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SUIMARY

Diamond drilling is a method of exploring mineral prospects in
which core samples are recovered., Osnerally it has been used as the
first step in the development of mineral properties, and the evidence
thus  obtained will not only prove the existence and extent of an ore
body, but also its metallic content,

-After the ore is proved by diamond drilling, the operator will
definitely know how to begin mine development and where to sink shafts
and drive tunnels with the maximum results and minimum of expense.

Diamond drilling is a highly specialized art, which ugually needs
years of apprenticeship., Experience or actual participation in the work
is an essential factor, which can not be learned in any other way.

A gzreat variety of machines has been developed because of the
limitless diversity of work encountered by diamond drillers. Drill-
ing outfits range in size from small hand-driven drills to large
machines capable of drilling 10,000 feet or more. Some of the drills
are able to move about under their own power and are desirable wheneYFr
trangportation is hard,

One part of the mechanism that creates the necessity for the boring
of the rock is called the swivel head, which can be pivoted or swiveled
at any angle. It is thus capable of drilling holes in any direction
desired, The swivel may be a piston operated by a hydraulic cylinder,
or a screw feeds The drill rods, run through the drive rod, are held
fast by a chuck attached to the base, Although swivel hydraulic head
permits greater efficlency and accuracy, some operators assert that the
screw feed 18 more foolproof, and is found more efficient when they

cannot get an expert driller to handle the swivel hydraulic head,



One other important accessory of the diamond drill is the core
barrel, which is used to retain the core. The three types of core
barrels are single tube, double~tube rigid-type, and double-tubs swivel-
type., Soms specially designed core barrels are also used to get better
recovery of core in bad ground.

To penetrate the overburden or alluvium, stand piping is accom~
plished by hammering heavy double-strength pipe into the ground. Drille
ing with casing bits or pipe bits with iud fluid is the alternative
method, which i8 used in penetrating heavy overburden. »

Two samples are obtained in diamond drilling: the core, which is
a cylinder of rock cut inside the diamond bit, and the sludge sample,
which consists of the cuttings made by the edge of the bi’t..A The
accuracy with which grade and tonnage of an ore body may be calculated
from diamond-drill assays depends upon the reliability of core and
sludge samples., In adjusting core and sludge assaya,'thé core and

sludge aamples may be based on either the respective weibhts recovered

L or the respective volumes represented by each,

where core and sludge recoveries are both poor, discrepancies
‘may arise between adjusted assays caleulated by these two methods, In
such a case the Mweight" method gives emphasis to the core sample and
“the "olume” method gives emphasis to the sludge sample, When the
sludge sample suffers no clé#sification in the drill ﬁéle!, the volume
method gives more accurate tésulis; on the other hand, the weight
method gives more accurate results when the sludge suffers classifica-

tion.



ACKNOWITZDRMENTS

Acknowledgment is gratefully made to Professcr C. ¥W. Livingston,
flead of the Mining Department and Professor of Kining at the Colorade
School of Mines, Golden, Color:do, under whose supervision this thesis
was prepared., His ever-available sugzestions for the arrangement of the
thesis and for field stady are deeply appreciated,

Sincere thanks are due to Wm. P, Huleatt, Chief, Exploration
Engineering Unit, Geologic Division, United States Geological Survey,
Lakewood Branch, Denver, Colorado, for his gracious help in obtalning
permission from U, S. Atomic Energy Commission, Grand Junction,
Colorade, to observe core drilling methods in the field and obtain an
idea of exploratory methods in general. The time he spent in discuse-
ing certaln problems related to exploration methods and sampling
technique is also appreciated.

The writer is grateful to Mr, Max F, Welch, Chief, Securi%y Branch,
U. S. Atoric Energy Commission, Grand Junétion, Colorado, for arranging
a field inspection trip to observe diamond drilling at Bast Carrizo
Mountains and Lukachukail areas in Arizona and wagon drilling in Temple
Mountaing area in Utah during March, 1952, Thanks are also due to Mr,
Daniel B, Hurley, supgrvising geologlst of these areas, for accompanying
the writer during the trip..

Especial acknowledgment is due to the E. J. Longyear Co., Boyles
Bros, Drilling‘Co., Acker Drill Co., Chicago Pneumatic Tool Co.,
Christensen Diamond Products Co., Denver Equipment Co., Joy Manufacturing
Co., Sprague & ﬁénwood, Inc., and the ltine and Smelter Suppl& Co.,y
Denver, Colorado, for informations, catalogs, suggestions, and photo-

graphs which have been freely given.



m (I )

T2 indebtedness of the writer to writers ol articles and books
is difficult to ncknowledge es eclally, ws the oriticles sre so numerous,

Tost of the material presented in t-is thesis is necessarily a cormilae-
tion of exlating information. All the writers of these articles are to
be thanked because they, not the writer, are the ones =lic daserve the

credit for vroviding information vertinent to the subject.



TABLL 0OI" CONTENTS

History of Diamond Drilling $evss00sesssssssscsssnssensssnenTe

Drilling Machines and E{"lipm@ntﬂ ®erPvesersveessecoeresevessoTe
C"Cnam I AR R NN ENNNFEE NN N ENENENENNESEEEERE N EENERNN NN NE NN NN NNNY)
Weight Oof Machines eeecaveccececessssccvencesccnsescone
Trend from Screw to Hydraullc Fesd seseececcencsrccenee
T‘rendin?we:‘ for wimng [ A B N ENENESNENNENEERRNAENENESEN N ]
Spoed and Rate of FeeA ececevescccossscocccsnevsssccsan
Drill C&p&Oit}' end Nature of ROGK assecececscocrsssrcvee

Mechanicael Testures and Speeificetions of Diamond Cove
Drill8 weevecesscsvecvescrcsscesancscosssoce
Iﬂn{;‘]w Diamond Core Drill Vo0 cesrvrecreeseescorsacene
Jundor Straitline Drills seeccecssscecccsccrcscscacs
Junior Str&itme, Treilcr Momnited ceeeossvscscne
Jwior S’traitline’ Diegel Driven eeesesesccevcess
Judor Strait].ine’ Alr Driven Gecevcrsvssvvoncrae

Pioneer St!‘aitlina, Gasoline Driven eevcscssscctsosas
PI'OSPQCtor, Gagoline Driven esesscccessesrarecesescae

UG Straitline Drills eececescvecsacecscsssccssccsasny
e Straitlim' Truck Mounted eecccocsscccsscccenne
.t stmi‘hline, Floctric Drivenl ececescsscsccscons
e S‘tr&i‘blim, Gasoline Driven eecceccvsccccvvece

Master Straitline Drills s0esscsecccssiosessenssrece
Mast&r straitline, Di@sel m‘ivan eessssnevsvsnsss e

Sprague end Hermwood Diamond Core Drill8 seecescecescces
Hodel 138 for Déep Core Drilling eeecccsccesesascone
Model 142 for Very Deep Core Drilling wnder Severe

Conditions eeesecscvscrresccaccsncncsnrenscce

Joymamcmms [N RERERNENNEYNNNNENNENNNENNNENNENRNNENN )
Joy 22+HD Comw D11l cevesccssccccncrcsovssssesvonse
JW lz’B Com m‘ill [ EE NN N ENENEENENNENNENNRENENNENNENZHE ]
JW NO. 7 COI‘S ])rill 0 0000000 0000000000 PRNOEEERTREIOEIRN

Speoiflcemlom $9 000000000000 0000 000000000 scsNOsP RS

Boyles Drosa. Diamonﬁ Core Drills eeeacesevescoscscscece
Model BBS=~1 Gasoline or Diesel Swrface Drills eeecee
SPQCiin&'bions 0008006000000 000000 000N ITCRTel

Model) BBS-R Gagoline or Diegel Surfzce Drills seceee
Specifications  etesscesssasessssrssscstasssacsree

Model BBS-4 Gusoline or Diescl Surface Drills eceeces

Page

~N~Naouthsiouren

VWwwwowm

v
5 b

BrkBbE

&6

S

L

88666

V0N
DO

Ay
o+ B 5]

S



X"T\‘&.}’ Surface Diamond Drill esseccceecccvencesssssonne

Si:@c;ific&tions 900 escrrnsvererenNesITOOIPIIOIIOCIITOIOSS
Tﬂe AC‘KBI‘ T@rCC‘iO COl"e I}.rill [ENENEEEEENNENASEEENRENREEEERE NN S ]

Chicago Pneumctic Dismond Core Drille eesevesscescasnses
CP Yo, B8 snd CP Noe 15 Diamond Core Drills eecccessee

EOrim Heads and Drive8 eevsesccssescccccsscsnssvsvscsacese

Serew or I'ﬁrdra'\ﬂ.ic Feed Swivel Hoads esecsvecsscvenecveny
01l Circulation S:;’stem Peseresssscsassrversvessscvene

wateI‘ Smjply :for Dz‘illing ........................"..‘!
Feed W&‘bBI' P P PV GO CEE IO IEPROESNAONOP OO EOSIOIETIRNRGCOERED
Re.tm wat&r IR RN NERNERENEN S EENNNEENENE BENEENERNNENEES RSN ]
Protection from Frogl eeccececcccsvscscccssccsoscsave
Water Requirements for Diemond Drilling ececevecssces

Dl’ill MS (A ANEE RN EEEEENENENNESE RN A AR AN R AN R AN AR EE NSNS ]

Core BAYTBlE eceveccstecsscoveorccsansscsssscvssssssssssonse
TFactors csusing Core L0S3CE ecececvsccscccesscsccsssnse
Special Core Barrels for Bed Growmd evcssccctsscssces
Series "" Double~Tube Core 3Barrel seeccveccsccsvccce
Duffield Core BarTel eeesescevsescaccvssssvcsccsacces
Modification of Duffield Core Barrel evcscsornencvovse
IOIWB&T "LY Series Core BarrTel ececcscesscscecvcccee

Ten Adv&ntages Of "L® Narrel ececcccvesvocessscesce

ThQ Dimnd I E EE EF RN EENENENENEEEENENN R ENN AR RN R A AN E N A NN ] ]
Origin of the Diamond eecescescescecncnscsscscscscsccscsay
The Diamndinlndustz? R N Y R R RN R R R Y

G&Iﬁ Diamond P U000 P00 CPEOINROCEOIOIPRIGSESEROIOETPOEOIOIOETLTOIIISITOSTSS
Bortz 0000000000000 0E00PAENIteaNeIIINIOIEEErERPCEOEOsEdEanTTIOS

CarbontdO eceeevovevccscscesvnvscasssvacsasssscvsssesses
Bardness of Diamond .00.0.QOoo.looccOton.oCOQOOUOOOO...;

The Mt .‘.‘......‘.‘.0.'....'...‘..O...'.......'....‘.;

Prico of Diamonds and World Production .o-o-.ou-coocoto"o

Diamond Drill Bits XX P R N Y Y PN Y Y R R PR R RN ¥}
Classification of Diamonds for m'illing --oooot.ooouuno;
Hand Sat Bit8 eeevecsccncsvsscncreoscscevrsvscscstccsvncas
Hechanically Set BitS sesevescsscovcecceccsescecssccscse

Cagheet Bil8 eeevecescrvtccccevsacscsnssevessscsconne
Impregmted Bit8B seseccteacscssestccoscccsrecsvssssnsas

Matrix of Melal POWASYT eceeseccsrecsssccscncnsoscscstosns

24
24

%)
F' g

88

o0
o]

K8

REE & JQEEX

JIBRERR XBBERR

(2
~3



Page
Comparison of Mechanically Set and Hand~set Bits eeseee v
Oriontotion of Dicmonds in BitS eeeessscccsssccscncscse 78
Cutting Action of a Diamond Drill Elt eececccccccscsves 84
Shapes Of BIL8 eseeccevccccosssccovacnvccccsssncencssnne 28
Distribution of Dizrionds in BilS eeecevcscsevevacscccece a1
Casing Bit ceeecescscocrecosscscessscsccocscoacocncssees 32

CaSim %oe mt LA R E N NN NNNNENEEESENERNENN R AN NN EENENERNE X ] 92

Pipo Bit8 eeevevccocercccsesscscscccssccsasscssscanessnne a2
Pipe Shoe Bit eececcosccrsscscesssvaccesscccscsascscane 92
Bottom Discharse Til  eeescececsctcoccccacecscscncocennes 32
REBMOBI'S seseevccrcscececosscesscsnvossscscrscssrsocscsscnsn 93

Prices and Stzmdards of Dicxond Drill Bits ssessccscnse 898
DOG;DO}'ICAO Standardization e PINSPIIPPEETEOIULOIIEUTSTIIPNOEOETES 95
optimm Opera.tin{; Conditicns for DI’illi!l{, esvcseseevsrcsssares 105

Penetration of OverbDiTdOn cecevescvesscccssscsssoscnscrccense 116
Pj'ping B0 EP OV O S OASCLICTE P PO EEID ORIV REONPOPOPIELIBPEIPOIOITPTIOTTSE ]—lG‘
Mud Fluid Hethod of Penetrating Overbirden ceesveccdecsccss 120

Diemond Drilling through leavy Cverburden with Mud Fludd 121

Aoplication of Diamond Drilling in Exploration of Mineral

DepOSits [ FEENNENENENNNNFNENNNNNNENENENENNNNENNENNXEZX ] 128
Ganeml .'Q...'..O....IOO.l.....'.......‘...‘.....’.....l. 3‘28

Generel Features Which May Make Diamond Drilling Especially
Desjl‘abls CC R0 60 0040000000080 0060800000008 129
Difficulties to be Encountersd in Different Types of Mineral ~
Deposgits Explored by Diemond Drilling eeeee 181
Vein Dﬁiﬁosits 6000000 00000ellaVerssansonstcessovesncssces 131
Replacemen‘b De}LfOSi'bS X R Y E R Y E XX N RN RSN NN R N X X ] 152

Contrast Detween Diamond Drilling and Underground Working
for Hineral Exploration "seevecsnccecicceson 138

Exammles of Explorations by Diamond Drills seecessccensaes 134
Gold DGpOs‘i‘tS 9000000000000 RTSIIIOOIOTROIOIRISINRNAQEOITIOSOIDNROGTOITSTS 134
Cop}_l‘er Deposi’bs 000 0ses s eIVttt eEncsssOOstesPVORTRIOR 156
Tunisten Deposi'tﬂ 400000t sssstosssoesssrneRENOOUsOERAS 136
Zinc~Lead DepOSits 0000 008000000000080000000CVeOOOEQEIOETITNTDY 137
Iron DepOSits Pe0csssessrssresssecveasIBOETCORsSRNSOIOITVTES 138



The Atcomic Energy Commisaion?s Exploretion Program for
Tranium on the Colorade Plateau oooocoooo..to
GBOLOLY seevcsssecsasssoscossssssecssnessssasessassncaney
Gencrel Discussgion of Uranium Deposgits of the
Yorrison Formitionl eeeseveccecrsccerecncvens

Ore~Finding Problell seeecccssscssscscscscnscscscocassasse
Use of Geology in Guiding B lora&tion  sesecescesvesansss
Broloration Policy and PUTDOSE eeessssesscscessorsascsas
Facts Concerning fxyloration eteesscesscasssessttcccenes

Drilling et tne Bast Carvizo lountazins, Arcizone seececss
Drillir‘g Rigsinuse GO O OO OB EOIE SOOI OITIRNOOOOISEPOIOIOSEIPSPOPUOSETOYS
Hater S'LLPXJ}.‘Y €0 00000 0t ett eI IPNELRIORPNRtEEsRtRcIOINEnNd
mimr&g Techniques [ A RN ENENNNEERENENNENENNNERNENENNENNNENRHN]
Contract Trices 0 0 00 000 CUTIOENIRIITEOUEIERNTOILINRDES

Diamond Drill Sﬁﬂi:«ling ®rsesvseesestsrsvoNevbsencecnstiesstoee
Core Sa,mpling €006 00000000000ereetescssctocccncscsocnitbscsncs
Sl‘ddge Sﬁlﬁples R R RN R NN R N P YTy Py Y P YR P ¥

Sl?&dge F»eco‘verf 6P 8 R 0Ce s casPOPENEsseRPOIBBOOISIEONIRROIOGOIRAS
Ave;:‘aging Core nnd Slud;e An&ljseﬁ sessessecsatosenacae
Celculetion of Sllx‘.;c Rec@vem’ s0ecosesseentosecsconne
Combining Assays in Proportion to Weirhts Rascoversd .
Prefervrod Methods of Combining Assays on Basis of

Weights €000 800 ereesvtevstsetnessnsEesssences
Sludge COL1eCLOTS seevvocsvsscvoressssesessoresncscasn
Sources of Errors in 3ludge Collaoctlon eevevecscssces

ConCluSione eeesseeccscscocsesessscrsssscassssssnsscscnsosecoens

References OooctooccnconnOQOOCOCQOIUCOaoo".l.cl10.cotooooooo;

140
140

140
141
142
144
146

147
143
148
148
150

131
151
156
156
160
1e6
168

168
171
174
a7

172



1.
2.
3.
4.
Se
8.
7e

Be

9e
10.

TABLES

Specifications of Longyssr Diamond Core Drills .eeceveces
SPeﬂifiﬂatiOm of Jﬂy Core Drills eceeseccvssnsncccsncesae

Volume of Water requirsd to produce au Upwerd Velocity of
18 in. per second in Drill Hole8 secccsceces

Gore Recovery Results with Ordinary Core Barrel eeeccsess
Core Recovery Results with Duffield Core Barrel ciececscs
sc&le of Hardness .."00"..05.0'00.CC.O.Q'.Q..Q..I.'....

World Production of Diamonds, 18939~42, by Cowntries, in
Metrie Carats (including Industrial Diamonds)

World Production of Diamonds, 1042-46, in Matric Carats
(inolllding Industrial Diamondﬁ) eessscssnace

Clagsifications of Diamonda for Drilling eecescececscecses
Standexds and Prices of Christensen Core Bit8 secevecccce
Stapdards and Prices of Christensen Concave Bits eeeesess
Standerds and Frices of Christansen Pilot BIts ceeeccccoe
Standards and Prices of Christensen Casing 8hoe8 eesecesce

Standards and Prices of Christensen Caging Bit8 eeccsse ooé{

Standards and Prices of Christensen Reamer Shells seesess
Drilling Results for Various Opecrating Conditions seeseee
Core to Sludge Ratioa in Core Drill S8HPIES eesecsccvesce
Core to S8ludge Ratios in Core D:‘ill SAUPLEB ceeceresessce

S

ILLUSTRATIONS

Junior Straitline, Gas Power mit, Seraw Foed ceeveescnes

Pioneer Straitline, Gasoline Driven, Screv Feed eesacesse

Pege

20

58
45
45

72
73
98
24
84

eb
114
165
166

Page



Mize
8.,
4.
Se
6,
7e
8,

9.
10.
11.

UG Stroaitline, Trailer Mounted <.cesececscesccccsccscsncae
UG Straitline, Diesel Driven .ecvcsssccosncscscscossessse
UG Straitline, Electric Driven sseecesscssccccecccsssssves
UG Straitline, Gasoline Driven eseccessccescscrvccscscecee
Master Straitline, CGasoline Driven .evcesecscscccsscvsnse
Model 40-C Diamond Drill, Electric Driven and Gasoline

.
Driven cecececcsccessesscsncnssccosrsccccsos

Model 40-C Dismond Drill, Pneumatic Driven .cecesscvecoce
Model 142 and 138, for Deep Core Drilling eecvescescccese
Joy R2~HD Core Drill .sececcecececercesveoscacecocancncnsa
Joy NHoe 12=B Core Drill eeeesecsrescsssscecsscsarovacccan
Joy Noe 7 Core Drill seecececssaveccsssccoscccssavsencocsse

Model BBS~l end Model BBS-2, Gasoline or Diegel Swurface

»
Dx‘:—.lla [ EEANEE N NN ENEENESNENNREENEN NN S ENREN N XN ]

Model BBES~4 (asoline or Dieéel Surface Drills eeeesvecces
Z~Ray Surfece Diamond Drill evecescccsssscccccccsrsvcnsas
The Acker Teredo Core Drill .eeseevescascocsccccessssncse
Drilling at an Angle by the Acker Teredo Core Drill aeaee
The Acker Teredo Cors Drill, Showing Integrally Mounted

mp R I yan

CP No. 8 Dimmond Core Drill and Specifications of CP lo. B

and CP Noe 15 «covecescacecrcseccenscccccccss
Double Hydraulic Swivelhoad and Screwfeed Swivelhsad aseee
Hodel %4~7" Water Pump for Diamond Drill Feed Vater <ecee
Three TypesobfiLongyear Core BETTALS .ee.ceccsseorsrocsons
Duffield Core Barrel esesscccccccceccscssscocvcososcncsnnca

Stages of Opaeretion Showing Control of Water, and Core
I1ifter {_;Ti})piﬂg COT® csscecscscsessrscavcnns

Sequenoce Drawings of Modified Duffield Core Barrel seseee

Page
11

13
14
14

21
21

pidsd
28
RS
25

27

55
35
41
47

) 8



Fig. Page
27. Iongyear "L" Barrel, Lower Ind As:zembly eeceeeseccsescees 06
2€. Longyeaxr "L® Barrel, Lower IEnd Asgembly B cesececcccvecns 06
29. lLongyear ®L" Barrel, Lower End Asscmbly C seeeccccosescee 7
30s Iongyear FL' Bayrel, Lower End Assombly D ceseeccescccese 58
8ls Longyear PL" Barrel, Lower End Agsembly £ seeeseccscssees 09
52, Longyeer "L" Barrel Head 1 (Washer Swivel TypPe) eececsees 60
53, longyear "L" Barrel Head II (Ball Bearing TyPe) eececesse 61
54. lLongyear "L" Barrel Head III (Rigid TYD8) sescovccseseces B2
55, FExample of Starting Barrel and 8ingle Tube Core Barrel .. 63

86, Graphical Comparison of the Dimmond and other Minerals
of Mohs System by Identation and %Almsion «e 70

87. Test History of EXT Diamond Drill Bits M-1, M~2, and M-§ 81
s8. Bit I~ ~1 (¥8) with Negative Rake Diamond Orientation (15

deg. Drag Arngle), Showing Tendency of Diamonds

to Polish after 2.8 Feet Drilling in Granite 81

B59. Bit M-1 (¥3) Showing Polished Flats after 15,6 Feet of
ﬁrilling in &‘anite ..0...'...".....“"b... 81

40, Bit M~2 (X6} with Positive Rake Dimmond Orientation (15

deg. Gouge Angle) Showing Roughed and

Fractursd SurfAces-after 4.6 Féet of

Drilling in Granite® ececceccesssasessrsecanne 82
41. Bi,t M-3 (¥4) with On~Point Orilerntation of Diarond, Show-

ing Flat Square Surfaces Resisting Penetration _

after 9,7 Feet cf Drillim in Granit®e ceceece 82
42. Chmhlative Test Dat&, Bits M“l’ I’i"(v’ and M¥=3 evesosssosse 82
45. Rﬁprﬁsentativ@ Diamond Drill Bitﬂ eeenessEess RO GARLEILERS 86
44, Typical Core Bit Contours tes 0t essns eI NsrsRssORROICEEVIOIOITRS B8
45, Trill Bits of Various Types and mng Shell essvseesvese 87
48, Reaming Shells, Insert Ty @ eececscsscecvcasessssccrsvece &7

47. DCIMA Specificutions of Drill Rods and Coupyling8 eeeeeess 97

48, DCDMA Specifications of "X" Series Coupled Casing eeeeeee 98



Fig.

49,

58.
Y

60,

6le

824

85

654

6C8a
67
68,

DCIMA Specifications of X" 3eries Caging Rit and
Rﬂﬁmn{z &hell L2 IR B R IR O 2R N IR O B A R BE N NN 2F BE A BN BN A A N N N ]

DCDMA Specifications of "X Series Cosing ShO€ eeescnsese
DCDMA Specifications of ®X" Series Single Tube Core Barrel

DCDMA Specificetiong of ™X" Series Double Tube Core
Barrel (S‘Tivsl T}f’le) #essvsssrsvsevcrsersevus

DCDMA Specifieations of "X" Series Double Tube Core
Bﬂrml (Rigid Typ@) evssEE s e TSI ERIPROEROERUEDSS

(o)

DCIMA Specifications of *H" Zeries Double Tube Core
Barl'ﬂl (Rig‘;id T‘Vi}e) [EEEEANER N SN EENENEEERENXNE RS X J

Reyresentative Results Showing Feet Drilled vs Rate
Of Panegtration and Load on Bit scsssnvernvee

Representative Results Showing Fest Drilled vs Rate
Of Penetr&tion snd Losd on Bit sesesvsssecen

Revresentative Results Showing let Drilling Time vs
Feet Drill@fi Pel" Bit [ EEE AR ERENEENE A NERERNER]

Feet Drilled per Bit under Various Cperating Conditions .
Relationghip between Torque end Feet Drilled cceesesvence

Average Rate of Penetration under Various Operating

COﬁ(iitiOﬂ& PP NS UIPRILI I EICEONIOIGECIIOIITNOGIOERNRROELIPETRDS

Diamond Loss per Foot Drillied under Various Operating
conditionﬁ L2 K B B B B SR BK AR S BE B BN AN BB R M I A I N R W R N N N W N X )

-

Bit Costs per Foot Drilled undey Various Operating
Collditionﬁ LR B B BN K BN I Y IR BN O BN K BN W Y BN N KR B A AL R I N B N ]

Truck-mounted Unit for Radicactivily Iogging of Drill

HOLB8 eeesorcenscecscnscovencversssasvensnnae

Gl Countcr Tuba Used 'vfith Above mit G@vevssvseosnésvssony

Truck-movnted Diamond-lrill Rig and Water Truck Used

fOI‘ th'mim Explﬂmtion esnssecssesnINsRIULS
Close~up View of Truck-mounted Diamond=~drill Rig eesescee
Core Box Used at East Carrizo Mowmtein Camp, Arizona eeee

&n&u Core Shack and Core Box Details essssssenrnstorense

Page

28
100
101

108

105

104

108

108

110
110

115

118

143
145

149
148
158
154



Fig.

&3,

70.
71.

TR
7Se
T4,
TS
78,
7.

784

79,

80,

81,
82
8354

Galvanized Core Sumple Box for Sterage and Filing of
Rock Cores L ENENNENENNNENNNENNENENENXERENENNNENSENNINK]

Core Splitter PSP E0IN0c800008000eeTEOsR0OROIOGIIVOTIOIURTOIATDS

Multiplier for Caleculating Average Analysis of Core
and Sludge, Based on Relative Volumio eeevess

Chart of MUltiplicr8 eeeeevecccocorcsosnvnsaroncnesosnonae
Pounds of Sludge per Linear Fool, N Blt .eecccevcscscose
Pounds of Sludge per Linear Foot, B Bit eecececsccesccse
Pounds of Sludge per linear Foot, AX Bit sscevecccaccccoce
Pounds of Sludge per Linear Footy, X Bit cecesccccevccsce

Combining Core and Sludge Assays, on Basis of Weights
Recwerﬁd, mBit 20089 PRGOS ROEIOIONSETTIPIOEONOPTPRPS

Combining Core and Sludge Assays, on Besgis of Welgnts
Reccvered’ AX Bit oceecessscosccccncascsonses

Combining Core and Sludge Asseys, on Basis of Weights
Rﬁcwmd, BX Bit e seencscssssrsvsssecenvee

Combining Core and Sludge Asseys, on Basis of Weights
RQCOVGI’ed’ X Bit ceenscscvescoccncccanncnasn

Approved Sludge Colleator (Aa MoDonald) €esscescconvncsose
Sluﬁga Boxes, in D'U}?licata €esvssstcssesressasesesacecdee

£

Settling Device for s:l.lldge Sampleﬂ Gesccsesessncvescagcces

Page

155

164
167
167
167
167

170

170

170

170
172
172
172



HISTORY OF DIAMOND DRILLING

The rock drill was .used some thousands of years ago by the old
Epyptiang, as is clearly mentioned by Flinders Petrie in his famous

book The Pyramids of C(dzeh.

Archaeelogists have found rock core of ancient time, which may
be dated as far back as 3000 B.C. The holes of that time were put in
blocks of masonry, used in the construction of the pyramids and other
buildings, The motive power for drilling, was possibly furnished by
slaves, The gems or other abrasives used in cutting mzay have been set
in the face of the tube, but it is more likely that a loose grinding
powder ﬁas uged instead,

Aecérdiﬁg to Lloyds!' Encyclopaedic Dictionary (1895), the diamond

drill was invented by a Frencl: inventor, Hermann, who took a French
patent on it in 185l, This statement was found to be correct by Paul
Grodzinsici 1/, who also found another French inventor, named Bigot,

1/ Grodzinski, P., The Invention of the Rock Drill: Can. Min. Jour.,
vol. 63, pp. 15-16, Jan, 19L2.

who took out a similar patent about three months later. ¥r. Hermann
degcribed some kind of tools with multiple diamonds and d&lamond grains,
suitable for turning lathes, planing machines, drilling and boring
machines, hand-operated saws, and herizontal saws,

Carbon - i.e, black diamond - was prefarred for the tocls at that
time mainly because of the relatively cheaper cost. The drill bita were
made as follows. Holss were drilled in various sizes according to the

dimensions and the shapes of the black diamonds in bars of iron, steel,



and red copper, or in a steel blade, or around the periphery of a
copper dise. The diamonds were then placed in these holes and the
edpes caulked around it, so that only the points projectede

The diamond tools made by Bigot-Dumaine were equipped with black
2s well as white diamonds, which were set by solderin;;oxf by caulking.

In both patents by Hermann and Bigot, no illustrafions of the
diamond tools are given, but the approximate form and shape of the
tools, their manufacture and handling are described in detail, mention-
ing some gpecial advanteges - - for instance, those obtained by wetting
the edce of the tools with water for protection against the dust
produced.

George lescott 2/, in his patent, includes a drawing of the boring

2/ Idem, p. 15

crown, equipped with 6 or 7 single diamonds around the periphery. He
and his son invented a rotary type of diamond drilling machine, which
was nsed for the first time on March 10, 1862. Some improvements and
better design were made, and a new machine was tried oit on June 8§,
1852, A4t that bime, a satisfactory resalt of drilling a hole of 5S-cm
in dlameter and 37-cm in depth was obtained by George Lescott in ome
hour and twenty-five minutes. The first patent for this machine was
made on July 19, 1862, in France and mentioned all necessery elements
for successful rock drilling.

The George Lescott drilling machine consisted of a steel tube of
1llemm wall thicknessjy the black diamonds were rigidly inserted on its
face to form a drill bit with clearance around the edge. The machine



was operated by quick rotating movement of the tube under presgsures
The cooling water was supplied io the interior of the cylinder so that
the pulveriged rock was taken awzy by water. A core, solid with the
rock, wag formed inside the cylinder and was occasionally broken by a
hammer blow.

The first diamond drill was used in the United States during the

late 1860's for the under-cutting work in Vermont marble quarries 3/.

3/ xing, S. B., The Romance of the Diamond Drill: Min, Cong. Jour.,
vol. 1}-1, PP 1?6"177. Harch 18862,

‘This machine, manufactured by the Sullivan Machinery Co., was designed
to rotate two non-coring bits at the same time.
The first decp hole was ¢rilled for coal in 1870, near Pottsvills,

Pennsylvamia, by M. C. Bullock h/. This hole was 750 ft deep. He

: g/ Hitchcock, C. H,, Diamond Drilling Practices C,I.t.M., Trans.,
- vole 36, Pe 253, 1935,

bought‘the Averican rights to the Lescott patent, and Q%gfdrilling
\machinea for exploration work were put to use with somé?iﬁéfoVements
in'lﬂsO. About the same tirs some blasting holes in hard iron ores of
Hichigan were drilled with the seme machine., After 1880, the demand for
diamond drills grew rapidly. They were taken abroad by American mining
 engineers, and were shipped to practically all corners of the world
"i where.mining operations were carried on.
" In recent years, the type of diamond drill has not changed much,

but better materials are used in its construction. Steel castings are
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used instead of cast iron. Roller bearings are now used in place of
brasses and babbits., The oil-can is eliminated by gun lubrication,

The invention of a swivel head makes it easier for the driller to hoist
or lower the rods, because the swivel head can be swung out of the way.
The use of a hoisi inte:rated with the machine, the introcduction of the
double-tube core barrel, the application of the hydraalic feed, and
many other improvements speed up the drilling rates and make it possible

for the drill to be operated for a lonier neriod.



DRILLING MACHINES AND EQUIPMENT

GENERAL

Besides the uses of diamond drills in planned mining, drainage,
ventilation, foundation testing, blast hole drilling, and oil fileld
geology, the use of diamond drills becomss the competitive factor in
exploration and prospecting.

Modern marmufacturing methods, use of new materials, research in
mechanical efficiency, the invention of core barrels, improvements in
diamond bits, and much other research on the part of mining companies,
mufaé‘burers , and drilling contractors have contributed to improvements

in the modern diamond drills used for exploration of mineral prospects,

WEIGHT OF MACHINES

The trend in waight of maéhinas is the use of light-weight machines
like the X-Ray Drill in districts not readily accessible. But since
weight 18 not an inportant factor for surface drilling in accessible
places, more powerful and heavier machines, with additional labor and
time~-saving equipment and self-propelling attachmenta are used more
efficiently.

TREND FROM SCREW TO HYDRAULIC FEED

About 25 years ago, the screw feed was replaced by the hydraulic
feed in most machines, Buili-in oil pumps, which frequently can build
up a pressure of 1,000 psi, and a new type of feedwcontrel valves are



”,?amovers for diamond drills, since they are economical t@r_

used in hydranlic feed, and thug make the machines more easy and
'1cfficient to operate,

Sene simple attachments, which will permit instantaneouns adjust-
ment of the pressure built wp in the hydraulic system, are used
according to the varying conditions., The hydraulic feed réte can be
set up and controlled so that the feed rate will be the saume, even
while the chuck is rmm back at full speed. The use ol &upiex gages
is a great help to the operator in determining the working pressure
and the back pressure on the piston, by means of which the bit pressure

can ba estimated easily.

TREND IN POWER POR DRILLING

Years ago, power by steam engine was nsed, but is now largely
replaced by internal-combustion engines, electric mot6f§q ahd‘air motors,
:‘}becgﬁse“the steam units arq,cdmpgfatively heavy, the ﬁ%iiéié are cumber-
some, and fuel 1s sometimes 'diffiéalt to obtain and transport.

b“-~‘ Internal-combustion engin@a are used universally. as tha prime

‘erate, more
Y dspandable, and reasonably low in weight. Where the cast of gaaoline
‘Tis‘highar than that of dlesel oil diesel engines are praferred

| Whare plsctricity is cheap and sbundant or where & g

'5‘adequate facilities for electrzc power transmission,
‘  moters are nsed 1ncreasingly.

Ea$e of operation resultsffrom use of the air motor, where air

' fbover is available, for the ﬁendency to freeze has been deeraased in
B thesmodern type of machines, ne considerable factor in the air motor
is the drop of power with the drop in air pressure, For éxnmple, at

60 psi; the average air motor will develop only sbout 65 per cent of



what it usually develops at 80 psi 5/. So the use of the air motor

E/ Kurtze, L. A., Trends in Diamond Drilling: Min. Conge JouTe,
vol., 25, p.li7, August. 1939.

will have an advantage only where there is adequate piping and a good

supply of air pressure.

SPEED AND RATE OF FEED

A rotating speed of 500 rpm was considsred to be sufficient many
years ago. DBut, at present, the rotating speed is usually from 1,000
to 1,500 rpm. Machines with speeds as high as 3,500 rpm are commercially
available &/

6/ Idenm,

He As Eurtze recommends the use of feed gears suited to the rock
drilled to obtain the best results in drilling. An experisnced drill
runner can use his judgment in selecting proper feed, b1t because of
the increzsed wse of diamond drills and the employment of wunskilled
drill runners, it will be necessary to determins the physical proper-
ties of the formation to be drilled before the most suitable feed gear

can be selectad.

DRILL CAPACITY AND NATURD O HOCK

Capacities of drills depend upon many factora, such as the power
of the motor, the size of the holey the rressure and speed of bits,
and the nature of the rock. But the capacity of a drill in general
can be estimated by the fact that it is roughly proportional to the

power of the motor and to the size of the hole it will make,



MECHANICAL FEATURES AND SPECIFICATIONS OF DIAMOND CORE DRILLS

Many engineers appear to be under the impression that anything
having to do with diamond drilling equipment is more or less in the
nature of a closed book and therefore best left to experts to deal
withe While it is trae that the actual diamond-drilling operation is
very skilled, the equipment used is extremely sirple to anyone the
least bit mechanicallybmindéd. The various types of machines, manu-
factured by many leading companies, appear to be the biggest bugbears;
a description of them, therefore, forms the basis of this part of the
thesis and refers chiefly to the types of machines manufactured in the
United States and Canada. Some important deseriptions and specifica-
tions of diamond core drills are extracted from bulletins of some of

the lesading manufacturers as fallows:

LONGYEAR DIAMOND CORE DRILL 7/

Z/ General Bulletin No. 83, E. J. Longyear Corpany, p.2. 

"The recovery of dependable core and sludge samples at a reason-
able cost is the prime requisite of diamond core drilling.equipment.
Longysar diamond core drills have been developed, and are constantly
being improved, through gctuél field experience., Drillers have demanded
rugged equipment plus new design features for more efficient operation.
This challenge leads to the continuous improvemsnt of Longyear equipment.

"Improved design plus rodern manufacturing methods and materials
malke these Longyear drills more compact and rugged. They have more

power, a wide range of bit rotating speeds and greater hoisting



capacities. Balanced design and accurate mmenining reduce vibration
to provide smouther oiuretion, longer life and lower opecrating and
paintenanoe costs. Other advantages include enciosed drilling heads

and gafety features for added proteection to Operatoré.“

JUNIORN STRAITLINE DRILLS

"Standard equijmont on Junior Straitline Drills includes é~speed
travamiscgion and cholice of slow, medium or fast bevel gesrs to provide
a wide range of drilling spseds. Swivel drilling heads are available in
screw feed (E or A sizes). Four types of power: gascline, diesel, eir
and electric are svailable. Optional equipment includes cil pump for
hydrauvlie swivel head, water pump for weter circulation and cathesd or

gpool holst."

Junior Straitline, Trailer Mounted

*It can be moved guickly and eazily from hole to hole, or to new
location, by truck or tractor, It can bs wountod on 2-vheel trailew
with 18 f¢t, mastAor 4~wheel trailer with 28 ft. mast. 4 long gtroke,
N size twin bydraulic swivel head adapts this machine for drilling in

clays and softer {ormations.®

unior Straitline, Diesel Driven

It i & Junior Straitline with a diesel engine, hydrauiic swivel
nead end drunm hoist. This drill is also available with water cocled
gasoline engine. The hydraulic feed provides sensitive pressure conirol

oen the bit.M

Junior Straitline, Air Driven

"It is powered by & piston type air motor and has a screw feed type




swivel head, A twin hydranlic head may be used., Large capacity holst

has U hoisting speeds.”

PIONECER STRATITIING, GASOLINE DRIVEN

"For prospecting in remote regions the Pioneer can be broken-down
for transporting by canoe, pack horse or alrplane., A 3-speed transmission
and drum hoist are standard equipment, Swivel drilling heads are avail-
able in screw feed, E or A size, or twin hydraulic, A size only." The

Pioneer Straitline, gasoline driven, screw feed, i1s shown in Mig. 2, p. 1l

PROSFECTOR, GASOLINE DRIVEN

"The Prospector is designed for reconnaissance and surface core drill-
ing, fishtailing or sinking standpipe to moderate depths., Standard equip-
ment inclndes spool hoist, 3-speed transmission, swivel head with four

sets of feed gears,®

UG STRAITLINE DRILLS

"The "Straitline" delivery of powe? through a L-speed transmission
directly to the drill head assures steady, smooth bit rotation that in-
creases drilling progress and cuts costs., A sturdy clutch allows instant
stopping of drill without shutting down motor.

"Swivel drilling heads for U, G, Straitline Drills are available in
screw feed (A size) or twin hydraulic (A, B or ¥ sizes). Gasoline,
diegel, air or electric power units may be used. There;ia a‘wida sglec~
tion of bit speed through combinations of 8low, medium or fast bevel gears

and transmission gear ratios. The built-in hoist has four speeds.”

UG Straitline, Truck Mounted

"It consists of a UG Straitline mounted on a truck together with a

10
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26-foot arc-welded folding mast which can be lowered to a horizontal
positicn when moving. Rods may be handled in 20 foot pulls,

"An oil pump for operating the hydraulic and a pump for circulating
water are included in the assembly. Gasoline or diesel drive may be

furnished,” Trailer mounted is available and is shown in Fig, 3, p.ll.

UG Straitline, Electric Driven

"The electric driven unit is ideally suited for work underground or
in open pits." Electric driven UG Straitline, equipped with A size twin

cylinder hydraulic swivel head, is shown in Fig. 5, pe. 13.

UG Straitline, Gasoline Driven -

"This model is equipped with a 30 h.p. gasoline engine. These
compact, skid mounted drills can be moved ah;rt distances under their
own power, Optional equipment includes oil pump for hydraulic swivel
head, water pump and cathead." UG Straitline is available with a 30 h.p.
diesel engine, as shown in Fig. L, p. 13, where the twin h&ﬂraulic swivel

head 18 shown with dupex type pressure gage.

MASTER STRAITLINE DRILLS
#The Master Straitline is designed and built to provide the rugged

strength and power required for deep core drilling.”

Mastar Straitline, Diesel Driven

"The diesel engine delivers 50 h.p. through a clutch and h-speed
transmission directly to the drilling head or to the hoist, Standard ~
equipment includes N size twin hydraulic type swivel head and built-in
oil pump for operating the hydraulic. Bit speeds up to 1500 r.p.m, are ‘

obtainable by a selected combination of bevel gear and transmission gear
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ratios. Optional equipment includess

in Fige 7, p. 1i) power;

Air, electric or gasoline (shown

water pump and cathead,”

Table 1. Specifications of Longyear Diamond Core Drills

15

Diamete Type of Length Motive  Approx. Pump
Inche Feed of Unit Weight, Recom-
Frame Mounted Capa- S5=Screw Feed, A=Air Pounds mended
Vodels city, IRy~ Inches E=Elec.
Feet dranlic GmGas
Hole Core D=Diesel
Prospector 300 11/2 13/16 s 20 Gor B G600 21/hxL
Picneer Straitline 600 1 1/2 13/16 S or H s.2lg o 3970 2 1/ x
! Ho
Junior Straitline 1000 1 1/2 13/16 Sor H S.20 G,D,E,A, G.1700 3 xk
HolB"‘}O
UG Straitline 2000 11/2 13/16 S or H S.20 G,D,E,A, G.2200 3xh
Master Straitline L250 1 1946 13/16 3x6

H  H.18-30 GD,E,4, G.7200

E. J. Longyear Company

SPRAGUE AND HENWOOD DIAMOND CORE DRTLLS

The descriptions and gpecifications of diamond drills, mamufactured

by Sprague and Hemwood, Inc., ere extracted as follows _8/: '

8/ Bulletin B-39, Sprague and Hemwood, Inc.

HODEL LOG

"For jobs up to a thousand feet in depth (7/8 in. core) the Model

LO=C Diamond Core Drilling Machine shown above is unsurpassed, no matter
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how severe the operating conditions. Under average conditions it will
drill to much preater denths, in fact, becanse of its sturdy construction
and arple reserve power,"

"The Power Unit can be either a Gasoline ingine (Fig. 8, p. 16), a
Diesel Ingine, an Air Motor (Fig. 9, De 16) or an Electric Motor (Fiz. 8,
e 16) « each driving the Swivelhead and Hoisting Drum throwh a dry-
disc-tyve friction clutch and a heavyduty buili-in four-spced sliding-
gear transmission. An suxiliary cathead, driven by a roller chain from

the drum shaft, is provided when desired, as optional equipment."

"Rated Capacity--"EX"--1000'; "A{"==800%; "BX"=-600'; "HL"--500!."

MODEL 138 FOR DEEP CCRE DRILLING

"Silmilar in all essential features of design to licdel L0-C lachine,
the Model 138 (Fig. 10, p. 18) is heav:Ler and more powerful and is cap~
2ble, accordingly, of drillino' to greater depths with the same assurance

of cont,,nuous operation at }u.gh speeds with minimim e perl Je for upkeep

ond repairs

- MODEL ll;2 FOR VY DEEP O JL, ‘DRILHNG UNDER SEVERE COI@ITION

"This machine offers cverythine for bringing out: "*ood cores at denths
up to 2000 feet, no matier how diflicnlt the operating conditions. Under
nornel “or~ conditions it is zood for reater denths aﬁd has bzen used
successfully for holes as deeo as”?S’OO feet,

"Powered by a 30 hp. snx cylinder zasoline engine and built "like a
battleship" throughout, it keeps on going for almost nbelicvably long
periods of continucus operation, asking only normal attention and care.
The base 18 exceptionally wide and sturdy and, like llodel }j0=C and lodel
138 Machlnes, is equipped with a system of rollers and sheaves which permit
noving the entire unit about 'nder its own power." Model 142 ¥achine is

shom in Fig, 10, p. 18,
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JOY DIANCOND CORT DRILLS

The general descriptions and specifications of some important

Joy'diamond core drills are extracted as follows _/.

9/ Pre-filed Mining Catalogs, MeGraw - Hill, p. D-26, 1951/1952,

JOY 22-HD CORE DRILL

PThe Joy 22-HD is a heavy-duly unit for drilling to depths of 2000
feet in any formation. Ruggedly constructed with a rigid structural
steel or twin-column mounting, the 22-HD ean be easily moved into the
moat difficult locations without fear of damage to the drill or parts,
The heavy-duty hoist has plenty of power for pulling any string of rods
within the drill's capacity. Because core recovery is remarkable with
this drill, even in formations as hard to core as coal, the 22-HD is
ideal for ecoal mine prospectinge. The skid-mounted model is available
with gasoline, dlesel, electric or compressed air drive. The twin-
column mounted drill is powered by an air drive. A special truck-
mounted model provides extreome portability for drilling where hole
locations are far apart." Joy 22-HD Core Drill is shown in Fig., 11,

-

p. 18,

JOY 12«3 CORE DRILL

"The Joy No. 12-B Core Drill has 1000 feet capacity with E rods
and EX fittings; or 800 feet with A rods and AX fittings. Swrface or
undefground mountings gasoline, electric or compressed air drivej hy-
‘d:aulic or acrew feed swivelhead. Powerful hoist for pulling rods. The

twin-column mounting is avallable with air power, Lightweight yet

rugged, 1t is easily set up to drill at any angle. Drill can be set at
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any heizht on column for each set-up." Joy 12-B Core Drill is showm

in Fige, 12, pe 2.

JOY N0, 7 CORE DRILL

"An extremely portable sascline, electric, or air powered machine,
the No. T is a full capacity drill. Using standard EX or AX fittings,
1t removes 7/8" or 1 1/8" cores. Hydranlic or screw fecd swivelheads,
Drills in any direction at anmy angle, with wide ranzz of speeds and
feeds, Has power cathead, multiple disc friction clutches and simple,

easy-to~reach controls," Joy No. 7 Core Drill is shown in Fig. 13, pe 21.

SPECIFICATIONS

Table 2. Specilications of Joy Core Drills

Capacity General Dimensions
Medel (NX Bit-2 1/8 in. core) Height Iength Width Weight

22-HD 2000 feet 52 in. 96 in. L2 in. 2700 lbe.
12-3 1000 faet 50 in., 6L in. 36 in. 1230 1bs.
No. 7 500 feet 72 in, 97 in. 39 in. 1300 lbs,

BOYLES BROS, DIAMOND CORE DRILLS

The general descriptions and specifications of diamond core drills,
manufactured by Boyles Bros, Drilling Cormmany Ltd. are extracted as

follows 10/1

10/ Bulletin 168-1, Boyles Bros. Drilling Company Ltd.
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MODEL B2S~1 CASOLINE OR DI“SEL SURFACE DRILLS
MOdel BBS-1 is shown in Figo lh, Pe 23.

Specifications

Drilling Capacity: ‘

1 1/2 in. Hole Sizes, 15/16 in. Core SiZe eev:vecsenesasl000 £t,
Weight: Corplete asSerbly .eeeceescsecscscscscacscscesseseealOLO 1bs,

HeavieSt UNit eeveecvccosavescsacsescsasscsccncsssss 310 1bs,

Model BBS=-l Surface Diamond Coredrill features light weight, compact
assembly and ease in dismantling for transportation,
Also available with A size Swivelhead to drill 1 7/8 in. holes with
1 1/h in. core, 650 to 800 ft.

MODEL BBS-2 GASOLINE OR DIESEL SURFACE DRILIS

Model BBS-2 is shown in Fig. 1k, p. 23. "The Model BBS-2 Surfaoce
Drill featuring speed, power, capacity and dependability, is the out~
gteanding drill in its class, The drill and its compogagpqigre made as
simple and accessible as posgsible for service, repair aﬁd transporta-
tion,"

Specifications

Capcities eeicersecsecscconcvsrnscnssnssesB800 ft. to 2400 ft,
Diameter holeB seveascosconccesssasessasases 6 in. to 1 1/2 in,
Types of Swivelheads ........ Gear, Friction or Hydraulic Feed.
WelghtB eeevvvveriovenascasanncsannneans 1950 1bs, to 2680 1ba,
WLGEH eeeeiercencseorerosncossocacasssocsonssnrsoese 39 1/2 in,
Length eeceiovrecnsencsosecseessasrssssssssosssssenceee 89 in.

Height VRGO ODIC QISR 0800000008000 sCRSIOOIIOIROIOGONIOIYGOOGITDIDS 55 in.
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MODEL PBS-ly GASOLINE OR DIZSEL SURFACT DRILLS

"iodel BBS-l can be applied to the same variety of drilling problems
ag the 3BS-2 but it has a much greater capacity, being rated at 2000 ft.
of 6 in. hole, rotary drilling up to 5000 ft. of 2 = 3.8 in. hole,
coredrillin-., Its features include: choice of hydraulic swiwvelhead
or corbination gear and friction feed, choica of sliding upper {rame
or gsub-base wnich allows the drill to be jacked back and forth on
angle holes without disturbing the setting of the swivelheady also
choice of gasoline or diesel engine. It is equipped with heavy duty
transmission, has ample hoisting cupacity and is latest development.”

Model BBS-li is shown in Fig. 15, pe. 23.

X-RAY SURFACE DIAMOND DRILL

X-Ray Surface Diamond Drill is showa in Fig. 16, p. 25.
Specifications o
Drilling Capacity (1-3/15 in. Hole Size, 3/h4 in. Core Size)...200 ft,
Net Weight (World's lightest Surface Diamond Drill) .vevee..s.195 1bs,
Available with gasoline or compressed air motor, which are interchange-
able. Designed to drill at any angle.

Dimensions - 28 ins., x 19 ins, x 32 ins,

THE ACKFR TEREDO CORE DRILL

Thé general descriptions and specifications of diamond core drills,.
manuf actured by Acker Drill Co., Inc., are extracted as follows 11/t

11/ Bulletin No. 30, Acker Drill Co., Inc.
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"The Acker Teredo fills tﬁe need for a simple, rmgged drill of
medium capacity for depths to 500 or 600 feet. The essential parts of
the Teredo are so light that can be carrisd by airplane or mile-pack
~-=- 30 rugged and reliable that they are ideal for use in remote regions
where shop service is unavallable - - 80 inexpensive that this versatile
core drill should be standard equﬁpment wherever knowledge of sub-sur-
face conditions is required.

"Basically, the Teredo drili consists of a simple combination of
a three-speed, totally enclosed transmission with either a hydraulic
feed or a screw feed drill head. Power can be supplied by whatever
type of power plant best meets the customer's operating and mounting
requirements. A cathead hoist is driven by the transmission and a power
take off is provided for driving an integrally-mounted position dis-~
placement pump, if the latter is desired. " The Teredo Drill is shown
in Fig. 19, p. 27.

"Both the hydraulic and the mechanical drill heads can be rotated
a full 360 degrees. Holes can be drilled vertically, horizontally or at
any desired angle.," Drilling at an angle by this machine is shown in
Fig. 18, p. 27. .

"The Acker drill transmission is provided with a take-off shaft
for operating an integrally mounted, positive displacement pump., This
pump 1s engaged or disengazed by a gear shift level. The flow of water
from it is regulated at will by means of a by-pass control valve."
Integrally mounted pump is shown in Fig. 19, p. 27.

"The Teredo can be furnished with 3 speed mechanical screw feed.
The mechanical screw feed has prove& its dependability and durability

over many years. It weighs leass and costs less than the hydraulic feed."
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CIIICAGO FNEUMATIC DIAMOND CORE DRILLS

The general descriptions and specifications of diawmond core drills,

manufactured by Chicago Pnemmatic Tool Company, are extracted as follows 12/:

12/ Pulletin 313.3, Chicago Pneumatic Tool Company.

CP NO. 8 AND CP NO. 15 DIAMOND CORE DHILLS

"The modern rusged design of the CP No. 8 and CP No. 15 Diamond
Core Drills makes these units adaptable for all jobs wherc the going is
ftough”, Bullt to handle all piping and drilling jobs up to their res-
pective capacities, they meet every reouirement in conducting test bor-
ings, mineral prospecting from surface, and shallow oil structure drill-
ing in ail formations,

"Both models are mounted on a substantial, rigidly braced, steel
frame, Skid-mountad, they are readily moved from hole to hole under
their own power,

. "The moving parts of these CP No. 8 and CP No, 15 Drills are de=
signed to assure maximum performance at low maintenance costs when
drilling at the continued high spseds which are rade possible through
the use of Bortz hits.

#A11 bearings in the drill and swivel head =re eithsr ball or
roller bearines and proper lubrication is provided for them at all
times. Drive im direcct thronch a heavy duty clutch and Four-speed
transmigsion -- there are no drive chains, All transrission gears are
heat treated and the entire transmission is encased in an oil sealed
housing. Fngine parts are readily accessible for replacement or adjust-

=ent without baving to remove the engine from its frame, Power units
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are mounted 8o that a low center of gravity is maintained; thereby in-
creasing the stability of the unit during moving and drilling operations.
Swivel heads have an angle range of 360 degrees, permitting drilling at
any angle required. Either model can be equipped with cathead if speci-

fied.," CP No. 8 and specifications of both models are shown in Fig. 20,

p. 29.

BORING HEADS AND DRIVES

In diamond drilling, the advance of the drilling bit and the speed
of rotation are controlled by boring head. In smaller machinea, the
boring head is drivem by belt, chain and sprocket, bevel gearing, and
handles operated by man power, The head swivel in a vertical plane is
usually attached to the swivel frame by a hinge and bolt so that the
drill stem can be hoisted or lowered freely by swinging the swivel head
to the side. But in larger units such as steam drill and larger gas-
oline drill, this purpose i# accomplished by racking back the drill on

the frmo

SCREW OR HYDRAULIC FEED SWIVEL HEADS

All diamond drills are built with screw‘or hydraulic feed swivel
heads. ~ The selection between these two drills depends upon the type of
ground to be drilled and the experience of the drill runnar.

Both the screw and hydraulic feed heads perform the aame function
of controlling the advance of bit but in different methods.

Most of the small machines are equipped with screw feed swivel heads.
The drive-sleeve bevel gearslrotate the drive-slesve, and so rotate the
drive~gleeve drive-gears., The rotation is then imparted to the sounter-
shaft, since the drive-sleeve drive-gears is in mesh with the counter-

shaft drive-gears., Then the countershaft transmits the rotation to the
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countershaft feed-gears, which engaée with the feed-gaars on the feed-
mit, The latter revolves and thus causes the feed-screw to advance.

Two key=-ways are cut on the whole length of the feed screw corresponding
to two key-ways cut on the inside of the sleeves. The insertion of keys
or splines permits the downward movement of feed screw while it is
rotating,

It is important to note that the function of drive sleeve is to
rotate the feed-screw and the forward or reverse motion is imparted by
thg feed-nut. The chuck assembly is fixed at the front end of the feed-
screw. The chuck-head, the chuck-jaws, and the chuck-bolta constitute the
chuck assembly, through which passes the drill rod. The drill rod is
fastened to the feed-screw by means of the chuck bolts.

The screw feed heads are usually made with two or three sets of
feed gears on the feed screw and feed nut, and any of these sets can be
thrown into action while drilling. CSets of gears are available from
100 to 1300 -~ that is, different sets of gears having a feed screw
advance of 1 inch for each 100 to 1300 revolutions of the bit.

T different set can easily be installed by locsening the jamb nuts,
. exchanging the gears, and tightening up the nuts. A wide variation of
feeds can be obtained by uging the various sete of gears. The feed screw
gensrally travels for 1l to 20 inches befare rachucking is made.
The hydraulic feed head is better in broken or vuggy ground 13/,

_~/ Cumming, J. D., Diamond Drill Handbook, p.* 36, New York, J. K-
Smit & Bons Inc., 1981.

As stated before, more experience is necessary to operate the hydraulic
feed machine.
The hydraulic feed head is more simple mechanically than the screw



feed head, FEssentially it concists of a hollow pigton, rleton rod,
end chuck tec hold the drill rod., The feed pressure required is exerted
ﬁy an oil pump, which suiplies oil to either end of the cylinder to
control thse piston. -

éne type of cil purp is an automatic variable wolure type with cut~
offs near the top and bottom of ﬁhe plsten travel. This pggtcn travel lis
uguglly abcut 18 inches.

?ig. 21, pe 35, shows screwfeed swivelhead and double hydraulie
swivelhead, which are manufactured by Sprague and Henwood, Ine. The

descriptions and specifications of them are extracted as follows 14

14/ Bulletin No, 185, Sprague and Henwood, Inc.

"Two sizes of serewfesd swivelhéada are available for uage on drills
having any one of the four yower unitss The size "E" hesd is designed
for use with size WEM drill rods and the size "A" head will take "a"
rods.  Both sizes of swivelbeads are so constructed that they can drill
at an& angle through a full 360° arc. A gate type mounting permits the
head to swing cleer of the hoist when pulling rods or caging.

"Five sets of feed gears are furnished with each swivelhead, pro-
viding the operator with good control of the downward feeds. The feed is
corpletely automatic and the rate depends upon which set of gears is en-
ggged. 4 shifting handle permits instant ehange from one feed to arother
without stopping the machine, Safety type chucks are used on either aize
of aswivelhead. The set screws are countersunk so that they do not extend
beyond the perimeter of the chuck,

"The built~-in transmission provides four different ratea of apeed
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and this, couplad with the selection of feed, permits the operator to
carefully control the eutting action of the bit depending upon the char-
acter of the formation being drilled."”

"Hydraulic swivelheads, either oil or water operated, are available
in two sizes, "A" or "N", to handle "A" or "H" drill rods. The heads are
constzu@ted with double hydraalic cylinders made of heavy gsuge brass
tubiﬂéﬁto insure extra long service, Wide spaced gulde rods working in
bronze~bushed bearings provide exceptional rigidity and assure smooth
operation at any speed or nnder any pressure. Both heads are sc designed
that a hole can be drilled at any angle through a 360° arc. The gate
type mounting permits the head to be swung clear of the hole when it is
desired to holst rods, casing, etc.

"The control valve located on the front of the swivelhead provides
infinitely variable changes in the rate of feed from zerc to maximum.

"The water operated double hydraulic swivelhead requires a separsate
ruping nnit to circulate the clear waoter reguired for ite operation,
When available water for circulation 4is found to contain an unusually
large amount of abrasive material, the oil operated hydraalic swivel-
‘head with circulating system, described in the following section, is

recomended,”

OTL CIRCULATING SYSTEM

#The circula;ion of £lnid for the operation of the hydraulic swivel-
head is accomplished by means of a built-in oil circulating syséem con-
sisting of an Oil Reservoir, Hydraulic Puwwp with reversing controls and.
relisf valves, togsther with the necessary piping. The reserveir and
pump are located directly beneath the motor and hoist assembly and the

presgure gauge and by-pass valve are arranged on the operator's side of



the drill convenient to the other controls,

"The pressure applied to the pistons, on the hydraulic swivelhead,
is adjusted by means of the by-pass valve, This valve regulates the
amount of fluld that is allowed to Eybpass the swivelhead and return
direct to the oil reservoir. As can be seen, the more fluid permitted
to by~pass, the less will be the pressures on the pistons.

"The oil circulating system is so designed that it can be install-
ad in the field w;}hout any special tools or equipment and such install-
ation does not, in any way, increase the overall dimensions of the unit."

The pressure gauges attached to the hydraulic swivelhead make it

easier for the drill runner to control the pressure on the bit.

WATER SUPFLY FOR DRILLING

PUMPS FOR DIAMOND DRILLS

(ne important factor to be considered in selecting a_drilliné
machine is whether the machine has a built-in pump or not. One advantage
of n8ing a drill with a built~in pump is that it saves an extra plece
of machinery and thus reduces the first cost of the outfit. Since the
power is utilized for both drilling and pumping, it frequently means
that the power will be lacking for drilling when the pump is called
upon for heavy service and thus will cause the blt to stick when the
notor stalls,

In the United States and Canada, separate pumps are preferred,
whereas drills with built-in pumps are usually specified for the

overseas export trade 15/. A separate unit of pump, manufactured by

15/ Cumming, J. D., Diamond Drill Handbook, p. 39, New York, J. K.
Smit & Sons Inc., 1951,
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Eoyles Bros. Irilling Co., Ltd. iz shown in Fig. 22, p. 35.

FEED WATER

Diamond drilling needs a good supply of water to prevent glazing
of the dlamonds in the bit, to remove the drill cuttings from the bore
hole, and to keep the drilled core from sticking to the core barrel.

Two pwps, one at a2 source of water such as a lake or a stream,
and the other at the drill, are usually required, The latter is a
secondary small pump, which may be integral with the drill or a
separaté unite This pwp is used to supply feed water through a hose
and swiﬁel connection on top of the revolving drill rod.

The feed water then passes through the drill rods, through the core
barrel, and finally thrdugh the water outlets of the bits. If a double
tube core barrel is used, the water passes through the spaces between
the inner and outer tubes of the core barrel, Since the diamond bit
is usually rotated at a high speed under considerable pressure, the
stoppage of water supply 18 disastrous to the bit.

After the water passes through the bit, it washes the drill cuttings
up the outside of the rcad tc the surface. The rock cuttings may then
be discarded or collscted in sludge box for assay. The sludge assay
is only important information that can be obtained in very bad ground

where the core recovery i1s nil or very poor.

RETURN WATER

In ground where there are scams and cavities or where a casing pipe
is poorly set into the bed rock, the water occasionally will not returm
to the surface. This condition is not desired, since the Jdrill runner
cannot check water susply to the it and no sludge or cuttings are re-
turned to the surface for sampling or for showing chanses in formaticns

penetrated.
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PROTECTION ¥FROM FROST -

Where there is depsndable water supply, drilling can be carried
on throughout the year. Drill water is heated when necegsary.

Boyles Bros. Drilling Company, limited, manufactures unit coils
which can be used singly or comnected in series in a heater,

The heating coils, made by Canadian Longyear Ltd., are 3/h-in. to
1 1/h-in. black pipe. A coil is made with welded return bends so that
it will fit in a sheet steel firebox about 4 ft. by 2 ft. by 30 in,.
high,

MAnother method is to use sufficiént pressure, friction, and flow

in the pipe discharge to overcome frost.

WATER REQUIREIENTS FO2 DIAMOND DRILLING

As stated before, a continuous current of water is necessary in
diamond drilling to prevent burning or polishing of diamonds in the
bit, to wash away the rock cuttings, and to prevent the core from
stickiﬁg to the side of the core barrel.

Je Do Cumning 16/ states that a rising current of 12 iﬁ. to 18 in.

_1_.6/ Idﬁm’ Pe 165,

per second in the hole is usually sufficient., To maintain 18 in. per
second of water current, it will be necessary to supply 120 gallons
per hour in an EX hole; 200 gallons in an AX hole; 430 gallons in a
BX hole; and 730 gallons in an NX hole, using rods of same letter.

To produce an upward veloclity of 18 in. per second in a drill hole,



the velume of water required is tabulated as follows 17/, which will

17/ Collins, J. J., Some Problems Involved in the Interpretation of
Diamond Drill YHole Sampling and Surveying: A.I.M.E., vol. 10,
Jan. 192.].60

also estimate the amount of water to be handled for sludge collection.

Table 3.
Volume of Water required to produce an Upward

Velocity of 18 Inches per Second in Drill Holes.

Size of Hole or Casing - Size of Rods Used

Gals, per
Hour
Latter Nominal Ietter Nominal
Dia. Hole 0. D.

EX hole 11/24n.  E Rod 1 5/16 in. 120
AX hole 17/8in.  E Rod 1 5/16 in, 390
AX hole 117/8 in. A Rod 15/8 in. 192
BX hole 2 3/8 in. A Rod 15/8 in. 660
NX hole 3 in. A Rod 1 5/8 in. 1400
BX hole 2 3/8 in. B Rod 1 29/32 in. 432
¥X hole 3 in, B Rod 1 29/32 in. 1182
NX hole 3 in, N Rod 2 3/8 in. 732
EX casing 11/2 in. E Rod 1 5/16 in. 120
AX casing 17/8 in. A Rod 1 5/8 in. 192
BX casing 2 3/8 in. B Rod 1 29/32 in, 1450
NX casing 3 in. N Rod 2 3/8 in. 750




In restricted spaces especially around the core; the veloeity of
vater mey be higher than as stated in the above table. In rocks which
are disintegrated or easily washed away by water, the flow should be
reduced to the amount just suflicient to wash sway the rock cuttings
and keep the diamond bit cool. The reduction of gpeed in rotation will
also reduce the velocity of water current in the hole as it leaves the

bit and will help to give better core reccvery.

DRILL RODS

A drill rod ig a hollow flush~jointed or coupled rod, which is
rotated in a drill hole by drilling machine. The diamend bit, reaming
shell, and core barrel are usually attached at the lower end of the
line of rods and a water swivel and water hose at the upper end. The
rod is chucked at the lower end of the feed serew of the swivelhead
assenbly,

Most of the rods in use are made of carbon-steel seamless tubing
with parallel walls, which do not require upsetting to take the end
threading., Hodern rods are made of thinner allby~stael tubing with
or without upset ends. Both ends have modified-female square threads,
so that the commection of rods can be made by male-end, (pin to pin)
coupling,

Many types of couplings can be used to connect the rod to special
fittings such as casing, casing barrel assemblies, pipc barrel assemblies,
gnd corc barrel heads, and to introduce larger or smaller rods in the
1line.

Shorter length of rods from 1 foot up are used for starting a hols
on the surface and underground, but the usual length of rods umsed fer

exploratory drilling is 20 ft.
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CORE BARRLLS

The core barrel is used to hold the core while .drilling and to
bring the core to the surface.

The core barrecls are either single tube or double tube., When drill-
ing broken or friable formation and when a good core sampls is necessary,
the doubls tube core barrel is used, so that the grinding or washing of
the core may not affect the sample value.

Core barrels can be had in any desired length but usually come in
lengths of 20 inches, 5 feet and 10 feet.

The three general types of core barrels are:

l. Single tube, which is used where core racovery is good and
particularly where blast holes are being drilled with non-
ecoring bits,

2. Double tube, rigld type, which consisis of two tubes, where
both the inner and ocuter tubes are connscted and rotate
similtaneously. This type of core barrel is commonly used
for average drilliﬁg.

3. Double tube, ball bearing, swivel type, whichlhag twro tubes,

" not connected. Thus the inner and outer tubes rotate in-

dependently of each other by means of enclosedf?éll bearings.
It is larger than EX, It is commonly used wﬁ;;&é;illing in
broken and very friable gromd and when better core recovery
is desired, See Fig. 23, p. Ll.

FACTORS CAUSING CORE LOSSES
The principal factors contributing to core lesses are: (1) coring
badly fractured or very soft materialj (2) use of improperly designed

coring equipment, for example the use of bits with very small diameter;
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and (3) lack of proper training and attitude on the part of runners

and pertinent technical information on the part of the supervising
nersonnel, Idttle can be done about the physical characteristics of

the material to be drilled, but the other two factors contributing to
unsatisfactory results can be corrected. But the drillers! shortcomings
and the lack of pertinent technical literature are mors detrimental to

good core recovery than any of the other factors.

SPECTIAL CORE BARRELS FOR BAD GROUND,.
Many improvements have been made in modern core barrels. A valuable

article by R D. Longyear is extracted as follows 18/ to show the promise

18/ Longyear, R. D., New Diamond Drilling Practice in the United
States: ~Proc. Canadian Diamond Urilling Association, Toronto,
Ontario, June 7, 1947.

» of the'device in this field,

"Beginning in 1943, a new impetus was given to improvements in core

‘"'barral.design by Stanley A, Tyler, consulting geologlst for Jones and

Laughlin Ore Company and professor of geology at the Unlverslty of

_‘,,Wiscanain.

“As a result of the suggestiona and stimlation pruvioed by Tyler,
_ new’core barrels have been vroduced by E. Je Longyear Company, known as
the Pickard core barrel, by Sprague and Henwood, knowm as the Series M
Barrel; and Sullivan Machinery Company on a fesien similar to the Series
M; The principal features invol#ad are:s (1) a swivel type inner tube
whiéh‘ténds to remain st&ticﬁary'ﬁhils the bit and ouﬁer tdbe revolves
(2) an inner tube extensioﬁ ﬁhiéhfcan be readily replaced when worn and

‘which can serve either as a case for holding the core lifter or as a
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guide for the core lifter that seats in the bity and (3) a box thread
bit with swificient roon internally to allew the immer tube extension
reach praciiczlly to the gtones in the end of the bit, thus eliminating
most of the washing action of the circulating water on the core.

"The Pickard core barrel, in addition teo above improvements, is
vrovided with a water cat-off head which shutg off cireulating water
when the core blocks. Blocking is irmediately indicated to the mmner
by a sharp rise in pump pressure recorded on a water pressure gauge on
the pump. The drill is stopped to prevent g?inding of the core and the
core barrel removed from the hole,

"In the Marquetts Mining District, where these core barrsls were
developed, core reccvery in iron formation for years has averaged between
20 per cent and L0 per cent. With the Pickard barrels, the Tecovery is
generally between 80 per cent and 95 per cont.

"0n a current exploration project in the Cripple_gfééﬁidistrict, the

‘eore recovery averaged 50.5 per cent with a rigidetype €ore barrel, but

'7‘;with the Pickard-type core barrel it averaged 95.5L par7cenﬁ; Ividence

of erinding in the core is almost entirely lacking, and even the most
‘delicate crystals on fractures and drusy vugs are wmninjured during drill.
ing and recovery. Mach of the § per cont loss may be ascribed to vugs

© “ znd other voids in the rocke

- "The Diamond Core Drill Manufacturers Association is working on
gtandardization of core barrels.iargar than NX., Much benefit wag re-
celved from a group of fine papers delivered at the ammual g&etdng of
the American Institute of Miming and Metallurgical Engineers in New
}York in‘Maich, 1947. Three sizes of core barrels have been selected for
standsrdizatibn and will be called respectively, 2 3/& by 3 3/4, L by
S 3/8, and 6 by 7 5/8; the dual numbers indicating the approximate core



sizes and hole sizes respectively.
"It is hoped that more complete standardization of the BX, AX, BX,
and NX core barrels can be achieved in the States in the not too distant

future. The Canadian success in standardization 1s noteworthy."

SERIES ®M® DOUBLE-TUBE CORE BAHREL

The Series "M" Double-Tube Core Barrel is manufactured by Sprague
& Henwood, Inc. It differs from the ordinary swivel or ball-bearing type
of core barrel in that the inner tube is equipped with a sﬁoe or case A‘
which extends down as closely as possible to the bit. The core lifter
is located in this ocase or shoe. This reduces the tendency to block,
as is often the case in the ordinary type of core barrel, and assures

better core recovery, especially in soft or broken stratas,

DUFFIELD CORE BARREL

A special double~tube core barrel was designed by C. E. Duffield,
mechanical and boring engineer, Department of Mines, South Australia.

It is considered that assays of borehole samples token out by using
this special barrel have a reliability as a basis for calculating
tonnage and grade of mineral deposit.

Another value of this type of core barrel lies in the faot that it
will guaranteas a good core recovery and good samples and will eliminate
the uwse of gludge samples, which ere not reliable in assay results for
several reasons, such as gravity concentration at the bottom of the hole
and return water losses which in general cannct be overcome.

The following experimental coresrecovery results 19/ were obtained

19/ Duffield, C. F., Core Recovery Devices Used in South Australian
Drilling Practice: C.I.M.M., Trans., vol. 47, p. 386, Oct. 19hk.




by diamond drilling plants in South Australia.

To demonstrate the

improved core recovery by this special double-tube cors barrel, two

weekly foremam's reports from the No. 7 Kurilla Bore at Kadina are

shown in the following tables No. L and 5.

Table L. Core Recovery Results with Ordinary Core Barrel,
Distance Core
Date Drilled From To Recovered
20/8/43 5 ft. 10 in. 321 ft. 2 in. 327 £t. O in. 2 £t. 6 in.
21/8/h3 5 fte 2 in. 327 ft. O in. 332 ft. 2 in. 2 ft. 9 in.
22/8/43 6 £t. 0 in, 332 ft, 2 in. 338 ft. 8 in. 2 ft. 2 in,
23/8/L3 6 ft, 1 in. 338 ft. 8 in, 3LL ft. 9 in. 2 f£t. 2 in,
2L/8/b3 5 ft. 3 in. 3Lh ft. 9 in. 350 ft. O in. 2 ft. O in,
28 £t. L in. 11 ft. 7 in.
Table 5. Core Recovery Results with Duffield Core Barrel.
Distance Cors
Date Drilled From To Recovered
i/9/L3 9 ft, 5 in. 369 ft. 3 in. 378 fte 8 in. 9 f£t. 5 in.
s/9/u3 8 ft. 4 in, 378 ft. 8 in, 387 ft. O in. 8 f£t. L in.
6/9/i3 6 ft. 9 in, 387 £t. 0 in, 393 £t. 9 in. 6 ft. 9 in.
7/9/43 6 £t. 0 in. 393 ft. 9 in. 399 ft. 9 in. 6 ft. O in.
8/9/43 6 ft. 0 in. 399 ft. 9 in. LO5 ft. 9 in. 6 f£t. O in.
36 ft. 5 in. 36 fte 6 in.



This berrel is so desigred thet es soon as the core jams ithe inner
Yarcel, either by the berrel’?s boing filled up or by wedgling of the core
in the bvarrel, the water is cut off subomatically. Tuds will resud?é in
a risa of water pressure, indicated by the presswre gauge, and is a warn—
ing to the driller to stop driliing =nd pull up the rode

The illustration showing all essential parts of tuis barrel is
ghown in Fige 24, pe 47

The cors lifter ia placed on the ouislde of the imner core barrel,
which is pivoied on its upper end in the lowest perilom of tue sliding
valve, The water enters through the outer water tube and the ipner
water tube end then ithrough the sliding valve, and comes out from the
nole B, From the hole B, it travels beiween the inner and outer barrels
vntil it reaches the bit through holes in the lower port of the inner
barrel,

Tae inner aud cuter barrvels rotate tegether, and the core pasaes
througn the inner terrcl after it ls cut by the bit., When the bharrel la
11led up or the core jams, the ianer borrel &£0ps ravoiving and pivots

on the upper zivot and within ths core lifter, botia of which are wall
greaped, Tig. 25, ». 48, shows the steges of operation. When the drlll
continues to rotate, the bit advances into the rock while the inner
barrel remains staticnary. This will resul? the relstive movemsnt of the
inner barrel up the ouber barrel. Al the same time the core lifter slipa
of{ the outer surface of the inncr darrel. The inner water tube, being
pushed wp, comprecges the gpring; and the water is finally cut off when
the hole B is pushéd into the.slaeve which enccompasses the sliding valve.
The finction of the odjustment nmut is to cut off the water at the instant

the core lifter slips off the inner boarrel and onto the core. As soon as
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the water is cut off, the rise of water pressure, indicated on the
pressure gauge, warns the driller to stop drilling,

Vhen the ccre barrel is withdroyr, the pent-up, increased water
pressure exerted through hole A will make the riston compress the
spring. This action forces the uliding velve downward against the
irner core barrely and thus the corc lifter is driven down into the
conical inner curface of the bit. This mevement 1s intended to secure
the core lifter against the coure, and any reversal of this action is
prevented by the ratchet and pawl above the cuber water tube,

The core is then broken as shown in the last stege of operation,
Fig. 25, p. 48, when the barrel is pulled up and consequently hole B
is uncovered by the expansiocn of thé springs thus the water pressure
is releaged.

Mr, S. B. Dickinson, director of Departmsnt of Mines, Scuth Aus~
tralia, reported that becuuse of the "foolprocf® device that shuts of
the water aviomstically vhen the core jams, relatively inexrerienced
men can run diwnend-drill cutfits wnd get resulis egual to those

obtained by experionced diamond drillers using normal-iype corc barrels,

MODIFICATION OF DUTFITLD CCRE BARTEL

Several modifications 20/ have been made in the design of the Duffield

20/ Burrows, L. J., Improved Barrel and Bit Increases Core Recovery:
Ing. and Min, Jour., vol. 147, .p. 80-81, Nov., 1946,

Core Barrel bty the Dizpond Drill Contracting Co., Speokane, Washington,
40 im_.rove the core recoviry and to enable the drill rumner to know

ingtantly when the core 1g jammed or the barrel is filled wp with core.
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Hormally water travels between the core and the immer wall of the
drilling bit. To prevent the loss of gsoft core material washed away
by water, it is designed so that the water will travel through holes
in the bit walls,

The function of the asserbly is best explained by studying the
sequence drawings in Fig. 26, p. 51, where water follows the course
indicated by arrows. As soon as the core jams in the imner barrel,
either because the barrel is full or because the core is wedged in the
barrel, the water is cut off when the core valve closes as shown in
position 3, Fig. 26, p. 51. The resulting sudden increase in water
pressure, indicated on the pressure gauge, warns the driller that the
core is jammed and that the rod must be pulled up.

Position 2 and 3 of Fig. 26, p. 51, show how the core lifter slips
off the inner tube and onto the core as the inner tube recedes during
the process. The core lifter comes in contact with the core only when
the core barrel is either full or blocked. The only function of the
swivel is-bo permit the barrel assembly to rotate while the inner tube
and contained core remain stationary.

Position L, Fig. 26, p. 51, shows how the core lifter becomes
wedged between the conical immer surface of the bit and the core, and
grips the core when the drill rods are pulled up, At the same tinme,
the conical water valve is opened by the pressure exerted by the com-
preaaéd spring., This releases the pent-up water pressure in the rods
and thus a “wet pull” is prevented.

A rubber relief valve,gt'th$ upper end of the inner tube is used
to aii&# the Barrel to be faﬁs:edaat a reasonable apeéd,through water

to the bottom of a hole, withéut tripping off the core lifter before



51

Buiyoai1q 310D-—
NPT TARRT R PIE

L
2 Dt e Al A N
= :
_@” ERH - <t
NN i 1
cg 'S
o2 -4
& %
2 <
- > N /-
H 2 T e T
_ 9103 sdiub 13441~
8 1 2102 —pajonsyas buaq ya2i09
g3 i
3 i 3
g g
@ o
— mm - %°—
" -
w @, I 235
mm a 3 °<c
>E = $ s~
o 2
e _ VO A AN SRR o
00!“ c : Sy WSS TS
280 | 8400 U0 U3} 109~
| )
©
_ $3 y
émw-u o
0T
\ AT > £ S
§ 8 2 =
(=] ooy
o = [ 4
3 aw o
NV s = 10
_ oo 3 IR g
! >3 i
i |a110q Jauy jyo0-—/
) ' paysnd bBuiaq 43440 8109
95JN0242J0M 3JDIIpUl SMOIIY _..muocozuo agn} 134no—jana| ,
uoyyisod Buyjjup ui puo uedo BAIDA |  sulpwas aAjoa Buipy|s obossod soypm 10j SN 4- PN .
\\\\\\\\\\\\\\\\\\\.\\\\\ A ST T T TS S S5 3 : = e B = -
‘ LN W™ \ 4 == e e s
/f,fz/'/'/'/»’/,l’///’/fu R R R RRERR NN B P 700000 " s RSO B W
& - - — — ¢ —
2N . Zse®
S SN A SN, RN RNADYD BION AN NS [
A b 225 b pAe ? Y
v s AL S S S S S SIS S I Lo e g
/ 4 S T
| , \\ \ \ | 7 / / [N Ll
| / /7 / | / / ( - /o | \ I, o
— \\ / / | / ) w / \ | \ / s /
| 2 it s( 1 | [ e e 5y %) /o0 2
e (] £, L o/ s £ L | 2 /] a |
I 3 5 / | 8 >¢ > o < s | s 5 )
_ .m | 3 u W | 3 9 < - Q [} - Q K - =
S 5 < 2 | ! - oo 4 g2 _ 5 =2 = ELo
.b r c = o o £ £ Sa w 2 oo I -
(V) Qo c [ w - Q c -_ o
8 s £ z® = £ 2 = T ® 2z § 27 ® ® =
@ £/ e o © © a =) = = S 2 o > £ o
T p S = S 3 . 3 ® »w 2 o S e » 3 )

notifying the operator to stop drilling, Note that the core lifter

engages the core only when the rods are withdrawn.

Fig, 26 Sequence Drawings of Modified Duffield Core Barrel.

A CONE VALVE CLOSES as soon as the core-barrel fills up. This
increases the water pressure registered on a gage at the drill,



drilling is started. A hardened thrust plate is used as a bearing for
the swivel pin. The sliding valve and sleeve and the spring are tha
same as in the original Duffield desirm. The cone valve replaces the
gecond sliding valve in the former design.

L. J. Burrows states that this improvement in thg degipgn provides
a more positive water shut-off and is efficient in iripping the core

1ifter off the inner tube,

LONGYEAR "L™ SERIES CORE BARREL

The "L® Series Core Barrel is a development of the Longyear Company

esgentially designed for increasing core recovery in grounds where re~
coveries have been poor or impossible with old-type core barrels, In
addition, its design embodies many very desirable features that yield
economical maintenance.

It is a double-tube swivel-type core berrel with unusual flexi-
bilivty and multipliclty in the choice of five types of lower end
~assenblies, and three types of core barrel heads. This flexibility
pemm unusual savings in inventories, parts, and even diamond set -
bits, It saves labor and maintenance by permitting changés to be
readily made in the field. |

The upper end may be converted to:

1. Washer swivel type
" II. (a.) Roller bearing swivel type, or,
(pe) Ball bearing nﬁval type

ITI. Rigld type.’

I, The washer type consists of heatetreated washer bearings,
very highly polished and chrome plated, and is the most popular design.

It has five washers with the end ones pinned to prevent wear on the
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remaining morevexpensive parts., It is very sturdy, and the atiritional
parts are lowpriced for replacement. Of the swivel types, it 1s the
most economical type for operation.

II. In exiremely broken, buttony, and vuggy ground, the roller
or ball-bsaring barrel will function better than the washer type,
which, though yielding good core recovery, might necessitate more
fregquent pulls due to blocking, or where the swivel action stops or
isrretarded.

’ ITI. The rigid type is used in favorable ground where exirers

sensitivity is not so urgently needed.

The lower end or bit end may have five types consisting of:

A. Coanventional bax~-type bite-gplit-ring lifter

B. Bottom discharge bit-—dry blocking, bex-type bit

G. Straight wall--dry blocking, box-type bit

D, Straight wall—edry blocking, pin-type bit

L. Beveled wall--core lifter, pin-type bit

Reference shonld be made to the following drawings for lower
end types and interchanicable assemblies. These parts include:

Inner tubo--Standard for all types (A,B,C,D,E.)

Outer tube-~Standard for all types (A,B,C,D,Z.)

Inner tube extension (A,B.)

Blank reaming shell (4,3,C,D,E.)

Core lifter (4)

Core lifter case (A)
Blank box bit (A,3,C.)

[ 4

*

Bagkel core lifter (Special usage--soils, clays, etc.)

Inner tube shoe (C,D,3.)

Sub-reaming shell (Special to use up old bita)

POOOOOOO®
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e Bit--0ld pin type (May be discontinued)

o Sub-reaming shell (Spescial to use up old bits)

o Bit--0ld pin type (May be discontinued)

@
@)
@. Core 1lifter--old type (May be discontinned)
@

Ten Advantages of the "L® Barrel

The advantagss of the WL series core barrel are extracted 21/ as

21/ The New Longysar WL" Series Core Darrel Catalogs E. J. Longyear
Company, Pe 5e

follows:
le Increased maximum core recoverics,
2. Adaptability to gromd drillede—multiplicity of purpose.
3. Rednced inventory of barrels and partgs—l set outer and inner
tube will yleld meveral combinations,
e Flexibility in choosing type or making changes.,
5. Reduced inventory of diamond bits--bax type for all purposes.
6. Shorter type bit permitting access of water to cuttings, yilelding
longer 1life,
7« Bevaeled shoulder in bit prevents water from upsetting buttony core.
8. Core lifter case, when filled with core, slides down to shoulder in
bit to transfer weight of core to outer tube.
9. ‘Radue]ed time lozs in making field repairs or changes,
10. An adapter permits use of old bits &f wvarious types.

SPECIFICATIONS
Size (LYL, AYL, BXL, UXL), Length (5 t., 10 ft., 15 ft., 20 fto)
Type of core barrel head (I, II, III), Lower end assembly (4,B,C,D,2)

oL
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THE DIAMOND

ORIGIN OF THE DIAMOND

In the old days, little was known about the diamond beyond the
superficial facts that it was hard, brilliant, and c¢rystallized in a
definite form,.

Many experiments were conducted by many scientists to find out
what the diamond is., Knowledge was gradually acquired, and the fact
that the diamond is simply pure carbon was established beyond guestiion
or doubt, But it is a form of carbon only. Graphite, the other form
in which carbon is found in nature, though to sight and in toughness
distinctly different, is nevertheless chemically the same,

When oxygen is supplied, diamonds burn slowly at abogt_the tem~
perature of'moltan silver. It is believed that the heat first trans-
forms the carbon of the surface to graphite, which theﬁ combines with
the oxygen and passges off as 002,‘or carbonic acid gas.

Artificial diamond could be made, but sclentists had difficultics
to contend with. First, they had to secure the enormous temperature
necessary to volatize carbon. Thls was developed by the development of
| the electric furnace. Second, they had to hold carbon inert and prevent
its escape by combining with o#ygen and flying off as GOZ‘ It was known
that molten iron will dissolve carbon; so any excess of carbon that
iron can dissolve will separate on cooling in the form of crystalline
graphite plates, Iron filings were used to enclose the charcoal, and
the whole was packed in a carbon crucible. The problem of pressure was
solved by the expansion of a cooling interior mass within the rigld

enclosure of suddenly cooled exterior shell,

6}



The results of experiments, as described, proved that diamonds are
a fornm of carbon produced by heat and pressure, but how nature obtained
that carbon, held it inert from its affinities, and subjected it to the
necessary pressure and heat is still a guestion.

Unfortunately the largest diamond made by man is lezs.than 1 mm

across,

TH% DTAMOND TN INDUSTRY

The importance of the diamond in industry has been deacribed by

P, Grodzinaki as follows gg/z

gg/ Austin, A, C. and Marion Mencer, The Story of Diamond, p. 7k,
Los Angeles Gemological Institute of America, 194b.

"In 1935 only about one-half of all the diamond produced were used
in industry, but during the war this figure has increased to gbout 80
per'cant. At the present moment it is very difficﬁlt ﬁéfbﬁt the various
industrial uses in their relative order of import&nce;;ﬁﬁt it can be
gaid that about twe-thirds are used for the production of diamond grit
and diamond powder which, of course, is a very effective abrasive, Of
the remaining one-third, abogt'ho per cent are used for truing grinding
'wheels, and 20 per cent eacﬁﬁfor core drilling purposes, for wire draw-
ing dlies, and for shaped tools and other industrial usés;"‘

It is important to distinguiéh betwsen the three maiﬁ forms of
diamondss (ﬁ) rough stones as ihey are found in nature held in tool
holders_by varigus means, (b) gtones with one or more polished faces,
and (c) powder or grain diamond less than 0.3 mm in size.

According to J. D, Cumming, diamonds may be ddvided into four
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classes as follows 23/:

28/ Cumming, J. D., Diamond Drill Handbook, p. 51, New York, J. K.
Smit & Sons Inc., 1951,

1. The white or slightly tinted crystalline brilliant or gea.

2. A less pure, off-color coarse~grained formation generally clagsi-
fied as "Bortz". "Congo®, while differing in some respects, might
be included,

3+ The opaque, minutely crystalline, somewhat porous carbonado, or
black diamond, known to the trade as "C&rbon”.

4, Ballas, found in Brazil and Africa, ﬁinutely crystalline stones
with radiating structure, roughly spherieal in shape.,

GEM DIAMOND

The gem diamond is a crystellized carbon, used a8 a gem stone, and
hag refraction, color-dispersion, brilliant lustire, and extreme haxdness.
A gem diamond is examined for imperfecticng by ten magnificstions, speci=
fied by the Fédaral Trade Commission for the United States. It is said
to be the "first water" when‘absolutely limpid and frec from flaws and is

prized high when devoid of any tinge of color except perhaps bluisghe.

BORTZ

Bortz are divided into many classes, according to colors, such
a3 white, grey, black, light brown, dark brown, canary yellow, pink,
and green. They are also classified as "selected”, "finest selected",
etc. The various shapes in which bortz are found are octahedron, rowmd,
flat, bullnose, irregular, and cleavage.

Because of its extreme hardness, the relative cheapness, the multiple

cutting edges of the many small stones in a bit, and the lower cost in
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/
setting the stones by mechanical means than by hand, the use of bortz

bits has increased to 95 per cent 2L/ of all drilling in recent years.

2h/ Idem, p. 57.

CARBORADO

Carbonado is a2 name given in Brazil to a dark massive form of im-
pure carbon. It is also known as " Carbonate ", " Black dismond ", and
in the trade simply as "Carbon". In general, it is found in minute
masses of irregular polyhedral formj black, brown, or dark-grey in
color; with a dull resinold lustre; and breaking with a granular fracture.
It is slightly cellular and has a specific gravity less than that of the
crystallized diamond,

1t ocecurs exclusively'inythe diamond-bearing gravel of the State of
Bahia in Brazil. A small quantity has been found in Borneo. It is
gradédfaccording to hardness, and i8 clagsified as natural stones and

Split stones in the trade.

' BALLAS -

Ballas is a special type of Carbonade, which occurs as a crystal,
definitely oriented around‘é central nucleus, It is harder and tougher
_than ordinary carbonado but is much scarcer. The Bragilisn ballas is

not so tough as carbon or bortz but tougher than CapeAbéllas.

HARDJESS QF DIAMOND

One of the diatinguishihg features of the diamond is that it is the
hardest substanee in the world., Next to the diamond, corundum is the

hardest natural substance.q
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The hardness of a substance may be defined as the power a sub-
stance possesses to resist scratching when a pointed pdrtion of another
substance is used to scratch it. One thing to be noted is that hard-
negs is different from toughness,

The above method of determining hardness was used by F. Momms in

1618 to make a mineral hardness scale, which is shown in Table 6, p. 68.

Table 6. 8cale of Hardness,

Mohs Brinall

Tal-c [ ZEY XN RN RN NN NN NEENNNNENNRFELNE NN A ]
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The Brinell scale is included in the above table to show comparison,
owing to 1ts employment in'&ardneaa determinations of metals end plastics,
This Brinell hardness dstermination is made by placing a sbeel ball about
10 mmm iﬁ diameter, whiéh 13 subjected to a pressure of, generally, 3000 kg
on the material to be tested. The pressure in kilograms divided by the
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area of the impression on the material gives a value called the
Brinell hardness number,

The results of the identation test conducted by the U, S. Bureau
of Standards in 1939 and the abrasion test based om a report by Charles
E, Wooddell, Director of Research and Develovment, Carborundum Company,
1935, are shown in Fig. 36, p. 70.

In this figure, it is clearly shown that Mohs' scale for quarts
rated at 7, cormdum at 9, and the diamond at 10, does net necessarily

mean that quartz is 7/10 as hard as the diamend,

THE CARAT o

Diamonds are invariably weighed in carats and in 1/2, 1/k, 1/8, 1/16,
1/32, 1/64 of a carat., One (English) carat = 3.17 grains = 0,205 gram.
One Troy ounce = 151,5 carats.

PRICE OF DIAHONDS AND WORLD PRODUCTION

The price of diamonds depends not only upon their weight and size,
but also upon their shape, quality, and place of origin. If two diamonds
are of similar characteristics, the larger one is of higher value per
carat weight than the smaller one because of the relative scarcity of
larger diamonds,

Average values in carats of diawond are usually computed based on
gem as well as industrial dlamonds. So the average value does not repre-
sent a fluctuation in price of any particular grade but is brought about
by the nse of large quantities of industrial diamonds such as crushing
borts, which is lowest in price. According to J. Da Cumming, the average
prices of uncut gem and industrial diamonds were $46.59 and 33.09 res-

pectively in 1946,
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Table 7. World Production of Diamends, 1939-L2, By Countries, in
Metric Carats
(inclnding Indusirial Diamonds)
(according to S. H. Ball, The Diamond Indugtry in 1942)

Country 1939 19L0 w941 1942
Afrieca:s
Angola 690,353 784,270 786,980 791,850
Belglan Congo 8,360,000 9,603,000 5,866,000 16,018,000
French Equa£oria1 Africa 116,000 h¢,000 20,000 120,000
French West Africa 56,314 17‘5,000 35,000 l36,000
Gold Coast (exporta)B 1,087,652 1825,000 1,000,000 ll,ooo,ooo
Sierra Ieons 600,000 750,000 850,000 850,000
South-West Africa 35,470 30,017 46,578 60,000
Tanganyika 3,h4h5 2,250 11,750 L ,000
Union of South Africa:
Mines 1,089,k T37L,0M% eeeneenre weereenns
Alluvial 160,68  172,b19 112,300 106,000
Total Union of 1 ‘ I
South Africa 1,249,828  53h4,463 112,300 106,000
Brazil 1350,000 l325,000 325,000 300,000
British Juiana 32,91 126,76h 27,000 27,000
Other cauntpiesg 19,000 31,750 34,350 Lk, 350

12,500,553 13,012,514 9,104,958 9,25L,200

1
Egtimated,.

2 -
19391 Venezuela, India, Borneo, New South Wales and U.S.S.R.; 1940 and
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1941: Berneo, India, New South Wales, U.S.S.R. and Venezuela (Venezuela
29,399 carats in 1941); 1942: Borneo, India, New South Wales, Rhodesia,
UeS.5.R., Venezuela 3L,0L0 carats).

3Exporta 1939-L40; product on 19L1-42,

hSouth African production without Namaqualand, about 76,505 carats,

Table 8, World Production of Dlamonds in Metric Carats
(including Industrial Diamonds)

Country 1942 1943 19k 19h5 1946

Union of South 118,821 302,329 933,682 1,141,242 1,281,787
Africa

Rest of Africa 3,086,733 3,187,181 2,9L8,L9h  2,551,58L 2,619,501
Brasil 300,000 275,000 301,000 275,000 325,000
Other Countries 63,043 . L7,922 7,948 30,211 53,L70

Total 9,587,000 8,694,000 11,764,000 1,384,000 10,313,000

Je D, Cumming, Diamond -Drill Handbook.

According to Table 8, Belgian Congo, in 1945 and 1946, produced
.‘72 per cent and 59 per cent of the total carats, respeetiyely. But it will
be noted that *;he value of the diamond prsduced does not depend on the
amount of carats but on the percentage of gemstones in the production.

An exact survey covering the production and use of industrial dia-
monds ie rather difficult, mainly because of the large diversity of
production centers and the lack of differentiation between the cutting of

stones for jewels and for industrial purposes.



DIAMOND DRILL BITS

CLASSIFICATION OF DIAMONDS FOR DRILLING

13

Diamonds used in drilling are classified by J« D, Cumming as shown

in Teble 9, pe 73« In this table Ballas is not included because of ite

Table 9. Classification of Diamonds for Drilling.

Type of Approx. YNoe Approx,. No. Main Used Mainly
Diamond Stones Stones Sources for
per Carat per Bit,
L4 8ize
Bortz 8 to 125 60 to 350 S. AMfrica General Drill-
We Africa ing work includ-
Brazil ing hard rock.
Congro Same as above Belgian General Drille
for better Congo ing,
grade stones.
Carbon From 2 to 3 L to 40 Brazil For very hard
-Carbonado carats each ad broken
Black Dia- and smaller vuggy grownd.
mond. ag worn down.
Pragmented 1L %o 30 mesh latrix ime Crushing Blast hole core
- Borta and up to 20 pregnated Bortz from . drilling and ex-
per carat. with crush- Belgian tremely hard,
ed diamond Congo and fing-grained
framrents sanme gources formations,
along with as Bortz. Iron ore and
small whole iron formationsa,
diamonds,

rare use in msking drilling bits, although it is valnable for other

industrial uses,.

A bortz bit will drill faster than a carbon bit, and the average

bortz will usually be reset three times,



7h

To drill in broken or wvuggy ground and under heavy prossure, carbon
bits are better. One disadvantage of using carbon is that it may be
burned, and {rom "burned-in" carbon bits caused by failure of the waber
supply good stones usually can not be recovered for resettinge.

The congo, 2 name given because of its enormous production in Bel-
gian Cengzo, is mrinly of crushing grade, although bortz and small amounts
of gem stones occur. Congo bits, in certain formation, give low cost

per foot drilled.

HAND SET BITS

Use of large carbons with fower stones per bit is said to be the
best for hand setting, If bortz is used for hand setting, it should be
regular in shape. To describe a method of hand setting in general, a
bit blank of mild ateel is marked of{ in the chosen pattern to drill
holes, which receive the stones in proper orientatian; The stonss are
calked firmly in the bit, If bortz is used, it should be of good gquality,
because tapping with a hammer and a calking tool may shatter bad quality
stones, Loss of about half a carat per hit, due to the breaking of

stones in setting, is usual, even if the bortz used is of good quality.

MECEANTCALLY SLT BITS

The trend in drill bits is the uge of smaller stones in larger
quantity. Hand aetting of 200 or mora stones in a bit becomes im~
practical, Thus satting by mechanical means has heen developed, Mech~
anical setting is much cheaper and mives a product of better quality,

Tho introduction of sm=ll bortz set mechanically in a bit has
resilted in an increase in drilling speed and a reduction of drilling

cost by use of a smaller and lighter machine.



CASTRLT BITS

The diamonds are et in a field-proven pattern at the surface of
a hard bronze alloy. At first the bits were rade of solid bronze, but
during 1951 the bronze pért bearingz the diamonds has been locked on to
a steel adapter in the process of casting. The mould is used to form
the bit,

Certain characteristics of castsel bit have been stated by C. H,

Hopper =25 follows 25/:

25/ Hopper, C. H., Diamond Core Bits at lMatachewsn Consolidated l#ncs
Iimited: Matachewan, Ontario, Can. Min. Jour., vol. 60, p. 600,
Oct. 1939

RCestset bit has proved superior to all other bite tested and is
congidered to be the best ail-round bit for lMatachewan Consolidated
conditions, In drilling porphyry a Castaset bit becormes polished in
about 30 feet., Howaver, it is still capabie of drilling an additional
100 feet in greenstone. On onc occasion when drilling a large porphyry
body, 60 bits were polished and placad on the shelf, On return to green-
stone drilling these 60 used bits lagted three more months. Such a
sitvation would be awkward if a setter were emploved., The linmiting fea-
ture in Castaet bits‘is a breakdown of the inside and outside cutters
{or eorner stones) especially if run over small caved fragments. Metal
wear 1s partly responsible for this. Therefore, clecarance of the sludge
by water grooves and good water pressure is important. The bit is com-
mercially well balanced in metél wear and diamond wear, However, any
improvement in the metal will call for better diamonds.®

TIMPROGIATID BITS

This type of bit is made by fragmented bartz of selscted grade or

































































































































































































































































































































