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MACH1 33/4 41/4~57/8 65—~185 120—340 800 290 58 67 16.1 440
MACH! 43/4 6~77/8 80~240 100~300 725 11890 67 68 185 710
MACH2 13/4 17/8~23/8 20~50 8302100 580 k] 12 71 8.9 49
MACH2 23/8 27/86~31/2 25~80 550—1650 870 95 30 75 131 180
MACH? 33/4 41/4~57/8| 65~210 250~800 725 480 73 82 208 450
MACH?2 43/4 6~77/8 80~265 195650 725 740 92 83 226 840
MACH3 33/  |41/M4~57/8| 60~160 340800 725 320 54 8L 167 400
MACH3 43/4 6~77/8 80~310 280~750 745 530 76 85 174 680
F20005 43/4  |61/2~71/2| 180250 85125 300 1200 29 213 1025
DELTA 1000 23/4 3 —~45/8 4080 790~1590 940 112 33 130 145
DELTA 1000 37/8 43/4~6 75~175 3207745 750 455 65 221 530
HIGH SPEED 23/8 31/2~41/2 ~50 ~1375 875 85 125
HIGH SPEED 27/8 31/2—41/2 ~70 —~800 650 155 136
HIGH SPEED 313/8 {1/2~6 ~100 650 690 275 122
HIGH SPEED 43/4 6~77/8 ~200 ~450 375 450 164
LOW SPEED 27/8  |31/2—~41/2 ~80 ~475 500 200 94
33/8 41/2~6 ~119 ~365 720 550 17.1
43/2 6~77/8 ~250 ~145 360 1375 186
. :
DM-100 31/2  |37/8~57/8| 50~150 | 175~560 450 300 32 12 300
DM-100 43/4 6~77/8 100~250 56—~212 450 1300 52 20.4 1000
[BECFIELD DRILLINGIERVICES)
MEDIUM 27/8 30~110 120~470 450 225 100
MEDIUM 312 0—-120 231396 300 500 149
HIGH 31/2 906—~120 563750 350 275 186
MEDIUM 43/4 100250 110~275 350 1200 165
HIGH 43/4 100~-250 320800 400 425 188
F360 13/4 17/8~21/2} 20~35 720~1750 465 25 8 ] 40
P360 23/8  (27/8~31/4( 30~55 550~1370 700 80 13 13 180
P350 27/8 31/4~ 3575 485~1200 700 135 31 13 210
P360 33/4 |41/8~51/2| 60—~140 180~520 580 425 42 21 665
P360 43/4 53/4~778{ 100~200 140370 410 525 37 19.5 930
13/4 17%/8~23/4 10~20 620—1240 575 25
13/4 17/8~23/4 10~20 310620 285 25
23/8 2%8~31/2 20~50 550~ 1375 875 95
23/8 27/8~31/2 20~50 274685 440 85
23/8 27/8~31/2 2050 160~400 380 115
2%8 27/8~31/2 20~70 3001050 835 153
278 31/8—41/8 2070 225787 650 153
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33/8 37%/B~43/4{ 20~100 195~650 685 230
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33/8 37/8~43/4| 20—110 48~176 480 683
35/8 4~57/8 80140 242565 550 362
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43/4 ST/B~TH8{ 100~250 56140 360 1445
SBSTURBO T2 43/4 —475 ~1190 265 60
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VMS5000 43/4 —185 ~5%0 386 43
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Product Bulletin

HUGHES

e PERFFLOW® DIF

Product Description

PERFFLOW DIF is a dry formulacion of
bridging, viscosifying, and filtration-control
agents to be used in the preparation of a
PERFFLOW DIF System.

Features and Bencfits
PEREFLOW DIF is specially formulated
in 2 one-sack blend to prepare PEREFLOW
DIF fluids wilizing calcium chloride,
calcium bromide, or zinc bromide brines
where high-density fluids are required.
PERFFLOW DIF can also be used to
formulate low-density PERFFLOW DIF
. Auids using potassinm or sodium chloride
brines.

PERFFLOW DIF is formulated to
control leak-off and bridge a wide range of
permezbilities from a few darcies to over
10 darcies.

The filter cake produced by PERFFLOW
DIF is easily dispersed and temoved by
flowing the well and does not rely upon
breakers or dissolurion,

Application

PERFFLOW DIF is used to prepare a
reservoir drill-in fluid (PEREFLOW DIF
System) with either low- or high-density
brines.

Recommended Treatment

One 55.0 lb-sack of PERFFLOW DIF
will prepare 1 barrel of finished fluid when
added to 0.94 bbl of finished brine. Low-
density fluids generally use 14.0 Ib KCl and
a-biocide in addicion to the above.

Mixing Procedure

Preparing a PERFFLOW DIF System
using PEREFLOW DIF is best accom-
plished using a high-shear mixer and adding

one sack of PERFFLOW DIF o 0.94 bbl of

finished brine, If 2 high-shear device is not

4.1

BAKER HUGHES INTEQ PERFFLOW DIF

available, mixing can be accomplished using
rig equipment provided adequate mixing
time is allowed. For detailed information on
mixing, refer to the Technical Darz Sheer on
The PERFFLOW DIF System.

- Typical Physical Properties

Appearance powd
Specific gravity F3 )
pH

Environmental Information

For information concerning environmen-
tal regulations applicable ro Baker Hughes
INTEQ producrs, contzct the Healch,
Safety, and Environmental Departmenc.

Shipping

Transportation of PERFFLOW DIF is
not restricred by either international or USA
regulatory agencies.
Safe Handling Recommendations

Utilize normal precautions for employes
proxection when handling chemical products.
Use of appropriate respirator, gloves, goggles,
and apron is recommended for employee
comfort and protection. Sce Material Safery
Dara Sheet (MSDS) prior to use.

Packaging
PERFFLOW DIF is available in 25 kg
{55 Ib) multi-wall bags,

® PERFFLOW is 1 registered trademak of Baker
Hughes INTEQ.

THE
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~Baroid Drilling Fluids

Environmental Products and Services

Baroid realizes that environmental responsibility must
be a kigh priority in an indusiry subjected to increasing
government regulation and growing public awareness.
Baroid has established an Environmental Services team
to develop new products for environmentally-sensitive
areas. This team is staffed by people with extensive
training in environmental sciences. Baroid has also cre-
ated a separate environmental-laboratory to provide
environmental characterization data and bloassay test-
ing for all Baroid products, and to assist in the develop-
ment of environmenially beneficial waste treatment and

drilled eutlings stabilization systems.

Several years ago, Baroid racognized the potential for
using computer technology to assist customers in compli-
ance with environmental regulations. Following a careful
customer needs analysis and an extansive development
program, Barold introduced the company-developed
ISEM™ Environmental Management software paclage.
This personal compuler-based system helps customers tc
better understand government regulations regarding rig
discharges. i also generates daily monitering reports and
complete end-of-well reporting. .

Baroid Drifling Fluid Systems

Performance
Properties

Fhid
Base

Temperature/ Density
Stability / Ranges

Barold
Product
Trade Name Dascription
Alkpdl dritng and corng Mukd: davaioped in rERponea Lo operakf eqUaN kit
non-damaging luid which doas nof alier
BAROID 100™ L] 000G GG OS SO ® s desgned i pravem emision biockags of frmsions,
. Innavative polysicoholfotuman system lor difkcult targal extended reach
. wells.
- BXR-2000™ o o|00|e|o0|oe|® |0|0|e
Ingusiy's liest cakionic wak ..... Hind, 10 slabilize
§ reactive clays and shales thvough enhanced tud chemisiry, Ingusiry's first
CAT-I® e s o000 ee Ldb Calionic i 16 provide supesiol firalion Canir.
. Low loxicity, bazad hwerl Lowers cosis
. M with custing# treatment and disposal
LENVIROMUL™  |® o/elojeejo|o|eloiseise i "
PHPA, polymer luid provides maximum o borehola slabildy. and kibrciy
EZ ® olelelale|alele ole Aeduces probiems assocsaled with diflng th highly reacive clays
-MUD!
Fataxad fkad logg ivent eriulsion od-based mud which i deal kor deep, high
tempaeraiuna and deviated welis. Formulated foc higher Nuid. loss yet st
. s e0se0ee .a congaing oaly oilin the fitrate. Provides high penetration raes and fower
malvenance. )
An inved] emutsion ail-Baged rud wWhich 1 consierad Dy many io Be the
industry's parlormance siandard For oil-based syslems
INVERMUL® L] LI R 20 A AL JE IR LI L L g
i Provides ol mud p inan
N . Based on sdvamedmpru aster chauwlginy, uonu!ns emulsifiers which han
PETROFREE™ o ooooeee ®| @8 oo iomutated o perorm without petreieun hydmoarbens
ianovative ime-based fuid viich allows usage wih. move hostia dawnhala
. it provides a b S1able onubiiva witer Sysiem
POLYNOX™ e8| e LIL ALK ®|®|®| based onimproved llgnosuﬂunalg products
foer Hegh lamporalure waler-based polynas syatan for usa on walls with
bottamhols lemperatures greater than 350°F, Eflectva for gaothermal and
Fl]?lERMA-DHIL"M *0 e G|8|80/0 88 & | uup sensive tomstions.
“lademark of Harod Qnlling Fands, tne ®Re| of Baroid In
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Primary / Secondary F 5/ 5 gief3f
Praduct Name Functlon & 3 [S{S[2]E6[F Description
AK-T0® Fisration eanisel ¢ Briciging agent CAREE NS EE RN R Blond of air-biown asphaitand clay
AKTAFLOB-E Emuisifiar | Water wallnp el " Oxyelhytatid aikyl phenal
AKTAFLD®-S Surtactanl L Il A B I A Mixed onytihyiaiod phenol
ALDACIDE® G Microblocida L I I B B * | Gluarakdobyde solution
ADUAGEL Viscesilar § Fitralion conirol *1*f*|®y*i{" Treated sodivm moaimarilonie
AQUAGEL GOLD SEAL® Viscositai / Filtration contrat L B L B Sodin mantmononie
BARABLOK™/BARABLOK 400 FiHralion contral LA R R L Pawdered hydrocarbon resin
BARA-GEFOAME 1 Daloamer Il Biand ol high dlecular weight alcohol and moditied folty
- ackl darvakves
BARA-DEFOAMENHP Defoamer *1*1]*1*]" Polypropylene ghycol based
BARA-DEFOAM® W30 Daloamer a|lo]e]a]e]s Bland of high molecular waighi aloohol and modiied faty
. acid darivatives
BARABRINE® DEFCAM Defoamer l={l*]°1" Bland of nonionic surlactants
BARACARS® 5, 50. 150, 600, 2300 | Bridging ageni slefojol=]"l" Sized-cakium carbonats
Walghling agon| igrades 5 & 50 anly)
BARACAT® Shala control L B L B B Cationic po!rrmrwspem
BARACOR® 44 Hydrogen sulfide scavengst L L IR AL Tl T .Powdqfodmnwpmné Can
BARACORR 85 Alkakmity control agent sleleslepoafe. Uiquid aming compound
BARACOR® 700 Comrogion Inhibitor “l=l=1=["]*l" -| Biand ot phosph and iyl . R
BARACCRA® 1635 Corrosion inhibitor *l- bl " | Powdered sodum nivite
BARACTIE™ Poler actvaor T T el cveam
BARAFILME Caorrasion ishibitor A B B B B " | Aminated fatty acid
BARAFLOC® Fioccufant ° . . Partiaty hydrotyzod polysacrylamide
BARAFOAM® Foaming ageni .1 * | Sodium aipha skl adais
BARAFOS® | Thinnes - . ‘| Wodified soduen phisaphiste compood .7
BARA-KLEAN™ Degreaser Blend of waler sohubla surfaca aciive agems
BARANEX® ' Filiratlon control e T o 1. 1 sodtisd gnii possr
BARAPAKSE Suspension agant . Ol soiuble polymar
BARASCAV™ D Oxygen scavenged elejelmlelm | Powdered sodium sulfie
Thermal axtandat o polymers
BARASCAV™ L Oxygon scavengar bl L B B L Liguid ammeonium bisyfita
Thesral extender lor polymers.
BARAZANG Viseoafisr / Fillrasion contral 1Tt RE "] | | Powdered blopolymer (rantfwm gum)
BARAZANG L Viscositier B B e B Biopolymer suspansion (xanthum gum:
BARODENSE® Waighng agent el ) Groondhemae - k]
BAROFIBRE™ [coarss, regular) Seepage loss addiive el *]" Fibrous caliutosic malarial
BAROID® Welghing agent sfel sl | | croumitsaiumsiae
BAROID® Ot Abgorbent O} absorban! Granular calcined clay
BARD-LUBE™ Lubricant sioe = *[*} | 1 oendof suracianis bnd ibricait
BARQ-SEAL™ (ling, medium. coarss] | Lost elrculation mateninl LA L L L L I Combination of granyips, flakes, and fibers
BARD-SPOT™ Spoting luid L L B L B Bland of @nkiic auractants
BARCTHIN® - Thinnar ‘]l . Chrame tannin compound
BARO-TROL® Shale tablizer bl Il I L NN IR0 P S -0 Y T S
BXR™ Borehols stabilizer / L L Hiand of sull aspﬁan and ahyd rhe
Filitalion tontsol {asphalita}
BXR™.L Barehola elabiizar / B A
Fillrabion coneol |
CARBONDX® Thinnes 7 Fiiration control bl B

*“Tragemark of Bareid Drilling Fluids. Inc. ®Registared Trademark of Barokd Technology, Ine.
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‘Baroid Drilling Fluids

Baroid Drilling Fluid Products

Reonmmended Use

Primary / Secondary

Product Name Funciion Description

Partiakty hydrolyzed polyacry
emu‘Lskm (FHPA)

Fenochame "ﬂnosuuonm
" 1 Copalyrer ot Galdiah Tnosuichats’ nd &hyee L

Guar gumn

(3
. .

'Il'rfadmnamu Bareid Drasng Fiulds, Inc. @Heglsoam Trademauk of Barold Technalogy, Inc. *JELFLAKE Reglslered Trademark of Dow Chemical Co., inc.
*'LOLOSS Aeglsierad Tradomark of Rhone-Poulane, Inc.
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Baroid Drilling Fluids

Baroid Drilling Fiuid Products

Recommended Use
| i sl /s
.o I HEHENE
s g -;g METRTE g
Primary / Secondary ¥ 5 gg 3 ég §.’-
Product Name . Function -1-5 CEERE ; £lg/y Description
Oulm“wd Bimer . fcium Petraleum suionate

THEAMA-THN® OP

TORQ-TRIME ||

s
ekt e a3
ALL-NLIT {fine. modium, coarss)
RIS, e, e

Oil mud yiald activator
ZECGEL®
" Tradamash of Basaid Drilling Fhuids, Ine. BReg! Trad af Barold Techiology, Inc.

“O-BADXIN Aagistered Trademark of Georpla Pacific Go."
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" Baroid Drilling Fluids

Baroid
Product
Trade Name

Baroid Completion Fluid Products

Recommended Use

Pﬁm_ary Function

Deseripﬁun .

i

Sized CaCO,, avarage size of each grada s
50, 150, 600. 2300 microns:

Sixed pure 2311 (NaCl)

' od mekcn o 60

Oil-solubla copotymar for viscosifying il

- | Nogionio sustaotant orllstinrfor high dansity- ™
Predispersad, aciivatad (HEC) in organic
solution

e, PR

%45 BAROID EHE-—-EX (V)

] et ool e e
I {ela|e i | wjw} .| o] ®|rrecispersed (HEC) in noniic canying fld ..
™ Yrademark of Baroid Dyifling Fluids, Inc. ®Aegls! of Basold Technology. Inc. *Not avaiigbla in U.S.A
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ProductName . . Product Dascrigian EEHEHE AR S HH S HEHEHEEHEE S
MIL-BAR® Barite [barytas) mesting AF| specificalions ofefalafafefo]efe P
DENSIMIX® High specific-gravity hamatite elalo]e]n]e]ofe]s 3
wors b —— L .

DA 0

MiLse* Wyoming bentonite meeting AP| spacifications alsje .le . 5 P
MILGEL* NT Untreated Wyoming bentonite meeting APl specifications [» [« | » sla - ) )
SALT WATER GELe Attapulgits clay meeting AP| spacifications wle|- o= )
SUPER-COL® Extra-high-vicld bentonite . . . s P
NEW-VIS™ Organic polymer bland “in a|aje]e 7
XE0* POLYMER Nanthan gum alw| |efe]e]~ P
MIL-BEN o * Bentonite—OCMA Specification DFCP4 o] o]a [} v

B 0

NEW-THIN™ Polymaric defocculant slef Jels] |- P
UNI-CAl® Chrome-modtfied sodium lignosuifanate o . s P
UNI-GAL® CF Lignosuifonate with no chrome added | . H P
MIL-KEM™ Lime-based mud thinner . [} 1p
SAPF Sodium acid pyrophasphate . - S 5 p
TEQ-THiN™ CF Chrame-frea modified lignosulfonate L R F] p
OlFose Sadium glassy phosphate . . s p
MIL-THINMe Polymeric disparsant far frashwater-based awds o frfeli]e Pl -

P 0 0

BID-LOSE™ Modified polysaccharide l=]*l=q*] |~ P

CHEMTROL™ X E:imn:o:y:;rg;ndfnrhlnh—mmpenmumhimm Jelodel e P s|sl
FILTREX™ Polyanionic lignin resin sfe]ef=} |= [ s
LECa= Sround leonardite als]=]- . ) 3
LIGCON® Caugticitad l[sonardite alsin - P s
MILSTARCH® Pregelatinized starch afalefe] [+]- P s
NEW-TROL™ Sodium polyacrylats afe ol ]

PEAMA-LOSE™ HT Nonfermenting polymerized starch efofafe] fo]» P s
PYRO-TROL® Lo-polymer-acrylamids-AMPS a|= L [ s
KEM-SEAL® Co-polymer for high-tempersture Sitration control al=|=f*f=]" P s
MiL-PAC™ Falysnionic eatluiess sle]afefn . P s
MIL-PACT™ LV Low-viscosity palyaniani I efs|sfa]a] Te P

CMC kv QCViA Spasaton DRCHT : | § 4
R B :

MILPARK CORROSION CONTROL CHEMICALS

MIL-GARD® H,S stavenger [basic zinc carbonate) sfels]e]e]e]" P

MIL-GARD *R Sulfide scavenger [solubla ehelated Zinch wlajn]|e]s]= P

NOXYGEN™ Lquid axygen seavenger Jalsle[e|]~ P

SCALE-BAN™ Phasphonate Inhibitor for drifling muds afaf{afafalefa 4

AMI-TEC™ Amine-based oll solubla inhibiter slefufe]e}e P

NCD fn X00 POLYMEP) ix m ropictarad irademask of Marck & Co., Inc.
DENSIMIX it & registersd trademark of Dsnsimix, Inc.
DILFOS [t @ regirterad irademark of Mensanta Eompany.

X-CIDE 207 is # gl

% of Petrolite Carp

GRYOCIDE s & seplstered wademark of Nalco Chemica] Company.

#4.6 BAKER HUGHES

* Availabla thraugh Baker Hughes INTEQ Intacnatienal Dperations.
feg. 5. Patent Ofilcy

TM Trademark of Beker Hughes INTEQ

SM Service mark of Baker Hughes INTEQ

0 1943 Baker Hughes INTE®. All rights resarved.
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Rucomenended for thase systems

Priduct:

P =Primary. Sa5

Water-hasad fluids

Product Nama

MILPARK CARBO-

Product Descrption
DRILL=10IL MUD ADDITIVES

0-based fulds .

Corroslon Inhibitors
Fitrals educers

B Colclum removers

Foaming agerts

M iost circulatiaon materivs

B Vircasifiers

CARBO-MUL= Qil mud emulsffier and wetting sgamt . [

CAHB!I Mlll.' HT High-temperature off mud emulsifier and wetting sgent . [JE s
| 757700F Highetemporatura emulsifiar for sil-based muds. 1z B
’ I:MBG-TECO ‘Espacially suitable for use in sensitive enviranmental . Pls s

areas,
Orgsnoptilic hactorite viscosifiar for suspension of .
CARBO-GEL® solds in ofl muds s P
¥ ) Organaphilic clay viscosifiar for susuans(nn of .
CARBD-VIS™ -~ | cobtsin oil muds - : pP
CARB0-TROL® Fittratiopn control agent for oif muds . P
. Norasphaltic fitratien control agent for oil-based .
CARBO-TROL®*A-S systams P
SURF-COTE* Oiwvetting agent for it mud *
Dilmud emulsifier Far high-water systams and .
CARBO-MIKN® srwirenmantally sensitive arzas B
CARBO-TEC™ Hw* il mud wetting agent for HW and spectal lomulabnn: - P
{ TAILPARK SYNTHETIC ADDITIVES ’
BI0-COTE™ Watting agent for synthetic systems .
. Fiftrate reducer and amulsifier for synthetic systems .
BiD-MIx™ In environmentally sensitive areas 5(F
BlO-MuL™= Detargent otkytate .
...| High-temperaturs emulsifier for synthetic systems. :

BIO-TECH® &0 -0 5 Espamﬂysumhieﬁrruu in: unshivn environmentsl . - - 18| 8

¥ i arvas.

SYN-TEQ™ Food grade parafiin .

PAR 0 0 DD
ALPLEN™ Aluminum complex used to cobitrol sensitiva sheles g 1. 4. .
ALPI.B(!I end gumbn ¢ § P
Glpcol used to control sensitive shales. incraase o lalalal |«
) :m‘_'*‘_‘?_"'_'" lutricity, and fower HT-HP fkrste P
Giycol for incraased dose levels and higher . el .

ADUA-COL™D salinity systems s P

BID-DRILL O mud alternative sfe] felele)e P

KAT-DRILL™ Lew charge, high-molecatar-welght cationic polymer - . 5 P

NEW-DRILL= Liquid high-molecular-weight anfonic polymer o le ol >{=f- p

NEW.DRILL® HP Pmdnmi p-lymarused fur r.mmuinntrnublesum el el ela]s ¢

Powdered high-mulccular-wmgmpaml!vhvﬂrn!vzed - RN

NEW.DRULL® PLUS palyaeryiamida * P

SHALE-BOND* Water-dispersible, natural g asphait sle]ofof=]= P

POLY-KAT™ ... High cherga, low-melscular-welght cationic palymer . - s [

PRDTECTOMAGIC* 0il-soluble, sir-blown asphalt used with oil slejolelofa P

PHOTECTOMAGIC® M | Wstar-dispersible, air-blown ssphalt wlojealets [

DhR ' .

BLACK MAGIC® - 2] ‘Gil-based spetting Ruid w0l afsfale]a]e]a]a pl

BLACK MAGIC® LT Low-taxicity oll-tased spotting Huid rlafvfefelofnf= [

BLACK MAGIC= SFT | Oi-based spotting fluid contentrate slefaln|alefe]. P

MIL-FREE® Vagetable oil-based spotting fluid elofolale]s]~ P

BI)-SPOT* Nonhydracarbon low-toxic spotting fluld sfela]e] ] [

BIO-SPOT* Nonhydrocarbon tow-toxic spotting fluld simlajs]efe]|= [

MIL-SPOT™ 2" A {or invart emuls] ighted spotting fivid {=[={=|=]=*]|*]* P

F=4.7 BAKER HUGHES INTEQ
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Rececrneaded for thase systems Praduct functions (Po Primary, £ = Secondary)
‘Witer-bazed fluids
4
a2l a2 HERHEHRRE
HIRERERE LM I REREHEE R ARE
Lel% | | (5] 21 L3 B e 218 ot ELS] o2
HHEHHEHEEE BHEHHHEHEHEEHEREHE
P BlE|=| 2 ] EHE Y Y HH AR REHEEES
Product Name Product Dascription za.s.-sf:;’ég.x:aaas.ﬁmeés..tﬁ.z.s =
| Acua-masic™ E:f:te::a!mmhngpmnmundluhncmfnr elolalelelefe g p
| LUBRI-FAILM* Extrams-prassure dey lubricant for watar-basad floids opef=fs|ofa]» [ P
PENETEG ™ Panetrating lubricant for AOP snhancemant slefafe]ofs [
P D
| ampy-Foamm ae;:"u;fliﬂ:‘rlpas:mminas'tmfnrminandmﬁ . P
MILCLEAN® ~ Water-soluble biodegredabie detergen/rig wash P
[ MD Dritfng mud datargent - alslwfelafeie s P
PAR D 0 R FRCD
CAUSTIC SODA Sodium hydroxide olafe]a]u]ale e} [sl.
;%:ﬁi:gg Commonly refarcad to a5 caustic potash {also KGH) alalafefs . [ 5
SODA ASH Sodism carbonate wle] [ef - . el Is 3
| Frrreri Sodium bicarbonate ol [1e] s o s
MILLIME™ Calckim hydroxide - ANBORE s B S
il
L0-4* Nonhyd rbon-based def or basad Quids [« [+]{ o je| =]+ P
W™ DEFOAM Mcohol-basad campaund for defoaming ofofefefe]e]s P
ALUMINUM Far daloaming water-based fluids lefefe]=5-]- P
P 0
CHEK-L0SS » Seepaye loss control differential sticking preventativa eflefelafu]efeja}e P
MiL-CARB™ Suldnmundcllelumclrhonute wlefofafafe|ata]e s lel”
)} MiL-CEDAR FBER ™ | Shredded ceder bark - olef=fel~[+ Te
-} MIL-FIBER * Stiredded cana fibsr ale]a]e]s]s]= P
MILFLAKE * Shredded celtophane slalalefufe p
MILMICA ® Muscovits mica efufaje]afe o]a P
A MIL-PLUG® Ground pacen shalis alala[e]s]e wle P
MIL-SEAL ™ Blended LCM product wle[afeale]e )
COTTONSEED HULLS | Cottonseed hulls ofe]n]e]s]e P
‘| PAPER Graund paper products alafe|afs|e )
WALNUT SHELLS Ground walnut shells slel=]=]*3* Pls
MAGNE-SET * * Acid soluble cement elefefa)afs P
OR R D P D AD
MUD-PAC* Corranlon inhibhor far soRds-fadan flulda sjalaje] Jaje P
BRINE-PAC* Carrosion inhibitor for sebids-fras fulds . P
WO™ 2L Liquid HEC viscosifiar for workover fluids . e P
DRYOCIDE™ m::;:m—::udhwmdilnrdﬁlllny.mrkmr, delol11e]. . p
X-CINE= 27 | Isothinzolone-hased hincide—powder
MILPARK CHLORIDE SALTS
SALT Sodium chioride [NaCR
Em&ﬁ.‘gm Commonly refarred to as muriste of potash {alsa KCI} . ol - P 1
CALCIUM CHLORIDE | Calcium chieride {CaCL) . M M P s
P BP0 D
MIL-LIME™ Caltium hydroxide (CalOH)) |- e|ofe] S 3 5 P
GYPSUM Calcium sulfate ditydrate (CaS0,:2H,0) o] s P

#24.8 BAKER HUGHES INTEQ
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N4 YKTBHERERA 72 = 7 MIBRFNRETEO DO b 0T, Z OEHIZHEH
ENBBABIERINDWHEMEZBREIND ZLRBWHO T &, TSR $iRHEER
CHLTHSELBLI 0TI LRV,

(1) {EEEKOERABEI2LFARIZT 5,

2) BMAIIEREOLDLET 5,

(3) WENIIEETH S,

() BeroORBILERELS X v,

fE- T, WHIRAR., FATHBENSRICESEYEALY, BETAI LR, 5
LB, #iEt. F L OHINRERLIRESE L DD TRITTR b2y,
INBHOERIZETHT, 24 0y MEAIIEAKN— A ODehydril HTHRA ZHER L 72,
Z ORI AE W23 K A T34 8 Phyllosilicate® I3 T 4 FIEHTH YSi. Mg, Na, BLU*
LiOTER e, 234 1y MHRAIS, Dehydrilh™\7 P71 MEEZ LT THBA + U 5H]
BEFAREVD, BRECFEECHBRIIRST S EPHBLA, BEcF+vruv ¥y
HRARDFKOBE LTEY VO Yy MIHEL, SOOI AT AR IIROBEER
BRFERITHAODHLVEE*RELIILD, CO-OBEREHEIC LS ORGE
H/RRIZ T B 72 Hostadrill 31182 WM L 720 SORY v —EBKOVA RV —2@ET S
ERICORBN CTho 2 b BESR TS,

BRERELT [FAYKTBY 2 Y =7 MR A ERRA L MAREEIIDWT] X
S&HTFNVFA L SF FEROVE-IEHAELTHLOT, BBENRENEO-OOHE
HHCINT BIRAKIZOWTER L THEDTEET SV,

44 T LB

ARCEBOLRWRANTDWT e MBI A F L MBHEMY 4 FLik, AVRT 5 R4
(230 T b, A FREETEBHRAL, HRUISH Y L 2vbiTTH S, £121000m
B B U AR DIRMIE % 2 7 & & JBALE (B L2 P SREU R £ ) B
RIC7o T, RBAV RS 210 2 B EHEREIC DV TR & o, ORMA TH
i, COREOBROFERNHES L OHBATENERT —OREED D A 2wbITTH
5.KTBO 70 Y x 7 MIR A BHITRADEAME % 72T, £ DR DN TRA %
LT, ZORRHRTHE L RAER % ) ¥ CBA L CRIEORT A E <& T 5,
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AT A LOHERIZ—ARIICIXRAZFERE L, LE - B - MEZZE LU TREL. BXKE
%%%?60ﬁﬁﬂmﬁéﬁﬂw%ﬁﬁ\ﬁ%&ﬁxﬁ4A®ﬁm%ﬁEL\ﬁétmm%
HREELRIC R o2 TH D, BRIZFEALZVWTAT A AZREIHPETH I LI,
EFHICRIATELE > TEWHED ), DENEKEROATATA ALl CE250L
LTit, HEMTRIFLHELEFRESNAGAR, MERS2VTHS ), REEHE.
EABEROHBE T, AT 1 AOBEI EbOTHEL VL2, HEOHELOLHITH,
HROETEEL LOKOFEL, REQOLARELBRRT LI EPUETH S, FHELEL
LHQY A4 XOFLICIMN T, £9400 £ /5 EDOBEBRAFLEL bR TE Y, BEOHH
DIELLDFERAKIVLETCHD, 2O &, FLBELR T L LR, H-hBEL2 TR
{otbbrd, IEEOHEBARKEDO LR, 270MHMEEEFRILERS,
AFAh%EQy b EFLEOMEETONEEOMEHEITH LA, RCLH: (REVERSE CIR-
CULATION) &MfF§2, A7/ 5% 0y bOMEBEL, HEICEIBETHEF S S,
RCT#
AT, ERHCHBEORATICHWCITRENTL20TERL, AT4 62,
S LBEIREZ AL FETH D, Y7V FR—MNro—0EEAY - FOES %
AL THD, PATALELTRZEEBEO Yy MIF Yy FR—NNrv—%ER
Téo:E%U7}®¢E%Kl7~%ﬁb\ﬂV?“ﬁKl7%ﬁﬁTéoEVPK
SVEMILIRAT A siEny=—SlzEY, ZEF2y POPLIICAD, M ki
Bnéox54auﬂx?%4¢D7%%EL‘ITtXﬁ%Amﬁwenéox54
AFHFA IO OTIREY INEZERL THBY > 7V E LTREAT 5. ZOTED
KERLE LT
- EREROERT, Oy VREEFELAT A AD LR A — FRHnHIZ, %
B L CWAEEOHEY > TANY TN £ AMSELERTE 5,
CERERIIEARMICIEL DY FOEZELZVOT, JLELRILWT, HEHO
BB L LT, EREMCENTE 5,
WPV TOSVRER r -V Y YR LTREITE 5,
REAY — FAEEVOT, FNVYTYFaz s, FAYEXFa7)riipgl

5o



MEALELT
CBARPEZVHEELREI Ty BB EL L B,
CEENE LAY T oY TR AT v - PR B,
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(2) RECORD-O-GRAPH ([X6.2)
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(4) VISULOGGER SYSTEM ([X6.4)
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Non-Hazardows tnstaliation—~ — - : ' Diision 2
- : : fstaliations

Oiilter's
. Momitgr

Division 1
Instaliation

. Controf .
i
Peimalogger ’
- Printer

. o " Pressue
Lg{fy FPi Sensor - Transducer
' g f ] :

A . . Additional Sznsor Options
: : e e DEralure Sensors
-« Total Gas Deteclor
« Mot Density
Electronic Dapth
~ Measurement Sensor
N ) « Additional Pressure
Reten Flow - Depth - Eeclric - - Tansducers -
Sonsar ) Switch : Roltay : :
: : : e - Torque
: {Hythaulic Alsp ey
Availablel

MAIGR COMPONENTS OF VISULOGGER SYSTEM, {TOP) AND VISULOGGER SENSOAS MHDUEL

6.4 VISULOGGER SYSTEM



(5) VISULOGGER INTERFACE PROGRAM ([6.5)
VISULOGGERCAF L7 {EHEZPCIEERL T, F— DT 7 7L L BEOEF T Th
{IEBAT I 7ER L. —BCHENE{ATARMAERD I ENFTEIRICLAE VAT L
Thb, |
() TOTAL SMART DRILLING ([X6.6)
ETOLAMWE Y7 7L LFRT HHRAE. Drilloff Test& FFFRT 5 ¥y M ORBEEH
CHRERBRETHIENTELTUS 7 L2 OB MDS (Management Drilling
System) LT LHEIEEHE, FMETHBEZF2/2 AT A2 TOTAL SMART
DRILLING EFEfEL TV 4, |

CONCEPT

TOTAL APPLICATIONS

Real Time Graphical Display

for the — -
Driller
Tool Pusher
Company Representatives

Drilloff Test —
Special applications graphically displayed in
real time, allowing rig personnel (o maximize
ROP and bit life.

Control Applications —
Traveling Block Control
for Crown Block Protection
Soft Torque
Advance Auto Dyiller

WITS Interface —
Altows high level customer applicationsto
be built upon standardized rig instrumentation.

MDS* {(Management Drilling System) —
M/O TOTCO has exclusive license from
Schlumberger to offer MDS* technology 1o
the industry.
MBDS hosts advanced, interactive data monitoring
with a spacific screen for cach drilling operation.
* Teue Depth
« BitROP
+ Automatic Pipe Tally
+ High Pressure, High Temperatune

Smart Alarms

* Kick Detection

» Hydrawlics Integrity

» Sticking Pipe Indication
Workstation Applications

* Data Archive

* Reporting

« LihoROP

+ Offset well comparison

* TripPlanning

TOTAL combinstion
ditplay during
drilling aperstions.

TOTAL drillotf
display.

TOTAL colled wb!na
combination display,

6.6 TOTAL SMART DRILLING
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vip

Dataarchived during eriticaldrill-
ing periods can be easily reviewed
and ulllized to compare and plan for
nifset wells. This js a useful ol
whether developing well plans for
straight ar highly deviated welly,
where knowledge of drilling parame-
ters such as Hook Load, Welgit on
Blt, Torque. cte. become extremely
critical.

SAFETY FOR DATA AND
OPERATIONS

1f, at any time, power is discan-
tinued to the computer, only the
data pbiained during the pawer
outage will be last. When poweris
regained, the progrom automatically
begins archiving current data with-
out any aperator interface, The
system can nlso be interfaced with
an Uninterruptable Power Supply
(UPS) System.

High and low alarm limits may
be set independently for each chan-
nel, and arc independent of the
limits set on the Visulogger. Alarms
are sounded regardless of the
program that i runqing at the time.

B e

A built in larm i3 also provided to
signal the aperator if the data signal
From the Visulogger to the computer
is interrupted.

DATA ACCESS BOTH ON
AKD OFF THE RIG

VIP festures remote communi-
cation eapabilities to allow transmis-
slon of either real ime or archived
dala to an offsits computer, Drilling
Engingess and other office persannel
can now have immediate access ta
nll Visulogger dala, preventing
contly and frustrating decision
making delays.
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‘TOGETHER, ViP ADDS UP
TO SAVINGS FOR YOUR
OPERATION

VI, combined with the
Visulogger System ond the Canary
Gas Datector, ¢can pravide a lower
cost alternative to a fully manned
basic mudlogging unit for thase
wells where this cost cannat be
justified. VP oulput can be format-
ted to present total gas and inverted
ROP in standard log format of 17, 2*
ar5” per 10U fe, and can be easily
depth corretated with swireline or
MWD formation legs.
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Example of an Alphanumeric Screen
1

Exampla of an & iphanmaric screan during ﬁrlﬂlng operations at 3080, DB m.
The data ara vpdatad every 1 sec.

Example of a Graphic Screen
EEENRRTIEE 1]

. : Examp g0 agr o acraan, varaus Ume, whila drilllng auhasarn depth Qsahuwu ‘oppasiie, 3080.03 m.
. Thlsacsaan provides a history of the drilling, sk g drilled dapth on the left
. screen and lagged demh o (he ﬂghLTha Iaat two plpa connsmions are ¢learly vlaibre

Aniy paramatat soald of dry ime scals can daén
the sama p: or eny different select! 1
paramsters can aiso ba displayed versus depth




Visualization/
P Working Stotion cauunlcn_tilnn station
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Fips Boca Pipe Handler Iron Rough
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Hatractor Systea
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SEMI--AUTOMATED CONTROL incl.INTERLOCKING SYSTEM
Fa—7—7 A SIEHBAE PRS2 7 4

1530C - Moters fae Drawwasks, Rotery and Mudpumgs
203 0r4114ng Flvid Yolume and Preasurs

3] deilling Paranater,
Brawwarks ang Rakarytsble Contral Panals

43 Pipehandler

MONITOREING & CONTROLLING SYSTEM
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THE SPECRUM 1000414

45 ( CONSOE#B) ~FH# 4FTX2FTX41INCH

E&E 300LBS

#fE+ ¥ — - DRAW WORKS ENCODER
- MUD PIT PROBE SENSER
- FLOW SENSER

- STANDPIPE PRESSURE INDICATOR

- SPM (PUMP) PROXIMITY SENSER

* RPTARY RPM SENSER

- ROTARY TORQUE TRANSDUCER

- WEGHT INDICATOR
ENPPEELRD,
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7.3 B
MWDH— Y A% To TnAHEHOBRAICOEH5, FHOREE, F. ¥4 XiZow
TEED5,
(1} BAKER HUGES INTEQ#t (7.1, H7.2)
- D M W D—DIRECTIONAL DRILLINGH
NI INE 27
BHE - ERH~KTEHE
- NaviTrak—DIRECTIONAL DRILLINGH
Short Radius~ 7K
Ta—7HE 13/4, 27
- NaviGamma — NaviTrakZ Gammaifll EE# % Il 2 7= b0
% o fi DG (DIRECTIONAL-GAMMA)
DDG (THE DRILLING DYNAMICS)
RGD (RESISTIVITY GAMMA-DIRECTIONAL)
DPRI (DUAL PROPAGATION RESISTIVITY)
TRIPLE COMBO (DPR I & NEUTRON PROSITY, DENSITY LITHOLOGY
OHEEHEGEL L D)

7.1 BAKER HUGHES INTEQO E&BH—EX L X T 4

i Versatile Systems for All Applications

AppSications Directionall DMWD|NaviTrak |NaviGamma| DG |DDG|RGDIDPR | Triple
Combo

Slimhole Drilling

Short Radius ‘
Horfzontal Wells
Borehole Location
Directional Control
Relief Well Drilling
Stratigraphic Positioning
Geosteering In Reservoir
Lithology ldentification
Casing Seat

Coring Point Selection
Pore Prassure Analysis
Hydrocarbon Detaction
Gas/Qii/Water Contact
Formation

Evaluation Analysis

Thin Bed Definition
Shallow Gas Detection
Wireline Replacement -
Core Qrientation | ] n u | S BEPY |

Depending on the leve) of MWD service employed, informatian provided by Baker Hughes INTEQ's m t systams can be usad for
a variety of applications.




Drilling Services MWD

Reliable Systems for
Enhancing Driiling
Performance

Baker Hughes INTEQ offers
Teleco MWD systems for en-
hancing drilling performance and
allowing precise control of the
wellbore. In both probe-type or
collar-mounted configurations,
these tools range from directional
systems to more advanced tools
which measure downhole drilling
parameters and narural-formation
gamma ray. These tools deliver
reliable, real-time directional
information, including hole
inclination, azimurh and roolface
orientation. Data quality param-
eters such as sensor temperature,
gravitarional and magnetic field
intensity, and magnetic dip angle
are also measured. .

Baker Hughes INTEQ's complement of
prabe-type MWD systems includes the
retrievable MWD directianal prabe; the
NaviTrak directional tool; and the
NaviGamma featuring gamma ray
detecticn. Each of these prabe-type tools
can operata in hole sizes as small as 4",
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INTRODUCTION -~ .

In today’s complex drifling
environment, making a correct
decision demands accurate and
timely downhole information.
Sperry-Sun’s modular
Measurement-While-Drilling
(MWD} systems have been
designed to accommodate your

rapidly changing needs for down-

hole data with minimum impact
on the drilling operation.
Operated by well-trained and

experienced engineers, our MWD |

systems provide the information
you need, when you need it.

Survey/steering, gamma ray,
multiple depth, of investigation
resistivity, bulk density, neutron
porosity, photoelectric effect,
vibration, pressure, and circulat-
ing temperature data are available
real-time and recorded at the
wellsite, and can even be trans-
mitted directly to a computer in
your office. Different combina-
tions of these data can be used
for specific applications such as
trajectory control, drilling
efficiency, pore pressure predic-
tion, hazard avoidance, geosteering,
or formation evaluation.

You can also take advantage of
Sperry-Sun’s ability to combine
related technology and experience

in directional
drilling, surface
logging, Applied
Drilling Tech-
nology, drilling
engineering, and
fluids engineer-
ing for a more

. comprehensive approach to your
¢ drilling and evaluation needs.

Combination services can often
provide increased operational
efficiency as well as enhanced
information for critical decisions.

Modvlarity for Maximum BHA
Design Flexibility
QOur MWD systems’ modular

{ design helps you achieve maxi-
{ mum flexibility in your BHA

: Positive
el Pulser/
Directional

Wireline Data
Retraival

¥ Gamma
i Ray/
7 Vibration

d Resistivity

Negative
Puiser / |
Diractional |8

Neutron
Parosity

Spern-Sun MWD systewis are modular for maxinmum BHA versatility.
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Geoservices El

Clients in increasing numbers
are taking advantage of the
electromagnelic wave
transrrission principle in
Measurement-While:Driling
{MWD). The Geoservices
Electromagnelic MWD runs
lenger, is less restrictive to
hydrautics, and works in more
kinds of dowrhole environments
than cempeting teols. The too)
measuras:

» Deviation

* Farmation Natural Gamma Ray
* Forrnaticn Resistivity

FEATURES OF THE
ELECTROMAGNETIC
MWD

* Increased Usability - The tool
can be used in any type of fluid
medium, including holes drilled
with straight air, or even in the
event of total losses.

The lack cf a turbine or pulse
valve permits passage of kst
circulation material {any size
material that can pass through
the bit nozzles). Unrestricted
fivid passage araund the tool
means no additioral pressure
l0ss, reducing the chance of
formation damage during
measurement.

* Battery Operation - The too!
consumes little energy. Power
supply is by high-témperaiure
resistant kthium battary,

* Increased Refiability - The taol
uses solid state electronics and
sensors entirely, with na moving
or mechanical parts {1500 hours
MTBF during operations in the
Paris Basin).

* Two-Way Transmission - Qur
too! can receive, as well as send
signals. At any time the operator
can request changes in the
sequence or selection of
transmitted data.

* Increased Efficiency and
Security - Directional
measurements require no drilling
time if they are executed during
a pipe connection, Batween
connectfons, only 5 seconds
without motion of the drill string
are engugh to make an accurate
directfonal measurement,

* Easy Instatlation - Mo
modification to the rig or
circulating system is nzeded to
instalt the surface equipment.

* Easy Operation - Al tool
functions are computer-

controlied from surface. A singte

command initiates a deviation
measurement.

ectromagneti

TRANSMISSION
PRINCIPLE

The Geoservices
Electromagnetic MWD provides
directional and formalicn
evaluation data through a new
generation of downhole
telematry while drilling. The ool

fransmils data by propagating
electromagnatic waves.
Sensiltive, non-intrusive surface
equipment receives the signats
for processing. This eliminates
the complexity and hydraukic
restrictions inherent in traditional
mud-pulse MWDs,

Tool operation is completely
indapendent from mud flow; it
therefore operates dwing all

phases of drilling [even during
trips, or when mud losses
occur). Mud parameters have no
limiting effects on teol operation.
Geoservices Electromagretic
MWD Is the only MWD tool which
will work in holes drilled, with air,
foam or mist, during total losses
or when tha solids content of the
drilling fiuid is very high.

i i
i i / i
: i : . oo !
Waaring [ Emitting Directionat /" Battery |
sub | b SENSOrS : !
Efectrlcal Elsclronics GAMMA RAY
cable optional
Receiver
i Earth

Bidirectianal

Transmission

- Formation
-+ Resistivity §

Anlenna
Electric

l'l\\l\l'\l MONTH T T T

KLU | L R0 2 I

Injecled
; Currenl

Drili Bitfs

7.4 GEOSERVICES EM-MWD 3 X 5 4

21



7L ZAMNOATTIVN G 2F

[i5%

VATLTAYAYLAY:
PATATAYAYD. ETe

FEATURES AND BENEFITS -

A One tool fits 8l Handart collar sizes
; An elegantly slmp[y approach to design - ) urlace to T.D., and is operable -
“reliabllity has brought MWD survey . . ity & whols flow range - raducin|
technology to a new level of maturity. E nttmbarcfioals held atthe wellsi

Full usa of tha avallable advances in downhala - : most eampact dasign’ en the
elactronics and uncompficated design enginasating . itieet, at 167" long, fiting into any
hes reteined Wil funclionality while cramatically Eﬂra!za down to 4% O.D. (afick 32"
“raducing the systam compengnt eaunt, . i ith ultra-slim Irensmitter option) -
Unparalleled ease of eparation and hangling, . edigned jor use in the increasing
couplad with low maintenanca and support cost : ‘of small halg horlzantal asd
. *hag extended the economic spplication of M . : driling applications -: -
- 5anrls 1o the widest possible rnarkaL . o B
signal encoding and detection,
CHALLENGING CONVEN : chties of raw or computed data
MWD ECONOMICS E réifission giving tastand refable tosl
. L f iates and SUTVEYB, evanin the : :
. Inbum operational flaxibility, high o L T e Um.ua .
. easa of malntanance and compact : : RS B B R maka 1ur apid and Inaxpans%va servicing,
- dramatically reduces the capital cosf . ight edpprtable modular designgivestapid 7.0 o 2o efimi ,muneeu for .
" dadlcated to any particular sarvl - . eperational support capabiity - {.° % page faclitles, . :
.- fuss simpflcity reduces the numb 1I'|B ameunt of equipmentinthe : R S
7 -tralning raquired for cparational and o . A SRR ) systam pnad te accommo- -
parsennsl . X : N oo dale additional sensorswgnals albowlanmum e
. S simplichy and ease of handling -~ fe with 8 range of f
" .. Burvey system: “redil degicaled v - and anglneering sensers currantly under
industry, i i e developmant,




SHORT COLLAR
WITH_EXTRA
CENTRALIZERS

N

RETRIEVAL NECK —= |7

. 7 PROGRAM PLUG —= [3

" INTERCONNECT MODULE —=

BATTERY
PACK
INTERCONNECT MODULE —ar
PIN
] - BATTERY BOX
—~—— RETRIEVAL NECK PACK
CENTRALIZER PROGRAM PLUG
INTERCONNECT MODULE — (g
SENSOR/CONTROLLER/ —
POWER SUPPLIES
INTERCONNECT MODULE——= [
 GAMMA
BATTERY PACK SAMMA

INTERCONNECT MODULE —=

DRIVER

DEDICATED
DRILL COLLAR =i
(B0X—B80X) i

MUD PULSER

KEY
RESTRICTOR
ORIENTATION

JAMNUT BOLT
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Compuialog Drilling Services + - - Computalog Lid.
9204 - 37th Avenue S ' #2000 530 - 8th Avenue SW
Edmanton, Alberta, Canada T6E 5L4 - . Calgary, Alberta, Canada T2P 358
Tel: 403-462-6300 Fax: 403-465-4551 Tel: 403-265-6060 Fax: 403-298-3891

Computalag Drilling Services has been providing Measurement While Drifling (MWD) services since
1982, \We have provided service to over 200 clients on over 1,000 wells. We have worked in the
-50°C climate of the Canadian north and the +50°C climate of the Middle East and have performed
services for land and offshore based aperations around the world.

Qur latest technology is comprised of a new state-of-the-art programmabie electrnn_i_c_ system with
the best data acurracies available today. Our newest software, MWD For Windows, is a muliti-tasking
system de5|gned to give the utmost in flexibility to meet the diverse needs of our customers

Our systems are compact and portable. MWD systems are easily transported by hencopter or small
craft to any destination (with the exception of the non-magnetic drill collar used to convey the
instruments).

R M.W.D.

4]
;
e
:

;

L.ED,
DISPLAY
ﬁ e DRILL STRING
[DECHTAL m)u:m-
e
HEAVE -

NON-MAGNETIC DRILL COLLAR
DATA AQUISITION PACKAGE

7.7 COMPUTALOGOMWDZ X5 4



74 FED

MWD T T ERR S, SHICHTARYEATVWAESETH 5, KIB/I Y 27 + T
LI INTVE, F9rh—LE-—F LOEARICT, IV ba— L F) ) 7 A Th
o T bt Chd, BERTIE, FAERBITIY 7274V 74 THIHRTIT
STVB T — ARV E) ThB, EEAXERIRVTY, FRAH, Bkt
¥ —TEM-MWDZRFELTBY, KATAYI4a7) y FHAAMWDEBH®ET—< &
LCEBOSNENELTWA EERS, (H78, H7.9)

T A4 XHITHQ Y 4 AOTLICHH TE 2MWDHH 1, EEAIC1000m IZFE LV,
NAEA T B3EIH A 2T H DELECTIONAL DRILLING & 59 X 5 ICEE, i), &
FIZIBTEREFMEERL TV S,

SE W

#Zi A MWDHERTOBIRE CBIEE R —1) ¥ F~DH#E
WHE—>—A #488% P53



2. EM-MWD ¥ 27 LSERbET (FEIEREE)

il FAFOMUfEie sl R etbRm Lawaicdis, WBHERCEER SHRED
TEHERE VT v RARCAE, 0B, ERTAEAYAF LOHITHRES, KIIFE Y
TAZ4LBEIR BN LTI L O EldERE$ TOTEMIbI D L Tad
Lt ZORBFECIE, ERPiREL A — bR, B, EL%e7—52E
L. #ERD=y FanARBRENBHIEAERCER BRI OB — 3%
Y7 x4 szt 24T 2EM-MWD (Electromagnetic-Measurement While Drilling)
DR T hi, FHES Y FOEM-MWDHREY — v, SEizE: HREY 2 o
LAz o BIEL, BRICEBo» ORERBREPEBLTSILL,

FEM-MWDs 27 2L LRI T3, JOiEy— JM@M?E!{/%#%&B/M’/T
AR, HREREY 7 COERPEELIEHMIEEEIAT L, %ﬁﬂ#&mﬂir
FHFTOEREH BLIMREY —VADRG, A7 L0ETFME R EREO M L%, EM-
MWD AF s% LT a1 B e Wi T a2 H LTV T,

2. EM-MWD System Development

The R&D project for Real-Time Drill-
ing Technology has been conducted for 7
yvears ta establish an ihtegrated system
that assists drilling supervisors at the rig
site to control drilling operations on a
real-time basis. EM-MWD (Electromagre-
tic-Measurernent While Drilling) is the
main system that measures the down-
hole data and transmits it to the surface
by means of electromagnetic waves on
real-time while drilling. In the research of
the EM-MWD system, the downhole toals
and the surface equlpment have been
developed, and several field tests have
already been conducted.

The objective of this R&D Project 1s
to enhance the EM-MWD system, includ-
ing the application for horizontal wells
and offshore drilling, to establish safer
and more reliable operztions for the
drilling of oil and gas wells.

Offshare EM Receiving Syste

BETRARES 254 1
m

BEEMAPEE -
Electromagretic W: k
1-30Hz e e

EM-MWD System

BB F-aRF I AT A
Signal Processing and Data Display System

Mechanical Efficiency Sensor
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Offshore EM
Receiving System
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For Further Information

Petroleum Engineering Laboratory, Technology Research Center,
Japan National Qil Corporation

2-2, Hamada 1-Chome, Mihama-Ku, Chiba-Shi, Chiba-Ken 261, J apail
Phone : 81-43-276-9279 Fax ; 81-43-276-4063

e JNOC-TRC
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Easy installation -

. Q4. PRE-
- INSTALLATION: =

;- EXTEND :

... 'MUD PIPE

plACE

POWER UNIT -

PLACE

CONTROL

. PANEL

3. PLACE CLAMP
SN CROWN

- PLACE
TORQUE
TUBE
PLACE
G TONG TORQUE
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7. CONNECT
THE PTD

B, HANGIN
LINKS AND
ELEVATOR

9. PLACE
HOSE
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AND HOSES
10. PUSHTHE
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;
-

AND TURN
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BEIR /ST —Z L~
TORQUE
SUPPORT
_ S00TON BRACKET
EXTENDED —{i= INTEGRATED fililikild :
AIRINTAKE /20T / BLOCK : TORGUE
‘ , TUBE
BINFLEX __| C'BALANCE
COOLING SYSTEM
pucT
COOLING
INTEGRATED BLOWER TORQUE
SWIVEL ] Ec’)?.ﬁv
GOOSENECK .t . 114IN500 YON
S 1 .. CONNECTING
movor_ | || . LINKS (SPECIAL) TORQUE
GUARD F.0 Bt REACTION
PR ESE v: L GE 752
iy o yaron

.. DRIVE TRAIN : BOTTOM
B 2 MUD LINE

TORQUE
A B\ : REACTION
"ROTATING e TRICAL BEAM
HEAD & FLUIDS
SERVICE LOOPS
SOLID BODY T
ELEVATOR L
: A LINK TILT
UPPER [BOP . P'f;,f;&
{REMOTE) UPPER
: HANDLER o/ {HOP
LOWER IBOP ACTUATOR
(MANUAL)
: 108 IN 350 TON
350 TON D.P. D.P.E. LINKS
ELEVATOR " L
' _ DRAILL FLOOK
IDS-1 General Arrangement & Components .
SPECIFICATIONS
Working Height reesiasssanias U~ : 1§ | 8
Waight (500T Block} ... 43,000 Ibs.
QOutput Torque {Continuous) 31,800 ft-ths.
@ 162 RPM & 1050 AMPS
API Hoist Capacity ......cocesrercicscscnes SO 500T {350T Available)
Hydraulic Req. ..., 15 GPM @ 2000 PSI
Elsctric Reqg. . it asneasnn s 750 VDC, 1050 AMPS
Local Blower  FloW...........oeereecrcennnnisnscsissnssesnsenennn i 2800 CFM
Pressure.. .. snssreesranes 10 in. HaO at Mtr.
Blower Motor ........cccc.c.e.. 20 HP

Covered'by U.S. Patents 4,865,135 and 4,658,915
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EXTEND MECHANISM
Alcwa tha e to movo tha tap drvD gl evo? 1o olss hole
for handiing bottom hok
ndl aszinyg thy attha Y 5
Thiz la uniqua ta Tasco and b8 en imperiant pige handiing taatura,

HIGH/LOW SPEED RANGE
Allowa the drifor o remcte shet batwaon
High and low without slopping rotaton,

Allown the arau 1o aatch
6landa "on tha 07 asin
canvention rpaing.

REMOTE QPERATED STABBING VALVE
Allzws tha et 10 FEMAONeRy 21250 e StAbbing valve which cof
ba brekan aff and srippod ato tha hala. Alo minimlzes mud
EpEaga by shuttng tha vatvo closast to tha savar sub {grashes).
fActuator nod £hiren on Mg pictura.)

TORQUE
TRACK
Tranamis al
lerque devaloped
by Ina top drve
& tha bottam of
tha darek,

SLEWING BEARING &
ROTARY SEAL
Aliow:a tha pipa hanalar ta ba romted 1o

TILT MECHANISM
Allowa Liting 45 degreas
{oreard (of woping and 75
dagreen backvard for meaming
B 1o tha lloar and plexdeg up
¢t from fhe Y-gaor.

CONNECTION LOCKS
Prevenis “ockad™ connectiony fram
npdverienthy brosidag out,

{Not showr}

GRABBER

Alkrtca bool [eints to ba braken at any posion
I tha darmick Can ba Frsod or kowored Lo
accomedato diftorent euba.

AUTOMATIC ELEVATORS
Cenimdad {rom the andars pnel.
Saloty machznism set 20 thal tho
vt wili al Saan if any waight
la heic by tha clovame.

‘TRAINED SUPERVISOR
ON LOCATION

Lnigua to Tascos top anive sondca
I3 0 supanvsor with extencive
drling experonea un locotion 24
haura o day. The Tassd op tive ia
“sor Hiandy” minimizT tralnieg
for the drliam thal operato it Post
deltars arn contigrntla with ko
system ahier onia oriwg shifis,

Tho torqua track

welding ard adepls to mosl demco. The e can bo

QUICK TRACK INSTALLATION

POWER UNIT
CONFIGURATIONS
The power urit can ba
eonljured in 5'x 20 saa
contanarg, in a nomal
olTeld skid loed, in
alihaicopler trens-
pertuth loads orln a
smackad amangemant i
Ardnimire tha foctpriat
offshers or on small
lacalians,

£ystom can b Ingtaled quicty withaat

usad for driting and wad aBrvicing rigs.

Tesco pmLLING TeCHNOLOGY
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b h e ¥ R ik # ki) m $= % P Zo—%4 Rt
FAILING FS3500 A%y b/ bL—7 |  150,000LBS 8500£t1b
“ STARS0K - 100,000BS 0~300RPM 12,000ft1b 3MFT CRO0LES
SCHRAMM Te8sW b7 9o 70,000LBS | 0~160RPM 9000ftb 30FT s
- TM140 FL—-3 140,000LBS 0—137RPM 9000ftTb 42FT 95,000LBS
BOWEN TD30P /87 —R4 A0 - 0~192RPM 29300it-1b - 9200
$25C " - 0~155RPM sgéon-m -
MARITIME PTD " - 0~200RPM 30,000ft1b 11200LBS
TESCO - " - 0~400RPM 45,00061o - 11000LBS
VARCO 1051 ~ (7EA) - 0~162RPM 31,000 43000LBS
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The Longyear Automatic
Pre-Torque and Break Out Todl

Features of the tool

SAFETY, The tool takes over the funclions of
- breaking tightly threaded joints, properly pre-lor
- quing joints and holding the rod string in a
hydraulic ool clamp. Therelere, virtually all acei-
dants associated with these funciions can be
eliminated. By preventing the likelihood of tnjury,
‘medical expenses, insurance premiums and pro-
" duction losses can be reduced.

PRODUCTIVITY AND CONVENIENCE, Since
the 1col takes away the most strenuous activity
of the driller's daily tasks, the crew becomes less
tired and rermains more productive. i also means
— particularly on deeper holes — that rod
tripping can be done fasler.

ROD LIFE. Most faligue failures of rods are
caused by insufficient pre-tarque. Larger size
QICQ and CHD rods require up to 2500 pounds-
feet/345 kilogram-meters pre-lorque, which is
impuossible 1o achieve with convanlional meth-
ods. The tecl pravides up to 2800 pounds-leel/
387 kilogram-meters of torque with the move-

Control sland -

1. Hydraulic rod clamp control.

2. Hydraulic chuck control. - o

3. Hydraulic hoses to break out tool and dnll '
hydraulic suppiy.

4, Make-upfbreak out rotation contres.

under normal clrcumstances. 1 also eliminates

{he associaled injurlés from miatal slwers 1othe
hands of drillers and helpers

DIAMOND COSTS. By aulomallng the bac:k
breaking job of unthreading tight rad joinis,
pulling rods ceases lo be the unpleasant chore
which drill crews quite often leave for the next
shift, By changing bils of lime, more efficient
use is made of diamonds. Thus, overall costs -
. should be lower and footage dritled increases.

ic Chuck has eliminated the strain associated
with manually Joosening and tightening chuck
faws. The Longyear Automatic Pré-Torque and
Break Out Toal does away wilh the hard work of
handling rods in and aut of the hole.

ment of ajever. It greatly reduces fatigue failures -

damage to rods caused by pipe wrenchas and DR

DRILL CREW MORALE. Ths Longyear Automat.

-t

[ YL XA

Takes over the toughest ond mest dangerous jo kacing
the drnlier todiay — breaking fight rod :oints and properly
predorquing the sing when re-enterng the dnll hole

."Handles for removing the hydraulic chuck

while drilting.

. Hydraulic chuck.

. Access 1o contral slot for reversing rolation.
. Rotalion gear box.

. Pivoting foot clamp bowl with jaws,

. Turnbuckle for adjusting vertical lo angle

hole position.

7. Hydraulic rod cfamp frame.
8. Hydraulic motor for spinning rads inand cut.
9. Hydraulic ram for breaking and pre‘torquing
rod [oints.
10, Hydraulic cylinders for actualing rod ctamp.
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IRON ROUGHNECKS™
CASING ROUGHNECK

With Varco's Autornated Iron Roughnecks and Casmg
Roughnecks, Inppmg is easier than ever. We've combined
a torque wrench, spinning wrench, carriage assembiy and -
control system into one tough unit, and put it on tracks.'No ™=
more spinning chains, no manual tongs, no 1ong lines. .
Atthe touch of a button, the Iron Roughneck™ automatical- .
ly moves along its tracks to locate the tool joint, Spins-in and .
makes-up, or breaks-out and spins-out the connection, and
moves back o its home position. The automatic sequences
may be averridden by the operator or driller at any time.

AR-3000C Auromarep lson Rovcunecx™

Te CR-2000 Casiie RousHueck will tit up to 15° so it can
clamp onto casing as it's being picked up from the V-door
and tail the joint to well center. At the wellbore, it wilt auto-
matically align and stab the add-on joint with an integrally-
mounted casing long, handling casing from 3-8/16" to 20"
QOD. It will spin-in or spin-out and make-up connections fo
the precise torque specified.

AR-3000 Auromatep Jaow Roucuueex™

Tue AR-3000 IroX RoucHNeCK™ provides up to 100,000
Rt-Ibs. make-up torque and 120,000 ft.-lbs. break-out on
tubulars ranging from 3-1/2" drill pipe up to 9-3/4" drill eol-
lars, Adjusts autemauca]ly to tool joint height between 31 to
64 in. off the rig floar. and can tilt up to 7° to match the angle
of pipe in the mousehole.

Tue AR-3000C 1R0N RoUGHNECK™ features interchangeable
spinning wrench and casing tong carriages to trip the drill
string and handle casing up to 20" OD. When it's time to run
casing, quick-disconnect the spinning wrench carriage, pick
up the casing tong carriage and install it into the Iron
Roughneck”. The AR-3000C is a Roughneck that does it all

— beautifully.

(R-2000 Cuma Roveunrcx

8.9 VARCO BJ IRON ROUGHNECGIC
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* VARCO BJ DRILLING SYSTEMS#E (18.12 [X8.13 [8.14 [X8.15)

Varco.Bd. ey
~— DRILLING SYSTEMS R el

UPPER DRIVE ' i FINGERBOARD
(HIDDEN) ; :

PIPE RACKING
SYSTEM PRS-1

DIVING BOARD

The Pipe Racking System PRS-1 is
a rugged and flexible semi-auto- ! i
matic. pipe handling system based UPPER ARM
on a combination of features found (CLAW)
on the Varco Pipe Handling Machine i t
PHM-3i and the Varco STAR P
Racking System. The design is based i ‘
around a single column (mast), two UPPER CARRIAGE
independent racking arms and upper and ; i
lower drive units that provide the lateral 3 ;
and rotational movements for the machine. ; i
The hoisting loads and machine STRUCTURAL
weight are taken into the drill floor 1 : COLUMN ASSY.
and ‘substructure rather than the ‘ !> i i A
derrick. The derrick:-need only support ! Rl ;"
modest lateral loads due to the machine : N 2 : P - f : \
movements and the weight of the upper : L I AR
drive tracks. All “mechanization ‘is E i~ LOWER CARRIAGE
provided via electric AC drive ! k!
motors with disk brakes and require l § 3 ! 3
no hydraulics. e \ 7 !} LOWERARM \
g [ 3 (GRIPPING JAW)
The lower iavlv has the capability to ] '*\,‘
operate at almost floor level. This 3 g
provides the added capability to handle | FLOOR TRACKS
various tools and hardware much like a

standard manipulator arm. The jaws on the
upper and lower arms are capable of
handling tubulars from 2-3/8 in to 9-3/4 in.
o.d. with simple die changes. The PRS-1
is capable of gripping and hoisting
tubulars anywhere - from near the
flcor up to over 30 fi. providing
outstanding flexibility for the system.
A built-in load cell gives the operator and
the control system information on the stand
weight and also gives the system soft-

stab capability to prevent thread PRS-1 Major Components <.
damage. - N :

8.12 VARCOBJ /N1 7NL KL TEE (PRS-1E)



The Varco BJ Gateless Torque Wrench, TW-102 can
make-up or break-out tool joints from 3-1/2 to 9-3/4
inches in diameter at any height up 1o 20 feet from drill
floor level. This. "off-bottom" capability Is especially
uselul when using Varco BJ Pipe Handling
Machine in conjunction with Top Drive Drilling
Systems on floaters. The Varco BJ Spinning Wrench,
SSW-50, localed just above the lorque wrench, can
spin all sizes from 2-7/8 inch drill pipe to 9-3/4 inch drill
collars. ’

Localed on the columns are two exlending arms
mechanically interconnected to move toward or away
from the machine with 93 foct stands of drill pipe or
drill collars. The lower and:upper. arm jaws will
automatically adjust to grip 3-1/2 to 9-3/4 inch drilf pipe
or drill collars and lift stands weighing up 10 25,000
pounds. With an insert change, the jaws will also
accepl 2-7/8 inch drill pipe. The arm's suppert and
posillon the drill stands from the racking area to well
centerline. The entire PHM-3i assembly rotates about
a fixed axis and travels toward or away from the well
bore.

The modular design of the Varce Pipe Handling
. Machine PHM-3i facilitates- factory assembly and
check-out. This significantly reduces both time
and cost of installation, particularly for new rigs
and expensive shipyard rig-ups.

SPECIFICATIONS

TORQUE WRENCH
Gateless, Hydraulic Cylinder
Max. Torque (MaKe-UP)...ccerureramereennee 100,000 fi-Ibs.

Max. Torque (break-out)......ccvceevvnen 120,000 ft-lbs.
Tubular's Size Range Q.D................3-1/2 10 8-3/4 in.
SPINNING WRENCH _

4 roller, 4 Motor, Gearless, Direct Drive

Stall Torque (5 in. O.D. Pipe).....oeverreeirene 2,000 fi-lbs.
Tubular's Size Range Q.D.................2-7/8 10 9-3/4 in,

PIPE HANDLING ASSEMBLY
Hydraulic/Electric

Max. Speeds: :
HORZOMAL.....cccreeee s censine i ] HSECL
Pivoting............ w2 rev/min,
Arrn Extension. sransinenen 1 iDLISEC,
g [e1E3 11 1y R DURUPP . 1 ¥ (1T

Lifting Capagcity........... ervsmerareas e aseatnan 25,000 lbs.

Stand Length Range.........ccveeeiveneser s S0 10110 i

DIVING BOARD

/ ,

PNEUMATIC -
D.P. ELEVATCR

UPPER JAW
ASSEMBLY

UPPER ARM

93 FT STAND

LOWER JAW

ASSENBLY \ 1

LOWER ARM —___|

SPINNING
WRENCH

OPERATOR'S

ol LIFT CYLINDER (2
. / (2)

UPPER CARRIAGE

COLUMNS

LOWER CARRIAGE

INTEGRATED
IRON ROUGHNECK

FLOOR TRACKS

[8.13 VARCOBJ Ow ¢ FULTEE (PHM-3iE)



BENEFITS:
e Reduces rig floor drilling crew.
e Greatly Improves rig floor safety.

e Remotely operated racking board

and elevator eliminate need for
derrickman.

e All weight is transferred to the

fioor ellminating the need for
extensive derrick modification.

@ Safely trips 93-ft. stands of drill
pipe and drill cellars semi-
automatically or manually under
control of one operator.

o Light weight.
e Simple rig-up and rig-down.

¢ Reduces trip time when used In

conjunction with a Top Drive/
Traveling Block Retract System.

SPECIFICATIONS:
Column Weight. .............. 40,000 ibs.
Height (Typical) ......... TETTTTN .. 901t
Min. Operating Envelope........... 60 in.
Column Size ............ e 13x171n.
Fingerboard Weight (Typical) . . 11,000 Ibs,
Travel: '
Reach ........... et 101t
Rotation ....................... 360°
Hoist Stroke ................... 301t
Speeds:
Arm Speed - Horizontal .. ... 12in/sec,
HoistSpeed .............. 3.9 in/sec.
Slew Speed ............. 20 deg/sec.
Capacity: .
Pipe Size ......... 3-1/2in.to 9-1/2 in.
Hoist Capacity ............ 22,000 Ibs.

[€8.14 VARCOBJ X% —

CLAW

UPPER
ARM

STAR -
FINGERBOARD

i UPPER ARM
CARRIAGE

STAR
COLUMN

LOWER ARM

CAFlFl_IAGE
|

HOIST

\ / CARRIAGE

PEDESTAL

Star Racking System Components

Oy ML TN FYLTRE (1)




BENEFITS
M Reduces rig floor drilling crew.
W Greatly improves rig floor safety.

~ B Remotely operated racking board and
elevator eliminate need for derrickman,

N Alt weight is transferred to the floor eli-
minating the need for extensive derrick
modification.

W Safety trips 93-ft. stands of drill pipe
and drill collars semi-automatically or
manually under control of one cperator.

H Light weight.

E Simple rig-up and rig-down,

H Reduces trip time when used in con-
junction with a Top Drive/Traveling

Block Retract System.
SPECIFICATIONS:
Column Weight 40,000 Ibs.
Height {Typical) ...cvmumisemresensermsresennes a0 ft.
Min. Operating Envelope............... wief 2 in. dlia,
Column Siz8.....cveviriiinnrsrinns e 13 x17 in.
Fingerboard Weight (Typical} ....... prerrersnnaraes 11,000 lbs.
Travel: :

L= 1o £ O 10 f.

[ 141 11707 ) USRI as0"

HOISt SIOKE (v cieinrncesnese s s cvnsnrvstmnresesansassis 30 ft.
Speeds

Arm Speed — Horizontal ............coseeree 12 in/sec.

Hoist Speed ............. 3.9inJ/sec.

Slew Speed ... 20 deg./sec.
Capacity

Pipe Size....ccvcrminniceserssissenened 3172 in. to 9-1/2in.

Hoist Capacity......coouea. 22,000 Ibs.

LOCKING
RING

UPPER ARM
CLAW

UPPER ARM

RACKED

23 FT STAND

LOWER ARM

LOWER ARM

GRIP, JAW

POWER SUP
(REF)

STAR
FINGERBOARD

UPPER ARM
CARRIAGE

STRUCTURAL
COLUMN ASSY,

LOWER ARM
CARRIAGE-

HOIST
CARRIAGE

LOWER DRIVE

.PEDESTAL

Star Racking System Components

[8.15 VALCOBJ A& — [y bSA TN KUY TEE (1)
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VERTICAL PIPE HANDLER
FIXED TYPE

One-man oferaied Vertical Pipe Haﬂﬂlér. genesaly
designed for mast applications. Moderate racking

CApACy [appeox. 230 stands).

Lifting Capacity: 11 Tonnes,

. \//

VERTICAL PiPE HANDLER

TROLLEY TYPE

Oneman operated Venical Pipe Handler generally

vesigned for Derick applications, Extensive racking
capacity fup to 550 stands).

Lifing Capacity: 11 Tannes.

10 lll!l MARITHME HYDRAVLICS

&
Ll )

The Monkey Hand 15 a Hight welght racking anm for
instaliation undemeath the Monxey Board. The arm
« of feldable dasign, hence requires very liite space
4nd makes it an ideat solution for mechanization of
masis and narfow 30 ft. base derricks. The Mting fun-
ction Is done by rmeans of a mast mounted stand-
lift cylinder and a wire connected to the gripper hed.

The derrick man operates the plpé handaler by an
electtic portable convoller. .

A parallel drils Boor mointed controlier Is optional to
make [t possible Nt having to ciimb the mast for a
single cornecton. -

- .. Technical Specification

" TOubEr rénge i31/2In-65/80n
" Liing Capacity - 3.8 Tornes [a stand & 4/,

_inD.CJ
Hydr. pressure 5 150 bar
dr, flow : 160 Wmin.
Welgnt : 2050 kgs

vermica. PIPE HANDLING

L

Capacities

May. puth 3 Tonnes

Max pull 3 Tonnes

Max. radlal force at max. outeeach 0.6 Tonnes

LLiffirs §0° up /45" down
5”10 13 378", 207, 40", 46°

Ragker Head operiing

Working Range

Max working outreach 85m
MR, warking Guireach 2.5m
Slewing 10%

Adlustable slew stoy

The DFMA gan alo be defivered with altamanive capacilies.

Weight: 7.8 fornes Incl, Standard Racker Head.

III!I MARITIME HYDRAUUCS
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ma vernen. PIPE HANDLING

TR PR

“One-inan operated -~
ipehandiing system:
18 it on in Pipe Handl
Isa restlt of xhe demar m:
the effshore industry.The ise of Top =
Drfves and Hydmutic Roughnecks on most
s have made It possible to'operate’vital
Fdriking functions by rémate contrgl.) This
LxPige Haridling system can be operted by
t s oneé man from the Diiller's Cabin or from a
Lseparate Dperator's Cabin. - .

The system Is based on a standard Bridge

-’ Crane and a Lower Guiding Arm. The two

- handling arms can perform synchronously or
independently, thus increasing Nexibility.
The operation Is based on a closed loop
contrel system with position feedback. All
functions in the Derrick are monitored on a
closed circuit TV system,

Technical data [typlcal):

Fingerboard capaciky

14 stands of Up ta 9 1/2° &l coltar,
{Talior made Fingerboards are avallable
to sult diffarent pipesizes.)

I
Capacity up \o 550 stands of 5* dritl pipe and [
.
|
Hydeaulic pressure: 180 bar - 2600 p1i, H
1

Lifting capacity: 3 or 11 Tonnes, {

. HYDR. O, ROUGHNECK
4 R

g

Sl i
LCAVER GUIDING ARM

" OPERATION QF S

. SYNCHRO SYSTEM

III!I MARITIME HYDRAVUCS
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~ vermica. PIP

bl

e 3yt
s hot T
rigs provided thatthe

G Eap_;e_m e baslc D
itkriack 500 oY-doosl:

and intermediate dms are placed ~ -
:mn the sexiack areas. The DFMAL,
- suspended under the Yower guide ralls =
support a1 the apposlie side of thetwo other
amme. The Fingerboard Pipe stand Jocking Is
dane by spears cperated from the §
Derrickman’s Cabin, oF by means of Individ-
ual locking devices far gach stand.

Al of the Racking Amns operate on the Inside
of the Derick walls which enables the system
| S . to be easlly installed in all welbknown types
LOTWNG  of Derricks. - Exdsting twii-man operated
SPEARS  syclems can be upgraded far pne-man

i apefation.

Technical data [typical]:
Racking Board capachy

- 'apacity up to 340 stands of 5° DP (& 5/8°
 moasds avaiable] and 14 stands of 3 1727
" drits ¢altar, {Tailormade Fingerboards to suit
dilferent pipesizes.) - :

STANDUFT - -
CYUNDER * Hydraulic préssure: 140 bar - 2000 psi.

J

!

1
INTERMEOIATE ¢ ; s,
PACKERARM - 7 l._rﬂlng capacity: 3ar Torines.

MAPULATOR ARM|

III!I MARITIME HYDRAULICS
. 5
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Pioa_Handlar
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FUARLT

Drll) Pips
3xfangs IIT~

FrTAILt—TF
Dual Elsyator
dystan

String is pulled
Elav Ho,2 in ast

B R
Ll Faard i ol

RE? 4 rA—oE=F

ca. 37

Fiazar

up with Elav No,1
an alip by DEHS

Jren RAgughpock.
AN

_0eil} Flaoe_Y.

B F fiatpanting 5yste;
Travalling Block

Linke_

gmerd a

Gutde Rails)
71 Fl=A

TATLFIR2T

Pips andler

"

Iron foughnack s posltioned
Elavator No.i 1s opened )
Iron Roughpsck bpeaka out Stand

| Elevmger. @

m i

Travellinp Block ls retracted
Elsvator No,i traveles downwards
Stand 1a 1ifted by clawe of PH
Stand \a ratracted by PH-Arss
PH ie rotated S,
Stand ia moved inte Fingerbasrd

Pips llsmlier

.Retractlng-
Systen

Travelling
Block

ok —. ~ ~

3l Eluvat
AN

Elavator Ho.i im plescad op DEHS-
Skid snd is unlatchad

Stand 4e placed into Flngarhoard
Claws arn opanad

PH=Arne are pretractad snd 11ft the
Claxs into Stand By Positloen

TYPICAL PIPEH'ANDLIING CYCLES DURING TRIPPING
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”,,,fParklng Position Kelly

FATHS5 7y 2 SRGE
Parking Position
~Iron Raughneck

A

P
n4d5»d
Pipe Ramp
/
T 1
Rotary Table ——— "~~~ i:~?::~LH§ '
171 — b} T — .
AD—7 YT T i fI{ouse Holes
" T ommzh—i

“T*~~Fixed Pipehandler

YA SATnr F3—
-
]

BBRATFovFrIH—F
Pipe Conveyor Setback Tetal Capacity 12000m

n4Faw2r  Pipe Boom |} Hydraulic Drillpipe Tangs
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DUAL WALL DRILLING/CORING SYSTEM
DRAWING NO. 1

THE DUAL WALL PIPE HAS
REAMED DOWN THE CORE
TRACK FROM A PREVIOUS
CORE RUN AND IS LEFT ON
BOTTOM TO RESUME CORING ™
OPERATIONS. THE BOLD ;
ARAOWS INDICATE THE
DHRECTION OF AIR FLOW
DURING REAMING.

OUAL WALL PPE

2. ENo2Z&MR

arTyry7HAay b (CHDIOL) %, —EBOH#BLTHRY, _EH¥uy MiaT7) >~
TOBRREETE Ao T AV EBRELTPOIBERFAr - 7 OBEZ T 5,
EHEa7Y) Y FOBOIT OfinERT

THE COAE ROD |5 AUN IN THE
HOLE INSIDE THE DUAL WALL
PIPE, THE DRILLMPE ACTS

AS A PROTECTIVE CASING TO
PROTECT THE CORE ROD FROM
THE FORMATION AND TO
PROTECT THE FORMATIGN FROM
THE HIGH PRESSURE AIR AND

DUAL WALL DRILLING/CORING SYSTEM
CUTTINGS FRODUCED BY THE

DRAWING NO. 2
COAING OPERATION, ARROWS

INSIDE AND ADJACENT TO won
CORING ASSEMBLY INDICATE AL WALL PIFE
DIRECTIONOF AR FLOW o

DURING CORING OPERATIONS.

8 egpy

; JET
ROLLER CONE
CORE BITY
PRy
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a7 FEEEDD, ZEEUY PORKLIDIOT A -~ FEOITY X TOBRYELT
407 14— METFT B, IT7OENURFERDT AN T A THEORKIZ, 074027 >
Y OREILAICE L RETIT ). 4074 — PEREL T2 0, LTI 7Ty FA5H5
DEBIET 270k, LEAY LTI 70y MSEBMT A2 EIcE ), ZE¥TY b
REHBETLOEHLET A0 THD, |

DUAL WALL DRILLING/CORING SYSTEM
DRAWING NO. 3

DUAL WALL FPE
CORE RODD

CORING OPERATIONS ARE
COMMENCED AND THE CORE
AOD IS ADVANCED 40 FEET
AHEAD OF THE DUAL WALL
PIPE 1N 10 FOOT INCREMENTS
{10 FOOT CORES). THE CORES
ARE RETRIEVED BY
CONVENTIONAL WIRELINE
WHILE THE CORE ROD iS LEFT-
INTHE HOLEFORTHE -
DURATION OF THE 40 FOOT
CORE RUN, THE 40 FOOT LIMIT
IS USED TO PREVENT THE

:MORE FIEXIBLE CORE ROD
FROM JHITIATING A DEVIATION
IN THE BOREHOLE AND
CAUSING THE PRILLPIPE TO
FOLELOW A DEVIAYED PATH
RESULTING IN BINDING OF THE
DUAL WALL PIPE.

i {mmmnlmlﬂmh@

o

BIT RODY

ROLLER CONE
CORE BIT

—& @/ it

4, HNad4ZHR

1074—=P,IF7IAVEC, a7y b 2TILELLET, 278y MCHHaTF v v
Fx— (AF7YTF) CarvhOWET I, A7F v v F¥y—RBardA r+F=—T7ILAS
R R K, ATARIT eI s T0h, TAX I A - ay bkaTOY
FOHIIZEL, ITIMLTWAE AL Y F - L LVO Rt - ay PTOhA By b
WE A Yo —7MSTE & BT 7 £ BT 5,

DUAL WALL DRILLING/CORING SYSTEM
DRAWING NO.4

AT THE END OF EACH 10 FOOT
CORED INTERVAL THE CORE AOD
1S PICKED UP SLIGHTLY AND THE
CORE {S BROKEN BY THE CORE \ .
CATCHER JUST ABOVE THE b8 1 conenroo
CORE BIT. THE CATCHER IS A
DEVICE WHICH ALLOWS THE
CORE TO ENTER THE INNER S A
BARREL BUT PREVENTS IT FROM

BACKING OUT. AWIRELINE
LATCH (OVERSHOT] IS THEN RUN
INSIDE THE CORE ROD AND THE
TOP OF THE INNER BARREL 15
"CAUGHT" WITH THE WIRELINE.

WIRELINE LATCH

QUTER CORE BARREL

10 FEET CORE

GORE CATCHER
CORE BRIV

ANFDORI ATVI 14 95
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5. (ENas&HER)
ITEDML, 272N SR TS Y F A= LV EILHICRL, To& - —LLicE
ET Do ZOFAIZNEIN7 14— MEICEDBELEKT S,

DUAL WALL DRILLING/CORING SYSTEM
DRAWING NO. 5

AFTER THE CORE 15 BROKEN, THE
INHER BARREL (WITH CORE HELD -
IN BY THE CORE CATCHER) IS
PULLED DUT Of THE HOLE BY
WIRELINE, ANEW [EMPTY) INNER
BARREL IS THEN RUN IN HOLE,
LATCHED INTO THE OUTER
BARREL, AND THE WIRELINE IS
REMOVER. THIS SEQUENCE IS
REPEATED EACH TIME THE CORE
TRACK 15 ADVANCED 10 FEET,

6. ENo6ZHE
CEEOy bTaATN YT LR ) I ST ADIC0TA— bDIT L LR
TLZG, o270y b 2ILAPSEE LT 5,

DUAL WALL DRILLING/CORING SYSTEM
- DRAWING NO. 6

r.

THE CORING STRING IS PULLED
OUT OF THE HOLE AT THE END
OF THE 40 FOOT CORE HUNIN
PREPARATION FOR REAMING
DOWN THE CORE TRACK WITH
THE DUAL WALL PIPE.

DUAL WALL PWE

CORE ROD

TONS AR
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DUAL WALL DRILLING/CORING SYSTE
" DRAWINGNO.7 ~

ONCE THE CORING ASSEMBLY 1S
QUT OF THE BOREHOLE, IT 15
DRILLED/REAMED WITH THE DUAL
WALL DRILL STRING TO THE
BOTTOM OF THE CORE TRACK.
THE FORMATION IS PROTECTED %
FROM CONTAMINATION NOAMALLY
ASSOCIATED WITH DRILLING BY
CIRCULATING THE CUTTINGS UP
THE CENTER OF THE DUAL WALL
PIFE. CONTAMINATED FORMATION
CAUSED 8Y THE CORING
OPERATION IS REMOVED WHEN -
THE CORE TRACK IS REAMED
DOWN. THE BOLD ARRDWS
INDICATE THE GIRECTION OF AIR
FLOW DURING REAMING.

aprToM OF
— CORETI
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* Yucca Mountain ProjectiCB§ 5 1) R — &5

+ A DRILLING AND CORING SYSTEM FOR STUDYING UNSATURATED ZONE IN SITU
CONDITION S REPORT

- THE SELECTION AND USE OF CORING AND Reaming BITS AT YUCCA MOUNTAIN -
REPORT

* DRY CORING AND REAMING IN YUCCA MOUNTAIN TUFES - REPORT

* LABORATORY TESTING TO DESIGN PDC BITS FOR GECTHERMAL WELL DRILLING -
REPORT

* FIELD TESTING WITH SMALL AND LARGE DIAMETER PDC CORE BITS TO EVALUATE

THEIR APPLICABILITY TO DRILLING OF GEOTHERMAIL WELL - REPORT
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Field Experience with Wireline Coring through a Dual Wall Drilling System
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Introduction

Dual Wall dnlling systems have been used for many years in
the mining industry to obtainrelatively uncontaminated samples
of potential ore bodies from deep boreholes. The Department
of Energy’s Yucca Mountain Site Characterization Project
Office (YMP) is presently utilizing an extension of this tech-
nology (Long et af, 1992) to acquire subsurface samples for
study of the unsaturated zone overlaying a horizon of volcanic
rock which will potentially host the nation’s first underground
repository for high level nuclear waste, A thorough under-
standing of the “undisturbed” nature of the unsaturated zone is
essential for determining the suitability of the site to comply
with licensing requirements which presently require consider-
ation of conditions over a period of 10,000 years. As & result
of this need for detailed scientific information, the sampling
system for the site vertical borehole program at Yucca Moun-
tain must be able to acquire continuous core and leave the
borehole as close to in situ conditions as possible. The dual
wall sampling system developed through YMP’s Prototype
Drilling Program has proven successful in acquiring geologic
samples suitable for site characterization studies.

The YMP initiated field drilling operations on its first deep
unsaturated zone exploratory borehole at Yucca Mountain,
Nevada, in the Spring of 1992. This present 12-1/4 inch
diameter borehole, UZ-16, is planned to a depth of approxi-
mately 1700 feet (40 feet below the water table). Drilling has
been limited to daylight only operations, 5 days per week,
because of the startup of several segments ofthe field program.
Though little recognized, the dual wall sampling method
actually increases overall efficiency for single shift operations
because it allows for the dual wall pipe to be left in the hole
during periods of inactivity without fear of hole conditions
deteriorating to a point that operations are affected.

Experience to date indicates that difficulties assoctated with
drilling and coring in a dry, abrasive. environment to the
planned depths of approximately 2600 feet appear manage-
able. Program initiatives are now focused in the following
areas: 1) Reduction of the time required to accomplish the
intensive sampling; 2) Improving overall system resistance to
fatigue, and; 3) increasing capability for successful
uncontaminated sampling (both core and borehole) at maxi-
mum planned depths.

U. Clanton, retired,

Department of Energy

“Yucca Mountain Site Characterization Project
Las Vegas, Nevada ‘ .

D. Wonderly

Reymolds Electrical and Engineering Company
Yucca Mountain Site Characterization Project
Las Vegas, Nevada

System Description

Figures | through 6 are added to facilitate discussion of the
various downhole and surface components of the dual wall
sampling system. The first two figures are taken from Long et
al, 1992, and depict the basic downhole coring and reaming
components. As shown in figure 1, core is taken with a CHD-
101 (3.7 inch OD rod) coring assembly through 9-5/8 inch OD,
by 6 inch ID, dual wall drill pipe. A 2.4 inch diameter core is
retrieved in this manner leaving a 4-3/8 inch core track and a
12-1/4 inch finished borehole. Air is circulated in a conven-
tional manner during coring, down the inside of the core rod
and back to surface between the core rod and inner tube of the
dual wall pipe. A vacuum is used to insure that a preferential
path is maintained at the reaming bit for the cuttings and air to
be pulled into the dual wall pipe instead of being blown around
the reaming bit and contaminating the borehole. Some risk of
formation damage is accepted in the core track in order. to
acquire core; however, the worst of the damage should be -
removed during the reaming cycle,

1\
il

WIRELINE LATCH

OUTER CORE BARREL

INNER CORE BARREL
10 FEET H———— CORE

CORE CATCHER
COREBIT

Figure 1. Wireline coring with the dual wall system.



Core samples are taken as much as 40 feet ahead of the dual wall
reaming assembly in typical wireline increments of 10 feet each.
The maximum core-ahead interval of 40 feet, established during
the Prototype Drilling Program, appears to also be a present
functional limit for operations at Yucca Mountain. = The limber
core rod usually begins to deviate excessively beyond 40 feet
causing difficulties during the ream down cycle.

P WY O Sy

DUAL WALL PIPE
4 114 ] JET
]
. ROLLER CONE
‘40 FE
SOTTOM OF
1 |~ CORETRACK

L et .

Figure 2, Reaming with the dual wall system.

' Figuré 2 shows the ream down cycle. Again, a vacuum is

utilized to insure that a preferential return path for the cuttmgs
remains inside the dual wall pipe. Locally high pressure air is
used to clean the cutters on the reaming bit; However, net
injection into the formation is avoided by insuring that more air
is withdrawn than is injected. This control also applies during
coring, at least at the top of the core track at the rgxming bit.
This process of dual wall reaming is also referred to as balanced
air drilling and results in minimum contamination of the
borehole wall.

Recent reaming bit designs have incorporated a mod:ﬁcauon tn
the throat of the bit, an [D reduction to 4-1/2 inches. This
modification centralizes the CHD-101 coring system inside the 6
inch line pipe used as the inner tube of the dual wall pipe. This size
of dua! -wall pipe was initially intended for a larger coring
assembly (CHD-134). The CHD-101 assembly was used to
reduce friction losses and insure a vacuum is maintained at the
reamning bit at all times during coring, This results in the corerod -
being operated in an environment it was not designed for. a small
pipe in a “large” hole. Problems caused by this environment and
solutions, are discussed in subsequent sections.

Figure 3 shows the layout of the rig and surface equipment. The
main component of the system is the one-of-a-kind LM-300 drill
rig, discussed in Long et af (1992). The other major components
are laid out in a somewhat quadrangular fashion. The pipe rack
is in the foreground and to the nght of the rig mast. It is
perpendicular to the rig and parallel to the air compressor package
at the far end of the drill site. To the immediate right of the pipe
rack are the sampling cyclone, vacuum truck and meter run which,
more or less, form a line parallel to the drill ig.  Air passes
counterclockwise around the quadrangle from the compressors
untﬂ it ﬁna!ly is ﬁltered and exhausted at the meter run.

Flgure 3. Layout of the drll ng and surface equxpmeut




Figure 4. [nlet side of air circulation system.

Figure 4 shows the detail of the inlet side of the air circulation
system. Air passes from the compressors, on the right, to the air
processing and metering system, center, and down the manifold
where equipment in the white truck, on the left, injects Sulfur
Hexafluoride (SF ) tracer at aconcentration of 0.75 to 2.5 parts per
million. Two Atlas Copeo, 1200 CFM, oil-less compressors are
used to supply the air, although there is no requirement for oil free
air from the compressors. The air processing and metering system
drops out any system oil; However, it was primarily designed to
drop out free water formed when the air temperature in its cooling
section is brought to within 10 degress (Fahrenheit) of ambient
conditions. Relatively cool air without free water is required to
insure that in situ geochemistry is not compromised during the
COMng process.

The flexible, braided steel covered air line is shown connected
to the side of the rig mast in figure 5 (right center). Hard line
carries the air up the mast to hoses connected to the tophead
drive and connector subs. The larger line to the right of the air
line is the discharge line to the sampling cyclone. Also visible
in this figure ts the pipe handling system (lower center) which
is used to lift the 20 foot long sections of dual wall pipe into

position for running in and out of the hole. Each section of dual
wall rod weighs approximately 1200 pounds. The pipe handling
system was added primarily for safety, However, significant
savings in dual wall pipe trip time were also realized.

Figure 5. Inlet air line, discharge air line, and pipe handling am.

The discharge and sampling side of the surface layout is shown
in figure 6. Cuttings laden air enters the cyclone on the right.
The majority of the cuttings are dropped out in the cyclone for
cither sampling or subsequent disposal onto the conveyor belt
when the air is tumed off. An earlier study investipated the
possibility of installing a rotary gate valve on the bottom of the
cyclone to allow continuous removal of cuttings during drill-
ing; However, no rotary gates were found to be presently
available which could handle both the vacuum on the discharge
line and the large abrasive cuttings produced during reaming.
Allowing the cuttings to buildup in the bottom of the cyclone
during a single reaming cycle has not been a problem to date.
Any reduction in efficiency caused by operating the cyclone in
this manner does not appear to cause significant additional
carryover of dust into the bag filters.

Figum‘ 6. Cuttings removal equipment on discharge air line.




As mentioned previously, the truck in figure 6 houses both the
baghouse filters and settling tank (aft section) in addition to the
blower (mid section behind cab) which generates the vacuwn -
for the discharge line. . Air discharges from the truck blower
through the meter run (visible in foreground) and is then
discharged vertically. The truck will be replaced in early 1993
with a separate baghouse and a more powerful blower. While -
the truck is adequate for drilling this first relatively shallow
borehole, a more powerful system will be required for drilling

- deeper. As depth increases, the success of the balanced air
system will depend on closer control of air in-and out of the
borehole. The self cleaning bag type filter system has proven
to be an operationally sound method for.cleaning the air for
metermg and fur satlsi‘ymg enwromncntal requnrements

Program Initiatives -

Planned unprovemmts in the YMP s abﬂxty to acquue geo]ognc
_-sampl&e can be summarized in three major headings: 1) bmprov-
ing sampling efficiency, 2) Improving durability of equipment,
and; 3) Improving capability of the syste.m for uncontaminated
sampling at greater depths. Improvements in all three areas will
be required to insure cost and schedule of the site vertical borehole
program are minimized and scientific objectives are achieved.

Impreving Efficiency. Regardless of what drilling system or
specialized equipment is used to acquire core, all managers
involved in scientific drilling need to fully appreciate the time
requirements for an intensive, core based, sampling program.

Simply stated, any continuous coring program is going take
time and increase the risk of delays caused by difficult drilling
conditions. When the requirement to construct a 12 to 14 inch
diameter, uncontaminated borehole is added to the coring
requirement it is not reasonable to expect overall penetration
rate records to be achieved on the first borehole in the drilling
program. The YMP is presently pursuing the more practical
-approach of first concentrating on the: basics akd making
certain that the scientific objectives are bemg met. The sécond

'phasc of that approach is to continually evaluate the process -

and make - ‘improvements along the way to.reduce the time
requ:red ta complete the program. The minimum core require-
ment for a characterization program like that at Yucca Mountain -
is difficult to ascertain at the beginning of the program. The
investigation is stmilar to wildcat drilling in the oil industry. If
unexpected features in the rock are discovered, additional
drilling (or coring in this case) are required to assure an
understanding of the geology. In order to mitigate the effect .
of any potential increase in the requirement for core at Yucca
Mountain (in addition to the need to reduce present planned.
schedule), the YMP is continuing to consider and evaluate
methods to acquire suitable core more quickly.

Figure 7 shows the time analysis for operations at UZ-16
through November, 30, 1992. The efficiency discussion will

. be centered around considerations for reducing time shown in

the categories noted in the figure. The major categories can be
discussed under the general headings; LM-300 Drill Rig, Core
Bits, and Reaming Bits.

Figure 7. Time Analysis
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Raytheon Services Nevada (12/7/92)




LM-300 Drill Rig. The above mentioned requirement for
speed during coring was incorporated into the construction of
the LM-300. The size of the rig dwarfs most mining industry
rigs, even Lang E\(ploratory Drilling*s new LM-300E which
has even greater pullback capability. The size was required to
be able to stand hack a ‘minimum of 40 feet of core rod in the
derrick, This capability allows the core rod to be pulled out of
the hole quickly, thereby mitigating the impact of the continu-
ous conng/rcammg cvcles on schedule. A higher mast is being
considered for subsequent rigs in order that 60 feet or more, of
core rod can be racked in lhe derrick. -

Rig mamtenance and repalr represenls approxlmately 20% of
the time. The ma]onty of the repair time was associated with
a changeout of transmissions. This is considered an unusual
occurtence; repair time is expected to be much lower on
subsequent boreholes. Some reductions have already been
made to the time required for startup and shutdown; however,
most of the remaining time is caused by routine servicing and
is not considered feasible to reduce. Some increase in mainte-
nance and operation efficiency (~5%) is expected to result
when operations are able to be conducted on a 24 hour per day
basis. Additionally, some proposals for all electric ngs are
being considered which are expected to require less servicing
time.

The pipe handling system for the Dual Wall pipe will likely be
arequirement for all subsequent rigs. Because of the weight of
the pipe (1200 pounds per 20 foot length), an efficient laydown
system is the best and safest way to manage it. An efficient
laydown system will especially be needed if, as expected, a
requlrement for a 3000 foot depth capability for the dual wall
system is reahzed

Core Bits. Asshown in figure 7, the time categories associated
with coring, tnpping the wireline core barrel, and tripping the
core rod represent approximately 32% of the total operations

time; and coring alone represents approximately 16% of (otal
time. Much of this time is simply caused by the continuous
coring operation. However, much of the coring time and
wireline barrel [I‘lpplﬂg time has been associated with shon
core runs caused by jamming in the inner barrel. Significant
vertical fracturing in the hard volcanic rock at Yucea Mountain
makes it one of the most difficult areas to acquire cot 2 quickly,

UZ-16 is being drilled in an area referred to as the imbricate
fault zone. This area is more highly fractured than the rest of

" Yucca Mountain and is characterized by both parallel, high

angle fractures and intervals where the rock js so broken that
only short pieces of core (6 inches or less) can be recovered for
as much as 20-30 feet at a time. Anti-jam barrels have been

.atternpted in these intervals with no success.

The highly tractured intervals also result in short run life on the
PDC (Polycrystalline Diamond Cutter) core bits. Interest-
wngly, all PDC failures to date have occurred because of impact
damage as opposed o excessive heating. The cool air {usually
less than 100 degrees Fahrenheit), at 200-700 CFM, appears to
provide adequate cooling and/or bottomhole cleaning to pre-
vent significant heat checking of the core bits in conditions of
even the hardest rock. Figure 8 shows the Lypes of core bits
predominantly run to date at UZ-16. Aggressive cutting
structures are desired because of the low rotary speed limita-
tions (around 60 RPM) associated with coring in totally dry

conditions. Drawbacks associated with the use of these
aggressive cutting structures, such as vibration and core barrel
stability, will be discussed later under improving durability.

A loose correlation between bit usage and degree of fracturing
can be made from the left to right ordering of the bits in figure
8. The PDC bits of the type on the right are used in intervals
where there is little fracturing or the volcanic tuff is poorly

‘welded (sofl and/or friable), allowing for maximum penetra-

tion rates. As fracturing increases (usually noted by increased

Figure 8. Small stone (20/40) surface set bit, large stone {3/6) surface set bit, PDC bit.




and early breakage of the PDC cutters) a 3-6 stone per carat
Carbonado core bit is run. This bit provides an aggressive
surface set cutting structure relatively resistant to impact
breakage because of the amorphous structure of the diamonds.
The 20-40 stones per carat Carbonado surface set bit on the left
is normally run in intervals of high fracturing. Some premium
diamonds were tried in approximately this same cutting struc-
ture but wore significantly more quickly than the Carbonados.

The YMP will continue to push for improvements in cutting
efficiency and durability of the PDC cutting structures for dry hard
rock coring because of their potential to provide core more
quickly. Acquiring core quickly provides the following benefits
considered essential to the success of the site characterization
program: 1) Increased probability that in-situ conditions are not
significantly affected by the coring process, and; 2) Increased
probability of achieving essential site characterization goals

 within present budget and schedule. The relatively small cutters
{(~3/8 inch diameter) onthe PDC bit in; figure 8 have beenrecessed
into the matrix of the core bitface (especially on the gauge cutters)
to increase cutting efficiency and durability. This reduces early
fracture failure of the cutters while still maintaining an aggressive
cutting structure, Similar designs from various manufacturers are

“presently being evaluated at the Colorado School of Mines, Earth
Mechanics Research Institute, prior to being field tested at Yucca
Mountain. This program will continue as a focus for development
of PDC core bits for dry coring at Yucca Mountain. In the near
future, PDC’s with larger (~1/2 inch) cutters and antiwhirl
characteristics are expected to appear on the scene. The inicrease
in the aggressiveness of the cutting structure should significantly
affect penetration rate; however, as will be discussed in the
durability section, the vibration caused by the more aggressive
cutting structure will have to be adequately minimized by the
antiwhirl design. Itis recognized that if a durable PDC bit can be
developed which will provide acceptable penetration rates at low
bit weights (2000 pounds or less), core runs could potentially be
longer than 40 feet. Thus, there is significant interest in these more
aggressive structures because of their potential to reduce the
number of corefream cycles., This would have the greatest irnpact
on reducing schedule. '

" Reaming Bits. In addition to the core bits, reaming bit cutting
structures have also been studied at the Earth Mechanics Research
Institute, The most promising structure to date is made from a six
cone design with the cones alternating such that every other heel
pack is eutting both inner and outer gauge. Cutters are still based
on design criteria similar to standard tricone rotary bit designs.
The most successful cutting structure to date has been similar to
a Hughes Tool Company J-22 bit which represents an IADC bit
classification of 5-1-7 or 5-2-7. Performance optimization for the
- reaming bits in the immediate future will continue to be based on
optimization of tungsten carbide inserts (TCI’s} on roller cone
cutting structures.

Figure 9 shows the potential basis for improving reaming bit
efficiency in hard rock drilling well beyond that presently
available inroller cone structures. It is a cutting structure based
on tunnel boring machine (TBM) designs except that it ismuch
smaller. This size reduction was made possible because of
recent improvements in bearing technology. The Earth Me-
chanics Research Institute is presently conducting tests on the

Figure 9. EXperimental diso cuttéf. .

new cutter and hopes to have a 13-14 inch diameter prototype
bit available for testing by the latter part of 1993.

Improving Durability. The tenm, improving durability, wil} .-
be used in the context for this paper to mean decreasing the
probability of fatigue failure or increasing service life of
presently available drilling equipment. Three areas presently
being considered for improvements in durabiiity are: 1) Drill
Rig; 2) Core Rod, and; 3) Dual Wall Pipe. These areas are
chosen because they have the greatest potential for causing
unexpected delays in the present drilling environment at Yucca
Mountatn.

Drill Rig. Despite the unexpected difficulties experienced
with the transmission, the LM-300 has performed exception-
ally well to date, [thas been large enough to handle the reaming
and yet light enough to provide an excellent coring capability.
The only area for potential improvement in durability will be
on design of future drill rigs. On subsequent rigs, electric
motors will likely replace hydraulic motors. Environmental
considerations are as much a factor in this decision as improve-
ments in required service and service life.

Core Rod. The core rod (including core barrel) is arguably the
‘weakest link in the downhole system. The two primary reasons
for this are: 1) The rod is not being used in the environment it
was designed for, and; 2) The rod is undergoing cyclic stresses
which it was not designed for and which are maximized by the
aggressive cutting structures on the PDC core bits. The core
rod of the dimensions used has a vibratory tendency which is
driven by the “stick-slip” motion of the more agpressive core

‘bits. Although antiwhirl core bit designs hold some promise

for mitigating this downhole phenomenon it is relatively
certain that other measures will have to be taken to achieve a
reliable systemn,

As mentioned previously, the CHD-101 eore rod is being used
inside a 6 inch diameter dual wall pipe. In normal mining
industry coring, this rod is used inside a borehole between 4 and
4-3/8 inches. In effect, “small pipe” is being used to drill in a
“large borehole” in the present balanced air, dual wall sam-
pling process. Because there are no standards for this type of
‘operation in the mining industry, an analysis of the connections
was performed by one of the YMP’s contractors, Science



Applications International Corporation (SAIC). This study is
interesting in that it is believed to be the first time that API
recommendations have been applied to mining industry tubulars
and the study will be the subject of a future paper. Two
conclusions from the study pertinent to this paper are: 1) The
bending strength ratio of the present CHD-101 rod-is on the
order of 1.25, and; 2} AP recommends a bending strength ratio
between 2.25 and 2.85 for rotary shouldered connections on
small pipe in a large hole. The present bending strength ratio
of the CHD- 01 core rod connections indicates that it is prone
to fatigue failure in the last engaged thread of the pin if
vibrations typical of those on which the API recommendation
is based are encountered. A relatively simple solution has
already been enacted to improve conditions. Core rod stock of
ASTM A 519-4130 stee! was available from Longyear which,
when machined, would provide a connection with a bending
strength ratio of 2.4, The OD of the new rod was increased
from 3.701 inches to 3.875 inches and the tensile strength of the
pin connection was decreased by approximately 2 percent
(slight reduction in pin area). Core rod weight was increased
from approximately 8.8 to 14.2 pounds per foot.

In summary, the new red should be stiffer, more resistant to
fatigue, and, therefore, better able to handle the vibration and
torque variations created by the more aggressive cutting struc-
tures of the core bits. It is hoped that the new rod will also help
reduce the deviation tendency previously experienced during
coring such that core/ream cycles in excess of 40 feet can be
achieved, .

Another characteristic of core rod with dimensions similar to
the CHD-101 rod is a natural harmonic frequency of vibration
in the system with a peak occurring at approximately [200 feet
and 60-90 RPM. A separate paper is being presented in this
sympostum on the specifics of the vibrational characteristics of
the CHD-101 rod. This vibrational tendency is not damped
because of the dry drilling conditions and significantly in-
creases the cyclic stresses on the tubulars. This resonant
condition is considered contributory to the recent failure of the
pin connection of the top reaming shell stabilizer of the core
barrel at a depth of 1196 feet. A reaming shell in the same
position failed in basically the same manner during prototype
dntling at 1283 feet. Figures 10 and 11 show the failed reaming
shell. Figure 10 shows the fatigue failure in detail while figure
11 shows the inner machining of the reaming shell. The
internal upset noted at the base of*the shadow line inside the

reaming shell in figure 11 is the upset machined in the shell to .
allow for the latches on the inner barrel to engage and hold it
in place during coring. After discussion with Longyear, it was
discovered that an additional 30,000 pounds of tensile strength
could be obtained by reducing the available ID of the pin area
1716 inch. This modification will be added to future reaming
shells. :

Dual Wall Pipe. The outer tube of the dual-wall pipe is made
of 9-5/8" diameter, 47 pound/foot, K-55 casing stock. This
provides a tube of adequate strength and relatively high fatigue
resistance for the relatively shallow depths anticipated in
YMP"s drilling program. The only anticipated change in this
design will be a medification of the connection threads. In
order to make the connection more fatigue resistant the YMP
will be requiring compliance with recently pubiished guide-
lines for reduction of root thread height on these connections
(Tsukano, 1990},

Improving Capability. As mentioned previously, YMP's
first concemn in the Site Vertical Borehole Program is to venfy
that the scientific objectives are being achieved. For
uncontaminated sampling, this translates to developing confi-
dence that the balanced air system will function to the maximum
anticipated depth of 2600 feet. Estimates indicate that the
present system should be effective at 2600 feet as long as
adequate monitoring and control of injection and withdrawal
air is maintained. Some system changes are in the process of

“being made and others are being planned to better maintain

control of downhole drilling conditions.

Sérj’ace Equipment. Modifications are being made to both
monitor and control functions of the surface equipment to
better control downhole conditions at greater depths. The

- requirement to monitor air rate in and out-of the borehole will

be satisfied by a system from Fisher Controls which will

provide a digital readout on the driller’s console of air rate in_
and out of the borehole. This rate will also be digitally recorded

in order that air volume can be integrated with time. The

system is anticipated to be installed by the end of January.

As mentioned previously, the present vacuum system will be
replaced with a more powerful one capable of delivering 18
inches of mercury vacuum to the tophead drive while drawing
up to 700 SCFM of air out of the borehole. With proper usage,
this system should be more than adequate for all drilling
conditions.

Figure 10. Reaming shell fatigue failure.

Figure 11. Machined upset for latch.



Downhole Equipment. The ultimate improvement in capabil-
ity would be a reaming bit which both cores and reams at the
same time. As noted in the time breakdown in figure 7, if
coring was accomplished during reaming. eliminating core rod
tripping altogether, a potential for a 24% reduction of overatl
sampling time might be realized. Such a bit is being considered
and will eventually be designed and iested after potential
difficulties with downhole circulation are proven to be elimi-
nated. An effective. balanced circulation system is essential to
uncontaminated sampling.

The first step toward improving downhole capability will be to
augment existing configurations to minimize the risk of prob-
lems occurring downhole. Two modifications being considered
at this time are: 1) A wireline retrievable center section for the
open center reaming bits, and: 2) A venturi system located in
the reaming bit 10 augment the vacuum system during deep
reaming and coring.

The need for a wircline retrievable center section for the reaming
bit was observed while drilling the highly frachired intervals of the
imbricate fault zone, as previously discussed. If a center section
could be developed which could be run quicklv on wireline,
problems with plugging of the dual wall pipe during reaming

would be eliminated. In addition, this feature would allow coring

* further ahead of the dua] wall than is presently possibie.

A venturi systemn was tested during prototype drilling and
initially appeared both feasible and very effective. The system
operates from a portion of the drilling air which is bled off and
used to develop a pressure wave inside the dual wall pipe to
form/augment the vacuum at the bottom of the hole. The
phenomenon is similar to the operation of an ejector; however,
the center of the pipe must be open and, therefore, the ait has
to be injected from the circumference of the inner tube of the
- dual wall, - Testing is planned in 1993 to investigate if the
ditfuser profile developed between the 4-1/2 inch ID throat of
the new reaming bits to the 6 inch ID of the dual wall will

provide enough mechanical expansion to stabilize the pressure

wave. [fthis system is feasible, it would likely be used during
reaming and might elirninate the need for developing a wircline
retrievable center section for the reaming bits.

Summary and Applications Discussion

Experience to date indicates that mining industry dual wall and
wireline coring systems can be utilized for acquiring geologic
samples in the unsaturated zone very close to in situ conditions.
The concept of using a heavy walled drilling string to protect a
lighter coring string from difficult drilling conditions, or to protect
the formation from the effects of contamination cansed by normal
circulation of cuttings past the formation face. sppears sound,
Problems associated with utilizing mining industry coring strings
both inside dual wall pipe and in difficult, dry coring conditions
appear solvable with attention to application detail and use of
appropriate APl recommendations. -~

Perhaps this demonstrated feasibility of extension of applica-
tion of mining industry technology using cil industry guidelines
and recommendations is the most significant demonstration in
this paper. It would appear that API recommendations and
design criteria could be used to extend the operational limits of
the dual wall pipe as long as the additional weight of the inner

string was accounted for. Such a system might find application
in harsh environments such as deep geothermal drilling or 1n
h:ghl}" overpressured gas drilling. For the gas drilling. if the
primary cuttings carrving fluid was circulated inside the dual
wall, a weighted kill and/or hole conditioning mud could be
very slowly pumped down the outside of the drill pipe. Such
a system would have the potential of making drilling in
hazardous conditions routine.
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