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Summary of the Development of Measurement While Drilling for geothermal wells in
FY1996

In fiscal year 1991, New Energy and Industrial Technology Development@NEDO)
began the "Development of MWD(Measurement While Drilling) system for geothermal
wells" project obtained in "Development of geothermal hot water power generation
plant” in the New Sunshine Project of MITI, Japan.

MWD system allows personnel on the surface to acquire, in real time, bottom hole
measurements which can then be analyzed. In order to reduce drilling cost of geothermal
wells, the object of this project is to make the well's trajectory control more accurate and
prevent the problems while drilling. The main specifications of development of MWD
system are shown in table 1.

MWD system can be divided into the downhole detection unit, the surface detection
unit and drilling support system.

The downhole detection unit, which consists of the sonde and the sensorsub, obtains
azimuth, direction, inclination, tool-face, temperature, pressure, etc. After then, these
drilling information are transferred through the circulation mud to the surface by using
positive pulses generated by the pulse generator unit of sonde.

The sonde, which comprises the pulse generator unit, signal processor, battery unit,
mode switches, sensors, etc., is included in the sonde housing.

In fiscal year 1996, the utility of these mechanic and electronic units of sonde under
drilling condition were investigated experimentally by mean of the heat resistance test,
vibration test, shock test, high pressure loop test. Based on these test results, the proto-
type sonde was assembled for field test in fiscal year 1997.

The development of sensorsub (of the downhole detection unit) will be started after the
stability evaluation of 'sonde based on field test results.

The surface detection unit, which contains a signal processor and a computer for data
processing, receives and converts mud pulses into a physical quantity for analysis.

The pump noise elimination program and decoder program as a part of data processing
program were improved in fiscal year 1996.

The purpose of the drilling support system is to predict well trajectory while drilling
and provide important information such as formation pressure, formation temperature
for changing the borehole assembly. This system includes directional control support
systems and well evaluation support systems.

In fiscal year 1996, the down-sizing of this system is carried out so as to improve the
suitability for drilling site jobs.



Table 1.
geothermal wells

Ambient specifications of downhole unit

Specifications of development of measurement while drilling system for

Tool dimensions (approximately) Length Quter Diameter
Sonde (Wire line retrieval) 9m 2"
Sensor sub 2m 6-1/2"
Measurement parameters Range Resolution Accuracy
Sonde
Direction 0-360° 0.1° * (.5°
Inclination 0- 90° 0.1° += 0.1°
Tool face 0-360° 0.1° + 0.1°
Inner unit temperature 20-220 1. Odeg. C. + 1.0
deg. C. deg. C.
Sensor sub 0- 30ton 0.1ton + 5%(FS)
Weight on bit 0- 30ton 0.1ton + 5%(FS)
Torque of bit 0-1, 000kem + 5%(FS)
Inner hole temperature 20-220 1. 0deg. C. + 1.0
deg. C. deg. C.
Inner hole pressure 0-500 1 kgf/cm® + 1%(FS)
kef/cm®
Max. vorking pressure 1,000 kef/cn®
Max.working temperature 200 deg.C. (continuous)
Max. Preservation temperature 220 deg.C. ( 5 hours)
Max.vibration resistance 30 G (50-500 Hz, 6 hours)
Max. shock resistance 1,000 G (0.5 msec)
Toolface update 15 sec
Telemetry system Positive pulse
Pover source Lithium battery (50 hours)

Ambient specifications of surface unit

Pressure transducer

Explosionproof type

Data recorder & Computer

Measurement room setting

Rig Tloor display

Explosionproof type

Drilling support system

Vell trajectory planning system

Well trajectory visualization system)
Vell trajectory prediction system
Optimum well trajectory support system
Temperature analysis system

Pressure analysis system

Directional control
support systems

Well evaluation support systems
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The Earth’s horizontal magnetic intensity varies geographically, and the length
of nonmagnetic drill collars used in a bottom hole assembly should fit the
requirements of the particular area. This map is used to determine which set
of empirical data should be used for a given area.
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Bulk Versus SOI Cross Section
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Advance Information

HIGH TEMPERATURE PRESSURE TRANSDUCERS

FEATURES

- Full Scale Accuracy (including all error sources):
1.5% from -40 to +200°C
2.0% from -55 to +225°C

« Absolute Pressure Ranges to 500 psi

+ Rugged Packaging for Hostile Environments.

* High Level Témperature Compensated Scaled Output
« Silicon-on-Insulator Semiconductor Technology

+ Optional On-Chip Temperature Sensor

APPLICATIONS HTP Series

» Down-Hole Oil Well

- Aerospace

« Turbine Engine

» Industrial Hydraulics

- Industrial Process Contro!

+ Heavy Equipment

CASE OUTLINE

d

1.0 1

4.625

4,125 >

®] m

ssysﬁ}e

Optional electrical and pressure interfaces are available. Call us for details.

GENERAL DESCRIPTION

The HTP series of pressure transducers are designed
specifically for operating in severe high temperature
environments. These transducers combine oxide-isolated
piezoresistive sensing elements with Honeywell's HTMOS™
oxide-isolated electronics in a robust high temperature
package. This complete high temperature solution provides
an amplified and scaled output which greatly improves the
performance, life, and operational efficiencies of systems
in hostile high temperature environments. In addition, an
optional on-chip temperature sensor provides data for
further correction of temperature effects with an external
microprocessor.

The sensors use Honeywell's proven- patented ion-
implantation process for precision piezoresistive sensors.
This process is currently used to supply precision pressure
transducers to major multinational aircraft, turbine engine,

industrial control and petrochemical suppliers. When
fabricated with our Silicon-On-Insulator (SOI) process,
these sensors provide precision performance, excelient
reliability, improved media compatibility and high
temperature operation. ’

The electroniccomponents are fabricated with our HTMOS™
high temperature oxide isolated process. This high
temperature process includes modifications to minimize
junction leakage and adjustments to account for threshold
shifts which accompany high temperature operation.
Additionalenhancements have been made forlinear products
and 10 Volt operation.

The stainless steel package uses glass-to-metal seals,
high temperature solder seals, and laser welds. Barrier
diaphragms are used where’highly corrosive media such

Solid State Electronics Center « 12001 State Highway 55, Plymouth, MN 55441 « (800) 323-8235 « hitp:J/iwww.ssec.honeywell.com
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FBHEREEBT A ERIVES AN Ty IR 2EHTERIENSEICEEZRE
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2.270.00 | DHMMEF 0.92 4. 33 -2.10 2. 38
2,362.00 [o-49-4E 4 6. 43 1. 17 3. 64 4. 87
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2, 793.00 |o-47- 8 47. 28 -8. 12 9. 04 2. 49
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OHBEENRBEVEAIZ, ECEVEDNEIZHETHIETOV I/ HFEBHEEIZTORRE
ZHRNTAIENAEICRS.
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U T B e
BEREARE (BEREBE+F—F—70vy k) 5H
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FEEETIC. BEENSATFLAMWD Temp 2%, BHFOARKEE - $HEKE
EF—SEUMWDRLBHNERET— S0 o HBTFEREZEFEFICLVHEET ST D
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a. FEEFOHRHTEDOET IV
REEOHHANBRESI 2L —FGEOTEMP 2 (Mondy and Duda, 1984) ZREMZ
MEE IV —FLRHVDIBERL->THERFORTEET VL. HIHAOD
RACAHORERERESE. HALOHORBHRINHORELETIBNWTRAEEILST
TOhBLRERELE. BETOREPEERKOTHANORARBRLELZL> T, W<OH
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d
E—[qﬁ(szpe +Sgpg)]= V.FE, +q, (1)
a n
;ﬂﬁ-MQQT+A&mUﬁSJgQH=vEﬂqﬂ C(2)
LB B,

ZIT, fitlid

kk kk,
F, = p,—L(VE, - p,g)+ p,—=(VF, - p,g) (3)
ALLI ' l‘tg
Kk kk,
Fy = H,—%(VF, - pg) + H,p,—=(VF, - p,g)+ AT (4)
Au'I H’g
rEHEND,
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KHDEFTOERRBRUTOLBDTH 5,

{ . iRAE k 1 BB=ZE

g &M kr : HREBE
ook @ REtE

H # P I EAH

¢ :ROTF4 g ENAmMEE

s fafiiRAE T :RE

o BE, A HEEREER
g V—RAF¥—Lh

FEBEAHAICHLTHBEREL, X (1) 5 (4) BEEE (r, z2) TBWT
mhnd. FEEOABRENHAOHFBAEAHCBIIRBERETEIRHFICEL->T. U
Tom<FEEO2FENB,

Twellbore (r =7 well ) = I;eservoir (r =1 well) ( 5 )
ZLTHHFELEFEREOROKNIZ
qwell = —qreservoir

(6)
125,

MHWEEEIND MOER EAHEHE
Liviar =T(Z)

mn,

(7)

THd. (DHEBEERREOHOHEKLT S, )

Pinsviatld Tinserat EEBELVERBKENTH S,

e, HFLPLSEVHRACBVWTR, BEENZPHAFEOZTZEAELE. EHROER
MBRAHEECIVREZN, —EORE-EAERELE, MRICHSETSEHEBOHE
RIE—EOBRE -EHAERDZIVWRE., —EOBETABAEDEFOLEELENEL L,

b. RIEME

R (1) 25 (4) IMHEEEZ4% (IFDM) (Narasimhan and Witherspoon (1976) ,
Pruess (1991) ) ZHAWTHERS I ENTES, IFIMEMRLTIFEEZZIROESE (T
LAYHN) RPETRZENSHDS, DL, TVAY IR+ MEVNEES, FEOKHE
WBEDODIZUVASMAT—ETHBIERETEDS, TO3TDE, DRIV AVE ( i&T3)
KBWTHEREOR (1) BROKIRESIENTES,

t+Ar ¢

_p - P l r+lr A
Jain= AL +VﬁdzesAiFw Q.7 =0 (8)
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ILVAYRiIEZEB T TWAAEEZHRYIER ISy I ARSI NV —Hlick>TEXS
ns,

Kk, (B, -F . kK (P.-P. .
F}:-&Ar_pfklfre(é 4] ) rg(gt gi ) (9)

D _p/gx] —pg ‘LL‘ D —pggij

ur( 4

TITPICTIRZIVAVMIRBIBSENEREOFHEZEZEDLTWS, X (9) K
BIIBEOIDIREEIZEDRIEDER t+MIIBVWTHEZINS, s 3V A2 MiE
IDEOBOIV AL MEHEDOHIBAOFEHETHZ. COFHEBIREOINDIREER
B DR EThite (1995) WKWHEASNTBY., ZITREITHRAINEFEE LS,

IFDMiZ, T THAWLNTVLAREFEANEINIBEROBLPIL A NOBICET
ZERVBEER-BHTHZ2EEVE, TVACMIYVIFEOFLRMBT S RALERARE
RKOBDTHD, TNEDITVLVAZFDOWLDOMEHRFARICTHD., TNHITHTSIA
(8) EXRDLSIizs,

fo = Toepore = T (108

T TTwetivore MAFWNBEI I L—all—F4 2 iC&oTHEEINS,

R (2) BR (1) LABBFETHETE, COILAY ML EEhEEERICIR
EBWFEANRGFETS. COHFERRVHNTORNERBT 2 HFERLLBIENIN
R TiRASARN., FEBREAINIFERV AT ACBY 5 RALKIES. 4 2-28
iCwL 7=,

$3.42-2% HEEBANROETNEICEAZNSZFERORAZERK

X E e
o BEEBE
O ¢ K[EEE
S A Em

U BEORARI RN F—
Us KEORNRZRINF—
T iR E
P  EH

FEREEN - BECHTIBENES I, Cho0LKETRTHITEAEHER
BIE-> THETIB NS, FEREZEEDIEZODEKOEASDERERETSH
THB. RERL. ETOLERRED2DDLER DAL EDENS BB ZEMTEEH -
5TdHD. T TlEPruess (1991) KW, EHBRICBVWTREEERELTPET =
HERICBVTRPESERR LE., —EXELEMNBIEND &, #8HBHEREThite
(1995) IZRRENFEFEICL> TR I ENTES,
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c. WEEE

BRI HBEEZ, RAKEBEEHD LB TENETHEREZAVTEHETAIETDH
M, TNXEBEE/NEHEE (Levenberg-Marquadiik) Z2HNVWTHFIZENTES, &
BIRABEINTVWBY I M7 5147 5U” MINPACK” ZHWT., Zhz70/ 541

Lic.

COHEBHEZTDIHERITLERANT —F EL T, 583.4.2-3R~%3. 4 1-5RITRL

IR BDDF—FT7ANABLETH S,

%$3.4.2-3% MWDTemp2AAT—FOHH - - #HEBF—%

HE BEAE-IE-BERS

ZAnt et/ F—YYURE-HE - Va-—REE-EACIEE

Gk Hhr - ER - RE

B 4 iR B HE R E - EE

K% HE - #fE - 1 —IIFE

AARE AEEE -nEAHRA  -SERACER-BBEZR

BHIERENT A—S 1HOWHZERE - LHEE0ORWARRE - X
FEABE - AT R

AR KUK S —fEk - By MME#

%3.4.2-4k MWDTemp 2 ANT—YOQOEEIFOEAET—%

B M

AT KR E

YRR BE

FREKIRBE

$3.4.2-5% MWDTemp 2AANTF—IRONTA—-FF—%

HEMBRESRK - RE

#EE IR E A E

BIKEE
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FRIUGEAS I EH
HENAEBESAE HH
ERIHUCASADPFR
FREWASAPHAR

E—LULFAQZzdWL TAMN 29-77 ¢

LM BRHEMHUGUREIN L L LULTERNEI-T 7 ¢
: CUUREQHEHR2L22
Q@2 (S661) SSANIL PUR A[INSUMIPWRUNIHOREOD ‘SAGNELEHKHN
CCOZUGEFREINRASLTEZIHOZTH L1 " SUIYHEHRENTQH 2L2S
URLERUFZUBEARIALT ¥ SR RHEEEVNYIYAUAYRPWEILCYP
AREFOTLMEN ANV EYHARHNPBEEVEAGYE " QURPALTZILCPIAR2
CUHZZAWSI LAMNES L EERZYARYNOTLYLALNREHOERA LT
BRMHBELH?HY " QURIKRBBLUSIYYNBEEIMES NEEOT LY 2ZOHX
CCUGEILCTAZAWS TAMNBYAWMYATLY ASUR
BEL— "0 LFERIUIFABRNUECURIMAYLARYATLYLAQURRYE ¢
LEABREBHSRERIVNGABTAUEIFROGC >NEREFAULE: "RAvgE S
CCURNVEZLCPIANEOPWELGUELE ‘2 2CLPWEZZOROR YAk Y 1
UURMLLCPAEEIYARYNOTLYAYURIMRE ABEHROTHEFZO2
“UCRLBEYINHBFYAYCERLNCAYRC S AW WEUT 2
QEUPVUCTSLIHFITUFLNIAEALE "WSRLF DA HRREZ S U R2IH

LHOBREEQYQLEQUSRIVFR QYN ZOFREH®

((1) svau:z _ (1) olzziz) Z - (S'S'O]‘ uagwwm{l) f

‘LI E=
WHEHYCTOXOERC Y ZXFMEWACTOUANVEYZOBMEZDELE®
CLEEZFENAULHE ‘FRIYOLEE ‘RCEAFROZO
LT ZHBE LIRS 20

‘Z¥AC

TOLVUHAECG L 2B ETHIAREWSPACEL UL L ILVHZL-LOQUD




(1. 38) HEFICLsHBEEEEEEORE
SEE, MWDTemp 2REVEESNIHBEEEOHEELTFET2EHN T, BHH
EHWD—-1ad3 N2mETOREBT—YZEZRAWTHEZT>/=. EALEZETINVOT
—yrrg7urshn, HERE. EOUHEEEES 4 2-4RICRT. £/, WD—-1a#
DMEIBEEES 4. 2-5FIZ;RY (Saito et al., 1996) . SEIIEMWDIC KA RERE
BESENTVWENDT, AOOARK/HRKEECIEZAVCHEREFRELE. T
NSOHBERVTHERERZFELABREE3. 4 2-6HICRT.

SEQHETIR, BLEFBEE 313C) 2BASEE CREFENNRETEBOH
BREV—RTIETRERBONAMo~, TADE, EEL S00mUETERENRM
THEAMNES N, EELOMUEORERBEREL TSIV HEREOSOERES
MEIZDICH LT, FE2 SOOMEETIZ4.TULLTHD, TOER, 2,300mEETIE
+12C (2 0) . 2, 800mBEETII+95C (20) BEOEETHEREAEESATL
3, COEEELTHE. BEOTOV S ATRINBCULOBEROBEEETORES
BREABTHORABRNEDTH B,

(1. 4) #&=&
BEMIKIAFLMWDTEMP 22Xk, EHH#T—IYOAHRKEE, SHERE
EHETAIRECODWTRHZ2TTok. TOHR. BRKEEORZRANVWTHEZIT> B
BTH., HDIBREDEEETRNIRRETHEBEEOHENITA S I LAERHKE.
Th, FEEMELDBRBENKRELRZIHAENASNZEN, TNEHEKBEEOHIBIE
EBEIXHTI2RERMABBIILRENERETHD LEISND,

(1. 58) SBRORE

G®RE, TS LA0BREEOALETF-FANOBEELETY, RANRT OIS A
NDEREFOTVL, £k, FhoLTRZEEL, REUNIXETHVTNS 37O
J5LDPCIZERT 5.

(BEXR)
Finsterle, S.I. (1996): TOUGH2 Users Guide Version 2.2. LBL-34581 UC600.
Mondy, L. A. and Dudan, L. E, (1984): "Adavanced Wellbore Thermal Simulator GEOTEMP2 USER
Manual", SANDIA REPORT, 1984.
Marquardt, D.W. (1963): "An algorithm for Least square Estimation of Nonlinear Parameters, "SIAM IJ.
Appl. Math,, 11, 431-441.
Saito, S., Sakuma, S. and Uchida, T. (1996): The experience of drilling into 500 °C formation in NEDO
WD-1A well, Kakkonda, Japan. Proceedings 8th Interational Symposium on the Observation of the
Continental Crust Through Drilling, 322-327.
White, S. P. (1995): Multiphase nonisothermal transport of systems of reacting chemicals, WATER
RESOURCES RESEARCH, Vol.31, NO.7, PAGES 1761-1772.
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CUMULATIVE DAYS FROM SPUD
LITHOLOGY HOLE CASING Hopuatod in ’9‘“15 «6;,e';a&':a;;'sn;;g:saa‘sa '
SIZE  SPECIRICATION T 00 00 198 100
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i ‘ . CR Opened 24* hole from 17-1/2" _
I 18-6/8 ‘ Ran and Copented 18-6/8" 0SG [LCT): Lost Circulation Treatments
B‘uizié'mﬂ 24" ., [EEX : CR : Coring
87.§1b/fe (e CR : 0.CR :Orientation Coring
P ST 606 m 800m cr/ P4 :
~[Eishately o 13-3/8" Log 0.CR_ i Ren and Cemented 13-3/8" CSG
- moitio'mff 11172 % L-80 1000 :
- . (,'__ 8146881b/1t CR & Sidstracked while
ol B ; .: MSC¢” . et
:‘ ‘ 1363 m —3${/ Lon. [L67) LT Prilling out Cement Plug
. . CR ircul
'*fnrf‘glfg“" riw 1505 m 1500 m h/ / Loet C ation Drilling]
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Eid P 5 oo Do D)
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e 471b/1t e ,l,-l'z‘;m‘mﬁx?m%rgﬂuﬁfﬁa 9-6/8" Liner CSG
- 2648 m m'ziasm;su»—uao:.‘fgonif;w 8'm
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(Saito

et al., 1996)
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(2) ENBEWRYAT L
FREARERNTFESINZI LT TR THREBEININHBEHIPOEANT—FZFAHL
THRABOBKEFMEEZITO LD, THAHFKBISRAMRETOFREARE) BN
THBEICHEEENEZTO0FS5A (MRPL ; Multiple Rate Power Law) 2Z O X £ /A
LT, BRKRERERRVCEREBERICEKBOSGKEZFMT LIV ATLAOERRFZRFAL
7o

(2. 1) EAMNSZPz2rTF—HORBRKEATIRE

BE. BEHIPICEASEISEZORBICED., BAMRNFELOSND., £, RKBRIK
ko TR, BAKENRZOEEALEEBELTENESIBEZFLRAREEZTIHEELH S, i
2T, BHIBKEKEOBEKEOERRZIEEITSILEBEETH S, BRLERBINL
A F BT BRKEREFOARARE] ORFRLL T, ROFRICKDEKEDBEK
HEOFMAETH B, IRbB,

WHIRIZHRAK —VICEBT 5
v

BE (EEL, ERXTHEEINDINESHAREKOBBICKDHBEND)
{

BARAMEE (EH -BE - AECFREERSE) BT

!
'’ Kk B =R
!

BKBRAEE (EH-BRE - AEBCFRBERE) K&
BIKEE « BKERE
: i
® B X b v 7

i
BKBRAEE (JEH-BE - AEVFREERE) X3
EA74—=NFT757—5BE

)
MRPLIREKB73—NTT7T—5 OFEHN

!
B Kk % o F M

!
BARMBELIFAN— P ATFALICKDBRANEHE
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SE., TOYATFLADD B, BABRMEBORDOZ LT TICXDBRKEE LA
RF—FERBITBHIET, BE-RABRIAEBORT - AIEDFIEEZE S, BAkFEEL
FEIC, KORARICERKBOFMERTD CENTEIRRS., (BEL. 983 Ticide
KBHAEBOLDI R, RAEYFEC>HFRAEVTWARWEYD, BKRE O IE K IEERDNS
ERBEEIE. BARALBZETIALEND S, ) £3.4 2-TRHICSEORKHE DE
HT7Oo—RERLE,

Z & — k
wkiE g
HBkag Xk T
' |
MRPLICE BEH Kﬁﬁ%&Uﬁﬁﬁg
kK|
B — > DBKE X (1) kkviEkY
G N

3.4 2-TH BAHEDOTZ7O—F¥— 1

(2. 2) MRPLZ7OJSLDEE

EREINEZToF/SAE. FERBESTHVELTS TN IJU—FEFNE2ERLTSED.,
EAENET IR T73—NVFTIDF—%, TROBINTI O REZEBHTZED
DHEDTHD. 7L, MBICERKZEHEL., BEREEZHES 2 &NTgICA-> TWS,
MEREOREFMEIL. Pover LavEFIZFEAL TWS, £3. 4. 2-8KIC7 0T 5ALDT
O—F¥—b&ERY,

(2. 3) SRBRORE ,
EOTTTORRRABELARKIC, BEZARTITETH S,
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Start

kh (BBZE-BE#®) , och (WERK , v (REKHE)
rv (AR, q (t) (FEtO®RKE) , p: (FHEAN)
nfE (RAk#&HH®) , o (LE), h (ZHE)

[DownholeZE# F— 4]
P(t) (BEMtoEH), T (t) (EBRtOEE)

)
in

BN 797 -5 D 71-V77 -4 D
3y vFry

khEE ?y%EEi:>

= 0N i)

End

*HBERBUTOREHRETNVOEADTHREZANVTNVNS,

2
P(r, t) = p:1 — g;’;—e”{—,%El (%Elzctr—)}
=EL.
Ll-crr=ik—2 (9+3/n) ™ (150k ¢) (1-n) r2

$3.4.2-8K EH - -HESW I/ LAOT7O0—Fy—Fh
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B1E FHIFHRWMARMEDE LD

1. 1 &/kBRERE

BRAEE MEEE, HEEE) RUER S ATLAEKORE . SEHBOBEEDO—RLE
LT, EEEN-THERCETI2AEZERELE. EIX. BFOMWD AT A&
HETIHEHEROAEZEEL. ARV—F2RYY I —EXHOBRHFMWD,
Honeywel I DO H BB ETREZFCH I 2R FTHERZLVELDE. £k, BAHAE (&
BN —-THREE. BERTNT AORRKRAE) 2€EL T, EHERFLE,

1. 2 RAKBORRE
1. 2. 1 HEEE
VIOFERRTH Ty RNIVAHKERE, IEESLAEBEEE, T— RPEXSM vy FET
BEE®RE Y (Fi. B, BEBRREELCY) KOWTROXETHIHRRREZTV,
ERHYZHELTEERETTOEHRRZT o 2.
- BEAERUVEROHEATERTORBICBIILZELEEEDOER
c—EBOBEIRXINF—1b
- WIRE - WEEEREOR L
VOFREGEROBRORRERREILT 5.

(1) vJrF

(1. 1) <TYBRNIVAREESE

(1. 1. 1) <SvERNIARER
cHEOHEZELRUVEREO—AKLERZEHDIRAETY - RO P E—HBEOERELOD
Ty RN AREREBELE,

- RS - MEREEEERRETVEROAVLDOZHERE L,
cRBARICEDEROEEERERL /.

(1. 1. 2) RyRNSIARERRHEE

- ERMEEREREL
CEY-VBEBRETVWRELCREZRHENTER.

CHAZM v FORERREZRELRELEEEZBBI LN TE L,
- RS - HGREEREIRRETVRENAVWI L 2EREL L.

(1. 1. 3) <yRMNIVAREFAERHEBHEERE

- ERESEEEEL L.
- MRS - MEEHEREZA LT ETLLLDCERO VA KB F3EREZ45me Lk,

- EIRBEAEATOMRY WHEHRETVWEEL-EREZERL .
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(1. 2) HNEESLAERE

- REMSREERELL,

- EFHRRZOS BPIRERBEFAXROLDIHMAEFRLERXRTHEDORSF
2bDERMA LI,

- EIREMREL TCPU,. REEBACEERERNBEOBERFERZHR L,

cFHEFEMRALTY S TFOERGOHNREEZGTILDICREAERPSOEE THE
REZRETHIBERELERANvFOHNZERL TON/FFOEENSHBROFEE
RATHYI M7 EEBRAE,

- IR, MEEHRELTERO LA NORD FFHBEE AT &L,

IR, MEERRICLDEEERERILE,

4l

g

(1. 3) E—RGBERAIyTF

(1. 3. 1) HEXIYTF

CREREESRCERELARREB B ERNTERD S k. ‘

- BEPCHMEHOXERE. YO LBRSOHANELT S EAAL. AKESL
EEBILL)EEERAT B FRERF L.

(1. 3. 2) BRI vF
- ERECTOREZFMAL. VOF—HETOFRERBRICXD2EBRHILARNINEFIEES
NBEBTHERTDH>HEZRE. B8ELE,
- THAEZEDIEDICERHERLEERART > TE2ERBLE.
EERERRREFVWREL A EER BB ENTER,

(1. 4) EHREHRE>Y

(1. 4. 1) Hiuery

- EEREHISBEZHEL .

-BERYUTH, FOEYT7bh, XY, ZO3EHORSDODEZH/ETHDHDOT—%F
ZRELE.

- HRE, WEBEARICXVEREZEREL .

(1. 4. 2) EfgE>H

- ERENEEEAELE.,

@R ECHICRY—FENEERH BV,

-BERUTZHR FofEdT7bh X, Y. ZO3EHOES DEERETEIEDOT—F
zRfFRLE,

- WiRE., WEHEERBRICXDMEZERL =,

(1. 4. 3) REREBEEE>Y

- RREERERELL,
- FAA—REOBRELCHRALESEEERL .
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- HNBERERICEHELZEEOGEVWART VT2 ERALE,
- MRS, MEBRERICIDEREZERL .

(1. 4. 4) REBERER

- EREHLEBRERELE,
cEBETHMROSBPIREEHFEFATREOEDIIMAETHRRERRRTHEORF
BRHODEFALE.

- BEBRMEREL TN, ZEEEBRUVEERAEEREOBERERR L,
c RS, MEBRTRELTEROMNVANOBDAFFHEBEZT0mEA T &L 7=,
- MRS, MEESARICIDERERZER L.

(1. 5) &E

(1. 5. 1) BEBE
VIUTEREOWMBAVFULERMOLEREEEZR L=,
- MRS, MEHERHBICIXOEEEREREL .
- RBERETTHRHMOBEZERETHDRELEZB L.

(1. 5. 2) BERZELEE
- ERESEERYEL .
- HRETOAMKEEERRTIEDICHARFGROFNS PRI ORIV —JE
fEHEEEEML .
- RS, MEBEEFRELTEROMN VA ANOBRDMFITHEZ0mEA T EL &,
- THIRE, WEERRICIDERZERL .

(1. 6) NIPUITRUHNEMHER
(1. 6. 1) No2rF
a. 415
- ERHESEEEEL .
- NEE 44 4mnE LTz,
- MBEIIERETERMOBRES LN DR Nonel alloy K-500 &L 7=,
- T, WEEEREER L. .
T -NVINEOBREFREZAANSOXZEDANSEEEZRXIRADFREL
7z
cHMNERSETHEDICEGRM ORI EEEL .

b. FFAhL - NV
- EEHEEEEEL .
- B, WEEEEERL Z.
N EEO44. dmnE Lz,
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(1. 6. 2) axr4%

NPT EITFA-NVIEOHEBIATERFGLTHILDRIEERIRI I ER
. RELARL =,

N EERESTH N+ REREBDZIENTERM .

(1. 6. 3) HEBLGFEE

a. AE7 - R4 > b

NNV AREFRE—FBELEERBESERZEHEL &,
-BTHBNEBICHS > EBRELE,

b. E>h55q0Y
- ERMAYUBEREEL L,
B RSSATREICFA - NVIRE IS SAVROMNGTEREZRIALEETSZ
X VHEEEZRLEIEEE.
cHEBERHREEOSVWARY Y LAREEEZRLE.

c. SVFq4rF-oOv K
- EREUEEEEL .
cHBEINTTDOTERUL ¢44. dmn& L,

(1. 7) HEEER

(1. 7. 1) EHAEAR

- ERHEBOEEREASIILTRRET > o
-BRIBFRDEZHETIED0 [REFEER) EENHOEHTORHT -5 2
ML, MAKEZHERETS REWHARR) O2BRELE.
cEHRIXIVEBRBICEHR TSI &8k,
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SECTION 1 : INTRODUCTION

" Introduction

The WELLSITE INFORMATION TRANSFER SPECIFICATION (WITS) is a multidevel format used for the
transfer of a wide variety of wellsite data from one computer system to another. It Is presented as a

recommended format by which both Operating and Service companies Involved In the Exploration and
Preduction areas of the Petroleum Industry may exchange data In either an online or batch transfer mode.

The format offers an easily achleved entry point, with increasingly flexible higher lavels. At the lower levels,
a fixed format data stream Is employed, while, at higher levels, a self-defining customizable data stream is
available. Since each level Is based on earller levels, the format provides a clear upgrade path to greater
capability by building onto existing software.

In a general sense, a WITS data stream consists of discrete data sets (Data Records), each composed of
a related group of fields (Data items). Each data set is generated independently of other data sets and each
has a unique trigger variable and sampling Interval. The rig activity usually determines which data sets are
applicable at any given time and only these are transmitted. WITS also incorporates the means for a remote
computer system to poll the wellsite system and change certain parameters, including the type of data
transmitted and the Interval for transmission.

Background

Over the years both Operating and Service companies have developed proprietary formats for electronic
data exchange. When a new working relationship Is established between a Service company and an
Operator, modifications and testing of formats must often be made to allow the data collection and analysis
systems of the two entities to communicate with one another. This sometimes leads to problem start-ups
and the resulting loss of time and data. The ongoing development and maintenance of these formats
represents a signiflcant expenditure.

The cost and complexity of format matching and modification has often led to a reluctance on the part of
some Operators to get involved In this type of service, and a great deal of rig data, which could be
extremely useful In evaluating rig performance, in monitoring and controlling drilling, and In formation
evaluation while drilling, Is often not collected or transmitted.

In attempt to resolve this information transfer problem, the Rig Instrumentation and Measurement (RIM)
subcommittee of the Intemational Assoclation of Drilling Contractors (JADC) formed a task group, the
Information Transfer subcommittes.
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Figure 1.2 Relationship of WITS to the ISO/OS! Model
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APPENDIX A : WITS PRE-DEFINED RECORDS

This appendix contains details of the 25 WITS *Pre-Defined” records. The content and format of these
records has been fixed for use In levels 1 and 2 of WITS although there is no reason that they should not
be used at higher levels.

NOTES

The following representation codes are used In the Pre—Déﬂned Records:

Identifier Rep Code Description
A 65 Alphanumeric
L 73 32 bit 2's complement signed integer
S 79 16 bit 2's complement signed integer
F 128 32 bit IEEE single precision floating point

Examples of the format of representation codes 65, 73 and 79 may be found in the LS handbook (Reference
2). Code 128 is an extension of LIS to enable the use of the more widely accepted IEEE format. See
Appendix G for more information on the format of this representation code.

For each data item, a long mnemonic and a short mnemonic are given. It should be noted that only the
short mnemonic may be used In Data Format Specification records while either may be used in other
circumstances.

:The transmission intervals for Pre-Defined records are specified by the Operator prior to the start of service.
‘At levels 2 and above, these transmission Intervals may be changed by the Receiver through the use of
Session Dialogue Commands (See Section 4).
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RECORD # + : GENERAL TIME-BASED

Logical Record Identifier (RID): 151
[TIME] Transmit at a specified time interval (secs)

ltem Variable Description

NOUN A WN -

GRERN2EBEYERRBRLUBBENBRRBRNBEsIcars

Well identifier
Sidetrack/Hole Sect Na.
Record Kentifier
Sequence Kentifier
Date

Time

Activity Code

Depth Bit (meas)
Depth Bit ({vert)

Depth Hole (meas)
Depth Hale (vert)

Block Pasition

Rate of Penetration {avg)
Hookload (avg)
Hookload (max)
Weight-on-Bit (surf,avg)
Weight-on-Bit (surf,max)
Rotary Torque (surt,avg)
Rotary Torque (surf,max)
Rotary Speed (surf,avg)
Standplpe Preszure (avg)
Casing (Choke) Pressure
Pump Stroke Rate #1
Pump Stroke Rate #2
Pump Stroke Rate #3
Tank Volume (active)
Tank Volume Change (act)
Mud Flow Out %

Mud Flow Out (avg)
Mud Flow In (avg)

Mud Density Out (avg)
Mud Density In (avg)

Mud Temperature Cut (avg)

Mud Temperaturs In (avg)

Mud Conductivity Cut (avg)

Mud Conductivity In (avg)
Pump Stroke Count (cum)
Lag Strokes

Depth Retumns (meas)
Gas (avg)

< SPARE 1 >

< SPARE 2 >

< SPARE 3 >

< SPARE 4 >

< SPARES5 >

Mnemonic
Long Short
WELLID WID
STKNUM SKNO
RECID RID
SEQID sQID
DATE DATE
TIME TIME
ACTCOD - ACTC
DEPTBTM DBETM
DEPTBITV DBTV
DEPTMEAS DMEA
DEPTVERT DVER
BLKPOS BPOS
ROPA ROPA
HKLA HKLA
HKLX HKLX
WOBA WOBA
WOBX woBX
TORQA TOA
TORQX TQX
RPMA RPMA
SPPA SPPA
CHKP CHKP
SPM1 SPM1
SPM2 SPM2
SPM3 SPM3
TVOLACT TVA
TVOLCACT TVCA
MFOP MFOP
MFOA MFOA
MFIA MFIA
MDOA MDOA
MDA MDIA
MTOA MTOA
MTIA MTIA
MCOA MCOA
MCIA MCIA
STKC STKC
LAGSTKS LSTK
DEPTRETM DRTM
GASA GASA
SPARE1 SPR1
SPARE2 SPR2
SPARE3 SPR3
SPARE4 SPR4
SPARES SPR5
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RECORD # 2 : DRILLING DEPTH BASED

Logical Record Identifier (RID): 152
[DEPTH] Transmit at a specified depth interval while drilling NEW hole (feet or meters)

item Variable Description

N sW N -

BRRBLLEBBIZRRBRNER

Well identifier
Sidetrack/Hole Sect No.
Record Kentifier
Sequence Identifier
Date

Time

Activity Code

Depth Hale (meas)
Depth Hole {vert)

Rate of Penetration (avg)
Weight-on-Bit (surt,avg)
Hookload (avg)
Standpipe Pressure (avg)
Potary Torque (surf,avg)
Rotary Speed (surf,avg)
Bit Revolutions (cum)
Mud Density In (avg)
ECD at Total Depth
Mud Flow I (avg)

Mud Flow Cut (avg)
Mud Flow Cut %

Tank Volume (active)
Cost/Distancs (inst)
Cast/Distancs (cum)
Bit Orilled Time

Bit Drilled Distance
Corr. Drilling Exponent
< SPARE 1 >

< SPARE 2 >

< SPARE3 >

< SPARE 4 >

< SPARES >

< SPARE 6 >

< SPARE7 >

< SPARE 8 >

< SPARE 9 >

Mnemonic
Long Short
WELLID wiD
STKNUM SKNO
RECID RID
SEQID sQiD
DATE DATE
TIME TIME
ACTCOD ACTC
DEPTMEAS DMEA
DEPTVERT OVER
ROPA ROPA
WOBA WCBA
HKLA HKLA
SPPA SPPA
TORQA TQA
RPMA RPMA
BTREVC BRVC
MDIA MDIA
ECDTD ECDT
MFA MFIA
MFOA MFOA
MFOP MFOP
TVOLACT TVA
CPOI cpPDI
CPOC CPOC
BTDTIME BOTI
8TODIST BDDI
DXC DXC
SPARE1 SPR1
SPARE2 SPR2
SPARE3 SPR3
SPARE4 SPR4
SPARES SPRsS
SPARES SPRS
SPARE7 SPR7
SPARES SPRs
SPARES SPR9
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