on to the soft jaw to loosen the hex nut. Alter the length of the backend by un-screwing or screwing up the latch body on the spindle, re check the length of the inner tube. Once the inner tube is the correct length, tighten the hex nut using the same procedure as you did to loosen it. Screw the haul plug in to the barrel and lift it over the table. Spin the barrel and stop it suddenly to inspect whether the tube is free to spin, and still the required distance from the inside gauge of the drill bit. Repeat the process for the other inner tube assembly. If the gap between the core lifter and the drill bit is too great there will be an increased chance of core loss and short runs, there is also a chance that core and shavings could travel up in between the drill bit and the core lifter causing premature wear of the core lifter case or even causing the inner tube to become stuck in the barrel. (fig4.4) On the other hand if the core lifter is touching the inside gauge of the drill bit, water flow to the drill bit will be blocked, causing the water pump to blow off, prohibiting coring. (fig4.5)



Fig4.4 too close



2mm gap



fig 4.5 too far
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 STARTING THE RIG Ensure that all daily pre-start check have been completed successfully. Visually inspect the rig for any Danger or Out of service tags. Switch the battery isolator switch to the on position. Locate all crew members, ensure they are clear of the drill rig and notify them your intention to start the rig. Ensure that all hydraulic levers are centralised or in an off position. Turn ignition key and check all warning lights and beepers. (Oil pressure horn will not de-activate until 30 psi is reached, if fitted). Press the over-ride button (If fitted), turn the ignition key to the start position and start the engine. Hold the override button down until the oil pressure horn stops sounding. (Fig4.6) Ensure all warning lights and beepers disengage, paying particular attention to the engine oil pressure. Listen out for starter motor over-run. If this happens shut the rig down immediately When the engine is running, press the safety over-ride button sounding horn (If fitted), to check the shut down warning system is operational. Check gauges and warning lights, ensure all are operating correctly. The engine revs may need to be increased to slightly above idle to engage the alternator. Once engine is running perform another visual inspection paying particular attention to any fluid leaks. Warm the engine up before placing any load on it or increasing engine revs above idle. Once the engine has warmed up, increase engine revs, start mud pump on rig and wait for water return at surface. Once water return has been achieved, slowly engage the rotation to warm up the hydraulics and the head oil. Note: before shutting the rig down at the end of shift, allow engine to cool down by letting it idle for five minuets before shutting it down.



Fig 4.6



Page 176



 CALCULATING HOLE DEPTH Line string: length of rods attached to head, minus constant stickup. Stick up: length of rods above drill table. Hole depth: length of rods below ground level. Measure the length of the assembled barrel and record it in your run book. Don’t forget to include barrel extension if being used. Measure the distance between the natural ground level and the top of your foot/clamp table and record it in your run book, this will be your constant stick up. Subtract your constant stick up from your barrel length and record it in your run book, this will be your nominal barrel length. E.G.: Barrel = 4.1 meters, less 0.6 meters, nominal barrel length is 3.5 meters. To calculate hole depth : line string minus stick up equals hole depth. E.G.: 9.5M line string, minus 1.2M stick up, equals 8.3M hole depth. Starting a run: Check that there is satisfactory amount of drilling fluid in the tank. In poor ground situations, consistency of the drilling fluid with need to be checked with the marsh funnel. Ensure the drill head is in the correct gear, usually high speed for coring. Ensure that safety cage is closed. Set the water pump to a suitable speed, this will vary with hole size, circulation, type of rock and the situation that you are in. In cases of extreme cave in, or heavy cuttings, the hole needs to be completely flushed



and checked by having water flow rate high, and traversing the head up and down with no rotation. Hold the rod and feel for hang-ups and cleanliness. This will aid you in starting the run free of obstructive debris. Lower the drill string to 100mm off bottom. Ensure there is water pressure and/or water return. If drilling with loss of circulation, water retention springs should be used to give an indication of water pressure at the bit face and drilling mud should be run down the annulus between the rods and the casing. This will aid in lubricating the rod string and limit vibration. If vibration occurs, rod grease should be used to lubricate the line string. Slowly start rotation, take note of the off bottom torque (main bank pressure) Engage fine feed lever and slowly open fine feed tap, slowly feed to bottom. Care must be taken not to feed to bottom too fast as the bit may be damaged if there is any rubble or dropped core in the bottom of the hole. Increase rotation speed ensuring the rod string remains smooth and free from vibration. Increase the penetration rate to an optimum level taking into account the ground conditions and the type of bit being used. Make note of the main bank pressure while drilling, it should never be higher than 700 psi more than the off bottom pressure. If it is, damage could occur to the drill bit. During the run, constantly monitor the main bank pressure, bit weight, water pressure, water return out of the hole and listen to the rig. Often you will hear the change before you will notice it on the gauges. Get to know the different sounds the rig makes and what they mean.
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 SEATING THE TUBE When seating an inner tube the duration must be timed, especially on deep holes, this will allow the drill string to be rotated whilst the inner tube is being pumped due to a chance that the drill string may “stick” in the hole if it is stationary for a long period of time. Engage the water pump and set speed to the required amount for the particular hole. Start your stop watch. Close your safety cage. Engage slow rotation. When the timing process is indicates to you that you have 2 minutes to go. Stop rotation. Open safety cage. Fit a set of stilsons to the head rod at head height. (Ensure they are fitted correctly). Place your ear on the handle of the stilsons and listen for inner tube. You should hear 2 clear taps as the inner tube passes through the barrel. A clear clunk should be heard as the inner tube seats onto the landing ring. You should notice a rise in the water pump pressure, if the bean pump blows off when your inner tube seats; Shut off the pump and open the vent valve. Remove your stilsons. Allow the pressure to bleed out of the rod string; Close the vent valve and adjust your pump speed to where it is set when drilling. Start water pump. Close your safety cage. Wait for water pressure or water return. Start the run. NOTE: On deep holes you may not be able to hear the tube seat, in this situation the tube lengths must be adjusted so the pump blows off or the positive latch ball in your backend must be activated before lowering the tube into your rod string. NOTE: The use of landing indicator bushings and fluid retention springs can be used as an indication of the inner tube seating UNSURE IF TUBE IS SEATED: Leaving the water pump at pump down speed, use your fast head traverse to pull back. (Sometimes the weight of the water will push the tube down causing it to blow off). If the water pressure still hasn’t blown off or risen dramatically. Switch off water pump and raise rod string so that joint is 300mm above foot/clamps. Close foot/clamps. Vent all water pressure. Delegate the assistant to break head rod. Unscrew head rod and rack back or to the side. (This will vary with different type rigs). Delegate assistant to locate and position overshot over the open rod string. Driller to lower overshot into open rod string and stop at a comfortable height for the assistant to fit the locking sleeve (Dry release). Raise wire/line slowly whilst assistant guides locking sleeve (Dry release) over the overshot and positions it on the overshot head assembly. Once the locking sleeve (Dry release) is positioned correctly (So it is holding the lifting dogs in)
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 Using electrical tape or similar, wrap tape around the Dry release. (This will prevent it coming off the wire/line if it gets caught up on the way down or floats when hitting water).(fig 4.6) Lower overshot (with assistant guiding it) into the open rod string. When your indicator is visible (Light coloured electrical tape), place one hand on the open rod string. If you do not feel or hear a positive thud your tube may not be seated. If you suspect that the tube hasn’t seated it may be necessary to pull the rods, as there may be core stuck in the barrel.



Fig 4.6
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 STARTING A HOLE FROM SURFACE When starting a hole from surface, a collar and casing will have to be set at the start of the hole. Collars and casing keep the hole open, preventing cave-ins through the alluvial ground formations at the surface of most holes. The following procedure is derived from the SWP collaring the hole. Fit the barrel to the head, once tightened, remove foot clamps. Replace foot clamps with the next size up, e.g. if drilling HQ fit HW foot clamps. Cut a piece of PVC pipe aprox 300mm long, and place in foot clamps (Apply very little pressure or the PVC might break). This PVC will work as a stabiliser for the barrel and prevent foot clamp damage or excessive barrel wear. Mix drilling mud’s to the required thickness, as the start of the hole is usually alluvial, the mud will have to be quite thick around 38- 42 seconds through a marsh funnel. Run barrel through PVC leaving the bit at least 200mm from the ground Start water pump to required drilling volume and wait until circulation has been gained, Ensure safety cage is closed and start rotation keeping it low around 300rpm. If any vibration occurs rotation speed will need to be reduced. Start drilling keeping the bit weight reasonably low. At this stage of the hole, high weight will cause hole movement and possible core loss. Do not push it, when the water pressure or weight starts to raise the run should be stopped to prevent core loss or tubes getting sludged in. Drill short runs to monitor core recovery and ground conditions, any core loss must be recorded on drill reports and core blocks. Drill with this method for at least the first meter. Continue to drill with this method until ground becomes competent, or at least 6 meters has been achieved. Pull out and remove barrel, when pulling out, pull back slowly with water circulation (This will Displace the Rod String and the drilling fluid will create stability to help prevent cave in). Change head into low gear. Fit drill casing with rock roller slightly larger than the PVC to be used. In low gear, Rock roll to bottom of hole. (Circulate 50 percent more fluid than whilst coring). Remove casing rod and roller, keep water pump on again whilst pulling back slowly to displace hole again Fit required length of PVC. (If using head ensure that PVC isn’t sitting on the head seal). This may need to be secured with quick set but usually A and B foam will be sufficient. Put head back in to high gear. Run barrel back in continue coring, keeping the bit weight reasonably low, At this stage of the hole, high weight will cause hole movement and possible core loss. Do not push it, when the water pressure or weight starts to raise the run should be stopped to prevent core loss or tubes getting sludged in. Drill with the above method until competent ground is reached. Stop drilling, pull rods and barrel using the head pumping water to displace the hole. Change head into low gear. Fit drill casing with rock roller slightly larger than the diameter of the casing to be used. In low gear, Rock roll to bottom of hole. (Circulate 50 percent more fluid than whilst coring).
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 Flush hole at bottom until a clean flow is coming out of hole. Pull rods with head again with water pump on to displace hole. Change head into high gear. Remove rock roller from casing, and fit a casing blank or if directed by supervisor, a shoe bit, (ground conditions will determine which one to run). Run in casing Seal around the top of the casing and the PVC using a rod wiper suited for the casing size. The most important thing here is preventing the drilling fluid return entering the annulus between the casing and the PVC. If this is allowed to happen the sludge will sink and the casing will get stuck. Run in drill string and barrel, flushing the last 6m to bottom. Start coring.



STARTING A HOLE FROM PRE-COLLAR When starting a hole from pre-collar, the collar will already be set and the hole for the casing will already be drilled. Line the rig up over the pre existing hole. Mud will have to be quite thick around 38- 42 seconds through a marsh funnel. Calculate hole depths and calculate how many rods are about to be run and record this. Count rods on Truck/sloop/bench and delegate assistants to clean threads and mark required amounts. Fit drill casing with rock roller slightly larger than the diameter of the casing to be used. In low gear, Rock roll to bottom of hole to clean out any cave-ins. (Circulate 50 percent more fluid than whilst coring). Flush hole at bottom until a clean flow is coming out of hole. Pull rods with head again with water pump on to displace hole. Remove rock roller from casing and fit a casing blank or if directed by supervisor, a shoe bit, (ground conditions will determine which one to run). Run in casing Seal around the top of the casing and the PVC using a donut suited for the casing size. The most important thing here is preventing the drilling fluid return entering the annulus between the casing and the PVC. If this is allowed to happen the sludge will sink and the casing will get stuck. Run in drill string and barrel, flushing the last 6m to bottom. Start coring.
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 GENERAL OPERATING GUIDELINES Some rules for drillers 1. Everything must always be smooth. If it is not, then do something to improve the situation, e.g. Change rotation speed, reduce the bit pressure, add soluble oil or polymer, look for bent rods, etc. 2. Keep the bit cutting. If it goes around without advancing, it is polishing, do something about it. 3. Keep close to the controls so the throttle or rotation feed control and direction control, etc can be instantly reached if required. Watch the bit weight gauge, hydraulic bank gauge and water pressure gauge. Watch the water return and penetration rate. Glance at engine gauges from time to time and listen to the engine, tone of hydraulics and the mud pump. Collect as much info as possible. 4. From the above indications keep monitoring what is happening down hole. Check your inferences when you see the core. 5. Keep experimenting by altering feeds and speeds a little until you consider that you have the most efficient productive combination. 6. Drill in the highest gear that gives constant smoothness and adequate cutting. 7. Pull out as soon as you think the inner tube is blocked. Don’t push it.



Guidelines 1. Controls on penetration  Throttle for engine or rotation control. Gear box  Feed control  Circulating pump 



2. Guidelines for the use of the controls  Tachometer for engine rev’s and or spindle rev’s.  Bit weight gauge Water pump pressure gauge and flow gauge 
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 3. The operator has the following points to consider and assess as a guide. How fast to spin the drill string   How much weight to place on the bit  What penetration rate is reasonable  Overall shift and project performance desired



4. Smooth running The bit must run smoothly at the bottom of the hole   The core must be given a smooth ride up the tube  The string must be rotating smoothly at the head  The head rod and water swivel must rotate smoothly  The rods must not flog themselves against hard walls  The rods must not flog against soft walls and break them up



5. Look after the machine  It must be sitting firmly on the ground without lifting, or face mounted and anchored  It must working within the continuous horsepower rating of the engine or recommended rotating circuit pressure range It must not be shaking or vibrating  It must not be overheating   The engine must not be surging or rotating circuit pressure dancing  The chuck jaws must not be slipping



6. Avoid catastrophes Be prepared if: Ground conditions change unexpectedly   Rods split or couplings leak  Water supply fails  Vibration suddenly occurs The hole starts caving in 



7. Look after the core  Do not grind it by drilling when blocked  Do not wash it away with too much flow  Do not throw it around in the core barrel  Aim for the longest possible runs



8. be flexible – be alert  By being able to detect changes in torque  By being able to detect changes in ground conditions By being able to detect blockages as they occur  By being able to detect sudden circulation loss or pressure drop 
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 9. Aim for high bit life  Do not have bit turning without cutting  Don’t overfeed Don’t underfeed and polish the bit   Keep the bit running smoothly



10. Limit circulating water pressure to just enough to keep the bit cool and remove cuttings without washing away core or gouging hole. 11. Limit torque to allow easy rotation of drill string without overstraining engine or gear box. 12. Limit deviation. There should be setting of throttle, gear box, feed control and circulating pump to permit maximum penetration at an economic rate with good core recovery and minimum wear of equipment.
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 DRILLING TECHNIQUES IN DIFFERENT FORMATIONS: Due to the unpredictable nature of the formations drilled, as the driller you are goanna have to stay vigilant during drilling operations, ground conditions can change suddenly and core can be lost in a matter of seconds. The following is a guide to drilling different formations, there will always be circumstances that will alter the techniques that you will be required to adopt as a driller. Drilling is full of variables, and no two holes are the same. Keep and eye on your water pressure, bit weight gauge, main bank pressure and the water return coming out of the hole as these will give you an indication of what is happening down hole, and most importantly listen to the rig. Soft shale and clays: (fig4.7) Through soft shales and clays, spindle revs should be reduced and the mud should be thickened up (37 to 40 sec) using a polymer based viscosifier like liqui-pol. This will maximise core recovery through inhibition of water sensitive clays and shales, allowing core to slide up the tube and not stick to the inside of the splits. While drilling through shales, water pressure will increase and bit weight will decrease, torque will also usually decrease and the penetration rate will increase. A sharp spike in the water pressure, increased bit weight and a drop in penetration rate could indicate washing/ grinding of core and drilling should cease. If drilling through extremely soft shales that don’t require rotation of the rods, finger lifters should be used. If using finger lifters, don’t engage rotation as this will snap the fingers off the case. Engage your water pump, allow tube to seat and wait for water return at surface. Feed down using the fast feed lever pushing core up into the tube. After recovering the soft shales that have been pushed into the tube, pull back past section and ream back to bottom to open the hole up, flush hole 300mm off bottom until all shavings are flushed out of the hole. It is not uncommon while pushing soft shales to recover extra core. This extra core should be displayed in a totally separate tray so that the geologist can see and be made aware of the drilling conditions. Under no circumstances should this extra core be used to disguise core loss. While pushing shales, ensure the inner tube is seated before tagging bottom, if inner tube hasn’t seated when you tag bottom, shale may be pushed into the barrel, not allowing inner tube to seat. If hard ground is hit while pushing soft shales, the tube should be pulled and finger lifter replaced with core lifter. Hard ground will be recognised by an increase in torque, decrease in water pressure, increased bit weight and decreased penetration rate. If a sudden spike in water pressure is experienced, and toque decreases you may be washing/ grinding away soft core under the solid core. Drilling should cease and Tube should be pulled. If when your tubes are seating, water pressure is continually blowing off, it is likely that shavings and shale are blocking your lower latch body, prohibiting water flow. If high pressure bit weight and continual blow off of water pressure is experienced with empty tubes, this could indicate that the check valve in the backend is blocked with shale. In the above two situations, the blockage will need to be blown out with the pressure gun.
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 If high water pressure is experienced in hard ground, this could indicate the blockage of water ways or expiry of drill bit.



Fig4.7 Soft shale and clays



Hard competent formations (BIF, chert, magnetite etc) (fig4.8): Through hard competent formations, spindle revs should be increased and mud should be thin,(29- 32 seconds) and a bit lube like penetroll should be used to lubricate the drill bit and drill rods, extending bit life and reducing wear on the line string. Through hard formations, a soft matrix drill bit (high series number) should be used. Through hard ground, Torque will usually increase while the drill bit is cutting, water



pressure will be low, bit weight willincreases be high and be slow. this could If penetration decreases, bit weight and penetration low torque will is experienced, indicate that the drill bit has become polished and will need to be stripped, or that the mud is too thick. If loss of water return is experienced, water retention springs should be used and a 1” hose should be run from the bottom of the water tank to the drill hole, drilling fluid should be run down the annulus between the casing and the drill rods. If high torque and rod rattle are experienced, rod grease should be applied to the line string. If high water pressure is experienced while drilling hard formations, this could indicate broken ground wedging into the inner tube or the expiry of the drill bit, inspect the core sample: if ground was broken, wedging could have been occurring. If the ground was competent, and the core sample shows signs of bit expiry (waves in the core or increase of diameter) the bit is expired. While drilling hard formations keep your drilling torque less than 700psi more than you’re off bottom torque. While drilling deep holes in hard formations, two reamers should be used, swapping them over at every bit change and inspect diameter with no-go gauge. If you are experiencing high off bottom torque, this could indicate that the hole requires conditioning or reaming, more rod grease is required, or worst case scenario the rig has pushed off line or the hole has deviated.



Page 186



 Hard broken ground (fig4.9): In hard broken ground, short runs will be experienced. This can sometimes be mistaken for expiry of the drill bit. In broken ground that is solid (BIF, chert, etc) the shutoff valves can be changed to hard (yellow or red), this will increase the weight required to squash the shutoff valves, thus increasing the amount of push and increasing the amount of core that is able to be pushed up the tube if wedging occurs, decreasing the amount of short runs experienced. Broken ground can be quite abrasive although hard so a mid range matrix may be best suited to maximise bit life.



Water pressure, bit weight and penetration rate will fluctuate through the ground. Drilling mud’s should be between 30-40 seconds and a bit lube should be added. High fluctuating torque, high bit weight, high water pressure and short runs could indicate the expiry of the drill bit, in this formation usually the inside or outside gauge.



Fig 4.8 hard consistent ground



Fig 4.9 hard broken ground



Fig4.9 hard broken ground
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 Inconsistent ground (fig 5.0): In inconsistent ground incorporating hard and soft sandy formations, short runs may be experienced. Drilling mud should be fairly thick (35-40seconds) And a bit lube added if high torque is experienced. If the torque is still high, the hole may require flushing or your mud may be too thin. Soft shutoff valves should be used (black) to limit core loss. Spindle revs will vary depending on formation drilled at the time and the water pressure will fluctuate, so will penetration rates. A spike in water pressure could indicate blowing away of core.



The hole should be flushed at the end of each run to minimise the chance of becoming bogged. If core loss is experienced at the start of the runs, slow rotation and penetration rates for the first 300mm and increase gradually during the run. High fluctuating torque, high bit weight, high water pressure and short runs could indicate the expiry of the drill bit.



Fig 5.0 Inconsistent ground



Loss of water return: If water return is lost during drilling operations, after unsuccessfully endeavouring to re-gain water return, water retention springs should be used in the backend, and a 1” hose should be run from the bottom of the water tank to the drill hole, drilling fluid should be run down the annulus between the casing and the drill rods. If high torque and rod rattle are experienced, rod grease (DAF) should be applied to the drilling line string. Vibration: The bit must run smoothly. It will only be smooth if the drill string turns smoothly. Some of the causes of vibration are. 1. Friction in the hole helped by kinks in the hole. 2. bent rods or barrel. 3. Loss of water return. 4. Too much compression on rods causing them to kink 5. Critical bit speed. Soluble oils can be used to help kill vibration in wet holes. The other factors have to be counteracted by the operators experience and observation.
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 Breaking the core: After the completion of a run, shut the fine feed tap and disengage the feed lever, slowly stop rotation and reduce engine revs, open the safety cage. Place your hand on the rod string or drill head and monitor the water pressure gauge. Use head traverse lever to raise the rod string. In firm ground you should feel a definite break when the core breaks. The weight gauge will show an increase in resistance whilst lifting the rods followed by a sharp drop when the core breaks. Shut down water pump and vent all water pressure. In soft or broken ground or when a run has been stopped short due to a core block,



The water should be turned off immediately to avoid core wash away and you may not feel the core break or it may have already broken. If no break is felt gently feed back toward bottom (do not touch bottom, the weight of the rod string may release the core from the lifter if it was already broken) and try again in case the core lifter failed to grip the core. Operating the wire line to retrieve core sample: After breaking the core, ensuring that all water pressure has been vented, pull back the rods until the first 3m join is positioned about 300mm above the table. Close the foot clamps. Instruct the assistant to lock the break out arm (petol tong) around the drill rod. Instruct the assistant to stand back. Operate the break out arm lever to break the join. Once the join is broken instruct the assistant to release the breakout arm and swing it out of the way. On rigs with a floating spindle; ensure the spindle is open, slowly engage rotation lever in reverse to un-screw the rod, keep an eye on the spindle to make sure it doesn’t close before the rod is fully un-screwed. On rigs with a fixed spindle; slowly feed up at the same time as slowly engaging the rotation in reverse to enable the rod to un-screw. Once the rod is un-screwed, feed head all the way up and slide it to the side. Instruct the assistant to guide the overshot out of its bracket and bring it around to the rear of the rig. Unlock the wire line lever and slowly push the wire line lever forward, this will wind the wire line onto the drum, raising the overshot. Raise the overshot until it is just above the top of the rods, instruct assistant to guide it into the hole. Slowly pull the wire line lever back to lower it down the middle of the rods. If the dry release is on the overshot, it will have to be removed as the over shot is lowered into the hole. Lower the wire/line at a speed that will keep the cable taut at all times, this will help prevent birds nesting on the wire/line drum.



Place your right foot on the table and listen/ feel for the overshot hitting the backend. Once the over shot hits, take some white electrical tape and mark the wire line at the top of the rods, this will be your guide for next time. If the rig is fitted with a wire line cut off switch, engage the mechanism over the wire line. Slowly push the wire line lever forward so that the wire line is pulled up slowly. As the wire line takes the weight of the inner tube and core don’t increase the pull, take the weight slowly.
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 Once the inner tube is released from bottom, slowly increase the speed. Instruct the assistant to operate the wire line wiper to wipe any excess mud off the wire line. Note do not use a rag to wipe the wire line, use a wiper tool. Main bank pressure should read 1000psi to 1200psi. Note: do not exceed 1500 psi or the wire line will become over stretched. If the inner tube is retrieved too quickly a lot of water can be lost out of the line string, which will increase the amount of time it will take to drop the tube, fill the rods with water and seat the inner tube. It can also create a vacuum effect under the inner tube which when drilling soft ground, may suck the core out of the inner tube. Once the over shot reaches the surface, disengage the wire line lever and instruct the assistant to lock the ezy lock mechanism on the over shot head and insert the locking pin. Slowly engage the wire line lever pushing forward and raise the inner tube out of the rods. Instruct the assistant to walk out the inner tube keeping out of the line of fire, as the assistant walks out the inner tube, slowly lower the inner tube until the backend is sitting on the bench. Instruct the assistant to remove the locking pin, and un-lock the ezy lock mechanism. Squeeze the dogs to release the overshot and attach it to the next backend. Lock the ezy lock mechanism on the over shot head, and insert the locking pin. Slowly engage the wire line lever pushing forward and slide the inner tube off the bench, instruct the assistant to guide the inner tube into the rods as you lower the wire line. Lower the inner tube until the over shot is just above the top of the rod, instruct the assistant to remove the locking pin and unlock the ezy lock mechanism. Lower the over shot into the hole and instruct the assistant to place the dry release on the wire line and hold it. Raise the overshot so the head is just above the top of the rods and get the assistant to place the dry release onto the dogs, ensuring that the wire line slot is not over one of the dogs, as this may not allow the over shot to release. Slowly pull back on the wire line lever until you hear the inner tube hit water level and release. If lowering into a dry hole, slowly lower the inner tube until you see your guide mark on the wire line spool off the wire line drum, reduce the speed until you hear and feel the inner tube hit bottom. Pull the overshot back out of the hole ensuring the wire line is spooling correctly onto the drum, and place wire line back into support bracket. Re-attach the head rod and engage your water pump, ensuring that the water dump tap is closed. Seat the inner tube.
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 CORE SAMPLES Core samples are the reason diamond drilling is conducted on site, the information that can be gathered from a core sample is vastly more accurate and detailed than a sample from a RC rig. From the information gathered in the core samples, the client can generate a three dimensional image of the ore deposit, as well as the different layers, and grades of minerals within the deposit. From this information the client can work out the expected mine life and total tons of ore to be mined. For these reasons, it is very important that we provide quality and accurate samples. The information displayed on trays and blocks must be clear and accurate. The core must be clean, organised and provide neat and clear orientation marks. If this is not done to the highest standard the client may refuse to pay for the sample. A few guide lines to follow while coring: Follow the client’s requirements. (Ask if you don’t understand what is required). Ensure that the core samples are as clean as you can possibly get them. Ensure all core is pieced together and displayed in the correct sequence. Ensure that all measurements are checked each run and are accurate. Orientate the core accurately. Mark the core as requested by the client. If you break any core while inserting into core tray, mark each side of the break with a X. 



     











Complete the core trays to the client’s requirements. (Ensure that they are clean). Stack the core trays where they are easily accessible for a vehicle. (Two people must be used, Follow manual handling procedure).



FOR INFORMATION ON CORE ORIENTATIONS REFER TO THE ORI TOOL USER GUIDE MANUAL.
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 CORE BLOCKS:



It is extremely important that the information you provide on the core blocks is accurate. If there are any discrepancies in the depths recorded on the core blocks, coring should cease immediately as you will have to work back through the core trays, measuring the core and calculating your hole depth until the mistake has been found and corrected. Core blocks must note the hole number. At the start of a hole a core block must be placed stating SOH and the depth. Core blocks must be placed at the end of each run recording the depth of the hole at the end of the run. Some other information that must be recorded on additional blocks includes: Any core loss during the run, the depth of any cavity drilled, any circulation loss or the intersection of a water course, the depth of surveys, re-drilled core, extruded core. Ensure that your core is measured every run and your core blocks are clearly marked and positioned in the tray correctly.



CORE TRAYS:



Core trays must be marked with the hole number, core tray number, depth from and to and an arrow indicating the direction of coring. Complete the core trays to the client’s requirements. (Ensure that they are clean). Stack the core trays where they are easily accessible for a vehicle. (Two people must be used, Follow manual handling procedure).
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 INCOMPLETE CORE RECOVERY Problem Undersized core. Core lifter not able to retain core.



Probable cause 1. Core barrel vibration.



Recommended Solution 1. Change rotation speed to eliminate vibration. 2. Add lubricant to drilling fluid. A) Soluble oil.



B) Polymer.



Loose sand type formation lost from inner tube.



2. Bent core barrel outer tube.



1. Replace Outer tube.



3. Out of round bit (tool damage).



1. Replace bit.



4. Matrix damaged – dented by cave in.



1. Replace bit.



5. Core washing in soft formation.



1. Water washing – reduce circulation rate. 2. Add polymer to circulation fluid to increase viscosity and reduce washing. 3. Use face or step discharge bit.



6. Jetting by circulation fluid.



1. Inner tube gap very small- adjust. 2. Core case has ‘V water way modifications’ – Replace and adjust gap.



7. Triple tube drill bit mismatched with standard wire line core lifter.



1. If triple tubing, Replace wire line core lifter with triple tube core lifter. 2. If standard coring without splits, change drill



1. Sand formation not held by standard core lifter.



bit to wire 1. Use full line. close basket type core lifter.



2. Circulation fluid washes core away before entering inner tube.



1. Fit extended core case which protrudes in front of bit face. 2. Use combination, basket lifter and extended core
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 Loose sand type formation lost from inner tube. (cont’d)



3. Over flushing with water washing.



Core shows signs of grinding.



1. Spinning inner tube A) Bent inner tube B) Inner tube head components not allowing free rotation – tube turns grinding ends of core.



Fractured formation grinding.



case. 1. Reduce circulation rate to a safe minimum. 2. Add polymer to circulation fluid to increase viscosity and reduce core washing. 1. A) Replace or straighten inner tube. B) Overhaul inner tube head (backend) and adjust.



2. Very soft crumbly formations grinds away or crushes under its own weight.



1. Do not core for more than 1 to 1.5m before emptying the inner tube to prevent crushing action.



3. Rock particles from previous core remain in inner tube restricting new core entry.



1. Flush inner tube following core removal.



4. Inner tube gap very large not allowing free passage of core.



1. Adjust inner tube length.



5. Dented/ very rusty inner tube restricting core entry.



1. Replace inner tube.



6. Inner tube stabiliser missing or very worn so inner tube is not in correct alignment to bit, not allowing free passage of core. 1. Fractured formation falls out of lifter and is



1. Replace inner tube stabiliser in outer tube.



redrilled resulting in loss.



formation.



2. Fractured formation consistently has short runs and core blocks.



1. Drill with moderate smooth rotation and steady consistent penetration. 2. Use chromed inner tube.



1. Use finger type lifter for larger fragment types of
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 Clay core loss.



Core with clay cuttings built up.



1. Soft clay washing with water circulation.



1. Reduce circulation to a minimum safe rate. 2. Add polymer to circulation fluid to increase viscosity and reduce core washing. 3. Use face or step discharge bit.



2. Soft or plastic clay slides out of standard core lifter.



1. Use finger type core lifter. 2. Dry plugging may be used with caution.



3. Clay core plugs in lifter, grinding and not entering inner tube.



1. Add polymer to circulation fluid to give stiff clay core a lubricated coating. 2. Penetrate at a steady rate. 1. Do not use bentonite clay in circulating fluid, use polymer. 2. Use settling pits to settle clay cuttings from



1. Heavy clay cuttings preventing longer core runs.



recirculated fluid. 3. Ensure that suction line is suspended in pits and as far away from the return line as possible. 4. Dilute circulating fluid by adding fresh water to system. 5. Use de-sanders in recirculating system. 6. Use additives to settle cuttings in recirculated fluid, e.g. Baroid condet. Miss-latch resulting in redrilled core.



1. Core fell from lifter on previous core run and



1. Remove rod string, clear core barrel and check both



lodged in core barrel.



bit and core lifter.



2. Damaged drill rod prevented inner tube latch.



1. Remove rod string and check all rods, clear core barrel and check bit.



3. Mechanical problem in inner tube or outer tube assembly



1. Check and rebuild inner tube assembly and check outer tube assembly.
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 MECHANICAL PROBLEMS THAT EFFECT CORING



Mechanical fault Bent outer barrel or bent drill string.



Initial result Causes rod whip



Bent or dented inner tube or split tube.



Places restriction on the entry of core.



Distorted core lifter, core lifter case or stop ring.



Places restriction on the entry of core.



Seized race housing on thrust and hangar bearings,



Causes partial, intermittent or total seizure of the race



Provokes core blocks and can cause total or partial



due to bearing failure or insufficient lubrication.



housing results in the innerwhich tube rotating at the same speed as the drill string. Causes the core lifter to become unscrewed, until the face of the core lifter meets the bit and results in the inner tube rotating with the outer tube. Places restriction on the entry of core. Can cause the inner tube to rotate with the outer tube.



loss of core.



Core lifter assembly not pre-torqued sufficiently



Small pebbles or rock fragments or a build up of fines between the core lifter case and the bit.



Effect on core efficiency Partial or total core loss in soft formations. In a firm formation it can cause artificial fractures, or open up existing cemented fractures. Provokes core blocks and can cause total or partial loss of core. Can cause difficulty in blowing out splits. Provokes core blocks and can cause total or partial loss of core.



Provokes core blocks and can cause total or partial loss of core. Can cause latches to become jammed, initiating a rod pull. Provokes core blocks and can cause total or partial loss of core.
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 HOLE REHABILITATION After the completion of a hole, once everything has been packed up on the trucks, the drill site must be rehabilitated. The aim when rehabilitating the drill site is to try and leave it in the condition that you found it in. This means you will have to pick up any rubbish left on site, this includes but is not limited to: Rags, Cigarette buts, “O” rings, Crib packs, cans, plastics, lids, buckets, drums, etc. You will also be required to fill in the drain, and any other holes that were dug on site. Shovel any grease or oil spills into plastic sample bags and complete an environmental incident report if required. Fit the plug in the top of the collar and hammer the peg back in next to the hole, write the EOH depth on the peg. If there is any sludge from the bottom of the tanks left on the ground, shovel some fresh dirt over the top of it to eliminate the chance of birds mistaking it for water and becoming stuck in it.
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 Reflex ACT Core Tool



Quic k us er gu ide Page 198



 Introduction • What i s a Refl ex A CT co re to ol • Reflex ACT is a fully electronic orientation device, designed to provide highly accurate and consistent core orientations in broken formations. The unit is easy to operate and its robust design ensures long and trouble-free operation.
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 Work ing Pri nci ple of the Reflex A CT co re too l During the drilling process, the low si de of the core tube is recorded and stored into the memory every minute. When the drill run is completed, the tool is returned to the surface and the driller inputs the time that the core was broken. The tool uses the stored information and guides the user to position the tool so that the same low side position is reproduced on the surface. The tool is basically an electroni c pl umb line.
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 Basic Set-up of Reflex ACT core tool



Backend As sembl y



Sampl e Tube



ACE Core Too l



Grease Cap Replacement
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 Basi c set-up of Refl ex ACT core tool •



Add the cor e barr el extender to the barrel assembly. This can be added to the front or the back of the barrel. (If added to back please remember to remove the landing ring). For PQ drilling the extender must go on the front.



•



Remove the grease cap from the backend assembly and replace with the gr ease cap repl acement that is provided. This now remains with the backend assembly. The back end assembly is now ready for use.



•



Screw the orienta tion unit tightly to the empty core sample tube on the opposite end of the core lifter. The core tool is now ready for arming, and attachment to the back end assembly
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 Qui ck Tip s •



Keep all threads clean and use Vaseline on O’rings before assembling.



• •



Do not drop unit or allow unit to receive severe shock. Replace O’rings on a regular basis as worn O’rings may cause water damage.



•



Do not attempt to open the Orienta tion unit as severe damage will occur.



•



Do not use pointed or sharp objects on the Disp lay p anel.



•



If encountering bad drilling conditions or there may be a chance of losing rod string, Loktite may be applied on barrel threads and a Blank Dummy Tub e should be used instead of the Orientation Unit. This is available on request from Reflex.



•



Do not use diesel or degreaser or immerse the core tool in water.
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 Operati ng Pro cedu res



1.



On the Display Panel of the ACT core tool press and hold the “N” key to Arm the tool. The LCD will display: •



A flashing dashed line for a few seconds



•



Followed by the tool I.D. number



•



Followed by 888. When 888 appears tool is armed.



•



Stopwatch can now be started.
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 Operati ng Pro cedu re 2.



Once armed the tool will take an orientation every minute. The backend can now itbecan screwed to the Place theor stopwatchassembly in an area where not beon turned offtool. accidentally stopped. (Tip: to optimise battery life, arm the tool prior to dropping it down the drill string.)



3.



The inner tube can be lowered into the drill string using the dry release method and seated into the barrel assembly. Drilling can now start, with no alteration to current drilling technique.



4.



On completion of drilling run ensure rotation has ceased and look at the stopwatch. Wait for the next full minute to occur. If for example the stopwatch displays 31:30 wait until 32:00 minutes elapses, stop the stop watch and record this time.



5.



Break the core from bottom and retrieve the inner tube. Page 205



 Operati ng Pro cedu re 6.



Once the inner tube assembly is retrieved, lie it horizontal and



7.



remove backend assembly to expose the tools display panel. To recover the core orientation reading: •



Press R. The LCD displays in hours and minutes.



•



Press the +/- keys to enter the time in minutes that the inner tube assembly was pulled off bottom. E.g. 32 minutes in this case.



•



Press R again.
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 Operati ng Pro cedu re



8.



Two side bars will appear on the screen (they represent two sides of a square). They will flash and rotate. Turn the inner tube assembly slowly in the direction that the bars are rotating.
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 Operati ng Pro cedu re



9.



As the unit gets closer to orientation, the bars will slow down. When orientation is reached a square will be formed by the appearance of the remaining sides of the square.
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 Operati ng Pro cedu re The core is now lying orientated with the underside of the sample Jig,gauge representing bottom the hole. Using the mark isthe core at the lifter casethe of the coreof sample, ensuring thatVthe reading level when you mark the core. The tool can now be removed from the sample tube and can now be emptied.
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 Troubleshooting



Description



Cause



Solution



E2 on display panel at required minute.



Rotation sensed during a orientation reading.



That minute can not be used. Check previous minutes for E2.



Timer display wont advance.



Tool was not reset after last run. (Previous run being a lesser time.)



Ensure units are reset before running. Record run times and compare to previous run time.



Display goes blank in R mode.



Unit times out after one minute.



Press R once and re-enter minutes then press R again to



Unit wont power up and remains blank



Disconnected power supply or flat battery.



retrieve orientation. Press R once. If still no display contact Reflex to organise replacement.
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 Troubleshooting



Description



Cause



Solution



Orientation is 180 degrees out



Full square was not displayed when orientation marked



Mark core when full box is displayed and not when they change direction



Orientation wont line up to previous run



A minute measurement was used while the core was being drilled



ONLY use a minute measurement that was taken when the drill run has stopped



All minutes read E2



Possible internal damage



Contact Reflex to arrange a replacement tool to be sent
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 Cali br ati on Check Please follow these easy steps to ensure your tool is correctly calibrated: 1. 2.



3. 4.



Reset the Reflex ACT as for normal use by pressing and holding the N button until 888 appears on the screen. When 888 appears start the stop watch. Lay the tool at an inclined angle in a stationary position and make a single mark at the base of the bezel indicating bottom of hole. When 888 flashes on the screen of the tool it indicates that an orientation has been taken, this will coincide with approximately 1 minute on the stopwatch. After the first orientation has been taken, roll the Reflex ACT approximately degrees repeat the procedure above. In this case mark the 90 bezel with 2and marks. Continue steps 2 and 3 until you have recorded 4 minute readings each approximately 90 degrees apart. Stop the stop watch at the end of the fourth minute. Page 212



 Cali br ati on Check
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 Cali br ati on Check



5.



Press the R button and then + to enter 1 minute, press R again and



6.



roll the tool as per normal operating procedure until the full box appears in the LCD screen. With the formation of a full box, the 1st mark should be at the bottom indicating that the tool has successfully reorientated the first mark (figure A). Press the R button again and then the + button once more to scroll to the second minute. By recalling the 2nd minute, the tool is being asked to show the orientation it took at minute number 2. Press R again and roll the tool until a full box is formed. With the



7.



formation of a full box the 2nd mark on the bezel should be at the bottom, indicating that the tool has successfully reorientated the second mark (figure B). Repeat step 6 for the remaining 3rd and 4th minutes. Page 214



 Reflex EZ-Shot
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 Reflex EZ-Shot The EZ-Shot is an electronic single shot Instrument that can display survey data from a non-magnetic environment. The EZ-Shot accurately measures six parameters on an LCD display :- Azimuth - Inclination - Gravity Roll Angle - Magnetic Tool Face Angle - Temperature - Magnetic Field Strength The Survey Data is presented on the instrument immediately after recovery from the drill hole. All measured data is stored until the start of the next survey and stores up to 50 surveys internally.
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 EZ-Sho t Fun ct io ns



• • • •



Taking a Single Shot Retrieving Survey History Setting Magnetic Threshold System Setting Zero Reference for Orientation
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 Gui de to LCD Disp lay



From left: Reflex ON/OFF Button; Display with Azimuth; Inclination; Roll; Magnetic; Temperature and Timer Positions; Arrow; Set and Start Buttons.



ON/OFF



Arrow Button



Start



Display



Set



Page 218



 Setting Magn etic Field Threshold



To be able toaidentify survey data that might been affected by magnetic interference, magnetic reference should behave registered. Before displaying the survey data, REFLEX EZ-SHOT® compares the measured Magnetic field strength and Magnetic dip values with the magnetic threshold values. If the variance is more than 1,000 nT or 1.5 degrees from the reference, the displayed Azimuth value will be flashing as a Warning of magnetic ±



±



interference.
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 Setting Magn etic Field Threshold Start by taking a survey that is free from magnetic interference. Position the Reflex EZ-Shot away from any magnetic disturbances such as construction or machines. 1.



Press the Reflex ON/OFF



button to turn on the Reflex EZ-Shot.



2.



Enter a time delay, e.g. 1 minute; use the ARROW button to scroll to Timer and then press the SET button once.



3.



Press the START button for five seconds until the display goes blank.



4.



Keep the Instrument stationary until the set time and one more minute has elapsed. Stand a minimum of 10 metres away from the EZ-Shot.



5.



Press the Reflex ON/OFF



button to turn on the Instrument.
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 Setting Magnet Reference Warn in g Sys tem 6. Use the ARROW button to scroll to Mag. This will display the total magnetic field for the area in a nanotesla (nT). 7. Press and hold the SET button for five seconds until the screen display stops flashing set. 8. Reflex EZ-Shot will now remember this magnetic field threshold and will compare all future surveys to it until this value is reset. As the EZ-Shot only has the facility to display four digits on its screen a zero must be added to the end to read nanoteslas.
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 Taki ng a Sing le Sho t 1. Press the ON/OFF 2.



button to turn on the Reflex EZ-Shot.



Readings from previous surveys will be displayed.



3. Press the ARROW button repeatedly until the small black arrow in the display is at the ‘Timer’ position. 4. Estimate the time to assemble and lower the Reflex EZ-Shot into the survey station an press the SET button to set the time delay required. By pressing the SET button the time is increased by 1 minute increments to 120 minutes. After 120 minutes, the time is increased in steps of 10minutes up to a maximum of 1,000 minutes. Then returns to zero.
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 Taking a Sing le Sho t 5. When you are ready to start the timer, press and hold the START button for five seconds, while the display flashes “----”. After five seconds, the display shows 8888 and the instrument is ready for surveying. If the “8888” does not appear, press and hold the START button again until the display goes blank. 6. Start your stopwatch when 8888 appears so you can tell when the EZ-Shot takes it readings. 7. Place the EZ-Shot in the pressure barrel and then run pressure barrel into the drill hole.
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 Taking a Single Shot 8. Ensure that the instrument is at the correct depth and that it does not move or rotate when it is time to take the reading. THE REFLEX EZ-SHOT AUTOMATICALLY TAKES THE READING WHEN THE TIME ENTERED AT THE START OF THE SURVEY HAS ELA PSED! 9. Recover the survey instrument and remove from pressure barrel. Press the ON/OFF button and use the ARROW button to select the six options e.g. Azimuth, Inclination, Roll, Timer, Temperature and Magnetic Strength. Record the digital values on the data pads that are provided.
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 Taki ng a Singl e Sho t IF THE INSTRUMENT IS MOVING DURING THE MESUREMENT, THE READINGS WILL BE Note , if t he Magne tic UNRELIABLE. field thr eshold has bee n s et and t he Magne tic field str engt h or Magne tic dip values a re out of the a ccepted range ( 1,000 nT and 1.5 deg), the Azimuth wil l be flashin g. A flashin g Azimut h value shall be con sid ered susp ect, due to magne tic int erfe rence .



10. After final reading, press the ON/OFF button to power down. The EZ-Shot will turn itself off after five minutes if you forget to turn the tool off.
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 Viewing EZ-Sho t Stor ed Surveys The Reflex EZ-Shot survey instrument is capable of storing up to 50 Surveys. When the memory is full, the oldest survey will automatically be deleted. 1.



Press the ON/OFF



button to turn on Reflex EZ-Shot.



2. Press the START, SET and ARROW button simultaneously until P O appears, then release the buttons. 3.



The displayed P O is the most recent survey. Press the ARROW button once to display P1, which is the second last measurement. Press the ARROW button again to display P2, etc. Use the ARROW button to scroll through the stored surveys to locate the required survey.
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 Viewing EZ-Sho t Stor ed Surveys 4. Press the SET button to get the values of the required surveys. 5. Use the ARROW button to scroll through the survey data. 6. Press the Reflex ON/OFF



Button to turn off the instrument.



The Instru ment w ill automatically go i nto s leep mod e if not u sed for fi ve minutes.
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 Setting Zero Reference fo r Ori ent ati on of B.H.A – Non Vertical 1.



Press the Reflex ON/OFF



button to turn on the Reflex EZ-Shot.



2.



Insert the mule shoe into the orientation sub and position so that the B.H.A is at top dead centre i.e. pointing to the sky.



3.



Set time delay to 0 minutes.



4.



Press and hold the START button for five seconds until the display shows 8888.



5.



Press the Reflex ON/OFF



6.



Use the ARROW button to scroll to Roll.



7.



Hold the SET button for five seconds until the screen stops flashing Set. This roll Angle is now recorded as zero.



button to turn on the instrument.



SINGLE SHOT MUST BE TAKEN TO SET ZERO REFERENCE. REPEAT SURVEY AND ENSURE READING OF ZERO DEGREES ROLL. IF NOT ZERO REPEAT THE ABOVE PROCESS. ±
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 DAILY TASKS INCLUDE BUT ARE NOT LIMITED TO:







  



 















 







 







Breatho’s MUST be conducted prior to shift. All crew members must be fit for work, alert and physically ok. Pre-start checks MUST be completed at the start of every shift Day and Night. Take fives MUST be completed on a daily basis. Plods and bit registers MUST be completed on a daily basis and faxed through to Perth office, details MUST also be phoned through every morning between 0700 & 0800 hrs. Any maintenance MUST be recorded in the maintenance log on a daily basis. Foot clamp assembly, sheave wheels, spindle and water swivel assembly MUST be greased on a daily basis. Vehicles in use should be cleaned inside and out on a daily basis to avoid build up of dust and mud. Any incidents, accidents or hazards MUST be addressed and reported immediately. Any consumables required for the day should be picked up from the lay down prior to commencement of drilling. The drill rig MUST be re-fuelled every shift. The rig, bench, tools, vehicles and drill pad should be left clean and tidy for your cross shift. Cross shift should be informed of any consumables required at the rig during change over meeting, as well as any information related to the hole. Hand over sheets MUST be completed for incoming crews on fly out day. All hire equipment on site MUST be recorded daily in the plods ( this includes unused equipment) If you don’t know or are unsure ask your supervisor.



IT IS THE DRILLERS RESPONSIBILITY TO ENSURE EVERYTHING ON THIS LIST IS COMPLETED TO BOART LONGYEARS STANDARDS BY EITHER HIMSELF OR HIS OFFSIDERS.
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 WEEKLY TASKS INCLUDE BUT ARE NOT LIMITED TO:



 







  



 











 



Weekly vehicle inspections MUST be performed every week. Gear orders MUST be completed and sent to Perth office by Monday morning. At least two JHA’S MUST be completed each week and copies sent to Perth with paperwork. All servicing and maintenance MUST be recorded in the maintenance log. All vehicles MUST be greased at least weekly. A Major Service MUST be conducted on the rig weekly if double shifting. If single shifting minor and major services MUST be alternated on a weekly basis. Robin pumps MUST be serviced at least weekly. Lighting towers MUST be serviced weekly if running double shift, or fortnightly if running single shift. Gen sets MUST be serviced weekly if running double shift, or fortnightly if running single shift. Weekly toolbox meetings MUST be attended by all personnel, day and night shift. Full names must be recorded on the toolbox minuets, no nicknames. Drill bit records MUST be faxed to Perth office every week. If you don’t know or are unsure ask your supervisor.



NOTE: IT IS THE DRILLERS RESPONSIBILITY TO ENSURE ALL FILTERS AND OIL FOR SERVICES ARE AVAILABLE ON SITE. AND TO RE-ORDER AFTER USE!! NOTE: MAKE SURE FILTERS AND OIL ARE AVAILABLE BEFORE STARTING ANY SERVICE. IT IS THE DRILLERS RESPONSIBILITY TO ENSURE EVERYTHING ON THIS LIST IS COMPLETED TO BOART LONGYEARS STANDARDS BY EITHER HIMSELF OR HIS OFFSIDERS.
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 MONTHLY TASKS INCLUDE BUT ARE NOT LIMITED TO:











 



Monthly rig audits MUST be completed before the end of each month and sent to Perth office. Stock takes of all equipment MUST be carried out monthly and sent to Perth office. Rig inventory’s MUST be carried out monthly and sent to Perth office. If you don’t know or are unsure ask your supervisor.



IT IS THE DRILLERS RESPONSIBILITY TO ENSURE EVERYTHING ON THIS LIST IS COMPLETED TO BOART LONGYEARS STANDARDS BY EITHER HIMSELF OR HIS OFFSIDERS.
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 MINOR SERVICE.



A minor service comprises of changing the engine oil and replacing the engine oil filter, greasing, checking air filters and batteries. Below is a step by step run down of a minor service. Consumables : Oil filters to suit rig, engine oil delvac 15w40 (Mobil 1240 for Detroit diesel), empty drums and buckets, green sample bags, rags, grease



gun, air filters as required, soaker mat. 



 







 











 







 







If servicing at beginning of shift run rig for at least 5 min to warm engine oil. Complete a take five. Ensure spill kit is present and easily accessible. Turn rig off, isolate, lock and tag out (ensure you meet client requirements). Make sure oil filter and oil are available, green sample bag, empty drums to drain oil into, rags and a bucket with a lid. If rig has been running allow to cool down, this will eliminate hot areas on engine. Position soaker mat to catch potential leaks/ spills. Remove sump plug and Drain engine oil into empty drum ensuring drum is large enough to hold all oil and will not over flow. NOTE: ALL SPILLS MUST BE CLEANED UP AND DISPOSED OF AT APPROPRIATE DISPOSAL SITES. Remove oil filter from engine, place into green sample bag, tie bag off and place into bucket. Take new oil filter and fill with correct grade engine oil, screw new filter onto engine and write the date on it. NOTE: FILTERS SHOULD ONLY BE TIGHTENED BY HAND. ONCE THE SEAL HITS THE HOUSING, ANOTHER ¾ OF A TURN IS SUFFICIENT. Once all oil has drained Replace sump plug and tighten. Mark drum used to drain oil as waste oil or apply out of service tag so no one mistakes it for fresh oil. Refill engine to high level mark with correct grade engine oil and replace filler cap. Grease rig Remove air filters from housing and inspect. NOTE: USE OF COMPRESSED AIR BANNED ON SOME STIES, FOLLOW CLIENT REG’S ON DISPOSAL AND INSPECTION OF AIR FILTERS. Check batteries
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De-isolate rig, start engine and allow to run for aprox 15sec, shut rig down and recheck engine oil level. If low top up to just under the high level mark. Clean rig of any oil spills Dispose of used oil, filter and rags at an appropriate disposal site. Re-order used consumables (filters, oil etc)
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 MAJOR SERVICE A major service comprises of changing the engine oil and replacing engine oil filter, replacing the fuel filters, checking air filters and replacing if needed, changing gear oil in drill head, greasing rig and checking batteries. CONSUMABLES: Oil filters to suit rig, diesel filters to suit rig, engine oil delvac 15w40 (Mobil 1240 for Detroit diesel), jerry can full of diesel, gear oil 85/140, drum pump, empty drums and buckets, green sample bags, rags, grease gun, air filters as required, soaker mat.  











 











 







 







Complete a take five. Turn rig off, isolate, lock and tag out (ensure you meet client requirements) Ensure spill kit is present and easily accessible. Make sure all filters and oil are available, green sample bag, empty drums to drain oil into, rags and a bucket with a lid. If rig has been running allow to cool down, this will eliminate hot areas on engine. Position soaker mat to catch potential leaks/ spills. Remove sump plug and Drain engine oil into empty drum ensuring drum is large enough to hold all oil and will not over flow. NOTE: ALL SPILLS MUST BE CLEANED UP AND DISPOSED OF AT APPROPRIATE DISPOSAL SITES. Remove oil filter from engine, place into green sample bag, tie bag off and place into bucket. Take new oil filter and fill with correct grade engine oil, screw new filter onto engine and write the date on it. NOTE: FILTERS SHOULD ONLY BE TIGHTENED BY HAND. ONCE THE SEAL HITS THE HOUSING, ANOTHER ¾ OF A TURN IS SUFFICIENT. Once all oil has drained Replace sump plug and tighten (do not over tighten). Mark drum used to drain oil as waste oil or apply out of service tag so no one mistakes it for fresh oil. Refill engine to high level mark with correct grade engine oil and replace filler cap. Remove old diesel filter, put it into green sample bag and place into bucket. Take new diesel filter, fill with fresh diesel, screw it on and write the date on it. NOTE: FILTERS SHOULD ONLY BE TIGHTENED BY HAND. ONCE THE SEAL HITS THE HOUSING, ANOTHER ¾ OF A TURN IS SUFFICIENT. Locate manual prime pump and crack bleed screw, pump manual prime pump until all remaining air is dispelled from system. Tighten bleed screw (Do not over tighten).
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Remove air filters from housing and inspect. NOTE: USE OF COMPRESSED AIR BANNED ON SOME STIES, FOLLOW CLIENT REG’S ON DISPOSAL AND INSPECTION OF AIR FILTERS. Remove drain plug from drill head, Drain all gear oil from Drill head into an empty drum. Mark drum as waste oil or tag out of service. Replace drain plug and remove filler plug, Using drum pump, Refill drill head with gear oil until oil is just running from filler hole. Replace filler plug. Grease rig Check batteries De-isolate rig, start engine and allow to run for aprox 15sec, shut rig down and recheck engine oil level. If low top up to just under the high level mark. Clean rig of any oil spills Dispose of used oil, filter and rags at an appropriate disposal site. Re-order used consumables (filters, oil ect)
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 VEHICLE OIL A ND FILTERS VEHICLE



ENGINE OIL GEARBOX



TRANSFER CASE BRAKE FLUID POWER STEERING POWER DIVIDERS GREASE NIPPLES COOLANT



FRONT DIFF REAR DIFF



CANTER15W40



80/90



85/140



DOT4



ATFDX3



N/A



MOBILHP222



ANTI-FREEZE/BOIL 85/140



LSD90



ISUZU



15W40



80/90



85/140



DOT4



ATFDX3



N/A



MOBILHP222



ANTI-FREEZE/BOIL 85/140



85/140



TATRA



15W40



L.TOWER 15W40



SAE 15W90 N/A



85/140 N/A



DOT4 N/A



PART #



85/140



MOBIL HP222



N/A



ISUZU



MOBILHP222



PART #



N/A



85/140



ANTI-FREEZE/BOIL N/A



TATRA



PART #



A.F. OUTER



6279360010



A.F. OUTER



P182059



A.F. OUTER



P828633



A.F. OUTER



821575



A.F INNER



6279360020



A.F INNER



P11-2212



A.F. INNER



N/A



A.F. INNER



822858



F.FILTER



4437410300



F.FILTER



ME015254



ELEMENT KIT FUEL 8980370110



F.FILTER



26561117



FILTER INSERT



3369100060



OIL FILTER



ME215002



OIL FILTER



OIL FILTER



140517050



OIL FILTER



4429003550



F.SEPERATOR



CANTER



RENOLIN BHVI 32 N/A



8973713340



L.TOWER



85/140 N/A



PART#



FS1212



SEAL RING



2731104180



SEAL RING



2054170434



SEAL RING



3119013090



SEAL RING



9901000020



GASKET



9905000470
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