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Abstract

This survey has been performed in order to obtain the basic
idea on the possible development for the seismic reflection
survey in the transition area, where the standard onshore or
offshore seismic reflection survey would not be applied to
investigate the subsurface geological structure, and to
obtain the knowledge to optimize the seismic reflection method
to be applied to the areas of various type of geological
condition, by summarizing the examples of the data acquisition,
processing and the results of the several types of the
reflection seismic surveys.

The seismic surveys with various combination of the energy
source and receivers were selected as the examples for both
the onshore and offshore surveys. The individual
hardware/éoftware technology adopted in these surveys has
been also examined. Those were summarized in this report.

With regard to the survey method to investigate the
subsurface geological structure in the transition area, it
would be recommended to use air—gun in the water and vibroseis
on land as the energy source, and use geophone on land,
bay—cable in shallow water, and streamer cable in the deep

water as the receiver.

Work performed by Japex Geoscience Institute, Inec.under contract with Power Reactor and Nuclear Fuel Development
PNC Liaison : Geotechnics Development Section, Tono Geoscience Center, Satoshi Yabuuchi

% : Exploration Geophysics Section, R & D Department
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Fig 2638 L UFig 2TICEE 4 KeB L U1K D ESWER ZFLFhR LE, 5—
ZALENT, BITYIENERFARYT. COPRREE, 41 > U /%Y Deconvolution; MEEEAE
Fro MOREIEE, S =2— PRIVEARAE, BLERF —FUBEFEBL TS, WE
HMeEz2RT 2L, ERESEORBEENRRD b, Tl bsecllBIT 2T
(EETE R OE IR EE T 2 EFEE O RV ERERER TE 5, ZOWSIC
DNTH, BEOBEBWI L Z2EEDERIIFBRIED LN, 1. 5sec~3. OsecDER
ik, & EOBTER OARICERT 3 EERENSTD S D28, HEEPRRAS
PRI D, RAEOBERGENRZ L RoTWS, ZOEHSTIE, BEOEWN
WL DMEOERIZ. BT 12kgDFREBRTVAEBICRXS, LHLEOZERDE
EIZENThH D, 3secLURETH, A &L ICHRREHEIIRSR TERY,

(F—ZBSHE
o EiF . FAFTwA b BRH BEIU3T
e IRHiiE . GUS-BUST 4 PZNFTVLARY
® iR: :  0Y0 McSeisll1(f,=8Hz)
® SRS : 25 m
® Fx ¥k : 28 0FvRIEERH
o HlRE : 7 km
o WMRERESEK : 4 84 (4. 2kgx17L)
485 (4 2keX37L)
® iafFERHK . 2180
e {E¥AE : 204
F— & BT

® [ HiEvEsT— &0




.24 T A R-VF T 4 FEE

- LEEREREE A T A A (GEEE) (Fig 28, 29, 30, 31, 32)

HeRE S HBRNE  FET B MEEORE BT B5/5( Tt RFEEF
ThHD, AEIT, HEEER 2secEDERRAE 2R T DI SKNERERD
HEREEZ M B0, S Tah A RORBHFEDBNC L 3ESRGEDOEY
B & LTIThheb D ThH B,

Fig. 2BICfA&HY2/NA T A R a v FEGEFIZ R LT, Fig 29~Fig. 32128
ATY AL ADRA —TREEOBNZLDESTHEOHB LR L, 77— X 08
ELTIE, BEEEF -FNBE2ERLTVWS, RAM—7AEKE LTEAFN
5—40Hz, 40—bHz, 5—25Hz, 20—60Hz DBFE D ESXETH D, 2seclBTiX. K5
B OBREERSPAEICERBEZIC R DD, BBEHEII LT, 5—25Hz
PEROBERTVWDS, LHLENE, BREHNECSBEIZIEL 2oTW53, BES
SRR RNE LS. 20— 60Hz0 EARENELERL TV, N

NAT a4 ZABEOHFKIL. LROX D ICHBEESbETREERAL —
TRABEEEFEIRTAIENTRTHIFLELS,

(F— & BUEHE>

e ER . A TetrALRaE

® PR : GUS-BUST 4 PZNAT LA R
® TIRER ¢ OYO McSeisill(f=8Hz)

e FRAKME : 25 m

® F ¥k : 2 80F ¥ RAEERM

o HRE : 7 km

® AA—77¥ - . 28 [H

® AA-TK : 27

e FE&E : 32 %

o KREERHK : 81/4(5 - 40 Hz)

32m(40 - 5 Hz)
32/R(5 - 25 Hz)
3 2/(20 - 60 Hz)

o RiEERZ : 2 3HH
e {EXAEB . $154
T F AR ED

® [@ LiE#eT— &

c REREAAL T4 R (EEEE) (Fig 33,34, 35, 36)

TEREAENRSMT 3 ILESAD CEEEBER) B 581 T ut A REESE
FITHD, MEIL, REMEL L CZOETEEFEZREBT L BHTTOREY
DTHB,

Fig. 3B X UFig. 34lcra v FMEGHIZ R UL, EERBEENRELTW
ROVHIRTOD I a v FMEEGDOHRE CH B, Fig I5IESWEE. Fig 361 EEME
Hi & RS R S OfERETER 2R L,

MR eE> 2R 5 &, a0 S B U CREEOESGSEERE W, oh
TR EETICIIEERRBEENRREEL RN - L EbhS, L LEXS,
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A CORMEOBEOE L FREME L O TIEROHRTH Z LN TE S,
<F—FBREHE

BiE
PRELES
TR
HEEAER
TR
F v RV
Rl
ARA—TE
AA—TF

R Tad A R2EH
GDAPS-3 5 4 PEAF LA R
HGS SM-7 (f,=10Hz)
50 miBE#E
125 m
240 FrRprm— 7T
7 km
|
16 ¥

A A — 7 A 12-120 Hz

FLRE

WIEEH%K
EX AR

T — IR ED
o [ gy —ZNE

24 #
95 & (Line-1)
30 /A (LineA)
128 [

154

< EHIRBRAAL YL R (ERES) (Fig 37, 38, 39, 40, 41)

FEeRE A (KILE) 3579 2 HiBHE (BB M) DA T u ¥ AREEFITH
D, MERL., HBEHFOERSEROEEHEONE, REHIANEE (7575
P—)DPBEBEMNE LTITLRELDTH B,

Fig. 378 X UFig. 38z a v FME@RBIZ T Lz, TRENIESLERHRE L TR
A—TRAEEE6—40MzE Leb D B L URHESREDT-D 20—T0HzE L
DThHDH, ThbOREFIcE LERT—-ZOB2EA LI-EAHER% . Fig 39
BIUFig 0 R Lic, ZOBERE & BROR—)  IHEREZRB LUTERIRE

FERWIE R 2 Fig 41IT3R: L,

<7 — & BEHED

B
BRELEE
SRS
HERERE
ZiRAFERR
F v RVE
Hi#RE

RA =T
AA—TE

AA—T R

FoéR T
MIERB &
=N

S Tad A AR
GDAPS-3 T4 PHALT VLA LY
HGS SM-7 (f;=10Hz)
20 miEHE
10 m
700 F ¥ KIVEE
7 km
5 M=
20
6-30 Hzl LTR16-50Hz D 2fEIT
25 ¥
300 | X2
23H M
154

11




i

CF— & BT
o [ H{EREST—Z N8

- RBBANMT e YA R (FERHES) (Fig. 52, 53)

HRPCIER BN DM TOIRBE LR T 51 Ty AFEEH TH 5,
R, REREBHEBICEVER Lz Ebh 5B 4 8 Ot TS TEL
EET 3N TIThhE b0 TH B,

Fig. B2iZt g v FESBIZR Lz, LEHRBREEOHFETHY . KO R
FRTVPLISIA, BREREHRECONRS Tt A ABE, BLEOF 7+ 2iER{T-
Teray FEEBITH D, FighlicZ b DESMERER Uiz, Z OBERI,
REBOT —# bRFCHAVTES LTS,

WS ORWEORERS T, Blicmb-> TEREN __l:ﬁfi"éédﬁﬂa)ﬁ&@%m
FERBTE D, T, TOHHTIIESS (ERE) ORIRENER TES, TOTH
WIS R R IRITHER TE W, TERENHIRICEN T3 FRE T, #TOR
HIEOERAEITE L<EL 20  ERAFIRIEE 2BRELRRT 2 0 EMT
HORTROINDB,

F—F BHEE>
® ER A A T
o BRI : GDAPS-3 4 PHZNAFT LA RY
e XIR:E : HGS SM-7(f=10Hz)
o ZEELMMR : 50 miE#
e EiRAMRE : 25 m
® FxRNLE : 269 F¥ XNVEE
o JHHEE : 6.3 km
@ AA—T# . 12-18 [g
® RA—TR 20 # -
e x%—fﬂﬁﬁ 8-80 Hz
o FHEE : 328
e WKBEEBRE : 110 &
o A{EER#K : 10 HFE
e {EEAR ;. #9154
T —Z AR ED

o [EhigwEr—~um

cwWEmAST oA R (FHREE) (Fig 56)

FEMTEH~AR LERE IR, T atf ARESHTH D, LEEHLT
HEZOMEBERDOERM THEZEOMNIT 3 EDIIThALFE THY  BiE
BORELRRERIZER LTW3,

RKEAWERZ Fig 581277,

F— & BISEE

e R AN T aY{ 2145

o PRSI : GDAPS-3 T4 VHZNLTLARY
o IR : HGS SM-7(f,=10Hz)

o HELHE : 50 miZ¥E

o FIESERE . 25 m

12




F v KN
H#RE

AL —TH
AA—TE

R
WRBEREK
MIEER &
fERAR

(F—& EEE
o [ lLHEWRTF—FNE

240 FrpxAr—ATF s
7T km
6-12 [H

. 16-25 #
AA—T B
. 32-41 #
: #9100 &

8-50 Hz

10 HFE
154

AEHRELBITH D A T A R (HEFEE) (Fig. 44, 46, 47, 49)

AR OILRIT AL OB OISR O N1 T a4 AWEEHETH 5,
REFHLICEEERPTHEIHM L TR Y BEN D OFEBERS OIS K
XM TH 5, Fig. 4413 v FREGFIZR Lz, BERAERSICELTRETHY,
HZIIYECH D, FEERSFTRAICELL TRy, REBERFAHETHLS
E)Rb)bd, Fig 4612 OHIRO A 7ot R BEERSESEE TR L,

Fig. 4TI EAWER. Fig 49ic~4 S v—3 = ERGINER & i3t s oit
BRIZR L, 3 vy FEEMEREICL b T, BN SEEOR VWESSE
FEBFELNTND, Ei, SUHEGEE LIEFITROVIEZR LTINS,
<F— & BRUSHED

BiF

b TN
ZiRaw
FHERAHEE
ZiRAER
F v FIVEL
H#E

2 =T
AA—TF

z%-jﬁﬁ&;

BRERE
MIEBREK

MrEE R &
EEAR

(T Z ALERATREED
® [E Ly —ZaE

NATeY A R3E
GUS-BUS 4 H#AT LAY

:  OYO McSeisl111(f,=8Hz)

25 miZ¥E

25 m

192 48F ¥ FNX AETFHBR) w— Ty
45+ 3 km

26 [A

20

10-55 Hz

25
110 A (Line-1)
70 /A (Line—A)
20 B
120 4
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B3 U NRT F——DF T3 EE

- ALFEEFITEDA 23y 2 — (HEfEE) (Fig. 45, 48)

FEHEE DITBITT AL OFHFEROHERE IR D A >y ZF—RESHThH 5, B
W& F—Hk, FA—BREBEL T, ST 0P A R f 2237 Z—DRE IR 8
Z1T- 7 BHTH D, Fig. 6B 3 v MEGHEER Uiz, £FICERE TH B2,

Fig. 44N 7 adA RBH) LT3 L ETERREERINE LhoTNAE
BRERT. B,

Fig. 48ICESWENZ R L, Fig 47084 7o ¥4 RESREH) L T3 &,
1seclliBTid, LV OBEORVWHERABLATHEIERDNIS, —FL. 3sec
FHEDRHEEL, A 7oL RABHFLEELT, HloTW35,

EEEDREER L LTOL 7 F—OFDEPERTED L L BT, B
BRI L TOBETRAX—ORA b RFICEERT 3 HERD B,

<T—Z BEHE>

o ER AT E—1E
o By : GUS-BUS ¥4 UPEZNAT VALY
e XiE: :  0YO McSeislll (f,=8Hz)
® HELAKRE : 25 miEHE
® TIRNFER : 12.5m
® Fy ¥ : 96 Fypiun—L7Frs
e JIRE ¢ 2.6 km
® RAvZEEFK : 20-30H
o VUTLER 22V
® &E > 3®
® HBRESE : 80 A
o WBEEREK . K48
® {EXAR D 10 &
CF—F LEEE

® [&LiFEHET—~ 0
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BB s F— (FEREE) (Fig. 42,43)

ERTERDA 7 Z—BESEFTH D, REIL, HFRED BIEEL000n/s
EBZAPEROBBIEET IRAMEOEEOTEREOSHFERERTI DI
EEENTELOTHS, QRIIEVER EIZRESh, KBS Fad L 2A0EA
BARFETH-H, Fig 42Cia v MEEFER L, REEASSEE L, Bl
REFEIIRER LBV, Fig QIRESHERZT Lz, BRIaE8 oI £
FERTE D, Zhbid, ZoHEOMEHRERE <R LTV, EEMLDOR
FHRX, BEREICIIERTERY,

<F— & BUGAEED
® &R ARy E—1R
o IR . DFS-V + MSP
o TR ©:  Mark-Products (f;=10Hz)
o HELKEMNE : 20 miZ#E
o TRALAENRE : 10 m
o FyR/L# : 96 F¥IAT—NTF IS
o HBE : 7.6+ 25 km
® RFoJ[EEK : 9-15H
o VLUANE 22 UR
® EE : 3
& MEERE : 355 + 79 &
e MIEERE : 15 B
® {EXAB ;9104
(F—Z NEEE>

o [ELiEmwT—soE

15




4 W ERNEABEEOWH

4.1 =TT HYv—R R Y —FHH |

« RIRE =7 # 2 (Fig. 50)

RKRBCBITH=ZTH Y —2 M) —=—REHTH D, BEIL, LEEETH
BOPHREOEEMIEBENTEY, KIREOHEMREEE, 2BRWEREFIH LN
THERMTEREINZLDTH D,

Fig. S0l ERA b Y —=— - =7 H UVAEDESX & KIELOBESHER R
L7, REEEHREIE, EVHEEERDHY . MHFE LoV RBEESTLTE
V. KEBEOEFREIFFFICR Y, EEICIE, BEBIDESIZHEST, W2
OB DOFFESRREICHERETE S,

{F— Z BISHRE

o EIR . 7300 CIX2, 1,800~2,000 PSI)

o FEHHE :  DFS-V -

® FiR:: : A MY —=—&—T N (500m)

@ TTHUVEE 7 m

® J—T7NAEE : 10m

o ZEEARE : 25 m

® TIRAER : 25 m

@ F ¥ RILE : 20 F ¥ R

e HiHEk : 3HB AF 78 km

o YUIFLRRE 2Z 0

o Fu&kE : 5 %

e AEER#HK : #3110 B
F— & NEEEE>

o iF HEHT —FE .

% F—F T —<v N
*HEF— & OiRE

* CDPREE

* 44 Y B3 —, Deconvolution
* SR AR

* NMOFHIE

* I =— h/COPEES

kT ANE—/Rg—Y T
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4,2 T H v —_S r—F LT

R T H /A =T (Fig. 51, 52, 53)

BRELZBENTA2ABON. BOEBORBNESOBIERSDT H /<L -
—TNVREFITHD, AEL. RERFTHBICHENEE L Bbh a4 B
DOFEFRH THERELIEET 2 BTN D TH B,

Fig. 51iCkE ERATERE L T2 T, RBHRO=T H o /_A r—T L
EOBSHERLEZREE LTEIBERO 7 40 L BEEORL r—T 1
ER—ORFRICERL. BLEOZTH U RHEB, BEOAL oL ARBIZHL
TN PAT &R —TNVRARCEGT 5RESFEOBSHTH B, Z0HE
FFEI I B LS & BRSO RAEOZERONERLITH 2 &
BTED, .

COREWFTIE, BETT BB LT, PVF 730/ _Ar—TAZHES
TolebDTHD, Fig. 52IC3 3 v FER@BI &R Lic, SP2014IL K B DR AR
BTCOZTH o RE, BIESSA7—T N +BEIE T+ OSIEDRE,. SPSTIL
KRBT ERERCOLT H B8, BIEHAAS r—T+B LS4 :r O
BREERLTVWD,

T MBIV, RISV E RS OCPEER T A &ICIE. 17
A ABE/ AT A RIE, 2T HRE/ VAT 4 VEZENRBRET D, .
Eﬁ%ﬁmx7ﬁ/%%hw&hjwﬂﬁ@ar%%m e 4y & DEEAY R
BEBLELRD, TI T, BEOBRLEBLEDIEN, ESINICER/SER
DOMFRDBEN (T H /3, Tl R, DFT7 22/ /f~—711/ (g Faox
) OFHEERTIMLERD D,

INODBMEROESEER ZFigs3icF Lz, B LSS InESsiizisah
B2 BRIESENTRY., INENE LTOERATERETH S,

WREBOEBOELES CX, REHOHEFHBNRERECXx D, ZOHSTIL,
Hige (EERS) ORIBIESER TE 5,

<F— & BRI

o ER . =7 H (500 CI+200 CI, 1,500~2, 000 PSI)

o 1R : GDAPS-3 4 UHZAFLARY

o iR R S e %

® TT7THEE . 5m

® RHELMRE : 25 m

o FiRAKE : 25 m

® F xRN : 96 F R

e HiIFE : 2 km (RS F—T VB DI

e YLUARE 4 YR

® &R : 16

® MBIEERAHK : 2 BRI(SA r—T NEBIEEOR)
5 — & LT ED

o [ LRET—F0E+REER/ ZIREAGEAR
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WP LT A /R4 r—TF N (Fig. 54, 56)

FRE~FERTHHMECOZT I /R r—T VRS Th 5, REER
P HLEE S ORI IR R L O OESH TS 2 H O T 3 = HifTh
NIERETH Y, LSS Tt A R/ 7+ BEL LT, fTbhld
DTH D, ARESEFITIL, Fig. sSUSRLEZERIF LT, =7V EBOLT
2, M7 oY ABBELITFoTWS,

Fig.54iC. =7 W BEBIEH LT, A r—7NZEBI VT F7 4+ 0 ZiEE
REFCAT o L RERET L, ZOVA 7 4 VOMBIEIEBROHERTHY, /4 X
LAV BHEEICRWEEITH AL Z L Bbh3, TR b L L, BIEHO~S{ &
=T NVERGIIHEM B RS/NETH B 2 L BHERCE D, IS, r—TF R
KPZIRO D, HEORERE ) A AR VMEISh37Hé Ebhs,

T FEBITRN T, B B MBI, BEER/SREONN
HETOMNERDD,

HhOHERORKESHERZFie 56177 Lir, BEBEMECIEE1000mEL
ROERED, BN CIIRERIOmE CLRE L TE TV BT RRR X5,

<F— & BASHEE>

® EK ¢ T H (500 CI+200 CI, 1,500~2, 000 PSI)
e FuH . GDAPS-3 F4 CHEAFLRABY
® iRz o R -
e <TT7HIEE 5 m
o RELMME : 25 m
o ZiRAKE : 25 m
® F R : 96 F ¥ R
o JIRE : 2.4 km
e YUA/AME 4 2 U
® E&HEE : 16 #
o B{EER¥ : 2 BfE
F'— & AIRETED

© [EFEYEF— S0+ REER/ SRS ELR
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L

4.3 RN T YA RA-_g r—TVEE

s FFESAL T YA R/RA L —TF ) (Fig. 55, 56)

FRE~FBHHHMNECOL Tat g R/, r—T VBTSN TS 5,

FEREHHEROTERRIINER LU OB TRE S LMNCT B 25
KATONCRAETH D, BERSEI S T A R/ OF 7+ FELE LT, £
BHEEIE =T H o /R =T NRBELIThh TN S,

Fig.85iZ, NA T ad A4 AREBIZH LT, "M Fr—TAZEBLIOSA T+
ZIREFRFCATOREREETR Lic, ZOHTYH, A 7 —F N ZROS/NEAS B 4T
REEF RN B,

T Z BBV TIE, B T X NEDIEN . RRSREEOMMEE
ITHOMERDH B,

INOMHIERDRMEESHER ZFie 56107 Lz, =EEAE CIEEL000mEL
BROZERR, B L CIIEERIOnE CLRE L TE TV ABFREETE 3,

F—F RS E

e EIR o AT eY A R1-4E
o IFgiE : GDAPS-3 F4TUHATVLARY
® TiRER :  HGS SM-7(f=10Hz)
® iR D R =T
o HELKE : 50 miEHE
o TIRAFERE : 25 m
® Fyv RN : 96 F¥ xra—LFTrs
o HIRE : 24 km
© AA—T7% 1 6-12 [=
® RA—T7E 16-25
® XA -—7"1*3&'# 8-50 Hz
e &R . 32-41 #
® RIEEBERE . H950 &
o REERHK : 3 BIE
(F—F LEE

® [E HEMT— 4 0B+ AR IEBIEHTELAR
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5. RAEHMBREREOSBEREIMN
5.1 /N R U= 7
5. 1.1 & IR (Table.1,4-1,4-2)

TERBIROSEE #Table. LI T, T/, TEEBFEOMELEE ¥ Table. 4l2T
3, BIEEEDH % o 7E0ER % Appendix. LKA L,

e ERETEHBRETICBITATERE L LTIX, HESE cCES»EH L, B
TE LI BB E EmANC R IC R N T L— 2 BEBA L EbhTn g, KES
A T L —F OEAFEERFERIRIC BT IS T — R E i IHEA >
ST E—BRAV BB, R

HEERNEMEBEEICRSTATERRE LT ERELS 2B A FICKRH L
THEREREZIRITTH VR EAKRERAWEY 3+ —& T LRI EL DR
TW5B, DT HUVEBRE2 2D EA THRERERS>TWSD, 1 -DIFBOLTAENS/ERL L
TV % Long life @7 H T, & 9 —FILSODERAtED G H o TH B,

Long lifex7 X ORHER TV B AL, EEFERIZBW T ERES &
BOBENRZNZ ET, LAV, BEEEERREL, ©—2 /Tt
BEWEW I HEELEREZ TV, '

CH i, BMERE B RV, BEOMNESERNDRV, i/ ETEEOK
DEE - MNP ERER T, BEEE000psiE THRETE A EHHAREL .,
P CEREET DM EEBIT2REN R EELEZLEOFERH S,

- RRFEIEMRER LR U< —BROICIRESER (v ) b o b E
HEERETDHILORAVLON TR BERRIN T A ELANBETYH—F
AFFRELTWBHDIIZE, FUAE Y MEIE (WESTERN ATLAS INTERNATIONALHD) .
AT T H A5 A (BOLT TECHNOLOGYH:) . LR/ —H (CSMED) Z23% 5.,

5.1.2 ZiEE® (Table.2-1,2-2,5-1,5-2)

EEZIRFOSERE A Table, 2IZRT, £, FEZIRBOMEELEFE 2 Table. 5
IR d, RIEBEEOLF o S EDER % Appendix. 2128 L=,

B2 REHEHMBREICBIT A EEZIERE LTI, 248y FMICEEGE ORI
BEEEE (T OENT 4 NFILE BT T 4 ) 7 REEHIZ200~210Hz/ 2nsec
YTV NCHETERED, A7V T RBEEE240~2500z DB IRICBE L
& A FTDEIRSE (10H) BEDH TN B,

FEHEE RS, BHIEICAWbORA v —Yaky, PRy, N Rakyd
FUF a7y (A7 vend Fa7rrBl o0FBIzHEhTW
2) BIUSHASZIRSBE, S—vyrazy b (BriERE) 2T s4,—2
(F2) & LTRESh TR, EBEAERKOERBFARETH 3,
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B EREEHMBREICRIT 2 TEZIRES L LT, FEHIROKE, BROWRIR
BIUOHITAMBRRIZE Y IS =R = —T N, R N —=&—T 1, HEY
—TN (R F—=TN) BEWSITLATVS,

A MY == —T N, B FEOBBELRBORE &, [RAR—2Z0pE
MR L RETROZHEMI > TRMELREL R3ERIH B, Z ORI E L
T AR—RDEH & BIRFOATRBEH IO LV /IMEDR Y A{ELER MY
—w T —TNVBEBRIN TN D, #ERE (a2 FEEBE LTHAVWTWS r—
TH) CORAYAMMEEFHFLNESOY Yy FRIX N —<r—7 0 (BRI -CREEE
DHBIHEORITE Y ZHIAATEROMKLER NS —T V) BEEERTHS,

5.1.3 B (Table. 3, 6)

EERGHEOSEF 2 Thale. 31T T, T, TEFESMOMEEEL BSR4 Table. 6
ICRd, RSB O L & S E0EE % Appendix. 3IZEfT L,

2 b3 L OYE LR ATERUBIER IC BT 5 T EMBIEGHE L L TR, fEkDIrPH
BROBMESAERE LU Y PFAAZ L eBADEBRENT R LA R, &5
AT PHENT VA b VIEGES, METMLE RTINS, 24E > FADEHRESTOD
HBEIZ LY FTROARKESHTWE,

RiRE A wEA
- IFPIEIERRIC X 2K LUl
BT A CREORERE S : 24y MDCERAICEZmEFAFIv s LU
TIRTTANE L BER . IIRRCT 4V F (IABERB/NEWD) OEA

T T A a— T BT e RATI O DADE HAEE

- HERES/F RN : Y FR7A)NF, [FPHEESRBLT
HEEREEL - LiIc LA EHBEEH{L(GE
a2 Il ) '

=5 G . EREEBROBIC L B TE= X R AREE

FET/MEE (120chELF) 222 TR 21T, TE3ER (IFPHEIERR+16 v MADZE#ASR)
BLUdvy MIOFBRANT a5 LA P TESEBARLATH 3,
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5.2 7 —# BREEI

RABEMEREEROPC, F—FRECEOEEFIEETHY ., PAENSHIRD

- FBHEOREIRE.
- H# T HUEREGE T RR DHLRS .
- FEBROHTE, BRI
- EfET. TEZEDAT ) A4 XORE

LRERBLBBD,
(1) R vEeE,
Q) BE TR OS5 HEEE,
(3) BI#RF R O FEEE.

WoWT, BEANICER LAEETAELARECELZEETILE DS,

(DIZHWTIE, EORBEBFEEZRNVANTHY, BEZRIALXOKEALOEHED
Hid. LVEROBERTZ 50, BHEEOSHENMETTS ().,

R Z2NTHE., ZEAOHBEE FORITRETINTHY, BE200~2550THY |
BEOBMRHEEC LR ET BES, Sn~10nd TI3EEHLH S,

L EiRER  BIRT L—>

HIZOZRE - BIETIX, Bl - ZERBLLVEFNTNHIBREDENRY 2H-E3
BENREY, Thik, BEL - FRAOHBMNEORFAHNREE 2 LT DN,
FHHTH B,

RO ZE AT RIEET 2 RERBE - SREBO7 L—I L0 b A3RENG
LEPTED, LOL2RE, EEEOEERE - B (GEEEIIEREOBEE
TH D) BEFOFEL, N KE < (ERAREIIIHZETHIENRELVN),
Higl ) OREEHRICEECTH 5, ZEB7 V-, SEARED B WVIZZES
FROUEBREILTHO08, — B THB, TLV—ER2ELTHITT31Z2Y, 2HE
OMBIPRIIRTH 2P, BRSEHGTEECMHT3 2L &40, BBFROL
IR T 5,

<BIR - ZE\ERO A—R Mz X 5 REESEOT{

W ERNEREREECIZ, BE - ZIRLbITKBCERISN, R A XERITS
e, KEBTE nTCOBR (R P —~v— RS F—TFN) 2fTFoTCND, FOHEE.
BE-ZRELIEE D ORFE (F—X M) bRERICZIHET S 2 L858 bRk,

T—2 M, ESTRFICEET DRICEEL, H5EEE (SHRBIEE L Ao
BEilXoTRES) &2F- TEFRBICEET S LOTH O, B L ITIEH CIBE T,
BEBRETHHOTH S,

Fig. 2i1LF— R FOETNVRRED AT hAER L, d—R bOKSKIT, L3k
DREMZOFEEOREER S BB ENE (V) vF) 2 & Th D, MOFITIE,
R Z220msec R DBE #1500n/s & 45 & AKIEISMICHY 2 T — 2 N THB DT,
J v FREEIIH2TH D, mARERSERERCBERT DN, 20 vF
ZEAEEEEOMUNIC R RIS IRBIEE LR ETIVNERD S, i, 100Hz
ECORMNEZBEATLH-0ICE., TRBEEIZ. nlBcRETAIHLERD 3,
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5.3 T —& B EIHT
BN AR R EBREE T — F ABOBRNEEFie 5TIZR Uiz, TAbDOEIE%
AT =3,

(V) EBERHARE (CDPRE
BE L - M LICIEBRAET, REET - FAEORLERNRLETHD, 25
FEOFERESR - FRAEEZANT, BHR (BREALZRAOGAEE) 05FE
EERL, RENADOHHERERMEZBCESHR (CDPHR) 2RETS, @
FECDPHEREX. EESERDL/2LT35,

(2) BT ARAT (Refraction Analysis)

B2 b7 — 2 BRERAETHY, EREEORBEELHEL, HTRFENE
EHREFED B DI, EELBENETH D, £TCORBFELENLHBERS
ALY, FOELORER - FHRR - RBEEBEELRIE L THA =D
a v ETY (BBRYA LF—AE) REOBELZRDILDOTHS,

ORI REE-BOES OB X UOEREICRH 3 E2RE{LOMEIE (F
FEFHFEE) OF—2 & LTHVWS, (Fig. 61,62,63)

(3) B/MUFAZE#: (Minimum Phase Conversion)

RATaY L ZOBBTO=Y) b— g YUBEOBRERIZ, TofifEd o
TVWER, BICHRRBEF 2R Y a—a g7 LEBOENEZ S, Thi
I57Hic, BRERLZ PafiBh b8/ MIEERTIARV—F2EREH L, Th
IRERICERTAB/MIEERET S bOTH D, BREELSE/IMIAIZIINS
AF<wAf b WEAS R E— - T H RO TIL, ZOBERTS HLETR
vy,

(4) #2481 (Gain Recovery)

FRi&Tid. REREOREWESRKFEIBELTH30T, ZTREFHELT
ERORRINHET SO0, REHETHZ, RAKOERC X 28E (&3
# (Geometrical Spreading)) ZBEFHETAHORENETHIM, Fk: LT
HUTHEH 5,

- RERBERET ik
- REEBEH (T OBFRTHET 2 5k,
- BEBIERE AGC) TF—FIEFELTHIET I HE:

BEOT—F T, REREHEEOLTIIFRFHSRBEENEL, F—FIIHLT
FA P EITFVRET S,
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BT 2R Y a—3i 3 (Deconvolution) (Fig. 58, 59, 60)
BRR - FIEROFEOCHEBEZRIEL., HEECH VT —F2B3-HOFay
RY 2 VREEITI, BAMHEEEEL TS0, BEEEARE/IMIER
EWHEITIE, ZOABEBBERRIL, RE R0 5 (Fig 58, 59),
Fig. 60I/RT X DT, B/MIFD» BTN 74— & —F L ERIZIZ, Z 080
BRED TRV, 22C, EHOB/MIMERET %, FarRYa—sa
vEERATA L, NABROBRERRAELND,

(6) BEEFEH (Velocity Analysis)

REBEOR S ERNRLBO—>THD, HEHEELHORABEORIRERLE &
7y MERE, RE (RMSEE) OBIfRIT, Bk ORI IR OBIR R B B,
CDZEERANWTEAD—EREE2EREL T, MUBERLIVESEITY &, K4
HIZH LT, BEFSEEOROLBEVESDENEOIND LIRS, “EFHE
LT, SR RBIROPF —& & AWTITH O, BERN Ch3, EEERESE
{Constant Velocity Stack (CVSK)) EEARATHI%Fig 4I0R L7,

(7Y NMOMIE (NMO Correction) _
2538 BEFRAT /R CHE LTS BE R (To, V) 2 W FRICRSAMET B o Lic k. &
EERAR LN, TAZ2AVWTNMOBEEZITY,

(8) ZZ=FH# IE (Residual Statics)
BFEZRAVEHBETE, HENERAMOREEIIBRER<ATEShLS, &
BHMOERS - BRABFOFERFR+5THB, €T NMOBEEZDF—F
DREITEERW-BERBTEEITS,

(9) E& (CDP Stack))
NMOME, BREHMEKRTH, £CDPHORHEERT. F—REICER,
BT - BEE - /A XBEFA—EHLRLR2V, 22T, ThHkELAbES
(BEf) &7, SINDRVWEHEESELNS,

(1) <A 7 —3 3 > Migration)

HERHEE LT, BHEE, §CDPAB»ORAEE COREREERMNT
DCDPUBIZRRINTVD, - T, Ef LAKFEICH LT, BAFHER
EORNEOEM/AIBY, EOWENLEFTNTL 3, ThEBEL. #CDP
ETOBERELZETRICTILEBRwA 7 L—a VUBETHS,
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6. & B

RETEHEBRECESE LT, BL - ELZAThIC o, HKa RBR—ZiRS
OHAEDORILE YV F—FERBEToLAEANE F Lk,

ke E3RAIZ oV T,

oA FvA F—TF T 4+ RE
oS Tt RA—-TF 7 3 VIRAE
o LRI F Uk T 4+ RE
#F EFRE IOV T,
oLy N — zbJ~7~ﬁ§
OLT H—_A r—TNHEE
AL TEHFA A~ fr—T LR _
DEFZINE Ui, FAEE L UC, #EEHES IO EESRoEf 2 &
¥,

RN OETHEEREOEBR L LTI, BEH RIS T4 b A7 adA
ABEBEZoNDN, BEEAMETCIREA A FEELOELSREREN TR
ENd, > THE - BREE TESERER TE CWVBE AL T ot A4 AN ELE
LT3 e Bbhd, #ic, RAERRSEHTHRBIVE0RITHIERR, ¥1
FeA FOEAIGEEREZY, £, FTESEOERMEOANTHR ) 4 AT L
Tk, AT A ABESEEMICEERT —FBREBIT L5,

BEW (9. B8 OBFEE LU, =7V UBRLVBELTNWS, XREES
EELT, 7 HFE, NTIAMEIT T OERELRET ILNERS S,

ZIREE L LTI, @L%m/¢7x/m~&mrkéo&ﬁ%1m _A r—T
N, BRI A B —e— i —TAREE LUy,

IR (BEERE) 2B\ Th, +aRESH - o477y MNEEEERER
THIEREBELRBDNSN, INEERTLHIIE, BERE (N4 Taddg
A) TORERZRE (A —T7N) OF—2BREBLUCRENEE (=7 H)
TOELZER (P4 7x2) OF—FRERLETH D,

EETIEBVWCRET T —R Y —=—DEAEDLDRTF -2 BE2T AT
B\,

F—-F BTV T, EEERETE, 2BEORER. ZEEOTRBICLVE
BENET—EBRETI LD, BEEER - EESEROBELZIBELT
FTNHENREICHETAEERNETH S,
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MAIN CHARACTERISTICS

IMPACTOR
Mass Weight 200 Kg
Baseplate Weight 200 Kg
Impact Speed 8.0 m/s(Max)
Impact Energy 6400 joules

VEHICLE (MITSUBISHI WS-500)
Turning Radius 3.7 m
Speed 30 Km/h

DIMENSION (Including Vehicle)

Width 1.9 m
Length 4.8 m
Height 2.8 m
Weight ' 6.5 ton

Comparison of 24—fold Stack Section
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AIR GUN WAVE FORM AND POWER SPECTRUM

FILTER

12-248 Hz
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WATER GUN WAVE FORM AND POWER SPECTRUM
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Time — Term Method

Shot Receiver
Point Point
i J
v v Voo v
v v _~ v
ai. WEathering : bl
Layer :
s Xi) i s
f Sub-YWeathering E é
; " Layer ; ;
Tij = ai + bi + Xiij
Xij = Elaijk (Po + 8§Pk)

Tij ¢ Travel Time from SP-i to RP-j

ai :  Time-Term at SP-i

bi : Time-Term at RP-j

Aijk :  Ray Path Length of k'th Block

Po > Initial Yalue of Slowness

8Pk : Slowness Perturbation __J_

A Large Number of
p | atb ., bj ,5Pk
|

INVERSION

OBSERVATION SOLUTION
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Table. 1

EEEIROLSE

ERREE FH ki g s Eilp-W BUESE Wi s
TR — ~—
BE k- I (Explosive) ~5000Hz BNy A 424t | BACHAS
N AT V-8 5~ 250Hz Y~2400 {(P#%) VI A-1-1
(Vibrator)
5~ 250Hz HEMI50, 60 (Pi) vl A-1-2
10~ 500Hz MINIBUGGY (P/S#z) |[IVI A-1-6
4~ 100Hz M18HD/620 (Sitk) MERTZ A-1-7
{yn° pi- 9000%" a-¥ | MI-400(P/SH) HuFLEF (JGI) {A-1-9
(Impactor)
2000~2500¥" 2~F  [CIM-MINI165(P/S) |JCI/F&EX |a-1-10
274" ¥ (Land airgun) ~ 300Hz LSS-3B BOLT A-1-11
&, 7%’ v (Air gun) ~ 300Hz Model 1500LL BOLT A-1-12
=i
s =7h" v (Air gun) ~ 300Hz [Model 1500LL BOLT A-1-12
U+—4—4" v (Water Gun) ~ 300Hz Model P400, H400 |SSI A-1-13-
oA BRI ~5000Hz =33 PEastE] A~1-16
(Cap, Primer code) :
~5000Hz BASD(TZ &) PRAKLA
I7-1" ¥ (Air gun) ~ 300Hz Wellseis system [BOLT A-1-17
AN =¥ (Sparker) 100~2000Hz HTSS CSMA A-1-19
200~2000Hz W SWRI
A A 377 AN P 500~5000Hz WER SWRI
(Piezo electric) '
300~2500Hz CHARTS 150 TRONTOA %
N 7"} (Vibrator) 5~ 400Hz 1§d7" 477 -4 (P/S) | CHEVRON
TVFF (RS Model-1333 RHE A-1-21

{Multi Disc)




Table. 2—1 FEZIRERDSE
ERRE 7 BF A% iy BT &R
(27" V7 A R L) R— P
= ZIREE 10Hz (> 250Hz) UM-2 MARK PRODUCTS |A-2-1
(Geophone) ‘
10Hz (> 240Hz) SM-24 I/0 SENSOR A-2-3
10Hz (> 180Hz) SM-7 1/0 SENSOR A-2-5
10Hz (>250Hz) GS-32CT GEO SPACE A-2-7
30Hz M-2 MARK PRODUCTS |[A-2-1
IR EIZ IR 4. 5~100Hz TDC- T MARK PRODUCTS {A-2-9
(3components
geophone) 10Hz SM-24 I/0 SENSOR A-2-3
.4 -y RIS R AR 10Hz UM-2 (MC10) |MARK PRODUCTS [A-2-11
HRHE, {Marshphone)
REEEL A 10Hz SM~24 1/0 SENSOR A-2-13
10Hz GS-32CT GEO SPACE A-2~T
VN VEIRRE 10Hz UM-2 MARK PRODUCTS |A—2-14
{Gimbalphone)
10Hz SG-1.2 I/0 SENSOR A-2-16
8~14Hz GS~GP1 GEO SPACE A-2-18
SRR/ NN ni-y 10Hz GS-PV1-S  {GEO SPACE A-2-20
(Dual sensor)
10Hz SGH-2 I/0 SENSOR A-2-22
=AM -7 6~10KHz/3dB ST-5 INNOVATIVE A-2-23
{(Mini streamer
cable) 7484 k-7" 1 |SYNTRON
N 7~36KHz =+ 3dB BC-5, 6 INNOVATIVE A-2~24
{Bay cable)
7+es"#~7" % [MARK PRODUCTS
WL B, |-l T SYNTRAK480 |SYNTRON A-3-55
FEHESE IR | (Ocean bottm cable) -24H
1/0 SYSTEM |1/0 A-3-63
TWOFH
AN =78 SYNTRAK480 |SYNTRON A-3-T75
(Multi streamer -24
Cable) 1/0 SYSTEM {1/0 A-3-69
TWOH
CENTVRY HYDROSCIENCE  |A-3-80
MUX TECHNOLOGIES




Table. 2—2 FEZRBOSHE
EHRE 847 EEEI{EIRE, TEH it #ygor wAHEE
EREE (H A A% AR
L Sigoa 260°C (F=10Hz) |L-15A-TW MARK PRODUCTS
(Geophone)
260°C (F=10Hz) |[SM-500 1/0 SENSOR A-2-25, 38
200°C (F=8~30Hz) |SMC-1850 GEO SPACE A-2-26
SR IR 20000psi (F=10Hz) |LRS-1300 WESTERN ATLAS [A-2-28
(3components
geophone tool) [20000psi (F=10Hz) {MLR WESTERN ATLAS [A-2-29
1000m Model3042 |JSHAHE A-2-31
VN VB AR Y- SDG-2 I/0 SENSOR A=2~25
(Downhole 3compone _
ts gimbal tool) 20000psi (F=10Hz) |AWG-1300 WESTERN ATLAS
AP BYT Y 600m  (3~1000Hz) |P-27-12C MARK PRODUCTS |A-2-33
(Hydrophone array
tool) 10Km (7~36KHz = 3DB) |DH-6 INNOVATIVE A-2-35
175°C/ (5~4KHz) DHS CSMA A-2-36




Table. 3 FEREOSTR
RS FHR B B st RATEE
(BEREEF v i) 4
BE - [BERRFY TR (1000) |GUS-BUS-I GUS = A-3-1
#H, B ViZ IV E: 5]
RYEIR {Cable Digital B (1000) |GUS~1000 GUS * A-3-3
Telemetry System)
aH (8192) |GDAPS-3 WA (J6I)  [A-3-5
FHR (8128 XN line) |GDAPS-4 J6I A-3-6
B/ EH (8064) |I/0 SYSTEM ONE {1/0 A-8~7
Hig (38400) |[sN3ss8 SERCEL A-3-12
HH (9600) |ARAM24 Geo—X A-3-16
H (7680) |Vision8000 WESTERN A-3-22
EBRT YV I $ERHH (10000) [MYRIASEIS CGG A-3-28
FUAM R
(Radio Digital B/ H#t  (1536) |TELSEIS STAR FAIRFIELD A-3-30
Telemetry System)
RS HH (4000) |POLYSEIS SYNTRON A-3-34
fERR,/H#  (1536) |DIGIFLEX GECO-PRAKL  [A-3-39
R FH (1000) [EAGLE OPSEIS A-3-44
BT ey BHE ( 480) |DAS-2 0Y0 A-3-48
FUAN SRR
{Analog Telemetry |## ( 480) |GALILEO 2460 BISON A-3-50
System)
B { 240) |DFS-V ATI * A-3~52
R WBES-7 VRERGH  |FR (1920) |SYNTRAK480-24 [SYNTRON A-3-55
b/ (Ocean Bottm
Cable System) i (8064) |I/0 SYSTEM TWO |1/0 A-3-63
TFAN - R HER (1920) [SYNTRAK480-24 |SYNTRON A-3~75
(Multi Streamer
Cable System) BR (8064) |I/0 SYSTEM TWO |1/0 A~-3-69
R (1280) |[CENTURY MAX HYDROSCIENCE |A-3-80
TECHNOLOGIES

*PLEF IE



Table. 4-1 FEEIREOMEEHERE

(1/2)
E£REE B L
BEiEAAT R AT —4 A1 8—
B H—hpy R Y—2400(PiK) HEMI50(P;E) =¥ —(P/SiK) M—18.7620(SiK) P/SE BMEA /N I3— (P/SENEREA1304—
BHEHRTAF2 A+ IN—R—4, 38 HEMIBO(Pif) JMI—400 CJI—MINI165
I IN—FO—4 8 <
JREE(HESEE) ANy RRRS OIS AN T | BEBBCRMEMMAL. BEULE | AERETREZHNL, BELLE | SEMSTRDENEL. BRULE | AERHCREIENEL. ELLE | BEN -, EEETELRALE| P/SERE 750/ .
W5 COFMIIMMEEB B Z-LEEH HEEEGEMICHRICEIBE, R MR hicE o 2R, B REEESENITHPISGEIRE. KA BN ESMNIChIcRIBRT. B [LOTUAREDOBEEMEVATL | MEN -3, EEETEEALE
HELIA-Hyy B F R - 7-25-( it BEROBRELCEREND, [SHBEAORRLLTEEIRS, EMRREOBRELTERASNS, |[HHBRPEOBRELTEAZND, |THELTWDED, HROEEET |[LOTEANEEOYELAEVATA
WEEN, BNy &4 DO THEREY 171-5r-2400)0%, MBEEERE | A(7L-SHEMISONE, SRTELEE | tond—1d. BESBETOBIEM | M-18/6170' {7 L-2OIEBEURlE. P ERICHATRGELEEICEA T [ THEBILTWAH, #EOTHEET
f:1$®%®=ﬂtﬁ§‘§ﬂmi:Eiﬁ'd”éo BALIA ATV~ MRBMRICTE L [ LA -7 - HEBIRDICEE Ui BB A S M, MERIL. EBSEE a7 —CRURE, ERRskE |5, FREETTHLANEERERIZ [EBIcEATRYVELEREICEATLY
BERICECTREI-MVHBRY 6 EOUAREY7IaAREEHE T 8 L O AETRAARRERET [E 17HEE. BEBL Y VALERE, | HRICEDSE BN RLE, THEEFaE, FONEAEREL |5, FLETTRCAEEHERNR
T-A-iE S RIERT A, HHTICLISIYRBERESED, |METICLCIVERERESED, | BREREEROREBCERUNITT | HEERIE, BREREA-RTL-FO|TLE, EAROHBIEHETToTL [ TIEE T, TOITRHEASL
ETEAAEE(BRMOBENVES| RUAEMICE. RERBEA-17 | BERERCE. BEERE-27 [bATSY. REBHBOSEXFEGG-) [MERHESTEHRERL. 28N, |3, BHBEORBIEA -2V -HIE [ Tlv3, ERF ORI I RE T TL
EEEEAL. RHMNRNOBEREENL—HIMFT, AN-A7U-rERTm O [L-MoMTT, A =27 b~ E O 7" A NIEHEbY, REIEE KRS A -AT LB ST ADEE,. [[fHbhTTBRAEERLTINE, %. RiLtoRMEA-ATL-HZE
YTMEBRLTICREZ TS, VAT BBREBIT TG, MEEEIL 2|7 HEEHITFTID, HEERE, B|BCRYFITRoEMNTRTSHEERE [nEE., ERCR T HEAEREETS. | HEBREBIORMRHL, H8E [HrohTTetviEERLTLS,
BRIAABRCEBOENESIS |BERLA-ATL-OMEEMNESE EESEN-AT-IOMEEHES: (LTEBHES, AFETRTIEED | FRBE BE/MACEVEONT [BESENEABEATING, HhRIRAL L D RIR RIS, R
LEAILEDEOFRNTIN, WREAL. @B AR - L [BEBEEAL, RBAH, AT E [FRIZEEATE, {050, I0RHVE =4 d B~ AT TR SEIAE | COBRROFME. EHEMMASESR |[ERAEHEESATIN,
BERICHTHEAREQOB R, |CIPIvavAmEE, MEE., TICH|UYTHa0A0EE, MEE, ERcH B eoRBAtTiE, -NELNGLFEEE. EHEON(T |HRICEMSETY 27121181 COBRORNE. BEERILER
BWAZESOmMmOEE T AR FEETTI, TR EMNETS. NN LT LA ERLTOSIoA S = (LA, A-TERELESH YD |CEIcRYPE LSO £ THE, FHRHCHSE S TA A7 L EiTRYT
BEE2 5K SR ALIRAE7.5m HRREREMRNIZENEONLT | HRBE BE/MRICENAON T |HlE, EEEEEIInCHEENE [ kY BB IS — SRS T RAOMII-Y OREHCEEEINE |SCLIcEYPRESHESZEICRETEE
4.5Kg: 9.0m L-3I2 & M — R4 ClE-HE L (LSS kBB~ A—7 Tl EIaE | TD R Z AT E, %, Ein TPk A ATk, BECEN, MEMSICIVEBRER | REOKMIN-Y OSBRSS
6.5Kg: 10.5m -HELREWNEEE, FREOAY [-MELAELESIE. EREON(T | SIHERIT. KB (T L-4ERAT DERMEMNRL. EnfEIcEh, HERMICLVBRERE
8.5Kg: 14.0m L-SERL 2T 2BEBELESHES |b-42RL. A TERELEESHES | DEBLO/-I1-AAHIES, DEBRENRL,
My RISEY ERLREERD D, |CLCIYRBIMY -EHASE T |CelchYRBIAL Y —E A& T TEAh, BB CHBALREET
COBISATHRBIC RS0 meE |3, B SZ&htaTEE, '
EREOBRELT, REORVER
BEETOKPREBRAICERENEE
| ESW AT SAEREN TS,
" . |APPENDEX-1-14888 APPENDEX-1-28/8 HEMIBOH4E  |APPENDEX-1-68R APPENDEX-1-7£ /8 APPENDEX-1-08 8 APPENDEX-1-98:58
<t ER/ME/E  |2Ke/50mmE/Im. 1Ke/26mmBE/2m  {8.2m/2.5m/3.4m B.75m/ m/3.1m 6m/1.8m/2.4m 9.8m/3m/3.8m 5.8m/2.2m/3m 2.5m/1m/2.2m
=y 1774 29y 42by 239ky 8.8k 12k
FiF HRERS AT A DT HE APPENDEX-1-1£:88 APPENDEX-1-3818 APPENDEX-1-68 18 APPENDEX-1-88 8 APPENDEX-1-108 8
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INDUSTRIAL VEHICLES INTERNATIONAL, INC

'birdwagen’

50,000 Pound Vibrator

Hydraulic Drive Articulated 4X4 Vehicle

The ‘birdwagen' MARK IV off-road car-
rier with the HEMI 5@ vibrator is an
advanced seismic source production
sysfem designed for high quality and
high production geophysical prospect-
ing. The 50,000 pound output vibrator
offers broad band output and a high
signal fo noise ratio for the deepest
surveys, The advanced feagtures in-
clude high fidelity output, 4 Speed
fransmissions, variable speed hydrau-
lic motors, noise limiting systems, and
ergonomic operator features. Wagon
wheel articulated steering, which was
first infroduced to the geophysical in-
dustry by VI in 1984, offers safe and

Articulated Steering

i

reliable off road operation. The unigue VI fraction system delivers the massive tractive effort, and
the terrain following capability needed in rugged geophysical prospects.
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CATEGORY

Total Weight

Front Axle Weight

Rear Axle Weight
System Pressure
Transmission

Cab

Turning Radius

Engine - 6V-92T Detroit

'birdwagen’

ENGLISH

52,000 Pounds

25,000 Pounds

27,000 Pounds

3,000 PSi

4 Speed

2 or 3 Man Vista Cab

23 Feet 6 Inches

322 Horsepower @ 2100 RPM

HEMI-50 Viorotor

‘birdwagen' Mark 4b Vehicle

METRIC

29.030 kgf.

11.340 kgf.

12.247 kgf.

204 bar

4 Speed

2 or 3 Man Vista Cab
7.16 meters

240 KW @ 2100 RPM

CATEGORY

Max. Theoretical Peak Force
Mass Piston Area

Reaction Mass Weight
Reaction Mass Stroke
Reaction Centering
Servovalve

Servovalve Pilot Filter
Baseplate Area

Baseplate Assembily Weight
Lift System Stroke

Lift Cylinder Diameter

Lift Synchronization
Vibrator Pump Flow
Holddown Weight

7bndwogew

ENGLISH

50,160 Pounds
16.72 Inches?
6,620 Pounds
3.0 Inches

Alr Springs

200 GPM

3 Micron

4,230 Inches?
4,260 Pounds
34 Inches

3.25 Inches
Split Crossbeam
120 GPM @ 2100 RPM
50,000 Pounds

METRIC

22.748 kgf.
107,92 cm?
3.000 kgf.

7,62 cm.

Alr Springs

756 Ifm

3 Micron
27,290 cm?
1.932 kgf.

86,4 cm.

8.26 cm.

Split Crossbeam
454 I/m @ 2100 RPM
22.680 kgf.

OPTION

Front Winch

Front Winch {High Torque)
Distance Measuring Device
Noise Reduction

Cold Weather Options
Optional Lighting

Cab Protective Structure

DESCRIPTION

Hydraulically powered 20,000 pound winch

Hydraulically powered 30,000 pound winch

Programmable display that shows distance fravelled in chosen units.
Eguipment that limits the ambient noise of the 'birdwagen’ '
Various heaters, covers, and other equipment for cold temperatures
Various vehicle lighting configurations for different local requirements
A cab stucture designed to protect the cab in rugged conditions

Specifications are subject to change without notice. All specifications reflect standard equipment.

@ @

6737 EAST 12TH STREET,
E-MAIL ivi@gnn.com
4bhem 50015096

TULSA,

'birdwagen'

OKLAHOMA 74112 USA.

INDUSTRIAL VEHICLES INTERNATIONAL, INC.

PHONE [918) 836-6516

FAX (918) 838-9529

‘birdwagen'




~INDUSTRIAL VEHICLES INTERNATIONAL, INC

HEMI 60 Vi

Hydraullc Drive Articulated 4X4 Vehicle
Powershlﬂ Tronsm|33|ons

The 'birdwagen' MARK IV off-road car-
rier with the HEMI 60 vibrator Is an
advanced seismic source production
system designed for high quality and
high production geophysical prospect-
ing. The 60,000 pound output vibrator
offers broad band cutput and a high
signal to noise ratio for the deepest
surveys. The advanced features in-
clude high fidelity output, powershift
fransmissions, variable speed hydrau-
lic motors,noise limiting systems, and
ergonomic operator features. Wagon
wheel arficulated steering, which was
first intfroduced 1o the geophysical in-
- dustry by IVl in 1984, offers safe and
reliable off road operation. The unique Vi traction system delivers the massive fractive efforf, and
the terrain following capability needed in rugged geophysical prospects.

Side View Dimensional Drawing of the 'birdwagen' with HEMI 60
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___'birdwagen

CATEGORY

Total Weight

Front Axle Weight

Rear Axle Weight

System Pressure
Transmission

Cab

Turning Radius

Engine - Caterpillar 3406C

‘birdwagen’

ENGLISH

64,000 Pounds

31,500 Pounds

32,500 Pounds

4,000 PSI

IVl Powershiff

2 or 3 Man Vista Cab

26 Feet

400 Horsepower @ 2100 RPM

METRIC

29.030 kgt.

14.288 kof.

14.742 kgf.

276 bar

VI Powershift

2 or 3 Man Vista Cab
7.92 meters

298 KW @ 2100 RPM

[EMI-60 Vibrafor

CATEGORY

Max. Theoretical Peak Force
Mass Piston Area

Reaction Mass Weight
Reaction Mass Stroke
Reaction Centering
Servovalve

Servovalve Pilot Fiiter
Baseplale Area

Baseplate Assembly Weight
Lift System Stroke

Lift Cylinder Diameter

Lift Synchronization
Vibrator Pump Flow
Holddown Weight

'birdwagen'

ENGLISH

61,620 Pounds

20.54 Inches?

8,250 Pounds

Plus or Minus 1.75 Inches
Alr Springs

200 GPM

3 Micron

4,606 Inches?

4,400 Pounds

36 Inches

4.0 Inches

Split Crossbeam

120 GPM @ 2100 RPM
62,000 Pounds

756 Ifm

METRIC

27.950 kgf.

132,5 cm?

3.742 kgf.

Plus or Minus 4,45 cm,
Air-Springs

3 Micron

22.716 cm?

1.996 kgf,

?21.4 cm.

10,16 cm.

Split Crossbeam

454 I/m @ 2100 RPM
28.123 kgf.

'birdwagen'

OPTION

Front Winch

Front Winch (High Torque)
Distance Measuring Device
Noise Reduction

Cold Weather Options
Opfional Lighting

Cab Protective Structure

DESCRIPTION

Hydraulically powered 20,000 pound winch

Hydraufically powered 30,000 pound winch

Programmable display that shows distance travelled in chosen units.
Equipment that limits the ambient noise of the 'birdwagen’

Various heaters, covers, and other equipment for cold femperatures
Various vehicle lighting configurations for different locai requirements
A cab structure designed to protect the cab in rugged conditions

Specifications are subject to change without notice, Al specifications reflect standard equipment,

E-MAIL i@gnn.com

4bhemiB0d\10-96

6737 EAST 12TH STREET, TULSA,

'birdwagen’

OKLAHOMA 74112 US.A.

PHONE (918) 836-6516

[

INDUSTRIAL VEHICLES INTERNATIONAL, INC.

FAX (918} 838-952¢9
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Rotatable S-Wave
MERTZ M18HD/620

e Capabilities include usable P-wave output of o Framework is reinforced, high-strength
50,000 ibs. with optional S-wave operation using rectangular steel tubing. Center section is raised
a 30,000-tb. Rotatable S-Wave. to accommodate a low-profile vibrator actuator.
o Single Deiroit 6V-92T, 325 hp turbocharged e Front-mounted, hydraulic winch with 30,000-1b.
diesel engine powers both vehicle and vibrator capacity complste with roller guide and wire
functions. Reduces operating/maintenance rope.
costs. e Cab features room for operator plus two
s Two 4-speed, hydrostatically driven manual trainees. Fully insulated and complete with heat-
transmissions for simplicity and reliability. ing and air conditioning units. Maximum oper-
o Planetary hub assemblies on rugged 35,000-Ib. ator safety and comfort with protective roll bar.
sieerable axles provide added reliability. o Designed to allow all of the vehicle weight io be
e Air-actuated, drum-type brakes on each of the used as “hold-down” weight.
four wheels. Parking brakes are spring-actuated, e Proven reliable in field operations since 1985.

air-released, for fail-safe operation.

JMERTZ, INC.

P.O. Box 150 / 1701 N. Waverly / Ponca City, OK 74602 USA
Telephone (405) 762-5646 / Telex 74-8553 / FAX 405-765-5221

-]

Excellent mobility in sand or snow.

SALES
8323 Southwest Freeway Suite 800 / Houston, TX 77074 USA
Telephone (713) 270-1101 / Telex 79-4267 / FAX 713-270-7106

Printed in LiISA
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MERTZ M18HD/620 ROTATABLE VIBRATOR

SPECIFICATIONS

VEHICLE DIMENSIONS

Wheelbase 207 in. (5.26 m)

Overall Width 120 in. (3.05 m)

Overall Length 32 ft. 3 in. (9.83 m)

Overall Height 12 ft. 4 in. (3.76 m) pad up

Turning Radius 31.5 ft. (2.6 m) to center of
outside track

. HYDRAULIC PUMPS

Vehicle Drive Two Sundstrand 24 series
Vibrator Drive One Sundstrand 26 series

Vehicle Drive Two Sundstrand 24 series
Winch Drive One Char-Lynn 2000

Vehicle Young OCM150
Vibrator Young OCS-600

Adaptable to either Pelton, Texas Instruments, or
Geosource

NG o S ECERE

Four hydraulic cylinders 2,5 in. (6.4 cm) bore. Four
guide rods.

P-Wave S-Wave
Front 24,000 Ibs. {10,890 kg.) *
Rear 28,600 lbs. {12,970 kg.) *
Gross Weight 52,600 Ibs. (23,860 kg.) *

*Virtually the same as P-Wave
R
EE

Frame Heavy, rectangular, low-alloy, high-strength
steel. Reinforced and welded.

Standard Equipment Cab-mounted, dry-type fire
extinguisher 2 Ibs. {9 kg) Water can and rack

Optional Equipment Various cold starting aids.
Various tires. CAT or Cummins engines.

- WINCH .
Braden hydraulic, 30,000 Ib. (13,608 kg) line pull

Winch Cable 150 ft. {45.75 m), 3/4 in. (1.9 cm}
diameter

VIBRATOR SPECIFICATIONS

Rotatable
Actuaior P-Wave S-Wave
- Weight 9,250 Ibs. 6,000 ibs.
(4,196 kg) (2,722 kg)
Stroke (P-P} 2in. (5.08 cm) 7in. (17.8 cm)
Piston Area 16.67 in.2 10in.2
(107 cm32) (64.5 cm2)
Peak Force 50,000 Ibs. 30,600 Ibs.
(22,680 kg) {13,880 kg)
Servovalve Moog 79C266 Same
Baseplate Wt. 51,000 ibs. Same
(Hold Down) (23,133 kg)
Frequency ‘
5-250 Hz

Range (approx.) 4-100 Hz

ENGINE

Detroit Diesel 8V-92T, 325 hp @ 2100 rpm

Marco Pump Drive, Two Funk HMD Gearboxes

Front and Rear Rockwell PSM-1614, 35,000 Ib.

(15,880 kg) Steerable
R TIRES

Front and Rear 26.5 x 25, 20-Ply, Firestone SRG,
WB E-3

BRAKES

Service 20 1/4 in. x 4 in. Drum on Each Wheel
Parking Fail-Safe, Maxi-Brake, on Each Wheel

Upper and tower cross beams

Steel Construction Fully insulated and carpeted

with air conditioner, heater, and defroster.
Tinted glass.

Triple Seafing Bucket seats for both driver and

trainees complete with seat belts.

Control Panels Full instrumented vehicle and

vibrator control panels.

Double Doors Door on driver and passenger side.

Roll-over protection.
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The Lanc

The Land Air Gun Model LSS-3Bis a
surface seismic energy source de-
signed to produce a powerful, repeat-
able, wide-band impulse each time the
system is fired and the gun is triggered.
Similar in principle to the Marine Air
Gun, it uses water as the medium to
couple a controlled compressed air

¥ Typical sedimentary basin seisric record
acquired with {4) Model LSS-3B Land Air
Guns. Depth at 2.5 seconds is approximately
22,000 feet.

Log Skidder for rough terrain surveys

¥ Model L.85-3B Land Air Gun mounied on
adx6truck

A Model LSS-38 Land Air Gun mounted on a

impulse into the earth. A unique quality
of the Bolt Land Air Gun is the ability to
precisely predict the fire time. The
Land Air Gun is coupled directly to the
earth before firing and the combination
of fire time predictability and source
coupling allows the accurate syn-
chronization of muitiple Land Air Guns
with a stable, repeatable signature--
the essential requirernent for all seismic
data acquisition.

WORLDWIDE APPROVAL

Proven over the years on all types of
terrain in the United States and abroad,
the Land Air Gun provides a capability
for producing quality data at high pro-
duction rates. Single unit crews are
used for shallow high resolution sur-

PRI P 461
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veys, while three to five-unit crews &
employed for deep-basin exploratio
The LSS-3B is designed in modular
form to permit ease of mounting on
wide variety of dormestic and foreigr
vehicles such as 4 x 4 and 4 x 6 tru
swamp buggies and log skidders.

NO ENVIRONMENTAL
RESTRICTIONS

The minimal effect on the surface ar
surrounding environment, has made
the Bolt Land Air Gun exceedingly
popular in the United States as well
in many other countries, particularly
areas where the use of explosives is
prohibited. '

¥ Three Model L5S-38 units being
synchronously fired




The Marine Air Gun

BACKGROUND

Prior to the developrment of the Bolt
PAR® Air Gun, chemical explosive
‘):harges had been used to generate the
. -powerful seismic impulses needed for
offshore geophysical exploration. The
use of high explosives presented the
geophysical exploration industry with
numerous operating problems such as
safety hazards, environmental damage
and lack of precise repeatability. A
number of alternative seismic energy
sources were introduced and aban-
doned by the industry before the
widespread acceptance of the Bolt
Marine Air Gun in the mid-1960's. The
Bolt Air Gun demonstrably eliminated
the numerous undesirable problems
associated with high expiosives.

¥ Long Life Retro-Fit Kit for Bolt's Model
1500C standard Air Gun

A VERSATILE TOOL
The Bolt Air Gun provides geophysi-
Cists with a tool of such versatility that it
has become the worldwide standard
energy source for marine seismic explo-
ration. An important feature of the Bolt
Air Gun is the ability to vary the volume
of air expelled by the gun through the
use of interchangeable firing chambers.
jased on the individual model, the
volumes can range from 1 cubic inch to
9,000 cubic inches. While the major
application for Bolt Air Guns is in geo-
physical exploration for hydrocarbons,
other applications include reservoir
mapping using 3-0 imaging techniques
and deep earth crustal studies.

THE NEED FOR ACCURACY

The Bolt Air Gun is a precision instru-
ment designed for long-term operation
in the harsh marine environment.
Precise electrical triggering and highly
repeatable radiated pulses have al-
lowed the industry to implement the

¥ Model 2800 Air Gun. First gun to feature
Bolt’s patented Long Life design.

powerful concept of tuned and clus-
tered air gun arrays. These arrays may
include as many as 80 air guns and
permit geophysicists to tailor the power
and frequency spectrum of the arrays
to meet survey objectives. Bolt Air Gun
arrays are also particularly suitable to
meet the increasingly important require-
ment for stable seismic signatures
which are demanded for three-
dimensional surveys and advanced
computer imaging.

THE RELIABILITY FACTOR

Marine seismic surveys are carried out
24 hours a day, seven days a week.
Interruptions are costly, and few
“dropouts” are permitted among the
guns in arrays. Consequently, the chal-
lenge has been to perfect a device that

A-1-12

can produce many powerful impulses
per minute for weeks at a time without
failure in the marine environment. This
reliability has been achieved with the
Bolt Air Gun through the Company's
policy of rigorous testing and strict
attention to quality control and re-
search,

NEW DEVELOPMENTS

Recent research and development ef-
fort focused on extending the pericd
between routine air gun maintenance
cycles has led to the introduction of a
new generation of Bolt Air Guns which
can operate over 500,000 “shots”
without failure. This typically amounts
to over two months of seismic vessel
operation. These new “long life” guns,
Models 1500LL and 1900LL, also
provide higher peak sound pressure

A Air bubble from a 8,000 cubic inch Air Gur,
fired at a depth of 35 feet

and an improved frequency spectrum,
as compared with previous models. A
retro-fit kit, which incorporates the
improvements of the new Long Life
Guns, allows users to quickly upgrade
existing Bolt Air Gun Models to the
new standards.
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HYDROPNEUMATIC WATER GUN
& LLES

Specifications

16.71-/2H

Physical :
Material :Stainless Steel
Weight :387Lbs (174Kqg)

PR LT W 0| B PP ST Y00 DT gt [ 174 )

G g,

Operational : 3

Firing Pressure :2000psi(140b)
Air consumption :310cu.in. pershot
Mazx. Firing cycle :8sec.

Min. Firing depth :2 ft (0,6 m)

Repeatability of Implosion Peak
Horizontal : 1 msec/Div.

A

A-1-14



ot A

HYDROPNEUMATIC WATER BUN

——— e

FUTT 48 B I PG Lo e

|
j
- - - g
Specifications |
j 1 . i
16.%e Physical: ;
* Material :Stainless Steel 3
* Weight :374Lbs (168 Kg)
]
Operational : ;
i
o, *» AirFiring pressure :2000 psi (140 b) %
_ 51.12 « Air consumption :10 cui. in. per shot i
* Max.Firingcycle :8sec. ’;
* Min. Firing depth  :2 £t (0,6 m)
Z
i
é
Typical Signature & Spectrum (courtesySeismograph Service Ltd.)
Far Field - Signature Far Field - Spectrum
r ! AT
) o ~
'\ /\_*_\,/'
f \ I/ ™
bl ® \? \ /[
: :
=40
1 -50
1?0 150 200 250 o] 50 100 150 200 250
’ Firing Depth: 20 ft (6m}
Horizontal :12.5msec/Div Horizontal :12.5Hz/Div
Vertical :0.6 bar-m/Div Vertical :5db/Div
Filtering :0-125Hz Ny &
s
—— s— IN
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The Wellseis’ Borehole Energy Source System

The theorctical advaniages of a down-
well seismic energy source for cross-
well seismic imaging and reverse
“lertical Seismic Profile (VSP) surveys
«iave long been understood. However,
practical applications lagged because
of the lack of a suitable energy source.
In 1986, based on years of experi-
mental work in wells, Bolt introduced a
down-well energy source to the in-
dustry. This energy source was de-
signed to provide interwell imaging in
deep producing wells to aid in reservoir
characterizaiion. Another down-well
source was developed for shallow

¥ Bolt's WELLSEIS® shooting Systemn on-site
at g producing oil well

A Typical crosswell configuration used for
interwell reservoir imaging.

enginecring surveys to aid in rock
property investigations.

THE WELLSEIS®

BOREHOLE SYSTEM

Major components of the WELL SEIS®
Source System are a 1-Gun or 3-Gun
WELLSEIS® Borehole Air Gun Tool
and a 2,500M armored air/electrical
umbilical cable. All tools include an
umbilical termination, a casing collar
locator, nearfield gun sensors and a re-
coil-limiting device. The 3-gun tool
contains 3 sets of discharge ports lo-
cated so as to maximize signal strength
while maintaining point-source charac-
teristics. Each gun has an internal
pressure sensor and can be timed
independently. Other major com-
ponents are a hydraulic winch, a high
pressure air compressor and depth
measuring instruments. The system is
mounted on a heavy-duty truck with an
operator’s cab which contains all
controls. A secondary system which
allows for operation in high temperature
(to 420°F) wells or in deviated and hori-
zontal wells has also been developed
by Bolt.

MINI-WELLSEIS®

BOREHOLE SYSTEM

The Mini-Wellseis® Borehole Source
System has been specifically designed
and developed for mineral and engi-
neering type crosswell surveys. Many
of the major features of Bolt's Standard
Wellseis® System are preserved in the

A=-1-17

Mini-Wellsei=® Systern but scaled
down accordingly. This system can be
mounted on a pick-up truck or small
trailer.

INTERWELL

TOMOGRAPHIC IMAGING

The major application of the
WELLSEIS® Systen has been inter-
well tomographic imaging for the pur-
pese of monitoring enharnced oil re-
covery processes, particularly steam
injection. Excellent quality data are ob-
tained at ranges in excess of 500M with
tool depths to 2,500M. Frequencies as
high as 1,500 Hz. have been recorded.

INTERWELL RECORDING

Bolt has developed a WELLSEIS®
Recording System which utilizes a 24-
channel seismograph with a 50-mi-
crosecond sampling interval capability.
A personal computer with appropriate
software provides quality control in-
cluding signatures, spectra and to-
mography scan displays. (Data are
stored in 9-track SEG Y format.)

¥ Steamflood monitoring survey. The change
in velocities indicated by colors shows the
position of the steamn over a 12 month period

A Bolt's 3-Gun WELLSEIS® Air Gun Tool
shown with umbilical termination module
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CSM Associates Limited

Hice TEMPERATURE SPARKER SEISMIC SOURCE

Specification

Electrical output energy

up to 1700 Joules

Discharge voltage up te 5 kY

Energy storage capacitance up to |20 pF

Discharge rate at max output 2 per minute

Maximum wireline cable length 8 km

Acoustic pressure output level 1.5 bar-metre @ 1800Hz
Acoustic output bandwidth 100-2000 Hz

Discharge instant acoustic signal Current pickup/Geophone
Discharge terminal geometry Axial

Tool Power requirement
Surface power supplies

150 Volts at 500 mA max
200 Volts @ | amp

Operating temperature range 0to 175°C
Max operating Pressure 1000 Bar
Pressure housing material High Tensile Stainless Steel
Tool length (2 sections) Zx36m+
casing collar locator
Tool max OD H4 mm
Tool weight in air 300 kg
Operable in water and hydrocarbon wells
Automatic triggering
Cable specification
Industry Standard 7 Core

Conductor assignments: ! Casing collar lacator
2,345 + 200 VDC
6 Spare
7 Geophone 0/P
Armour Return

Cable length 8 km

Notional conductor resistance

30 Ohms/conductor/km

Further information on CSM Associates Ltd's high temperature electronics technology and
borehole tools can be obtained from:

The Technical Director - Tel +44 1209 86014}
Fax +44 1209 861013

Earth Sciences

H Engineering

Mining & Minerls

tnformation
Technology
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7 core. logging cable

Schilumberger head

Thermosyphon

N

mill
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Top heat store

Trigger geophone

[

1

Dewar

Heat pipes

Pressure housing

Charge/discharge electronics
and temperature moniioring

Bottom heat store

Bulkhead

Thermosyphon——

Top heat store

Pressure housing—

Capacitors

Heat pipes

Dewar

Bottom heat store

Protective cage —!

Flexible bag

Electrodes
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The New Standard in Seismic Data Acquisition I'Ill ®

Ultraphone™ Mark’ 2

Mark Products utilizes a scientific breakthrough in
Magnetic Flux Density Technology to develop
the low distortion, Ultraphone” Mark® 2 geophone
(patents pending). This technology, coupled with
other unique features, results in the most
advanced geophone in the seismic indusiry.
Computer-aided design of all parameters and
precision robotic machining of critical parts
ensures constant repeatability of all specifications
throughout the long life of the Ultraphone Mark® 2.

Technical excellence in the design of inductive
damping ensures faithful recording of the true
amplitude of the seismic signal, regardless of
temperature changes in the geophone spread
during the recording day.

Today’s high technology recording systems are
capable of precision measurement of distortion,
sensitivity, damping, natural frequency, phase
characteristics and other operational specifications
of the entire geophone spread. Ultraphone Mark’ 2
gives the user the unique ability to take maximum
advantage of these capabilities.

FEATURES

» Ultra-low distortion

e Ultra-compatibility with modern
24 bit recording systems

° Inductive damping

¢ Spurious-free band pass
@ 1ms sample rate

* High sensitivity

* Precision tolerances

¢ Available in rugged land and
marsh case

ULTRA-LOW DISTORTION UM-Z
GEOPHONE UL

Patents pending.




§
Ultraphone™ Mark’ 2

Mark Products has built its reputation in the seismic industry by providing
outstanding performance and reliability from sensitive electronic components.

The Ultraphone Mark’2 is ready to go to work anywhere in the world,
providing the user with the ability to meet with the most stringent
requirements and parameters.

SPECIFICATIONS

Distortion (@12 Hz, .7 in/sec): Less than 0.02% (typical), maximum
0.05% with tiit from 0° to 20°

Spurious Frequency: Beyond 250 Hz
Frequency: 10 Hz + 2.5%
Open Circuit Damping: 68% + 2.5%
Sensitivity: 27.5 V/Im/sec + 2.5% (0.699 V/in/sec)
Coil Resistance: 395 ohms
Moving Mass: 8.4 gm (0.29 oz)
Coil Travel: 1.78 mm (0.07 in)
Diameter: 27.4 mm (1.08 in)
Length: 31.5 mm (1.24 in)
Weight: 76.4 gm (2.68 oz)
)
' All parameters are 24° C.
80 -
ULTRAPHONE™ UM-2
RESPONSE CURVE
50 |- © UM-2 GEOPHONE
U 10 HZ 395 OHM
a0 — T
P
ao |- Y
T
- L v //
/
. m V]
/
s
E
10— &
/
) /
5 / FREQUENCY - HERTZ CURVE SHUNT DAMPING OUTPUT
A / | | | : A OPEN 0680 27.50
5 10 20 30 40 50 100 200 300 400
Eyi A Division of Shaw Resource Senfies, Inc.
U.S.A.: 10502 FALLSTONE ROAD * HOUSTON, TEXAS 77099 » PH: (713) 498-0600 » FAX: (713} 498-8707 « TELEX: 76-2069
CANADA: 1108 55TH Avenue N.E., Box 73, Station M « Calgary, Alberta, T2P 2G9 Canada » PH: (403) 275-3544 » FAX; (403) 295-1805
2M1094
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Announcing the world's most advanced
geophone—the new SM-24 Low Distor- -
tion Geophone from SENSOR, With an
unprecedented extended spurious fre-
quency response in excess of 240 Hz,
the new SM-24 offers another powerful
ew SENSOR innovation that will make
the difference on your next prospect.
SENSOR...exceeding the standard in
sensor technology. Calf SENSOR to

A Subsidiaryaf INPUT/BUTPUT, INC
US4 {713)388-4466 « England 44 (0) 1603 400516
Conoda {403)252-3982  Holland 31 (0} 715 61 3941

\LL/ >/

JENCY RESPONSE
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Extended Spurious Superphone

SPECIFICATIONS VALUE TOLERANCES
Natural Frequency 10 Hz +/-2.5% (0° to 10" tilt)
Spurious Frequency >240 Hz
Distortion (@ 12 Hz/0.7 ips coil to case) 0.10% or less
at 0" to 10° tilt
Open Circuit Damping 0.25
Damping with 1339 ohm Shunt 0.60 +5/-0%
Sensitivity 28.8 V/m/s +/-2.5%
Coil Resistance 375 ohm +/-2.5%
Max. Coil Excursion 2 mm {p-p}
Moving Mass _ R g
RiBcFn 6000
Diameter 25.4 mm
Height 32.0 mm
Weight 74 g
Guarantee (with normal use*) 3 years

* Normal use excludes damage caused by high voltage and physical damage to the element case,
All specifications specified at 20°C in the vertical position unless otherwise stated.

\II/S/
INFUT/OUTPUT, INC.

1001 Horth Highway 35 Bypass » Alvin, Texas 77511-8552 USA » Fax 713/331-5245 = Phone 713/388-4466
Input/Qutput of Canada, Inc. = 5826 Burbank Roud, S.E. ~ Calgary, Alberta, Canede T2H 123 = Fax 403/252-8550 = Phone 403/252-9962
494 Hurricane Way, Airport Industrial Estate = Norwich NR6 6B England, Norfolk = Telex 975566 SNSRUK G ~ Fox 1603-415143 = Phone 1603-400516
Rouwkooplaan 8 » 2251 AP Voorschoten, Holland ~ Telex 39111 SENSR NL~ Cable SENSOR Voorschoten = Fax 071-5617145 ~ Phane 071-5613941




digital grade

wide band geophone
clean response to
above 300 Hz

=
PRODUCTS
Halliburton Geophysical Services, Inc.
@A Halliburton Company



1) GEOPHONE

2)

BASIC UNIT

FREQUENCY

SPURIOUS RESPONSE
COIL RESISTANCE

TILT

OPEN CIRCUIT DAMPING
SENSITIVITY
DISTORTION

COIL VELOCITY
IMPEDANCE

COIL MASS

COIL TRAVEL
ENVIRONMENT

BASIC UNIT DIMENSIONS

¥ with SHUNT RESISTER
SHUNT RESISTER"
TOTAL DAMPING

SENSOR

SM-T

SPECIFICATIONS

SENSOR SM-TB
10 Hz £ § %

340 Hz

375 Ohms X 5 %
25°

0.26 = 5 %

0.73 V/in/sec * 5 % ( 0.288 V/cm/sec )

: Less than 0.2 % at 12 Hz { Max.

0.7 in/sec P-P
2766 Ohms
11 grams

: 0.08 in ( 2 mm ) P-P

— 40 to +100°C

Diameter 1.00 in ( 2.54 cm )

Height 1.25 ian ( 3.20 ¢m )
Weight 2.59 oz ( 74 grams )
1000 Ohms

0.686 &£ 5 %

tilt 20° )

0.531 V/in/sec = 5 % ( 0.209 V/cm/sec )

SENSITIVITY

TOTAL RESISTANCE 273 Ohms £ 5 %
IMPEDANCE 734 Ohms
GEOPHONE STRING

BASIC UNIT SENSOR SM-7B
CONFIGURATION 3 Series - 3 Parallel
FREQUENCY 10 Hz = 5 %

SPURIOUS RESPONSE
RESISTANCE
DAMPING
SENSITIVITY
DISTORTION

colL VELOCITY
IMPEDANCE
GEOPHONE SHUNT
STRING SHUNT
CONNECTOR

POLARITY

340 Hz
278 Ohms = § %~
0.686 = § %

SPECIFICATIONS

1.593 V/in/sec £ 5 % ( 0.627 V/cn/sec )

Less than 0.2 % at 12 Hz

0.7 in/sec P-P
739 Ohms

1000 Ohms

None

: AMPHIB IV-A4 on both side
Geophone Positive to pin 4,1
Geophone Negative to pin B, 2

up movement = Negative Yalue

{(Connection:+ = pin 4,

A-2-6
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CLOSE TOLERANCE,
HIGH SPURIOUS GEOPHONE

The GS8-32CT is the newest addition to Geo Space’s family of close
tolerance geophones. It features a spurious response in excess of
250 Hz for extended clean band width.

The GS-32CT is fully compatible with its predecessors, the GS-20DX
and the GS-30CT. It offers unsurpassed geophone-to-geophone uni-
formity along with the long-term, field proven reliability that only
Geo Space can provide.

Geo Sggqu

C ORPOR [



Specifications at 25°C.

* Maintains all specifications at Vertical to
20° tilt with the following exception:
larmonic Distortion at 12 Hz (Vertical to 10° tilt).

Frequency
Natural Frequency (Fn):
Typical spurious Frequency:

Resistance
D C Resistance (DCR)

Distortion
Harmonic Distortion

with coil to case velocity of 0.7
in/sec { 1.8 cm/sec ) P-P @ 12 Hz
String, 12 series, damped 70%
String, 12 series, damped 68.3%

With coil to case displacement of
0.0093 in (0.0236 cm) P-P @ 10 Hz

Sensitivity

Intrinsic Voltage Sensitivity (G):

‘ensitivity @ 70% Damping
wensitivity @ 68.3% Damping

Normalized Transduction
Constant:

Damping
Open Circuit Damping (Bo)

Shunt Resjstance for Damping

Calibration

Damping Constant

224

obm

10 Hz £ 2.5%

>250 Hz

395 ohms + 2.5%

<0.10%
<0.03% (Typical)

<0.20%

698 V/in/s, 275 V/cm/s

500 V/in/s, 197 V/em/s £ 2.3%

0351 ¥DCR V/in/s
0138 VDCR V/cm/s
31.6%

1000 dllms

536.0

SHUNT DAMPING!
L0 A OPEN ILa%
a L5000 0%
[+4 Lo0a 10%
L.oo
QR0 /
= — i
Go.g0
. .
E 0.50 / .
0.0 /
7
0.30
iV
0,20] /
" GEQ SPACE CORPORATION
015 HOUSTON TEXAS, U.5,A,
SEISMIC DETECTOR RESPONSE CURVE
OUTPUT ¥5 FREQUENCY
0.10 TYFE__G$32CT _ DETECTCR, MODE!, VERT
HATURAL UNDAMPED FREQUENCY. loog Mz
.08 D. C. RESISTANCE 25 R ATIC
INTRINSIC SENSHTVITY. 0.69% VIDI/SEC
o086 QFEN CIRCUTT DAMPING__31.6 % CF CRITICAL
oo SHT 207 3]s | 98003 REV
i 4 10 15 0 » I 30 2 I 130 200 30 400 500

FREQUENCY (Hz)

G35 ohm

10 Hz +2.5%
>250 Hz

635 ohms + 2.5%

<0.10%

<0.03% (Typical)

<0.20%

880 V/in/s, .346 V/cm/s

Fl

Physical Specifications
Moving Mass (M):
Case to Coil Motion P-P:
Operating and Storage
Temperature:
Dimensions (less terminals*)
Weight
Diameter
Height

395 0z (11.2 2) £2.5%
>.06 in (>.152 cm)

«45° to 100° C
3.030z86¢g

1.001in, 2.54 cm
1.30in, 3.30 cm

*Terminal height is .16 in (41 cm)

Cases Available
PC-801-LP Land Case
PC-801-LPC Land Case
PC-901 Marsh Case

640 V/in/s, 252 V/cm/s + 2.5%

0349 YDCR V/in/s -
0137 NDCR V/eny/s
31.6%
1690 ohms
Specifications are subject to change without notice.
)
852.8
4
SHUNT DAMPING
1.00] A OPEN 31.6%
2] 40200 0%
c 16900 68.1%
2,00
160
g %7}
= 1.00 /
& —— R
E0.80 i R
E 0.60 / Iy <
Q 0.%0] /
0.40 /
GEQ SPACE CORPORATION
0.130) HOUSTON TEXAS, U.5.A,
S£ISMIC DETECTOR RESPONSE CURVE
OUTPUT V5 FREQUENCY
@20, TYFB__G5-3CT  DETECTOR, MODEL_VERT
NATURAL UNDAMFED FREQUENCY 10.00 Hr
L1 D, C. RESISTANCE 635 @ AT25'C
INTRINSIC SENSITIVILY____080__ VANSEC
0. COFEN CIRCUTT DAMPING__ 316 % OF CRITICAL
o SHT 30F 3 [s | oso0a |
5 6 B2 w 15 20 30 4 N W@ 20 100 150 200 00 400 500
FREQUENCY (IT2)

7334 N. Gessner * Houston, TX 77040 US.A.
TEL: (713) 939-7093 « FAX (713) 937-8012
2735-37 Ave. N.E. + Calgary, Alberta T1Y 5R8, Canada
TEL (403) 250-9600 » TLX 038-21172 + FAX (403) 250-9643
E-maily GeoSpace@Worldnet.att.net

€D Site: http://www.geospacecorp.com



The TDC-II land case breaks new ground
in three dimensional seismic sensing.
Available in frequencies from 4.5 to

: 100 Hz, it complements a variety of

) Mark geophones. The compact unit, fea-
turing an easy-to-read replaceable level
bubble, is “O” ring sealed for waterproof
performance. Its three-spike triangular
pattern provides excellent coupling and
accurate orientation.

B Low Profile

B “O" ring sealed for waterproofing to
50 PSI

B Easy-to-readfreplaceable level bubble

B Clearly identifiable arrows for hori-
zontal axes

B Three-spike triangular pattern
B Single and dual cable entry
B Frequency selection —4.5 to 100 Hz.




2M-6-89

CASE TOP
10378

7SCREWS ONTOP
90000-84-H

2 SCREWS ON EA. SIDE

90000-81-H
LEVEL BUBBLE
90085-11 2 PART SEALING GLAND
«O" RING 10379

90120-204-N
CABLE
SU009C-042-B
SEALING GLAND HOUSING
10377
0" RING
90120-237-N
3 ELEMENT CONFIGURATION 0 :
© CASE BOTTOM
10376
CASE SPECIFICATIONS AVAILABLE
Weight with spikes: 22.42 oz. GEOPHONE
Height: 29 in. ELEMENTS
Length: 6.2 in. L-10A Improved  10Hz
Width: 2.7 in. L-28A-1 88&10Hz.
. GEOPHONE II:-288 . ?.5 &8 Hz.
- -28D ' 4 Hz.
. CONNECTIONS L-28LBH 45&8Hz.
Vertical: Red + positive L-40A 40 Hz.
Blue — negative L-40A-1 60 Hz.
Transverse: Green + positive L-40A-2 100 Hz.
White — negative L-40A-3 50 Hz.
Longitudinal: Yellow + positive L-300 30 Hz.
Black — negative
Three spare wires are for
series/paralle! circuits
SPIKES
5777 (SPECIFY LENGTH)

B

Mark Products « (713) 498-0600 « 10502 Fallstone Road » Houston, Texas 77099 « Telex 76-2069 + Fax 713/498-8707
Mark Products « (403) 275-3544 « 1108 55th Ave. N.E. « P.O. Box 73, Station M« Calgary, Alberta, T2P 2G9 Canada
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- Actual Size

|}

The Amphib Marsh Case combines economy with
water-tight construction for use with a variety of Mark
geophones. Made of strong, durable glass-filled nylon,
it features a Thread Lok assembly that prevents normal
loosening from heat, humidity, or fime.

A knot anchor relieves cable stress and works indepen-
dently from the water block so that there is no interfer-
ence with the assembly seal. For added dependability,
the spike attaches onto a case stud for the increased
strength of metal to metal.

The only device of its kind offering a complete water
block, the Amphib Marsh Case is a universal case
designed primarily for Mark's L-10, L-15, L-28 and L-40
geophones. It also has capabilities, with one additional
part, to accommodate other geophones.

FEATURES
THREAD LOK ASSEMBLY

KNOT INDEPENDENT OF
WATER BLOCK

SPIKE ATTACHED TO CASE
METAL TO METAL

GLASS-FILLED NYLON
CONSTRUCTION

UNIVERSAL DESIGN

AMPHIB MARSH M

o omse

Warranty is subject to the terms and conditions listed on our General Warranty
page in this catalog.

M-2-11
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UHP310-001-B

TOP
~+———MARSH GEOPHONE CASE
10201-1

10196-1

SEALING GLAND
PR MARSH GF{%;’E?NE CASE

SEALING SLEEVE
MARSH GEOPHONE CASE
10205-1
(2 Required)

\ GEOPHONE STANDOFF
MARSH GEOPHONE CASE
10197-1

WATER BLOCK
ASSEMBLY

GEOQOPHONE
~———TYPE TO BE SPECIFIED

TN

BOTTOM
=——— MARSH GEOPHONE CASE
1020041 A

SPIKE
. 57771
)
I A Division of Shaw Resource Services, Inc.
U.S.A.: 10502 FALLSTONE ROAD » HOUSTON, TEXAS 77099 « PH: (713) 498-0600 » FAX: (713) 498-8707 - TELEX: 76-2069
CANADA: 1108 55th Avenue N.E., Box 73, Station M « Calgary, Alberta, T2P 2G9 Canada - {403) 275-3544 + FAX: (403} 295-1805
2M405
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* Ultra :.h.one“’- Mark® 2
| Gemml Gimbal :
-ngh Performance Geophone

Land or Water, Gimbal Mounted,
High Performance Geophone

This industry proven, versatile and stable, high perfor- GEMINI GIMBAL FEATURES

mance gimbal geophone offers a marked improvement « TRUNNION ACTION GIMBALS

in transition zone and ocean bottom cable operations.
Designed for use with the Ultraphone™ Mark® 2, this * SUPERIOR GROUND COUPLING CHARACTERISTICS

twin-mounted gimbal takes advantage of Rare Earth ¢ UNIQUE DESIGN MINIMIZES AMBIENT NOISE
Magnet Technology to provide the user with the most o ENVIRONMENTALLY SAFE FLUID DAMPING

advanced geophone in the world.
. . - FULL 360° SINGLE AXIS ROTATION
Installation is quickly made to existing bay or ocean bot-

tom cables with factory-furnished, waterproof/molded RUGGED AND LONG LIFE
connectors. = SMALL AND EASY TO HANDLE

]

A-2-
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SPECIFICATIONS

Frequency, +2.5%

Spurious

Coil Resistance, £5%

Distortion @0.7 ips.

Open Circuit Damping
Sensitivity @ 0.67 Damping,+5%
Case-to-Coil, Motion, p-p

Weight

10 Hz.

Beyond 250 Hz,

790 Ohms

Less than 0.5% @ 12 Hz.
68% + 2.5% (65.5%—70.5%)
55 V/m/s (1.4 V/ips)

1.78 mm (0.070 in.)

2.5 Kg (5.5 1b.)

ALL PARAMETERS ARE SPECIFIED AT 24° C

RESPONSE CURVE
GEMINI GIMBAL

0 Geophone String

U
— T
P

U
T
Y |

!
—m

/
| o /

E

C

v DAMPING  OUTPUT
FREQUENCY - HERTZ 680 55
| | |
4 5 30 40 50 100 200 300 400
Egi A Division of Shaw Resource Serwces Inc.

10502 FALLSTONE ROAD « HOUSTON, TEXAS 77009 « PH: (713) 498-0600 s FAX: (713) 498-8707
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Suspension unit.

A velocity sensitive geophone
for land and water use

A-2-16



Gimbal Suspension Geophone

s
2
i
S
] :
SG-1 with single cable outlet

The Sensor Gimbal suspension geophone has Types of units avaitable:
been developed for use; SG-1 Cable outlet one end
- on land SG-2S  Cable outlet both ends, internal
~ in water too shallow for hydrophones connection series
- in water too deep for planting gecphones 5G-2P  Cable outlet both ends, internal

No planting required, low specific gravity gives
optimum coupling, reduces phase shift and

conneciion parallel

Diameter Length Weight

45 mm (1.77 in) |185 mm (7.28 in}i 1000 g (2.2

amplitude/frequency anomalies. Type
SG-1
The Gimbal case is available with single or dual SG-2

45 mm (1.77 in) | 250 mm (9.84 in)| 1100 g (2.4

cable outlets allowing through line connection and
eliminating the need for troublesome connectors.

Either vertical or horizontal models are available
using the time proven SM-4-7-15 basic uniis with a
special tilt tolerance {up to 30°) to ensure trouble
free operation and to maintain specification even
on irregular surfaces. For compilete basic unit
specification refer to SM-4-7-15 brochures.

Maximum operating depth 100 meters.

Holland England Canada

Rouw«oopiaan 8 484 Hurricane Way 5304 Huballa Ru.S.E
2257 AP Voorscholen Aiport Industrial Estale Calgary. Albertz. T28 176
Faune 071-613041 Horeach [RS 6JB Norlolk Phane: 403-235-3526
Fax. 071-617145 Phone: €03 - 4005 16 Fax: 403-273-1073

Teler: 38711 SEMNSR ML Fax: 60% 415 143

Catne SENSOR Voorscholen Teler 975566 SHSAUR G

A=-2-17

United States

1001 N.Highway 35 Bycass.
Alvin, Texas, 77511-8322
Phone: 713-331-6451

Far: 713-331-5245




GIMBAL GEOPHONE

VELOCITY SENSITIVE GEOPHONE FOR
LAND AND WATER

In keeping with tradition, the Model GS-GP1 gimbal geophone provides
the same industry leading values that customers have learned to expect
from Geo Space. Straightforward construction, rugged dependability,
trouble-free operation, and outstanding cost effectiveness mark the
Model GS-GP1 as a Geo Space product.

Geo Space

CORPORATION

A-2-18



VELOCITY SENSITIVE GEOPHONE FOR LAND AND WATER -

SPECIFICATIONS

Gimbal: Single gimbal construction, oil filled for damping.

Cable Entry: Choice of single entry cable or cable entry from each end.

Geophones: GS-20DX or GS-30CT. See brochure for complete geophone specifications.

Water Depth: 656 feet (200 meters) maximum.

Size Single Entry Dual Entry
Diameter 2.00 in. 2.00 in.
(50.8 mm) (50.8 mm)
Length 8.4 in. 10.5 in.
(213.4 mm) (266.7 mm) (
Weight 2.4 1bs. 2.6 Ibs.
(1.1kg) (1.2 kg)

Specifications are subject to change without notice.

7334 N..Gessner - Houston, TX 77040 U.S.A. (
TEL. (713} 939-7093 « TLX 790433 « FAX (713) 937-8012 !
273537 Ave«N.E. - Calgary, Alberta T1Y 5R8, Canada

TEL. (403) 250.9600 - TLX 038-21172 « FAX (403) 2509643

CORPORATION

O GEO SPACE
Printed tn USA 9/95/1M
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DUAL SENSOR

Standard Dual Sensor Specifications With. Matched Geophone

and Hydrophone Sensitivity

Velocity Sensor Pressure Sensor

2 each GS§-30CT: ' Natural Frequency 10 Hz + 15%

Natural Frequency 10 Hz +2% Sensitivity 6.76 volis/bar £ 1.5 db

Sensitivity 2.55 volts/in/sec 2% Sensitivity change at operational depth less than 3dB
Damping .70 2% (686 t0 .714) Damping .70 typical (.60 to .80)

DC Resistance 3677 ohms £ 4% DC Resistance 871 ohms + 5%

Operational Depth: 1- 656 Ft.

Dual Sensor Physical Dimensions
Length:14.25 in (36.20 cm)
Diameter:2.50 in (6.35 cm)
Weight:4.50 Ib (2.04 Kg)

Consult the factory for information on customizing geophone and hydrophone parameters to
your required specifications.

Specifications @ 25°C, atmospheric pressure.

Specifications are subject to change without notice.

Geo Space

CORPORATION
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DUAL SENSOR C
Frequency Response Curves

20,

15.004

. GEQ SPACE CORPORATION

HOUSTON TEXAS, U.5.A,

RESPONSE CURVE
OUTPUT VS FREQUENCY

1.00 TYPE. G5-PV1-8 PRESSURE SENSOR]
NATURAL UNDAMPED FREQUENCY_ 50.00  Hz
0.80! D. C. RESISTANCE 714 o AT25°C
SENSITIVITY, 6.750 VAR
DAMPING__700 % OF CRITICAL

F 6 ] 15 20 340 50 60 80 100 50 Z00 ¢ 40 500
FREQUENCY (kiz)

B.OO

6.00

4.0M

i

G240
g'z o0 /

2160 /]

g
.20 /
S

0.30]__/
/ GEO SPACE CORPORATION
HOUSYGN TEXAS, ULS.A.

RESPONSE CURVE
OUTPUT VS FREQUENCY

0.40 TYPE____GSPVI8 __ VELOGITY SENSOR|
NATURAL UNDAMPED FREQUENCY_ 1000 Wz
0.32 D. C. RESISTANCE, 877 0 AT25°C
SENSITIVITY, 2.550 VINISEC
02 DAMFING 0.0 % OF CRITICAL

0.60.

.20
56 8 0 3 20 0 40 50 &8 150 0 400 500

FREQUENCY (Hz)

7334 N. Gessner - Houston, TX 77040 U.S.A.
" . TEL. (713) 939-7093 - TLX 790433 + FAX (713) 9378012
A Nl P 273537 Ave. NE. - Calgary, Alberta T1Y 5R8, Canada
TEL. (403) 2509600 « TLX 038-21172 + FAX (403) 250-9643
CORPORATION .

© GEQ SPACE
Printed in USA 3/56/3M
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- Flotation is provided through the use of a closed cell foamed polyurethane jacket on the cable itself. The result is a slight
-1+ positive buoyancy in fresh water. Mass loading and use of depth controllers results in a perfectly balanced cable less
- susceptible to noise caused by changes in sea state. The ST-5's robustness has been demonstrated under extreme adverse
conditions. In Antarctic pack ice, the entire ST-5 solid towed array was dragged over ice with no damage and minimal
disruption of data collection. The ST-5 weighs in at approximately 1/5th of a comparable oil filled array and occupies
1/5th the space. ITI currently produces single and multichannel versions of ST-5. Please call for information on specific
applications.

Specifications:

* Number of receivers: Customer specified

* Number of signal pair: Customer specified

+ Receiver spacing: Customer specified

* Operating bandwidth: 6[1z to 10KHz 3dB

* Number of amplifiers: 1 Amplifier per element

* Amplifier type: Low noise differential w/local driven ground. 20dB/gain

*» Type of sensor: ITI PVDF “C" elements patent pending

*+ Element capacitance: 18nF

¢ Element housing: Patented low turbulence design with positive pressure gradient on all surfaces within 2cm of
the sensing element.

* Array type: Solid, no oil which can be spilled in event of an accident.

* Strength member: Kevlar 900KGF break strength

* Array sensitivity: -188.0dB RE: 1v/pPa

* Array length: Customer specified

* Lead in: Kevlar stress member- diameter 2.73cm -3.45cm depending on # conductors.

* Output Z: 400 Ohm

+ (Cable type: Low density polyurethane

* Element construction: Polyurethane

+ Total array buoyancy: Within 3% of neutral buoyancy.

* Boundary Layer Interface: Hydrophilic polymer

A-2-23



TRANSDU

BC-5 Bottom Cable Hydrophone Array

BC 5is designed for use where multisensor/multichannel bottom referenced -
T\ Jcollect reflector or refractor data. PVDF cylindrical sensors feature high sensite
acceleration, and ruggedness not available in conventional piezo ceramic configurations. Array
hydrophones are designed for high signal-to-noise ratio, and are compatible with all mod
systems. ' '

15 ts of extreme de :
(AN T U design ehar % BC5, the BC-6 is ideal for us 5. BC-6 features
high sensitivity, stable response, and extreme robustness. Arrays uti es are designed for. . -
high signal-to-noise ratio, and are compatible with all modern recording’ R

A EGis GEOHETRICS ES240
e it MY W1 LI g :
2] I, | o=
il s e 4 , b, ho
Lt 26 K7 MOTCY m Rz T cart

123 43870 2w
253424 7423 24 24 70 2+ 24 2,

Material: Polyurethane
Sensor: BC-5 PVDF,BC-6 PZT Cer,
Dimensions: 12.7cm long, 3.2cm
Weight: 334 grams :

Operating Temp: BC 5 -25° to 70 A
Maximum Depth: BC-5 1000m,B 1.
Sensitivity: ~190dB re 1V/pPa ’
Voltage Sensitivity v. Frequency: =0:
Voltage Sensitivity v. Temp: +1.0dB re
Voltage Sensitivity v. Depth: +1.0dB

* Frequency Response*: 7Hz to
* Supply Voltage: 12-36 VDC

* Supply Current: 8ma/hydro

I
Y

reamplification circ

frequencies up to 50
shipping certification, Mod
extra cost,

o1 ‘ciEvesare available at no

LR

A=-2-24






HIGH TEMPERATURE GEOPHONE

The SMC-1850 High Temperature Geophone has been tested at 200° C
for more than 300 hours with no loss in performance specifications.
Its design structure and super strength magnetic field makes the output
of this small geophone equal to or greater than the output of larger
units. Rotating dual coil construction withstands severe shocks and

rough handling. The patented PCB header provides easy and reliable
electrical connections.

Standard natural frequencies are 8, 10, 14 and 30 Hz. Coil resistance is
1850 ohms. All units are available in both vertical and horizontal mod-
els, and are ideal for VSP, tri-axial and gimbal downhole operations.

Geo Space

CORPORATION




HIGH TEMPERATURE GEOPHONE

SPECIFICATIONS
Natural Frequency BO£0S5Hz | 100:05Hz | 140%07Hz | 300 15 Hz
Coil Resistance + 5% 1850 ohms
Intrinsic Sensitivity + 5% 40 Viem/sec (1.02 V/in/sec)
Open Circuit Damping + 10% 70 IR | 50 | 22
Total Harmonic Distortion Less than 1% at 12 Hz or natural frequency whichever is larger
Operating Position Vert Horiz Vert oriz Vert Haoriz Vert to Horiz
Maximum Tilt Within Specifications 10° 3° 20° 5° 30° 10° 180°
Temperature Limits -40°F to 392°F (-40°C to 200°C)

All specifications apply to measurements made after a heat cycle of 200°C and after unit returns to room temperature
(20°C). Units will operate at larger tilt angles, but performance will not necessarily meet specifications.

Maximum Coil Excursion: 0.12 in P-P (3.0 mm P-P)
Suspended Mass: 0.23 0z (6.6 @) _
Dimensions: Diameter: 0.875 in (22.2 mm) Height: 1.04 in (26.4mm) Weight: 1.52 oz (43g)

TEMPERATURE CHARACFERISTICS
Natural Frequency: Negligible temperature dependency
Coil Resistance: Rt = 1,850 (1 + 0.00393 (t - 25°C)

B, . ' G VICM/SEC,
0.80 0410

DAMPING VS TEMPERATURE SENSITIVITY VS TEMPERATURE

SMC-1850, 10 Hz SMC-1850, 10 Hz
070 -} 0405
0.60 0A00
0.50 T T T 0395 T T T
50 100 150 o ¢, 200 50 100 130 T C.
Specifications ate subject to change withouws notice,

7334 N. Gessner- = Houston, TX 77040 U.S.A.
TEL (713) 939-7093 = TLX 790433 « FAX (713) 937-8012

2735-37 Ave N.E. « Calgary, Alberta, Canada T1Y5R8
CORPORATION TEL (403) 250-9600 + TLX 03-821172 » FAX (403) 250-9643

T GEO SPACE A-2~27

Printed in USA /04730




The TRS-1300 Three-Component Downhole
Receiver Tool® from LRS olfers greater sensing
precision and more tlexibility in tield operations
thaw cdoes any comparable tool available today.
The high-performance characceristies male the
LIS-1300 suitable for standard wellsite seismic
applications, such as checkshot, VSE and salt-
dome proximicy surveys, as well as a growing
nunther of borehole-to-borehole surveys.

Bresign Features

¢ Excellent frequency respunse: flat to 350 Hz
for verrical components and 150 Hz for
horizental components

¢ Excellent shear-wave particle motion repro-
ductbility hrec of resonance up to 150 Hz

¢ High clamp-force-to-weight ratio (up ta 7.3:1),
permitting cable slacking to reduce cable-
induced noise and improve acoustic coupling

e Suitable for borehole diameters up w 20 inches

e Pailsafe mechanism thar releases arm upon
loss of power

¢ Optional gimbal-mounting chat keeps ele-
meents normal to cach other at up tw 60° tile**

¢ Isolation box that reduces pickup of 60 Hz
and its harmonics 90 dB down from peal
signal level

¢ Optional wireline simulator for cesting and
calibration

¢ Quick disassembly into rwo units, one for
electronics and the other for all mechanical
componenes

Excellent frequency response [Hat below 150 Hzf and
advanced operating featwres make che LRS-1300 tonl
rhe ideal choiee for dewnhele seismic applicazions.

VI L=s

Western Atlas
International

AL f e

T
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Applications

Advanced Technology

Flexible Qperation

Offshore seismic unit with an MLR
receiver string — Up to five levels of
receivers can be used to reduce rig
time for both offshore and onshore
surveys. MLR system well-site
setup time averages only 20 to 30
minutes to go into the well or rig
down coming out of the hole.

Structural and stratigraphic imaging using zero-, far-, and mulriple-
offset VSPs with vertical-incidence or walkaway shooting

Formation description using AVO and anisotropy techniques for a
betrer understanding of lithology, porosity, pore fluid content, and
the orientacion of vertically aligned fractures

Reservoir characterization using 3-D VEPs, crosswell seismic profiling,
and hydraulic fracture monitoring

.

Saledome imaging using 2-D and 3-D sale-proximity surveys and VSPs.
Both inside and outside surfaces and detached domes can be surveyed.

.

Five rriaxial, gimbal-mounted borehole receivers
» Sensor orientation options

- Standard (0" to 607}, geophone orientation fixed with respect to the
taol body
- High angle (0° to 90°), self orienting to high side of the borehale

Delta-Sigma analogto-digital conwersion (16-channel surface and 16-
channel downhole)

Surface and downhole digital signal processing (DSP)

Fully integrated data acquisition and real-time VSP and velocity survey
on-site processing

2007 C (392" F) maximum borehole temperature rating

Integrated test features controlled from che surface

.

Open hole or cased holes

Retracrable locking arms

Vertical or deviated wells

Excellent three-component acoustic coupling with a-force-to-weight
ratio up to 7.3:1 and maximum locking force of 880 b (399 kg

+ Surface-selectable recording parameters (sample rates, record lengths)
+ 16 surface channels
+ Cornbinable with other logging tools, including the gamma ray

« Qptional interconnect lengths

I
2
7
]
8
4
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Specifications
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Physical Specifications

Diameter

Temperature Rating
Pressure Rating
Borehole Size

Interconnect Lengths

Downhole Receivers

4.0 in. (101.6 mm), 4.15 in. (105.4 mm)
with standoffs

392°F (200°C)
20,000 psi (137.9 MPa)
4.6 to 20.0 in. {117.4 to 508 mm)

50 fr {15 m}; other lengths optional

See AWS-1300 GM downhole receiver flyer

for specifications

Analog-to-Digital Electronics

A/D Converters

Surface Channel Gain

A/D Sampling Rate

Dynamic Range

Resolution

Maximum Input Signal

Input Attenuation

Low-Pass Filter

Digital Elecironics
Digital Signat Processor
Digital Filters

Decimation

Low-Pass Filters
DC Offset Removal

Synchronization Error

Maximum Record Length

Integrated Test Features

A=-2-30

32 individual Delta-Sigma, 1 per channel
{16 surface, 16 downhole)

Selecrable over 0 to 78 dB range

4 kH:z continuous
(internal 64 times oversampling @ 256 kHz)

96 dB minimum

16 bits minimum (17 bits equivalent
@ 1.0 ms sampling, 17.5 bits equivalent
@ 2.0 ms sampling)

+ 10V (= 3.68 V ES. at input to A/D

converters)
2dB
1.2 kHz

Texas Instruments TMS 320C30
Finite Impulse Response (FIR)

0.5, 1.¢, or 2.0 ms sample intervals
{selecrable from surface)

0-600 Hz, 0-300 Hz, or 0-150 Hz
Digital averaging (selectable in or out)

N . . a «
1 psec, FIR reconstruction coincides with
Tzero (time break)

6 sec @ 0.5 ms sampling, 12 sec @ 1.0 ms
sampling, 24 sec @ 2.0 ms sampling

100 Hz oscillator, temperature readout,
power supply and cablehead voltage monitor,
and surface digital-to-analog output
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Vertical seismic profiling yields much useful
information about the subsurface andin many
cases it can assist in the calibration of well
logs to obtain better definition away from
the well bore.

Mark’s Model P-275-12C Hydrophone is a
rugged, sensitive element with a wide band-
pass (3-1000 Hz) whose sensitivity does not
appreciably vary with depth. Hydrophones
are plugged into individual cable sections,
therefore, the instrument can usually be
repaired without sending the entire cable
assembly back to the factory.

-

i S
s

Twelve (12) hydrophones are commonly em-
ployed per cable. Spacing may be altered by
the use of additional cable segments.

FEATURES
SECTIONALIZED CABLE
PLUG-IN HYDROPHONES

VERY HIGH OUTPUT
OUTPUT STABLE WITH DEPTH
SINGLE DETECTOR/STATION

3-1000 HZ BANDPASS
2 INCH (5.08 CM) O.D.
2000 FT (609.6 M) DEPTH RATING

VERTICAL SEISMIC " A 2
PROFILE F=/{=1/1
HYDROPHONES AND CABLE | f = < (& @ <

Basic unil guaranteed for one year on a prorated basis, external voltage and highline
damage nol included in warranty.

Warranty is subjeci Lo the terms and conditions listed on our General Warsanty page

] 2 _ jrtj’his catalog.




Hydrophone

Transductance . .......... ... i 25 Microvolts/Microbar
Outputlmpedance . ............ ... ... .. ... ..... <100 Ohms
OperatingTime ........... ... i .. 250 Hours/Full Charge
Diameter. . ... ... .. 2 Inches (5.08 CM)
Battery ChargingTime. ........... ... . ... ...... 14 Hours (0 to Full Charge)
BatteryChargingRate . ........... ... ... ... ...... 0.025 Amperes
Cable
BreakingStrength ........ ... ... .. .. L. 920 Lbs (3/32"}
Resistance ............... ... ... PRI 47 Ohms/1000 Ft (305 M)
DepthRating ........ ... ... ... . .. . ... 2000 Ft (609.6 M)

) TemperatureRating . ............................. —40°F to 167°F

—40°C to 75°C-

180 g 100
g «
is0] & 23
. b4 |t T 2
= |3 [T]
) 2o & — 4| Z o
& o
par 2
dio| £ P-27-%5-12C  HYDROPHONE o [32
- 5
w o
.| ® OUTPUT VS FREQUENCY 3
220 Z {lo
o INTO 10 K GHM LOAD g
_{o AT 70 K6 PER SQUARE CM
23d o I I | f ‘ 32
FREQUENCY - HERTZ
! 2 34 B 10 20 40 60 100 200 400 600 00O
)
II ® A Division of Shaw Resource Services, Inc.
U.5.A.: 10502 FALLSTONE ROAD - HOUSTON, TEXAS 77099 « PH: {713) 498-0600 » FAX; (713) 498-8707 « TELEX: 76-2069
CANADA: 1108 55th Avenue N.E., Box 73, Station M « Calgary, Alberta, T2P 2G9 Canada - {403) 275-3544 - FAX: (403} 295-1805
2M691
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Specifications:

Preamphflcatlon circuitry can be modified for operation at frequencies up to 50KHz. All hyd
calibrated prior to shipping certification. Models with calibration curves are available at no.

- DH-5 Down-Hole Array

e _depth performance, and high temperature
rophone arrays are available as turn-key systems
strength lead-in cable, high pressure connector, and
 surface winch suitable for truck bed mounting.
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Material: Polyurethane
Sensor: DH-5 PVDF,
DH-6 PZT Ceramic
Dimensions: 1.27cm
diameter wire, 3.81 O.D.
Weight: 334 grams
Operating Temp: DH-5 -25° to 70°C, DI-6 -25°C to 105°C

Maximum Depth: DH-5 1000m, DH-6 10,000m * Voltage Sensitivity v. Frequency +05dB
Sensitivity: -190 dB re 1V /pPA * Frequency Response™ 7Hz to 36KHz +3dB
Voltage Sensitivity v. Temp: +1.0dB re 25°C ° Supply Voltage: 12-36 VDC
Voltage Sensitivity v. Depth: +1.0dB Supply Current: 8ma hydrophone

H o n e HEHE R
I NN RN E RN RE SR P B vo v mmn ww e
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CSM Associates Limitced

DownNaHOLE HYDROPHONE STRING

A b

LCOGRE RS
Gl ) ..‘. -,
‘otatede e ies Ty

A field proven system with an extensive development history. The CSMA
- hydrophone string reflects the current state of the art in terms of design and is
- performance proven by systems currently in use on long-term continuous
deployment.

Its wide bandwidth and excellent dynamic range make it ideal for many geophysical

applications, in particular:

- Interwell seismic surveys Tube wave surveys

Yertical seismic profiling Microseismic event monitoring

The principal features of the string are:

4th generation field proven system

Developed from extensive experience of borehole tool design and utilisation

Modular construction for easy maintenance

Designed for long-term deployment

Simple deployment technigue

Slim lightweight yet rugged construction for easy handling and durabifity
__Fits s_tangfald,Sch!umbgggﬁ’/a" cablehead (can be adapted to fit customer requirements)
Deployed on standard 7-conductor wireline
FM data transmission for reliability and maintaining data integrity
Switchable downhole gain controf
Variable hydrophone separation (2 metre min.) to customer requirements
Up to 5 hydrophones in standard string

Custom Design

The modular design of the hydrophone string means the needs and special

requirements of a particular user can, wherever possible, be accommodated with

minirnal cost penalties.

It is this adaptability which renders the CSMA hydrophone string so valuable to
users requiring "custom” performance without incurring "custom" development
costs.

A-2-36
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Technical Specification
Mechanical

Qutside dia:
Max operating pressure:
Max operating temp:

Hydrophone spacing using cables:

Standard cable head:

Length of hydrophone module:
Depth control device:
Hydrophone:

Hydrophone sensitivity:

Electrical

Signal conditioning unit:
Voltage noise, |kHz:

Signal transmission:

Signal output:

Transmission cable:
Number of gains:

Dynamic range/gain:

Overall system dynamic range:
Signal bandwith:

Crosstalk between channels:
System noise:

Low pass roll off:

High pass roll off:

Phase error

Signal distortion:

70 mm

140 MPa

175°C

2m min

Schlumberger type

1.26m

CCL {optional)

OAS E-45D (pressure balanced)
79ViBar (-82 dB re IViuBar)

differential input, 110 dB CMRR average
7nViroot Hz referred to input

FM, IRIG sub carriers

+ 1V to £ 10V user adjustable (standard + 2.5V)
7 core logging cable

8, £ 100m Bar to £ 0.025m Bar (standard setting)
60 dB

134 dB (8 gains)

54000 Hz @ -6 dB

-60 dB

<5mVY rms at 120°C

48 dBloctave at 4 kHz

6 dBloctave at 5 Hz

less than 1%

less than 0.5%

Rosemanewes, Herniss, Penryn, Cornwall TRIG 9DU, UK Tel (U1209) Seuldl Fax (0] 2 8361313
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High temperature

geophone(260C)
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SENSOR SM-500 HIGH TEMPERATURE GEOPHONE (260°C = 500°F)

The SM-500 is a very high temperature Gold plated springs and precious metal
geophone (260°C) developed by Sensor to contacts designed for optimum contact and
tight specifications to provide long life and reliable performance.

reliable service.
Damping vs Temperature

Electrical Specilications | ] NN
- B3 SH1.£D00 10 Mz 460 £
Natural frequency at 20°C Fn 10 Hz
} Frequency folerance + 1Hz ™
Coil resistance at 20°C Rc | 460 ohm % 10% ™ ™
310 Wm/s >
Sensitivity at 20°C G + 10% 1l
078 WV/in/s .
P
O.C. Damping at 20°C Bo 0.30 + 10% -
Weight of moving mass m | 91 g P
"
Available cgil movement 4 mm PP L, —
{0.16in}
N T
Temperature limit —40°C 1o + 260°C " ] T =
—40°F to+ 500°F
Frequency vs Temperature :
Available working positions: Vertical T 11
Horizontal Str-5000 m';'Js_uJ;
Physical specifications Basic Unit (element) Wi
Diameter ' 254 mm (1.00in)
Height (excl. terminals) 37.0 mm (1.46 in)
) Height (incl. terminals) 41.0 mm (1,61 in)
Weight 101 g (3.56 02)

Sensor reserves the right 1o alter specifications to offer the best
possible product,

e
100 10 i) ™
oon Resistance vs Temperature Sensitivity vs Temperature
| ] NN I [T 1]
Re_crm) ! 52850010 360 crm i 04,5000 10 15 560 o
| i i : G Vimis g i il
! P i T T
Pl f \ P
; i [ ]
' e, 1 Ll o | i {
! H (I : ! | {sz0 | - H P
: i il i ! [
i i i ! \ i \
L~ ! =i !
! i ~_11
I : L [ I
[ ] P : i | S !
’ ! . i | : i :
] [ ‘ ' i | b
I P L ! ! | g
TSR I J
% 10 ) } J a'oJE l . 280 g2 «© [ ‘I I 200 L - 70
Hotland England Canada United States
Rouwkooplaan 8 49A Hurricane Way 6304 Hubalta Rd. S.E. 1001 N.Highway 35 Bypass
2251 AP Voorscholen Airport Industrial Estate Calgary, Alberta, T2B 176 Alvin, Texas, 77511 - B562
Phone: 671 - 613941 Norwich NRG 6JB Morfalkc Phone: 403 - 235 - 3526 Phone: 713 - 331 - 6451
Fax: 071-617145 Phone: 603 - 400516 Fax: 403-273-1073 Fax:713-331.5245
Telex: 39111 SENSR NL Fax: 603-415143
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DIGITAL SEISVIIC TELEMETRY SYSTEM

GUS MANUFACTURING, INC.
8037 LOCKHEED e P.0. BOX 10013 s EL PASO, TEXAS 70991 e« (915] 778-9961
TELEX: 749-442 GUS ELP
8000 HARWIN DRIVE ° SUITE 220  HOUSTON, TEXAS 77032 e (713) 789-6435




THE GUS-BUS
DIGITAL SEISMIC TELEMETRY SYSTEM

INTRODUCTION

The GUS-BUS Digital Seismic Telemetry System is a true telemetry system
designed for the seismic industry. |t consists of remotely controlled data
acquisition units which gather data from the sensors. The gathered data are
processed, digitized, properly formatted and held until the correct time when
they are transmitted (telemetered) to a central recording station. The com-
munication link is a single twin-lead cable between any Remote Data Acquisi-
tion Unit {or RDAU} and the Line Interface Unit (LIU) in the central station.

The object of the GUS-BUS Seismic Telemetry System is to drastically
reduce cable cost and make it operationally feasible to deploy hundreds of
channels in two dimensions, and to provide automatic status checking and roll-
a-long configurations. Without compromising data acquisition accuracy, resc-
luticon, or frequency-amplitude spectral specifications, the RDAU boxes respond
to commands from the recorder unit over inexpensive twin-lead lines. Typically,
ten miles of line may be used {or up to four, ten-mile lines) before it is
necessary to move the recording truck {(some prospects may be recorded entirely
from one setup). Any interval or spacing is feasible. Each RDAU serves four
ground stations, and all ground stations have identical amplitude and fre-
quency response, no matter what distance from the recorder is involved. Field
experience verifies the system claim of absclute freedom from crossfeed and
static or 60 Hz pickup.

IMPORTANT GENERAL SYSTEM SPECIFICATIONS

Mumber of Recorded Channels 384 Standard

768 Optional
Sample Interval 1, 2, or & Milliseconds
Number of Transmission Lines h Standard
RDAU's/Transmission Line 100 Maximum, Standard
Total RDAU's 400 (1600 Channels on the ground)
RoT1-A-Long and Gap Automatic, Solid-State, No Mechanical
. : Switches
Recording Filters Lo-Cut, Notch, and High-Cut

(Alias) Standard

Auto Gain Ranging 6dB Floating Point, 0-84dB Range.
Automatic nulling.

A to D Conversion Sign and 13 or 14 bits, auto-nulled

The following sections give specifications for each unit in a GUS-BUS
system and for system accessories.




S as before, but also on the sweep
Capabllltles fength and listen time. A real-time

The GUS-1000 may be configured full-precision correlator (32 bits) and
for either dynamite, impulse source  summing capability with recursive
v Vibroseis* operation. In the editing is also included in the system.
Jynamite configuration, the memory The system can either correlate after
size is determined by the number of stack or correlate before stack to take

channels, highest sample rate advantage of the technique of using

required and the record length. (Out- different sweep parameters.

put tape is 6250 GCR format.) The GUS-1000 system can be in-
In a Vibroseis™ application, the terfaced to a laser camera (standard)

memory size is dependent on the or optionally to a high-speed digital

number of channels and sample rate plotiing system.

*Vibroseis, service mark of Conoco. Inc.

A-3-3

Data Acquisition Unit

The GUS-1000 may be equipped
with a line interface unit to match
present GUS-BUS RDAUs or with a
unit to match the new GUS remote”
unit — RU-1000.

Using the GUS-BUS RDAUSs, the
line interface can accommodate up to
16 twin leads, each recording 48
channels @ 2 msec for a total system
capability of 768 channels @ 2 msec
sample interval,

Using the new RU-1000 units, the
system capability can be extended to
1000 channels @ 2 msec with only
two input lines on the ground.

The RU-1000 units have an output
data rate an order of magnitude
higher than the RDAUs. This data
rate can be maintained over the in-
put line by using repeater stations.
Data entries to the remote stations
are via a hand-held terminal, thus
eliminating front panel switches en-
tirely. All necessary testing on the
system can be accomplished from the
central control unit.

Correlator

This optional module is capable of
full-precision real-time correlation of
up to 1000 channels @ 2 msec sam-
ple interval. To achieve this speed,
data are converted to the frequency
domain for the correlation.

Summing Module

This optional module consists of
two plug-in cards, one for the
arithmetic unit and one for the edit
function. The standard module uses
the recursive edit concept for the
editing process.

Tape Transport

This new 6250 GCR transport
eliminates the dust problems
associated with vacuum columns. It
is plug-compatible with the STC-
GCR formatter.
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GUS-1000

TELEMETRY CONTROL UNIT

Number of Telemetry
cable inputs
Number of channeis
__per cable
“hle activity
« +nd data monitor-
ing display
Operator controls
on unit

16 max

500 max (RU-1000}

External CRT

None

SYSTEM CONTROL UNIT

Systern Structure

Functional modules with individual uP con-
trollers on high-speed polled synchronous
32-bit data bus and low-speed command bus.

Operator Conirol
Panel

Operator Display

Operator Parameter
Entry

Operator Mode Entry

Extended data and
control interfaces

Internal Data Format

1‘\t}amal Data Rate

Vibroseis* Edit
(Other algarithms
readily implemenzed)

Data Summing

Recorded Data
Format

Remotable

Plasma display panel

12 lines of 40

characters

“Touch” display
panet

7 pushbutions

JIEEE 488 and RS232

IEEE 754, 32-bit
floating point
32 M bytes/sec
aggregate
(1000 channels
@ 2 msec)
Recursive Zeroing

IEEE 754, 32-bit
floating point

SEG D, 2Vi-byte
standard with
IEEE 488 inter-
face for external
header

{Other SEG or proprietary data formats

available)

System Built-in Test Features

Test Initiation
Test Level 1
Test Level 2
Test Level 3

(Operator-
! mitiated)

On Power Up or by
operator request

Internal functional
module

System functional
and data flow

Remote Unit Analog
and Digitat Perfor-
mance

REAL-TIME CORRELATOR

{Integrated in System Control Unit)
Real-time frequency domain, full-precision
correlator incorporating 3 special-purpose
high-speed floating point processors: 2 FFT
processors and 1 Complex Multiply processor.

FFT Processor
Memory Size
Memory Band-

width

All speciiications:shown
) - U 1,011 B3 ile

]

64k x 32 bits
64M bytesisec

s pubhication:d
[TOTICE

IEEE 734, 32-bit
floating point

35M Flops -

Data Format

Arithmetic Speed
(Continuous
with [fO)

1/O (Concurrent) 3M bytesisec

FFT Performance Summary

8k real points 8.192 msec
16k real points 16.384 msec
32k real points 37.449 msec

Complex Multiply/Control Processor
Data Format EEE 754, 32-bit
floating point
Arithmetic Speed  6M Flops
(Continuous

with [/O)
MAGNETIC TAPE UNIT

Format IBM Compatible

Density 6250 GCR or
1600 PE

Speed 125/75 inchesfsec
Read/Write

300 inchesisec

Rewind

Reel Size i0.5 inches

MENMORY UNIT

Capacity 48M bytes incl. full
ECC {12 thousand
channel sec @ 2
msec, double buf-
fered)

192M bytes max
with 3 expansion
chassis

Expansion

MECHANICAL

Telemeatry Control Unit
15.75 inches H x 19 inches W x 20.3
inches D and approx 100 {b Wi
No operator conirols

System Contro! Unit
15.75 inches H x |9 inches W x 20.3
inches D and approx 100 1b Wi
Remotable System Control Panel

Memory Unit
15.75 inches H x 19 inches W x 24
inches D and approx 180 b Wt
Technician Diagnostic Panel

Magnetic Tape Unit
3475 inches H x 19 inches W x |5
inches D and approx 90 [b Wt
Local Control Panel

Tape Formatter Unit
10.3 inches H x 19 inches W x 22
inches D and approx 90 1b Wi
INO operator controls

Above modules packaged in two 19-inch
racks 24 inches W x 29 inches D x 36 inches
H. Total System Power approx 2.0 kKW at
1i5 ¥V 60 Hz
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RU-1000

Channels per unit 4

Preamplifier
Input Impedance
Preamplifier Gains
{remoiely selected)
Equivalent Input

23,33.42dB

Noise Less than 0.3 uV rms
Filters
Low-Cut Filter Type Butterworth
Roll-Cff 18 or 36 dB/octave
Cut-Off
Frequencies 12, 18, 2T Hz

{remortely selected)
(Other frequency sets available by plug-in
component packs})

Notch Filter IN/OUT remotely
selected -
50 Hz or 60 Hz
available
Reject Ratio 43 dB min
Alias Filter Type 5-Pole Cauer
Stop-Band
Attepuation -10 dB above
160, 320, 640 Hz
Cut-Off
Frequencies 80, 160, 320 Hz

(remotely selected)
IFP Amplifier and AD Converter
0-834dB

Gain Range
Gain Step 6dB
Converter 14-bit binary
Min Gain Noise 0.5 mV at Converier
Converter Full
Scale 7.30 volis
Amplifier Offset Auto Nulled

Analog System

Distortion 0.05% rms max.
large signal

Gain Similarity 1.0% from mean
ichannel o
channel}

Full Scale Input 4001200360 mV

Built-in Test Capabilicy

Geophone Resistance Limits

Geophone Array Step Response

Built-in Analog Signal Generator driven by
digita] pattern downloaded from Control Unut
allows [lexible test generation.

Data Transmission: Transmission Line

Three data links on single line.

Seismic data on high- sper.d time division
multiplexed § MHz Tink. Dala burst of 128
bits includes seismic data, status and ECC.

Two low-speed command/siatus links pro-
vide full communication between Remote
Units and Control Unit.

Phiysical ) N

Size 13 inches H x 16 inches
W x 7.3 inches D

Weight 27 Ib incl. bauery

© 1984 anufacturng,:In

10 kilohms and 0.12 uF
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SEISMIC TELEMETRY DATA ACQUISITION SYSTEM

INPUT/OUTPUT, INC.
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Remote Signal Conditioner (MRX)

A/D Converter

Data Channels Per MRX
Preamplifier K-Gain
Dynamic Range

Non-Shorted Input
Instanioneaus DR

Total Dynomic Range

Equivalent Input Hoise
Non-Shoried Input

Maximum Input Signal

Distortion

Channel Gain Moiching
Common Mode Rejection
(rossfeed Isolation
Frequency Response
Time Standard

Inpul Impedance

Differential Mode
Common Mode

24-Bits (23 + Sign)
6

12, 24, 34 or 48 dB
(ireviar X-Gains

8.7-135 Hz, 650 Ohm Source, 2ms Somple Interval
120.0 d8 @ 12 dB K-Gein

119.3 dB @ 24 dB K-Gain

115.0 d8 @ 36 d8 K-Gain

104.1 d8 @ 48 dB X-Gein

140.2 dB

8.7-135 Hz, 650 Ohm Source, 2ms Sample Intervaf
1.408 ¥ RMS @ 12 dB K-Gain
0.381 WV RMS @ 24 dB K-Gain
0.157 ¥ RMS @ 36 d8 K-Gain
0.137 u¥ RMS @ 48 48 K-Gain

1408 mV RMS @ 12 48 K-Goin
352 mY RMS @ 24 d8 K-Gain
88 mY RMS @ 36 dB K-Gain
22 mVY RMS @ 48 dB K-Gain
3982 mY P-P @ 12 dB K-Gain
996 m¥ P~P @ 24 dB K-Gain
249 m¥ P—P @ 34 d8 K-Gain
62 mY P—P @ 48 dB X-Gain
0.0005% THD

0.1%

100 d8 or greater

110 dB or greater

3-750 Hz

1 apm

20K Ohms in parallel with 0.1uf
250K Ohms @ 50-80 Hz

ey e mee e wm oo
S e el N ey
i : 5

D PR e ey S B IR B S
- MINIATURE  REMOTE !SIGNAL 'CONBITIONER (MRX)

Powaring Options (MRX}
> 12Y Battery
» Solar Assist 12V 8attery
> Power-The-Down-Cable

Conventionol MRY-1

Dimansions 9.6"x 9.6"x 7.9"
(24.4em x 24.4 ¢m x 20.0 em)
Weight 151k (6.8 kq)

Amphibious MRX-2

Dimensions 96"x9.6"x 8.7
(244 mx 244 emx 22.1 em)
Weight 16.21b (7.3 kg)

MRX Filters

All fifters are resident ond remotely selectoble including:

» Digita! Anti-Alias Filters Linear or Minimum Phase Response
540 or 750 H: @ 1/2 ms
2700r400H: @ 1 ms
1350r 200 Hz @ 2 ms
68 or 100 Hz @ 4 ms

Rejection above Nyquist Frequency -135 d8
Passband Ripple +/-0.1 dB

{ON or OFF as desired)
32 Frequencies: 3-90 Hz
Slope: 12 dB/octave

» Digita! Low-Cut Filters

» Digital Hi-Line Pickup Eliminator (HPE) (0N or OFF as desired)

(Simultoneous cancellation of 3 sefectuble frequencies)
Power Line Related 50 or 60 Hz {Harmonics and Sub-harmonics)
Fixed Frequencies  Selectable from 3 10 420 Hy
in 0.0 Hz increments
Rejection 80 dB or greater
* Spedirol Shaping Filter (ON or OFF as desired)
(3 Start and 3 End Frequencies for each of 3 End Frequency Boosts)

End Frequency Boost 12dB 18d8 2443
Stast End $tarl  End Start End
Frequency (Hi) 0.7 374 1.5 92.2 1.5 2000
Frequency {Hz) 122, 608 0.1 1490 0.2 3211
Frequency [Hz} 8.0 98.3 327 MO 3.9 5253

MRX Ambient Environmental Specifications
Operating Temperature-50 1o +75 °C
Humidity Ronge 010 100%
Operating Aliitude  To 5500 meters



System Control Module (SCM)

oo ... 7 CENTRAL RECORDING :ELECTRONICS

Tape Transport Modules (TTM)

Dimensions 261" x 176" x 11.3°

{66.3 cm x 44.7 em x 28.7cm)
Weight 75 1h (34.1 kg)
Power 75 Watts

Line Interface Module (LIM)

Dimensions 26.1"x 17.6"x 11.3"
{66.3 cm x 44.7 em x 28.7 em}
Weight 751h (34.1 kg)
Power : 105 Watls .
Choanel Capatity 1008 Channels @ 2 ms

Line Capuacity

] to 128 input lines

Operator Console Modules (OCM)

o
PC Platform

Standard Consele ar Portable onsole
486/386 IBM compatible P

Correlator Stacker Module (CSM} optional

Dimensions 14" x 17" x 26.5°

(35.6 cmx43.] mx 67.3 ¢m)
Weight 12016 (54.4 kg)
Power 250 Watts @ 12VDC

Correlation Capadity

Sample Intervol/Channef Capocily

4ms 27 ms I ms 0.5 ms
Ope C5M 2016 1008 504 257
Four CSMs 8064 4032 2016 1008

A=-3-10

TTH
Dimensions

Weight
Pawer

TTM Model 10
Dimensions

Weight
Power

TTM Model 45
Dimensions

Weight
Power

TTHM Model 40

Dimensions

Weight
Combined Power

Standard 9 Track @ 1600/6250 bpi
17"x 20" x 29" _
{43.2 cm x 50.8 em x 73.7 cm)

155 1b {70.3 kg)

290 Watts

Portable § Track @ 1600/6250 byi

24" x 20" % 15"

(61.0 cm x 50.8 cm x 38.1 (m)
115 b {52.3 kg)

250 Wotts

Standard 18 Trock @ 37,871 bpi
{18M 3480 compatible)

224" x 110" x 148"

{569 cm x 27.9 cm x 37.6 cm}
52 1b{23.5 kg)

250 Watts

Portable 18 Track @ 37,871 bpi

{1BM 3480 compotible)

Tape Unit Controller Unit

32" x 16" x 9.5° I x 16" x 0.5
{81.3mx40.6m  {81.3mx 406 m
% 24.1 tm) x 241 tm)

551h {25 kg} 3586 (15.9 ko)
330 Waliis

Dot Recording Tape Formats

SEG-D 8058
SEG-D 8048

4-Byte |EEE Demultiplexed*
{-Byie Demultiplexed

*[EEE format is documented in
ANSI/IEEE 51d 754-1985

Ambient Environmental Specifications
Central Recording Modules

Operating Temperoture

Storage Temperature
Hemidity Range
Operating Altitude

0to+50°C

4010 +75°C

0 to 100% {Mon-Condensing)
Ta 5500 Meters
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Advanced Line Tap (ALX)

Dimensions 194" x 18.9"x 9.5"
(493 cmx 48.0 amx 24.1 em} -
Weight 321b{14.5 kg)

MRX Carrier Rack
(opacity 9 MRX units (MRX-1 or MRX-2) and
10 MRX batteries {MBP or 58P}

Dimensions 30.3"x 20.5" x 35.4"
{(76.9 cm x 52.1 cm x 89.9 tm}
Weight 91 1b {41.2 kg)

Line Check Module (LCX)

Dimensions 21.0"x 18.0" x 8.0"
{53.3 cm x 45.7 tm x 20.3 m}
Weight 34.51b{15.7 kq)

A = 2]
XPANSIONS ANDIPE

’}f s-?

ERIPHERALS
bt

Battery Packs
MRX-1 Baltery Pack [MBP)

Operotion 36 Hour operafion af 25 °C
Dimensions 8.6"x8.6"x 5.25

(21.8emx 1.8 tmx 13.3 cm)
Weight 15.2 16 {6.9 kq)

MRX-1 Solar Battery Pack (SBP)

Operalion 120% of typical MRX power
Dimensions B.6"x B.6"x 5.25"
{218 mx 21.8 emx13.3(m)
Weight 161 (7.2 kg)
Battery Charger (MBC)
Capacity 16 batteries (MBP or SBP)
Line Voltage 8510 265 YAC

Line Frequency 47 ta 63 Kz
Input Pawer 750 VA

Dimensions 5.8"x27.6"x 154"
(14.7 em x 701 em x 39.1 ¢m)
Weight - 3tIb (14 kg)

InpuifQutput, Inc. reserves the right to change its prod-
tict specifications at any time without notice, in order to
provide the best possible products and services.

’ \//
INPUT/OUTPUT, INC.

12300 Parc Crest Drive » Stafford, Texas 77477 USA - Telex 203391 » Fax 713/879-3500 = Phone 713/933-3339
Input/Cutput of Canada, fnc. + 5526 Burbank Road, S.E. « Calgary, Alberta, Canada T2H 1Z3 + Fax {03/252-8550 * Phone 403/252-9952
Dromalour, Kanturk, County Cork, Ireland + Fax 33329 51130 » Phone 3533 29 51166

SPEC-MEN-XNG, Printsd in USA 0 1991, 12 and 1993 Inpue/Guiput, Ine. all nghes perved, Vaswas U5 and furerga patents pending US patvat number 175085 (%D and 1875, e (Specreat Shapung Filters.
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UNIQUE VERSATILE
“RISMIC SYSTEM FOR
UNIVERSAL USE

The SN 388 is a large capacity, high
resolution system designed for land seismic
data acquisition. Taking advantage of
SERCEL's unequalled experience in cable
telemetry systems, coupled with the most
advanced electronics and workstation
technology, the SN 388 offers the oll
industry versatility and the most relizble
performance within any harsh field
environment, anywhere in the world.

ﬁe SN 388 is composed of a
CENTRAL CONTROL UNIT (CCU) and
electronic field equipment that are
routinely interconnected by electrical
cables. Due to its very low power
consumption, the STATION UNIT (SU),
which performs 24-bit acquisition and
transmission, is remotely powered
through the interconnecting cable using
a DC voltage generated from a small

number of standard 12 VDC batteries,
evenly distributed along the spread.

The SN 388 SU's are manufactured with
custom designed integrated circuits. This
offers the user field upgradable packaging
which contributes to the maximum
flexibility at the lowest cost, and
enhances the performance of the system:
- | channel per SU for high resolution
surveys,

- 3 channels® per SU for 3 component high
resolution surveys,

- 6 channels per SU for large 3-D surveys.

With 650 grams per channel weight
and very low power consumption,

the SN 388 SU gives an unparalleled
advantage in all operations required for
seismic data acquisitions, especially 3D.

CENTRAL CONTROL UNIT
The hardware of the SN 388 CENTRAL
CONTROL UNIT {CCU) takes
advantage of the UNIX™ operating
system and computing network

1200 CH
MODULE

X
TERMINAL|

(A TR
B 3 WA

1200 CH
MODULE

A-3-13

architecture to offer the maximum
expandability and flexibility.

The HUMAN COMPUTER INTERFACE
(HCI) is dedicated to system interaction
with the operator, through a fast and
comprehensive software package specially
designed to ease geophysical operatlons
in the field.

Data acquisition and optional correlation
and stack processing are carried out by one
or more 1200 CH MODULES {up to 16)
to reach the maximum capacity of 19200
channels at 2 ms sample rate or equivalent
data rate capacity.

Expandable and powerful Etherned™ data
network is used to connect the HCJ to
the various modules.

- The raw or processed data are recorded

on magnetic media, either a reel or a
cartridge drive.

Peripheral equipment such as a printer,
plotters or digital camera can be
connected to the CCU to provide data,
operation log and parameter hard copy.
The system has the capability to display a
noise monitor of the complete spread in
real time, without any delay or missing
data due to segmented processing. In
addition, the powerful tool GEQ-QA/QC
can offer a real time QC of seismic data.

TM : UNIX, ETHERNET are registered trademarks of
UNIX Systems Laboratories inc, Xerox Corporation,

(#) on request



TAPE DRIVES
Reel or cartridge tapes can be used as magnetic media on
SN 388 systems, for recording in demultiplexed format:

)
~'SINGLE MODULE
PERFORMS 1200 CH @ 2 MS

ACQUISITION the SSETT tabe drive broi , :
- pe drive provides recording on a widely used

CORRELATION 6250 b.pi. 112 inch tape reel, housed in @ waterproof end
AND STACK portable unit, specially designed for harsh and partable
The hard desi f the 1200 Ch seismic environments,

€ haraware desigh of the The APM which, in addition to - the SCS! 488 CARTRIDGE drive makes it possible to
PORTABLE ACQUISITION MODULES the acquisition itself, performs the record a 3480 I1BM compatible cortridge tape, directly in
(PAM) or ACQUISITION and f the field. For dual drive recording, the standard software

correlation and stack operations,

is packaged within a single 37 kg unit
(0.111 m?), for configurations up to
1200 Channels at 2 ms sample rate,

provides alternate or simufteneaus recording without
additional devices.

DIGITAL CAMERA or VERSATEC PLOTTER
An external digital camera is used to generate a paper

PROCESSING MODULES (APM) is the
key factor to offer a reduction in size and
to enhance performance.

ZERO DEAD TIME OPERATION(*) To facilitate configuration change and record of the acquired seismic data, either in read-after-
To answer the need for Increasing daily equipment maintenance, the five boards write (") or in play-back mode.
production, the 1200 Ch PAM/APM dedicated to acquisition and recording NOISE MONITORING
dul ' ized d a pioedli are identical and fully interchangeable The SN 388 provides real time noise monitoring
;T‘zhi::; :::: t::geannslﬁie :I::tu\:b;gge— he hetween the PAM and APM modules. :ndfenergy d!eve.'s i graphic form within the spread
- isplay window.
drivers and dynamite shooters will - {* excluding tape drive limitation,
't wait for the acquisition system {*¥) with SS8TT tape drive.
-/be ready.
MINIMUM WEIGHT
AND YOLUME

For portable dynamite operations
the PAM houses all necessary electronics
to acquire 1200 Channels at 2 ms sample

rate, within a 22 kg unit (0.088 m?) SN 388 with APM moduie.



“ROSSING STATION UNIT

A CROSSING STATION UNIT {CSU)

is required to connect each line to the
previous line or to the CCU module.

A low attenuation cable is used for this
transverse connection, providing a digital
link over a maximum distance of 800 m
without a repeater.

A 12V standard battery is connected to
each CSU to power its internal circuits as
well as the near SU’s of the relevant
spread line (see also PSU).

TRANSVERSE REPEATER
UNIT

Over a distance of 800 m between two
fines, a TRANSYERSE REPEATER UNIT
(TRU} is required every 800 m to connect

- the line to the previous line or to the

< CU module.

POWER STATION UNIT

A POWER STATION UNIT (PSU} is
required to regenerate the DC voltage
distributed over the line cables to provide
power to the SU’s, A 12 V standard
battery is connected to each PSU.

The number of PSUs in operation depends
on the SU configuration ; one PSU

~is required:

- every 40 channels with the | channel SU,
- every 90 channels with the 3 channel SU,

- every 48 channels with the 6 channel SU.
The CSU acts as a PSU for the line
in which it is inserted.

BAY CABLE UNIT

For transition zone and shalow water
operation. )

MICROWAYE LINK

To offer additional flexibility with full SN
388 capacity.

CABLES

LINE CABLES
- for the single or 3 channe! SU, the cable

‘provides digital transmission and remote

power. The receiver group is directly
connected to the SU socket, to achieve
the highest resolution performance,

- for the 6 channel SU, the cable includes
the digital transmission, remote power,
and acquisition of é receiver groups.

SN 388 SPREAD CONFIGURATION

A-3-15

The receiver groups are connected
to the cable take-outs.

TRANSVERSE

To connect the lines to the CCU,
transverse cables are used (see CSU),
between any two successive CSUs and
between the nearest CSU and the 1200
CH MODULE.

DETOUR

When a detour is
needed along the
seismic line, an
extension cable is laid
down and a PSU is
required at each end
of the extenslon cable,

LINE TESTER
(LT388).

For large 3-D operations, in order to check
the advanced spread lines, a LINE TESTER
(LT388) makes it possible to perform
transmission and receiver tests on the
complete connected line, without CCU
being needed.

TEST AND :
MAINTENANCE SYSTEM
The TEST AND MAINTENANCE
SYSTEM (TMS388}) is designed for testing
or troubleshooting all types of SN 388
field units,

suU suU PsU






Central Recording Unit:
DYNAMIC PERFORMANCE THROUGH FLEXIBLE THINKING

A central recording unit (CRU) is rarely subjected to the same punish-
ment the ground equipment suffers. Nevertheless, failure of any single
CRU component is sometimes why a crew stops shooting.

Geo-X did not want their CRU 1o be |ike those which other manufac-
| furers offer*, Geo-X had no pre-existing IFP system on which its CRU had
“to be based, but there was a list of requirements which we knew a mod-
em CRU just had to meet.

To keep costs down, it must use off-the-shelf technology wherever
possible. It must be based on a software architecture that allows very
rapid introduction of new features developed by Geo-X or a third party.

There must be the maximum level of hardware redundancy within
the system. Upgrading to a greater channel capacity must be low in cost,
requiring only a new circuit board rather than a whole new cabinet, it
must be medular, lightweight and low-power to aflow for flexible truck
mounting and use on portahle crews. it must be genuinely so easy to use,
that minimal training is required.

When Geo-X had fulfilled all these “musts”, they introduced the
industry to ARAM24.

To take advantage of continuing increases in PC
power, Geo-X chose DOS-based PCs as the heart of
the ARAMZ24 CRU. Nothing else comes close for

. costiperformance ratio, variety of peripher-

) als, and almost worldwide availability. Since
ARAM24's introduction, 33MHz 80486
processors have been replaced by 930MHz
Pentiums, and 150MHz units have already
been announced.

In addition, using PC-based architec-
ture for the CRU permits easy networking.
And networking is the most cost-effective
way of increasing processing and data dis-
play functionality. By connecting another
PC or laptop to the CRU, bird-dogs can use
ARAM24 software to access data files and
Tun tests - out of the way of the observer.

) *Geo-X succeeded.

Geo-X chose not to develop its own tape transport interface because
to do so would restrict owners to having to buy storage peripherals from
a sole supplier. Instead, ARAM24 uses industry standard SCSI-Il. The basic
CRU comes complete with multi-gigabyte SCSI hard disk and 5 gigabyte
Exabyte 8mm drives to provide a unique level of data storage redundancy.
Users can also choose 3480 cartridge, 9-track tape drives or virtually any
other existing or future storage devices, as long as they conform to the
SCS! standard.

And since today’s crews can record enormous amounts of data,
ARAM24 writes in SEG-Y, permitting high-speed file location through pro-
prietary header-scan software. it's even possible to view just the data
headers to verify date, time, number of channels and 50 on.

Virtually the only pieces of CRU hardware unique to ARAM24 are
housed in the "Acquisition Bucket.” Interfacing directly with the CRU
Pentium, the standard configuration allows a staggering 3,000 active
channels at 2m$ to be acquired. Upgrading in stages of 700ch/2m5
requires only a single card and a few thousand dollars! Even switching
from dynamite to vibroseis only requires a low-cost software upgrade, not

the purchase of a bulky, expensive correlator.

DYNAMIC FLEXIBILITY

Before ARAM24 development started, Geo-X knew this

" industry was fed up with waiting so long for manufacturers
to offer each new feature,

So we made sure our system could be “software
dynamic" to enable new options to be implemented
rapidly. And the success has been dramatic. Either as
requests from users, or from ideas generated inter-
nally, the list of ARAM24's new features is ongoing.

A-3-17



Each ARAM24 remote unit needs the
connection of only one digital data pair in
and out. The result is that, compared to other
systerns, a medium-sized ARAM24 crew needs
thousands fewer contact points for its teleme-
try to function. That's thousands fewer poten-
tial problems. And thanks to ARAMZ24's
encoding techniques, data bandwidth is little
more than 3MHz, so cables and connectors
can take more abuse before they bother you.

To quote one observer, the result of Geo-X's attention to REAL field
problems is a system that “comes on and stays on.” Maybe that’s the rea-
son ARAM24 crews are so productive!

..-AND MORE CONNECTORS!
LINE CHANGEABLE CONNECTOR

24-bit remote acquisition modules (RAMs) tend to be far more reli-
able than their IFP predecessors. So nowadays the major reason to take
RAMSs off the line can be just to replace warn connectors.

One preblem here is that RAMS can only
generate profits when they're on the line and
working. Another problem is that most engi-
neers want to avoid opening the RAM box
more than necessary. It can let in moisture and
dirt, causing electronit noise to increase. That's
frustrating when mayhe the reason the 24-bit
system was originally chosen was for its
extremely low noise level.

But imagine “line-changeable connec-
tors”. Ones that can be changed in seconds, on the line, by untrained
labour and without special tools. No more unnecessary opening of boxes
and lost preduction. Line-changeable connectors exist as a low cost
option, but only with ARAM24.

ARANM24 "line changeable connector”. Keeping boxes on the line.
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ARAM24 SEISMIC RECORDING SYSTEM SPECIFICATIONS

REMOTE ACQUISITION MODULE

Number of Channels / RAM:
» .

Converter:
24 Bit Delta-Sigma
{23 + Sign)

Dynamic Range:
120.0dB @ 12dB Preamp gain
117.8dB @ 24dB Preamp gain
116.0dB @ 30dB Preamp gain

Maximum Input:
1V RMS @ 12dB Preamp gain
225mV RMS @ 24dB Preamp gain
" 127mV RMS @ 30dB Preamp gain

Input Impedance:
20K ohms differential mode

Equivalent Input Noise:
1uV RMS @ 12dB Preamp gain
3uV RMS @ 24dB-Preamp gain
.20V RMS @ 30dB Preamp gain

Total Harmonic Distortion:
<.0004%

Channel Matching:
Better than 1.0%

Common Mode Rejection:
> 90dB

Time Standard:
+- 5ppm for -40°C 1o +70°C

Crossfeed lsolation:
> 100d8

Frequency Response:
3Hz to 1968 Hz

GEO-X

SYSTEMS LT

Anti-Alias Filters:
{Frequency at -3dB Point)
62Hz @ 4ms or 2ms sampling
82Hz @ 4ms or 2ms sampling
103Hz @ 4ms sampling
123Hz @ 2ms or tms sampling
137Hz @ 3ms sampling
164Hz @ 2ms or 1ms sampling
205Hz @ 2ms sampling
246Hz @ 1ms or 112ms sampling
328Hz @ 1ms or 1/5ms sampling
410Hz @ 1ms sampling
492Hz @ 1l2ms or 1;'4ms sampling
656Hz @ 1l2ms or 1)'4ms sampling
820Hz @ 1l2ms sampling
984Hz @ 1l4ms sampling
1312Hz @ 1/4ms sampling
1640Hz @ 1:‘,;,ms sampling
1968Hz @ 1lgms sampling

Rejection at Nyquist:
130dB

Remote Functions:
Normal Acquisition Mode
Repeater Mode
Low Power Mode
Line Termination Mode

Low Distortion Oscillator Test Mode

Power Connectors:
2in parallel

Maximum Distance Between RAMS:

1890 ft, (576m) Twisted-Pair

Telemetry:
Twisted-Pair Wire Cable to
geophone string.

Co-ax wire or twisted pair transmission
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LINE TAP UNITS:

Functions:
3 way line junction
Missing RAM detect & replace

Connections:
A Side: 1024 channels
B Side: 1024 channels
Line Side: Up to LIU Maximum

Record on Base Line;
) Yes

PHYSICAL SPECIFICATIONS:

RAM: (with bumper bars and Line Changeable Connectors)
Size: W 9.25" X D 9.75" X H 4.7" (23cm X 25¢m X 12em)
“Weight: 13.5 Ibs (6.tkg)
Power Supply: 12 or 24 volt battery
Consurnption: 200mW /Channe!

Battery:

12 amp hour battery bag

Sizet W9" XD 5" XH 7% {22.9¢m X 12.7cm X 17.8¢m})
Weight: 18.7 Ibs (8.5kg)

Recharge Time: 10 hours

Contfnuous Use: 85hrs. @ 20° C

Solar Panel: 3 Watt Output

Line Tap Unit:
Size: W 0.25" X D 9.75" X H 275" (23cm X 25¢m X 7em)
Weight: 9.7 bs {4.4kg)
Power Supply: 12 or 24 volt battery
Consumption: 2.3W /Tap max,

Battery Charger: (Charge 10 batteries simultaneously)
Size: W 18.5" X D 16.5" X H 9.8" {47cm X 42cm X 25¢m)
Weight: 38.9 Ibs (18kg)

Power Supply: 116V 60cyl AC or 220V 50cyl AC

ARAM24 CENTRAL UNIT

Number of Channels:
9600 Channels @ 4ms 1200 Channels @ 1/2ms
4800 Channels @ 2ms 600 Channels @ 1/4ms

) 2400 Channels@ tms 300 Channels @ 1/8ms
Line Interface Unit Capacity:

{Look Ahead / LIU) Up to 4000 Channels
{Recording / LILJ) Anti-Alias Fifter
1280 Channels @ 4ms, 62Hz
640 Channels @ 2ms 123Hz

320 Channels @ 1Tms 246Hz

160 Channels @ 12ms 492Hz

80 Channels @ 1/4ms 984Hz

40 Channels @ 1/8ms 1968Hz

{Receiver Lines / LIU)

The total number of lines in is limited only by the LIJ channel
capacity. The upper end maximurm is 128 receiver lines using
128 Line Tap Units.
System Line Interface Capacity:

8LIUs, up to 128 lines per Line Interface Unit.

ecording Format:
9-Track, 3480, or 8mm cassette
Demultiplexed SEG-Y tape format in 4 byte configuration.
Dernuitiplexed SEG-D (8058 IEEE).

Record Length:
From SR (Sampie Rate) to a maximum of
128 seconds at a 2ms SR.

Tape Transport:
MarkIV 1/2” 9-track Quad Density Tape Drive
Exabyte 8505 8mm Cassette Drive
Fujitsu 3480 Cartridge Drive
SCSI Controller

Roll-Along:
Sottware Controlled Automatic Roll-Along where the
maximum channel handling limit is a function of the
system configuration.

Calibration:
Automatic DC Offset Removal
Remote Preamp Gain Selection
Software controlled Remote Line Tap configuration

Remote Monitoring:
Low Battery
Open Cable
Converter Status
Check Sum
Serial No.
RAM Configuration
RAM Orientation
RAM Transfer
TAP Configuration
TAP Serial No,
Transmission Error*
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System Testing:
Automatic Daily & Stait-Up Tests
Continuous System Diagnostic Test
Hard Copy of System Integrity Test

Remote Testing:
Channel Pulse
Channel Resistance
Channe! Distortion*
Channel Common Mode Rejection*
Channel Crossfeed
Equivalent Input Noise
String Pulse
String Resistance
String Distortion*
String Leakage*
Analog Crossfeed
String Noise

Data Analysis:

Multiple Scaling Options {Exponeniial, AGC, ...)

Polarity Reversal
Deconvolution (Spiking or Zero Phase)
NMO

Narrow Band Filtering
Bandpass Filtering

Notch Filtering

Amplitude & Phase Analysis
Data Stacking

F-K filter

3D Fold Analysis

Video & Hardcopy Output

DATA DISPLAY

Thermal Plotter:
Display from Disc or Tape
Odd/Even Displays
Selectable Playback Filters
Selectable Horizontal & Vertical Scale
Selectable Data Windows
Selectable Gain Methods
Muitiple & Variable Plots per Record
Alphanumeric print out
12" or 24" Thermal Plotter

Monitor:
Wigale / VA / Wiggle & VA
Selectable Horizontal & Vertical Scale
Selectable Gain Methods
Flip Screen Images
Instantanecus Amplitude Analysis
Filtering

VIBROSEIS OPTIONS:

Frequency Domain Correlator
{12 Second Sweep)

Correlation & Summing
400,000 Samp/Sec.

* New Testing Capabilities, Note: Ram MK Il contains a downloadable low distortion oscillator capable of autputting up to a 8 sec. test signal.

Summing Options:
Sum before Correlation
Moise Burst Edit
Diversity stack
Sum only

PHYSICAL SPECIFICATIONS:

Central Recording Equipment:
{Portable Packaging)

Operator Console:
Pentium-90 with two 8mm drives
Size: W 21,25" XD 24" X H 12
{(54cm X 61cm X 31em)
Weight: 77 |bs {35kg)
Power; 310 watts

Fujitsu 3480 Tape Transport;
Size: W 11.5" XD 225" X H 13"
{2%m X 57cm X 33cm)
Weight: 59 |bs (27kg)
Power: 250 watts

Monitor & Keyboard:
NEMA 4 rated 10.4" TFT Monitor
Keyhoard & Trackball
Size; W 18" X D 20* XH 11"
{45cm X S1cm X 27cm)
Weight: 48 Ibs (22kg;)
Power: 44 watts

Control Unit & Line Interface:

Size: W 21,25 XD 21" X H 14.5"
(54cm X 53cm X 37em)

Weight: 77 Ibs (35kg)
Power: 240 watts

OYO Thermal Plotter:
Size: W 12.25" X D 19.7" X H 13"

(431cm X 50cm X 33¢m)

Weight: 42 Ibs {19kg)
Power: 280 watts

Vibroseis Module:

Frequency Domain Correlator

No additional packaging/power requirement

ENVIRONMENTAL.:

Central Recording Equipment:
Operating: 0°C to +50°C
Storage: -10°C to +70°C
Hurnidity: 5-100% (no condensation)

Ground Equipment;
Operating: -40°C to +70°C
Storage:  -45°C to +85°C
Humidity: 5-100%

A=3-21



ON

S

i~
o
=5E




VISION 8000 SYSTEM ARCHITECTURE
‘ -‘.)IEDIZED, COMPACT, MODULAR COMPONENTS
The VISION 8000 recording system is based
on a pipelined, VME RISC workstation architecture

with revolutionary crossline telemetry int{;rfacing
the field-proven VISION 24-bit Line

Acquisition Modules.

" The Cenlral Recorder system can
be deployed rack meunted or man-portable.

It features integrated correlation and stacking
.. tkjbi[ities, including vertical and diversity
stacking and adaptive noise editing algorithms,
dual tape write capabilities, and total system
performance QC.

Distributed Line Modules (DLM) each process
up to 1,920 channels of seismic data received from
the ground electronics through a single optical
fiber C-Link. The Central Management Module
(CMM) handles overall system control and provides
the Facilities for input and display of system control,

. )ad, and status information. The Distributed

Recording Module (DRM) interfaces the
system with the Cartridge Tape Module(s) {CTM)
housing the recording media. Up to seven tape

modules may be inlerfaced to the DRM, providing

the ultimate in recording media flexibility.
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SEISMIC

)?.ecarding Capacity
7,680 channels maximum @ 2 and 4 ms
3,840 channels maximum @ lms

Auxiliary Channels
8 channels
Automatic reference sweep quality check

Additionally, any system channel may be mapped to an auxiliary
channel,

Sample Interval
1,2, and 4-ms

Record Leﬁgtb

1 to 99 sec in 512-ms intervals - reduced at channel capacity
limits

Dynamite 64 sec at maximum channel capacity
Vibroseis 54 sec (correlate before stack) at channel capacity
Vibroseis 16.5 sec (correlate after stack) at channel capacity

Calibration
Automatic DC offset removal
Automatic gain calibration

Summing and Correlation
Full precision, fleating point, frequency domain
Noise editing
Vertical and diversity stack
Real-time correlation
Correlate before or after stacking
‘Orthogonal sweeps ’
* Preload up to 16 pilots
)} «Two pilot sweeps per crew

3-D SPREAD CONTROL
Complete flexibility of 3-D Spread Control

VIION 8000 SPECIFICATIONS

Roll options

Line roll

Spread roll

Scatter shooting

Flexible offend, roll-on, and roll-off options.

Roll Capacity

Greater than 100-km roll capacity for any number of lines and
channels (up to system capacity), with 50-meter group intervals

Preplan Control
Complete preplan control of spread configuration
Quick, on-line medification of preplan
Complete system parameter entry from preplan

Maximum Configurations

Maximum LAMs per segment 254

Maximum LAMs per line 508

Recorded and look-ahead channels per segment 512

Recorded and look-ahead channels per fine 1024

Maximum number of lines 251
Crossline Configuration

CL-Units (crossline units) may be placed at any convenient
place in the line.

QUALITY CONTROL, MONITORING, AND TESTING

Shotpoint QC
For each channel on each record, the system checks the follow-
ing parameters against defined thresholds

* Dead traces

* Noisy traces

* Telemetry errors

* Total number of bad traces

* Maximum number of consecutive bad traces

Correlation QC
Correlation wavelet automatically verified for each record.
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Monitoring Capabilities * Nartural frequency
Dual-trace oscilloscope - *Crosstalk

Single-channel and multichannel monitor output . _
- Source Position

Digiral camera interface

Operator console and auxiliary monitor Logs and validates source DGPS position

Look-ahead Testing Remote Status Monitoring
Performs full range of instrument tests on any channel defined. Exception monitoring and display
; Monitors and grades against threshold specification

Instrumentation Test Capability : + Temperature
Automated daily and monthly test and analysis * Line voltage
Manual test operation * Battery voltage
Instrument tests * Power supply voltages
* Noise (peak and rms) ‘ * Dead or low-amplitude channels
* Spectral analysis , * Transceiver equalizer gain
* Impulse response Telemetry exceptions
* Total harmonic distortion * Command and data violation
* Common mode rejection ‘ * Command and data parity error
* Pattern tests * Framing error
- * CRC error
Electronic Logs » No data received
Observ?r log Unit exceptions
Shotpoint summary « Hardware error
System logs * Software error
* Observer’s log format can be completely customized. « Abnormal mode
* Observer's log may be printed on-line and/or as a
summary at the end of the day. Recording System Diagrostics
Spread Testing Automatic board diagnostic software locates defective boards in

the recording system modules.
Fully test geophone groups in place

Auromatically detects non-planted geophones Transfer to Processing System
Tests typically run as part of daily tests and for all Direct connection to Omega® processing system
look-ahead channels before rolling into new groups Transfer up to 2,000 channels in real time
Characteristics tested SPS output
* Continuity _
Leakage OPERATOR INTERFACE (0IC)

* Impedance )
Easy to use X-Window™/Motif™ operator interface. A single

* Total harmonic distortion
operator can operate a several thousand channel system.

* Sensitivity
* Damping
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Pragrams

s '\j Error logger
Acquisition sequencing
* Vibraseis acquisition
* Explosive and air-gun acquisition
System parameters
Observer log
Diagnostics
Mapping display
Real-time spread display
Preplan
+ Displays can be either in logical or geographical
(actual positions)
« Background topographical (or other map view) may be
displayed along with equipment displays.
* Thematic (objects) or bitmap backgrounds.

i .\\")'Documenmtian .

Complete context sensitive help available on line from any
window

Complete operator’s manual available on line -
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TELEMETRY STATION UNIT (TSU)

Each TSU comprises :
e a two channel analog filtering and amplification system for seismic data provided by the
Sensors ;
e g3 digital-to-analog converter ;
e a digital memory for storing the seismic samples from a trace ;

e a microprocessor used to manage the memory and dialogue operations between the TSU
and the CRU ; this microprocessor is also used to stack successive seismic shots ;

e 3 radio receiver to receive orders from the CRU ;

e a radio transmitter for transmitting seismic data previously stored in a memory to the
CRU ;
o a battery with an autonomy of up to five days depending of the mode of operation ;

e each TSU weighs 10 kilograms.

MY RIASEIS I
DUAL CHANNEL CIRCUIT DIAGRAM

HOTCH | LOWCUT  HIGHCUT
IFl
1
>
1
i : A70
| FILTERS HPX AMPCEIER convere HEMORY
ITE
| - |
|
MICROPROCESSOR
Bocas ANTENKA

LINE DRIVER/RECEIVER

CODING

J TRANSHITTER
L

RECEIVER

“BUS” LINE
—_— =
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THE
TELSEIS”
STARSTATION
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TELSEIS StarStation provides an integrated
solution for immediate decisions in the
field. The ever increasing need for higher
crew productivity demands that answers are
provided without delay to help in managing
complex 3-D programs and the ability to
perform state-of-the-art data processing in
the field.




TELSEIS® Star System

Optional Portable Recording System

SPECIFICATIONS

Individual hardware modules can be
mounted into portable, waterproof,
dustproof, shock and vibration

RECORDING SYSTEM

absorbing aluminum or plastic cases
for portability.

Recording Computer
32 Bit, VME bus, floating point
computer, 64MB standard memory
{expandable to 256MB), dual hard
disk drives, optional 160MFLOP
array processor (up to B40MFLOPS
available), rasterizer, UNIX operatmg
system software.

Control & Line Management
VME based 486 PC with 1.44MB
3.5” floppy disk drive for control &

line management, MS DOS & ] % g T

Windows operating system software.
Operator input via pointing"ds_zjvice

and keyboard. Color graphics mionitor
displays current conditioﬁ Qf spread.

Data Storage
IBM 3480 compatible 38000 BPI
cartridge drive, or 9 track /2" 6250
BPI tape drive. Other SCSI storage
devices available.

Recording Format
SEGD 8024, SEGD 8048,
8058 and SEGY dernultiplexe -
formats. S

Plotter
Direct thermat plotter, 80 dots per
em (203 dots per inch).

High Pass Filters
Digital filter threshold frequencies

selectable in 1Hz increments.
Slope: 8 to 60 dB per Octave.

K

g RF Power: 30 watts (nominal).

Width: 53.3 ¢cm (217) max
Height: 39.4 cm {15Y2") max
Depth: 81.3 cm (327) max
- Weight: 45 kg {100Ib) max,
C fully loaded
‘Actual case dimensions and weights
o depend on individual hardware
" module sizes and are typically less
f HaTrttiose stated above.

Notch Filters
Digital filtering of 50 or 60 Hz before
data transfer to tape-or-plotter. ‘
Selected by operat;

Seismic Trace and Line:Capability
16380 maximum traces;up.to 32
active lines.

R,

Yf j:: =
Data Receivers ¢ b
4 12 multi-trace recewers rer mamframrg I

S5 for lifting.

E Specifications
I 'Telgam try RF Band: 214 to
2301\41[‘[2 {up to.384 individual

radio fr quenc1es)

unit. Z-‘r‘"' 1 ] ; ‘)] ]
Data Receiver Sen51t1V1ty iy i i P i
Bit error rate of 10-8avith RE: lgnafjto 1
noise ratio of 17dB. & B ? “

i ‘f—

Antenna System

Command Transmitter

Amblent Temperature 0°C to +50°C. <
o (+32°F to +122°F)
%l@" ) to 95% non-condensing,

Operating voltage
220VAC, 50/60Hz

Giving you the
TELSEIS Advantage in
all Applications and
Environments

Vibrator Option
Addition of Pelton Advance I sweep
generator or equivalent and Fairfield
proprietory vibrator software package.

Fairfield Industries reserve the right 1o change specilications without notice Lo provide the best possible preduct
Fairfield [ncustries, TELSEIS® System Division, 10627 Kinghurst Drive. Houston, Texas, 77099 USA. (03/96)
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TELSEIS® Star System

SPECIFICATIONS

REMOTE UNIT WITH 24 BIT ADC

Sample Rate
Y2 1,2, 3 and 4 milliseconds.

'Number of Traces
4 Traces per Remote Unit.

ADC Resolution
24 bits (23 plus sign).

Crossfeed
Unmeasurable between Remote Units
»100dB between traces in sarme
Remote Unit, typically 108dB.

Harmonic Distortion
0.001% THD with external input
signal 3dB below maximum.

Typically 0.0067%.

0.002% typical with internal oscillator.

~, Preamplifier Gain

24,36 & 48 dB

Equivalent Input Noise
0.13pV @ 48dB, 0.061V typical
0.35uV @ 36dB, 0.18pV typical
1.251V @ 24dB, 0.60pV typical
{100Hz bandwidth and 1k source
impedance)

Maximum Input Signal
20mV rms @ 48dB
80mV rms @ 36dB

320mV rms @ 24dB

Instantaneous Dyriamic Range - S/IN
108dB @ 24dB, typically 114dB

Timing Standard
) +0.001%

Fairlield Industries reserve the right to change specifications without notice to provide the best possible product
Eairfleld Incustries, TELSEIS ® Systens Division. 10627 Kinghurst Drive, Houstan, Texas, 77099 USA, {03/96)

Gain Accuracy
£1.5% trace to trace, typically +0.5%

Common Mode Rejection Ratio
>100dB @ 24dB preamplifier gain.
Typically 120dB @ 364B & 48dB.

High Cut Filters (Digital)
103, 137, 206, 412, 824 & 1648 Hz.

Synehronization Accuracy
+250ps between Remote Units,
typically <100ps.
- Synchronous between traces within same
Remote Unit.

Input Impedance
10K (differential).
Other impedances available.

Data Memory Capacity
256,000 samples per Remote Unit -
Dynamite.
69,000 samples per Remote Unit -
Summing.

Summing Capability
Up to 255 profiles.

Test Features
Filter Impulse Response
Systemn Noise
Gain Accuracy
Harmonic Distortion
Crassfeed
Ambient Spread Noise
Sensor Impulse Response
Sensor Leakage
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Monitoring Features
Ambient Dynamic Range
RF Error Detection
Battery Status
Operational Parameters
Moisture Ingress Detection

Battery Operating Life
5-7 days in normal mode; almost
indefinite with optional solar charger.

RF Power
1 Watt nominal. Automatic power
stepping ( to lower power levels).

Physical - Including Internal Battery

Diameter: 114 cm (457

Height: 91.4 cm (36")

Weight: 9.5kg (21 1b)
Antenna

Coaxial Omni-directional Dipole.

Heighe: 173 cm (68™)

Weight: 400gm (14oz)
Floatation Collar

Diameter: 48.3 cm (197)

Thickness: 7.5ecm (37)

Operating Temperature Range
-35°C to +70°C (-31°F to +158°F)

Giving you the
TELSEIS Advantage in
all Applications and
Environments






SYNTRON

RADIO TELEMETRY

The radio transmission system uses a
digital modulation technique to trans-
mit data at a very high data rate in
reduced radiowave spectrum.

Transmission ranges of three to four
kilometers are attained at power levels
as low as 100 milliwats. This allows for
simpler radio licensing in many coun-
tries. In many cases, no licensing is
necessary. A special error correction
system increases the data transmission
reliability making it comparable to a
cable telemetry system, Transmission
ranges in excess of 20 kilometers have

Porrafxie Recarding Unit

been obtained with one watt and up to
35 kilometers with ten watts.

MODULARITY

The PolySeis™ System is a modular

design consisting of the following pri-

mary modules;

« The Remote Telemetry Unit (RTU)
The RTU is available in a 3-channel
configuration for the marine buoy
(RTU/B) version and can accomm
date up to six channels for the land
unit (RTU/L),

+ The Data Concentrator Unit (DCU)
receives data from the RTU and
retransmits it to the recording system.

- POLYSEIS™ SYSTEM

* The Portable Recording Unit (PRU)
module’s primary function is to pro-
vide data recording at the DCU. The
unit also functions as a field test unit
and acts as the primary recording
unit for small arrays of one to 480
channels.

s The Central Recording Unit (CRU) is
designed to provide central recording
for multiple DCUs to process
received data, and to control com-
mand functions at the DCUs,




A SUBSIDIARY OF GEOSCIENCE CORPORATION

PolySeis™ System

Specifications
¢+ RTU
Telemetry Link: Radio (TFM), wireline and
Number of Traces: Up te 3 with RTU/B combination of both
Up to 6 with RTU/L . L
Telemetry Cable: Twisted pair wire conductors
Sample Rate: 25,.5,1,1.5,2,3, 4, ) . _
6, 8, 12, 16 msec Antenna Type: Hon_zontal: Sym{m.emc.til dlpole-
Vertical: ~ Omnidirectional whip
ADC Resolution: 24 bits (23 +sign)
Preamplifier Gain: 12, 24, 36 and 48 dB * physical Dimensions
Maximum Input Signal: 795.5 mV RMS @ 12 dB
preamp & 2% RTU/B RTU/L
198.9 mV RMS @ 24 dB
preamp + 2% Diameter: 150 mm {5.97) Width: 220 mm (8.6")
49.7 mvim‘;; @36dB Height 733 mm {28.97)  Length: 390 mm (16.3")
preamp ] ) . .
12.9 mV RMS @ 48 dB Weight: 12 kg (26.5 1b) Height: 115 mm {4,5")
preamp + 2% Weight: 8 kg {17.6 Ib}
Equivalent Input Noise: 0.16 4V RMS typical
@ 2 ms Sample Rate 0.4 4V RMS maximum + Test and Monitoring Features
@ 24 dB Preamp (3 - 206 Hz) )
Instantaneous Dynamic 118 dB All tests are remotely selectable and analyzed in the field.
Range: @ 2 ms Sample Rate
@ 12 dB Preamp Impulse Response
Lo . . Battery Voltage (Low voltage cut-off)
Harmonic Distortion: 0.0005% THD typ}cal Ambient Spread Noise
@ 2 ms Sample Rate 0.001% THD maximum Operational Parameters
Total Dynamic Range: 140 dB Sensor Leakage
) . Geophone and Hydrophone Performance Test
Calibration: Automatic Gain Crossfeed
Automatic DC Offset Removal Time-break Accuracy
Crossfeed Between Anti-phase Stack Test
Traces in Same RTU: > 100 dB Autocorrelation _
Common Mode > 100 dB
Rejection @ 24 dB Preamp * Internal Test Oscillator
Gain Accuracy: 0.2% Channel to Channel . .
6 Different Sine
Input Irmpedance: Differential mode 200 kQ Wave Frequencies: 7.8, 15.625, 31,25,
in parallel 11 nF 62.3, 123, 250, 500 Hz
Common mod 50 kO Distortion: 0.001% tvoical
in paraliel 44 nF 1stortion: . s typica
Anti-Alias Filters: 1652, 824, 412, 274, 206, . L
Cut Frequency @ -3 dB 137, 103, 68.7, 51.5, 34.3 * Integrated Processing Capabilities
and 25.7 Hz Stack Only
Digital Low-Cut Filters: I6 frequencies: 2 to 60 Hz Diversity Stack
Synchronizati Digital Filtering
yne ronization Radio: + 25 - Notch Filtering
ceuracy: adio: —< +§(S) typica ' Noise Editing: Zeroing
+JU ps maximum Correlation before and after stack
Line: + 8pus Autoadaptive Preamplifier Gain
11/96 Syntron reserves the right to change specifications without notice so that the best possible product can be provided. 1

Syntron, Inc., 17200 Park Row, Houston, Texas 77084 USA, TEL 281-579-7700, FAX 281-579-7505, TLX 36732
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PolySeis™
Specifications

ES

Reliability Specifications

(Based on MIL-STD 781D & 810E)

Temperature {(high):
}Temperature {low):

Vibration:

Shock:

Salt Fog:

&

MIL-STD-810E, Method
501.3, +70°C
MIL-STD-810E, Method
502.3, -40°C
MIL-STD-810E, Method
314.4, Cat 3
MIL-STD-810E, Method
516.4, Proc IV
MIL-STD-810E, Method
509.3, Corrosion effects

Transmission Characteristics

All parameters are remotely selectable from the Central Unit

-Frequency Step:

Frequency Channel
Transrniiter Power
Data Rate

Transmitter (Telemetry)

68-88 Mhz or 214-234 Mhz
25 Khz or 20 Khz

Frequency Bands:
Frequency Step:

Switchable Power: P uWio 10W
Type of Modulatien: TFM (Tamed Frequency
Meodulation)

Switchable Bits Rate: 100, 200, 400 Kps

Receiver (Commands)

68-88 Mhz or 214-234 Mhz
25 Khz or 20 Khz

Frequency Bands:

¢ POWER SUPPLY

= RTU/B {Buoy)

0

11196

Battery Autonomy: 40 to 60 continuous hours,
depending on testing and power setting

Power saver feature by means of On/Off timer
remoiely controlled from the Central Unit to extend
the battery life

to/from

Weight:

*

DC

=

DC
RF Band:

RF Band:

External Power Voltage:

Dimensions (H x W x D):

Operating Temperature:

Frequency Step:
Switchable RF Power:
Temperature Range:

Frequency Step:
Modulaticn:
Switchable Data Rate:
Temperature Range:

*  RTU/L. (Land Unit}

Internal Battery autonomy: 30 hours in normal mode
Autonomy not limited with use of solar panel

Optional external battery pack 8 to 9 days in nermal
mode

Power saver feature by means of an On/Off timer
remotely controlled from the Central Unit to extend
the battery life

¢ DATA CONCENTRATOR UNIT (DCU)

Transmission link between
RTU and DCU, and DCU

CRU: Radio or wire line combined

fiber-optic cable

12 Vde £ 10%

320 x 534 x 360 mm
35kg (77.16 1b)
-30°C 10 +55°C

U Cable

Twisted pair wire conductors
Maximum distance
between RTUs:

Maximum distance
between DCU and
first RTU:

600 m (1968.5%)

600 m (1968.5")

U Transmitter (Commands)

68 to 88 MHz / 214 10 234 MHz
25 Khz or 20 Khz

100 mW, [ W, 10 W

-30°C to +70°C

= DCU Receiver

1 up to 4 channels

68 to 88 MHz / 214 10 234 MHz
25 Khz or 20 Khz

Tarned Frequency Modulation
400, 200 or 100 Kbps

-30°C to +55°C

Syntron reserves the right (o change specifications without notice so that the best passible praduct can be provided
Syntron , Inc., 17200 Park Row, Houston, Texas 77084 USA, TEL 28{-379-7700, FAX 281-579-7503, TLX 36732
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A SUBSIDIARY OF GEOSCIENCE CORPORATION

PolySeis™ System
Specifications

¢ INFRARED COMMAND UNIT (IFU)

Transmission Range:

Interconnections:

Keypad & L.CD:
Hand-held Packaging:

3 m average

Serial link for connecting a
Differential GPS System

Sealed

Solid aluminuim, waterproof

¢+ PORTABLE RECORDING UNIT (PRU)
Consists of DCU and Ruggedized PC

Processor:
Memory Cache:
Power Supply:

Recording Medial Devices:

Channel Capacity:

Maximum Acquisition
Length:

Recording Format:

Remote Status
Monitoring:

Monitoring Capabilities:

Intei Pentium or Intel 486
256 Kbytes external cache SRAM
12 Vdc

SCSI device for seismic data
record (Options):

3480 type tape drive or removable
hard disk; or, 4 or § mm DAT
device; or, 9-track 6250 tape
drive

480 with one PRU
960 with two PRUs

16sec @ 1 ms
32sec @ 2 ms

SEG-D 8058 (IEEE)
SEG-2 32-bit FP (IEEE)

Battery Voltages

Field Noise

Data Transmission Errors
Telemetry Commands Errors
RF Power Level (in radio TX)
RTU and DCU Status

ADC Overdrives

Digital AGC
Digital Camera: OY(Q DFM-480

¢ CENTRAL RECORDING UNIT (CRU)

Power Supply:

Tape Drive System:

11796

110 or 220 Vac

Dual IBM 3480-compatible
cartridge tape drive system

Plotter:

Graphics Display:

Recording Format:

User Interface:

* VME Chassis

Chassis:

One SPARC 10
Embedded Workstation:

Telemetry Interface
Unit {T1U) Board:

Data Collector Board:
Data Processor Board(s):
Rasterizer Board:

Interface Boards:

One OYO GS 612

One 1280 x 1024 high resolution
50.8 cm (20™) or 53.34 cm (217)
color graphics monitor

SEG-D 8058 (IEEE)

Motif/X-Windows Windowing
User Interface

Custom 6U/5U

£280 x 1024 S-Bus graphics board
Sun keyboard and mouse

Eithernet card

1 Centronics printer port

1 Gbyte hard disk drive

1; with two ports each com-
municating with a string of DCUs

1
lor2
1

I SCSI 1ape I/F board
| fiber-optic I/F board
1 source controller I/F board

* System Capabilities

Radio or Cable
Configuration:

Number of Auxiliary
Channels:

Number of DCUs;

Syntron reserves the right to change specifications without notice so that the best possible product can be provided,

In excess of 8000 channels; in
dynamite or vibroseis mode

0..20

20 maximum (10 per fiber-optic
line)

Syntron , Inc., 17200 Park Row, Houston. Texas 77084 USA, TEL 281-579.7700. FAX 281-579-7505, TLX 36732

A-3-38



L

i)

!!

.,__

e

tem
|

Is-

IS€

0n 8y
J

B

{
|

B

@

O 5

O =5
O

8

Geco-Prakla

‘Schlumberger




Ceniral processing equipment

Seismic Trace Capacity: real-time maximum
channels: 1536 @ 4 msec, 768 @ 2 msec, 384 @ |
msec; up to 65,000 in stored data modes

Tape Recording: SEG D 8024 (two byte
quaternary demultiplexed) at 6250 BPI on '/2 in.
tape, 64 kbyte per trace record limit, drive
autochange

Monitor Records: paper or video display and hex
dump; fixed, ramp or AGC gain control 0 to 126
dB in 1 dB steps

Data Retrieval: multiple modes used as needed:
real-time, stretch, storage, bucket brigade and
noise preview

System Processor: multiprocessors for system
control, graphics, acquisition playback gain and
telemetry control

Operator Interface: keyboard and video monitors
for text and graphics; menus to define spread, set
acquisition and recording parameters, monitor
status, and control operations and test

Remote Control of Parameters: control via radio
of sample rate, DAU active traces, preamp gain,
high-cut and low-cut filter response, RF and test
signal generator functions

On-Line Monitor Functions: multiplexed display
of sensor activity and telemetry errors, shot process
monitor, exceptions report of process errors, shot
and observer logs, RF Spectrum, noise preview,
DAU status

DAU Test Functions: seismic channel sine wave
and pulse response, offset, noise, distortion,
amplitude, filter response, dynamic range, sensor
presence, timing stability (drift), automatic
sequence with analysis

CPE Test Functions: control processor exccutes
extensive self-test and checks operational state of
memory and other processing elements, tape drive
test functions, oscillograph test patterns

DAU fitted with intelligent solar panel for smart battery
management.

Schiumberger [RelLIRMETHE]
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Data Acquisition Unit (DAU)

Sample Interval: '/s, /2, 1,2 or4 ms

Active Channels per DAU: 1 to 4, all
jsample rates

Crossfeed - 3 to 125 Hz: 100 dB minimum
Input Impedance: 10 K differential

Commeon Mode Rejection: 85 dB minimum from
15.625 Hz to 62.5 Hz

Preamplifier Gain Factors, remotely set
x4 x16 x64 X256 -
(12 dB) (24 dB) (36dB) (48 dB)

Noise - (RTI) pV RMS - 8 to 218 Hz with 1 kQ
input termination

1.4 0.57 028 017
DC Offset - (RTI) pV with 1 k€2 input termination

20 5 1.25 0.313
Dynamic Range - dB (FS to noise RTT)
) 120 116 110 102

Maximum Input Voltage - mV, RMS
1448 362 90 22

Maximum Input Voltage - mV, peak
2048 512 128 32

Spread (or System)} Dynamic Range (near trace
FS to far trace noise): 138 dB

Distortion - THD, 8 to 218 Hz,: 0.05% at full
scale -1.5 dB level

Gain Similarity: +/-1.0% of full scale, channel to
chamnel at midband

DAU Data Processing Resolution: 24 bit, fixed
point

Telemetered Resolution: 16 bit, floating point
{sign bit, 12 bit mantissa and 3 quaternary gain
bits)®*

% 24 bit available Q1 1996

Timing Accuracy with Tweaks Active:
+/- 0.0002%

Synchronization accuracy: +/-20 psec plus radio
propagation delay

High-Cut Filters: 3 dB corners at 109, 218, 432,
Hz, for 4, 2, 1 milliseconds Base Scan Interval;
minimum of 72 dB reject from Nyquist onward

Low-Cut Filters: fixed pole at 3.0 Hz with slope
of 6 dB per octave plus a 3 dB corner selectable
from seven frequencies with a slope of 24 dB per
octave or filter bypassed

Test Signal Generator: two signal sources, each
generating pulse or sine wave. Total dynamic range
greater than 100 dB

Battery Operating Life @ 25°C (without
optional solar panel}: minimum 12 hours for 2
traces at maximum duty cycle, extended to several
days with reduced duty cycle use

DAU Antenna: wide band vertically polarized
coaxial dipole in a ruggedized housing

Data Storage: 48,000 samples

DAU deployed from inflatable.
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Data telemetry link

Frequency Band: 66 MHz to 82 MHz by digital
~ frequency synthesis

) Channel Spacing: 10 or 20 kHz standard,
synthesizer allows variable

RF Channels Active: currently 384
Range: typically in excess of 15 km over water

Bit Error Rate: less than one bit error per million
bits at 23 dB signal/noise received at -72 dBm

DAU Transmitter: nominal 1 W maximum
output, phase modulated and transmit power
controlled

'RF Power Control: continuous power leveling
dynamically controlled over an 80 dB range

Command telemetry link

Command Frequency: select one of two available
in the 72 to 76 MHz band via operator keyboard

Command Transmitter: frequency modulated,
\ keyboard adjustable RF output to 25 W

Frequency Deviation: modulation preduces 4.5
kHz peak deviation

Range: command link radio range is compatible
with reply range '

Command Receiver: crystal controlled and
synthesized channel selection

Error Protection: security codes prevent
operation from corrupted commands; redundant
commands or retransmission of commands
provides command correction

Receiving equipment

Receiver Capacity: 32 RF receivers per receiver
unit, system maximum of 384 receivers in 12
receiver units

Base Antennae: rugged omnidirectional vertical

j dipole and multi-element directional log periodic

provided

RF Preamplifier: low noise remote preamplifier,
operator actuated

Compact 1536 channel central system, barge mounted.
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Physical specifications
Data Acquisition Unit

Diameter: 6 '/z in. (16.5 cm)
Height: 30 in. (76.2 cm)

Weight: 25 1b (11.3 kg)

DAU Antenna

Length: 79 in. (201 cm)

Weight: 1.3 1b (0.59 kg)
System/RF Control Case
Dimensions: 194 x 22.8 x 27.8 in.
(49.3 x 57.9 x 70.6 cm)

Weight: 143 1b {(64.9 kg)

Power: 250 W

Data Receiver Case - 64 receivers
Dimensions: 19.4 x 22.8 x 27.8 in.
(49.3 x 57.9x 70.6 cm)

Weight: 140 1b (63.6 kg)

Power: 510 W

Tape Drive/Power Distribution
Dimensions: 19.4 x 22.8 x 27.8 in.
(49.3 x 57.9 x 70.6 cm)

Weight: 150 Ib (68.0 kg)

Power: 250 W

Battery Charger: 32 outputs

Dimensions: 17 x 13 x 12 in. (43.2 x 33 x 30.5 cm)

Weight: 45 1b (20.5 kg), cables additional

Power: 750 W

Peripherals Weight: Ib (kg) Power: Watts
Video Monitor 56 (25.4)
Oscillograph 60 (27.3)

Printer 37 (16.8)

Spectrum Analyzer 45 (20.5)

95

210
240
100

Environmental specifications
Ambient Operating Temperature Range
Data Acquisition Unit: -30 to +60°C

Central Processing Equipment: +10 to +40°C
Operating Humidity

Data Acquisition Unit: 100% - floats in water
Central Processing Equipment: 20% to 80%
non-condensing

0O CecasPralkl GAT O1%.01 1908

e8! Geco-Prakla
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F — THE OPTIAAUMA SESHIC DATAGATHERING SYSTEM FROM OPSELS, INC. GEOPHYSICAL SYSTEAS / OPSEIS EAGLE FOR OPTMUM FLEAIBILITY, PORTABILTY & P

The Optimum Seismic Data-Gathering System



LI TITR is no stranger to the
business of seismic acquisition. We
hegan in 1974 as u research and
development project to create radio
telemetry seismic dato-recording
systems. And for years, our
technology has set the stondard in
the indusiry.

In 1978, we introduced to the
marketplace the original RF seismic
acquisition and recording system.
That Opseis® systemn mode possible
the first detailed seismic surveys in
fransition zones, lokes, and
previously unexplorable
mountainous regions. This
system is also ideal for
use in heavily populated

. areas hecavse it encbles the least
amount of intrusion.

The Opseis' Eagle Svstem — featuring the
Seixmic Acqutisition Remotes (SAR), for use
o water or lamed, the Field Deploviment Aid,

and the Central Recording Station ©

(Operator Display Terminal. Tape Drive,

RF Unit and Seismic Processing Unit).

Since then, our equipment has
been vsed for seismic surveys ol
aver the world, in the harshest of
dimates — the jungles of
Indonesia, Boliviu, and Venezvel;
the mountains of China and
Coluinbia; the shallow constal
waters of the Gulf of Mexico; the
desert and framsition zone around
the Nile River: the Australiun

outback; and Alaska’s North Slope.

Through the years, we have
continued as pioneers in our field,
fine-tuning geoseismic monitoring
techrology while ahways keeping
an eye fo the future.

In 1991, we
introduced our greatest

__ high-tech accomplishment |

yet — the Opseis® Eagle, the
lotest advancement in the
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Opseis® family of telemetry
seismic data-acquisition and
recording equipment.

With the Opseis® Eugle
Seismic Data-Gathering System,
the search for oil and gos
confinves to be performed in
pluces formerly thought
impossible to reach, but now
exploration is possible with the
speed of “redl” fime fechnology.
The Opseis® system can venture,
with effidency and high
productivity, anywhere the eagle
can fly = into jungles, rugged
mountains, deserts, vast
flatlonds, swamps, shallow
waiers, and rorshes. B8
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GEOPHYSICAL SYSTEMS 7700 E. 38TH

TULSA, OK 74145

Opseis® Eagle Central Recording
Station Specifications

PHONE: 918-621-5700
FAX: 918-621-5799

TELEX: 49614655
OPSEIS INC TUL

Record Format:
SEG-Y, SEG-D - 1/2 inch, 9-track, 6250 BP],
IBM compatible; 1/2 inch, 18 track IBM 3480 Cartridge.

Test Features:

¢  SAR Battery and Regulator Voltages

©  Geophone Circuit Continuity, Leakage, and Response

¢  Blaster and Uphole Geophone

®  RF Transmission Link-Spectrum display of SAR

data transmission

CRC Error Detect and Display

Spread Noise Detect and Display

*  Spread Performance-Filter Response and
Geophone Levitate on all recording channels

e  Distorticn, Common Mode and Crosstalk Analysis

CRS Features:
Versatile hard copy output
Reproduce Gain Mode Selection
Auto, Manual AGC, or Fixed Gain
Trip Time
Adjustable 0-0.9 seconds after time break in 0.1 second intervals
Trip Slope
Adjustable from 1 to 280 ms in 1 ms increments
Trace to Trace in 10 ms steps
Trip AGC Rate
Adjustable windows between 50 ms and 1§
Initial Gain
Operator selectable
Fixed Gain
Adjustable constant gain for data traces
Digital Data Filters
Low Cut Fiiter
-3dB, 3to 45Hz
6 to 60 dB/Octave
High Cut Filter
3to 412Hz
6 to 60 dB/Octave
Notch Filter
45 to 60 Hz
10 Hz -3dB to -3dB

RF Transmission Error:
Less than one bit in 108 with RCVR input power
level greater than -100 dBM :

RF Transmission Link:
Operates with 150 dB path loss - With Yagi antennas at CRS and
SAR’s. Range - Typically 8-15 mile range (13-24 kilometers)

FCC Information (Domestic use):

FCC Rule Part 90

10 Watts minimum @ 12V, 15 Watts nominal.
216-220 MHz

0.0005% freq. tol., -20°C to +55°C

R¥ Information (International use):

10 Watts minimum @ 12V, 15 Watts nominal
216-230 MHz

0.0005% freq. tol., -20°C to +55°C

Physical Specifications
Seismic Processing Unit
Size: 1575inx 19in x 24 in
(40 cm x 48 cm x 61 cm)
Weight: 85 Ibs (38.6 kg)
RF Unit
Size: 7.0inx 19in x 20 in
(17.8 crn x 48 cm x 51 ¢m)
Weight: 42 Ibs (19.1 kg)

- Tape Unit (Single Cartridge)}

Size: 45inx8.55inx21.75in
(l.L78em x3.3 cm x 8.4 cm)
251bs (11.2kg)

Cabinet & Hardware

(Houses SPU, Tape Unit, and RF Unit)

Standard Rack

Size: 44inx24inx 30in
(111.8 cm x 61 cm x 76 cm)

Weight 150 Ibs (68.8 kg)

Short Rack ‘

Size: 44inx24inx 30in
(311.8 cm x 61 cm x 76 cm)

Plotter

Size: 86inx 17.0in x 20 in
(22cmx 43 cm x 51 cm)

Weight: 51 Ibs (23 kg) with fan fold paper

Display Terminal

Size: l4inx 16.5in 19.51n
(36 cm x 42 cm x 50 cm)

Weight 44 lbs (20 kg) with bracket

Electrical Requirements:

AC Input

110 V - 230 VAC +15% -10%

50 or 60 Hz +2 Hz

Power:

Seismic Processing Unit - 600 Watts; RF Unit - 160 Watts; Tape
Unit - 400 Watts; Plotter (OYOQ) - 230 Watts; Operator Display
Terminal - 300 Watts

Environmental:

Temperature

Operating Range:  +5° to +30° C
Storage Range:  -65°to +85°C
Relative Humidity

-5 to 95% non-condensing

OPSEIS®, Inc. reserves the right to change specifications without notice to provide the best possible products and services.

OPSEIS®, Inc. 7700 E. 38th, Tulsa, Oklahoma, USA 74145

September-94
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Operating Time per Charge: 40 Hours (Approx.)
(Approx. 1000 shots)

Detonating Circuit:

Dynamite: 600 Volts min.
1.8 joules min.

Alrgun: N/O, N/C Relay Contacts
or Optical Coupler

Arm, Fire Pulse widths selectable from CRS

Environmental:

Temperature

Operating Range: -30°to +70°C
Storage Range:  -65°to+85°C
Relative Humidity

0 to 100% condensing (Ilid closed)

fy SATATAT
GEOPHYSICAL SYSTEMS 7700 E. 38TH PHONE: 918-621-5700 TELEX: 49614655
TULSA, OK 74145 FAX: 918-621-5799 OPSEIS iNC TUL
Opseis® Eagle RF Blaster Unit
-Model 816 Specifications
Safety Features: Physical Specifications:
Coded Blast Command 19.0" X 9.0" X 9.5"
Arm Switch 24 lbs. (11 kg)
Blaster ID (Addressable)
Test Circuits:
Display: Uphole Phone Resistance
Liquid Crystal {0-2000 ohm)
2 rows, 16 characters Cap Resistance
(0-100 ohms)
Audio Circuit: Moisture Detection
2-Way Voice Communication over RF Link Battery Voltage
Power Up Seif Test
Information Displayed: Test Limits Selected Remotely by CRS
Cap Break and First Break Uphole Times
Blaster Self Test Message Data Qutput to CRS:
Blaster ID
Power Pack: Cap Break Time: 0-10 ms
Ni-Cad Rechargeable Battery Pack (0.1 ms Resolution)
12V, 10 AH UHP First Break Time: 5-100 ms

{0.1 ms Resolution)

First 500 ms of UHP

1 Channel Adrgun Data

16 Bit Amplitude & (Modified SEG-Y)
13 Bit + Sign (Data) + 3 Bit Exponent
0.5 ms Time Resolution

FCC Information (Domestic use):
FCC Rule Part 50 '

10 Watts minimum @ 12V, 15 Watts nominal.

216-220 MHz
0.0005% freq. tol,, -20°C to +55°C

RF Information (International use):

10 Watts minimum®@ 12V, 15 Waits nominal

216-230 MHz
0.0005% freq. tol., -20°C to +55°C

OPSEIS®, Inc. reserves the right to change specifications without notice to provide the best possible products and services.
OPSEIS®, Inc. 7700 E. 38th, Tulsa, Oklahoma, USA 74145 September-24
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DATA ACQUISITION SYSTEM

, DAS-2 features:

e 48, 144, 240 channels

* 480 channels using master slave mode

e 24 hit Delta Sigma A/D technology

¢ [nstantaneous dynamic resolution of 120 dB
(measured)

» System dynamic range of 134 dB {(measured)

» 31.25 ms to 4 ms sample interval

° Built-in line test capability

* Real time noise editing, stacking, precision
correlation

DAS-2 is a multi-purpose land or marine
seismic data acquisition system that provides
exceptionally high quality data. It records data
from both impulsive and vibratory sources for
2-D and small 3-D seismic surveys for oil and

3 gas exploration. Other applications include
' high resolution P and S wave reflection,

refraction, VSP, crosshole tomography,
acoustic emissions monitoring and
microseismic detection.

DAS-2 incorporates a Pentium 100 MHZ
CPU as its main system controller. All system
operation and acquisition functions such as
parameter input, automatic roll-along, data
recording, post-acquisition Q.C. processing
and plotter output are managed by easy-to-
use menu-driven software. DAS-2 can run
third-party DOS based software for in-field
processing and data analysis.

DAS-2 includes a built-in signal generator,
control and switch capability for testing the
performance of the recording instrument,
spread cables and geophone stations. These
diagnostic functions optimize the time to bring
up the line and ensures recording the best
quality data.

BLOCK DIAGRAM - DAS-2 240 CHANNEL SEISMIC SYSTEM

98 CH
120 DAS-2
STATIONS EXPANSION UNIT

1 I 86 CH GS-608P
jINPUTPANEL |, DAS-2 ] 8.5 INCH
(OPTICN) EXPANSION UNIT THERMAL PLOTTER
I 1
| J |
of
120 | 48 CH PCD-3480
STATIONS DAS-2 PORTAELE
MASTER UNIT CARTRIDGE DRIVE

NETWORK
240 CH DAS-2
SLAVE UNIT

TELEMETRY

LINK

GYO Instruments, Inc.

Houston USA:
Calgary CAN:
Luton UK:
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DATA ACQUISITION

Number of channels

Mumber of Auxiliary Channels
Sampling Intervals

Number of Samples per Trace

Acquisition Memory
System Memory
Time Standard Accuracy
TB to To accuracy
Defay Time (@ 1, 10, 100 ms step)
Pre-Trigger
mplifier
Aput Protection
Gain Constants
Gain Accuracy (channel/channel)
Input Impedance - Differential
- Common Mode
Common Mode Rejection Ratio
Maximum Input Signal

Equivalent Input Noise
@ 2 ms Sample Interval
(500 Ohms Source, 156.25 Hz)
DC Ofiset

Frequency Response
Alias Filter (Migh-Cut)
Anzlog
Digital (Standard)

(Extended)

L=~ Cut Filter
inalog (default)

Digital - frequency selectable

Digital Filtering
{Post Acquisition Filtering}

A/D Resolution

Bynamic Resolution (Measured)
@fc=3-156.25Hz

System Dynamic Range {Measured)

Crossfeed Isolation

Total Harmonic Distortion

LINE TEST
Station Impedance
AC Leakage
Station Activity
Station Distortion
Cable Cross-Talk
- Cable Break Location

DATA DISPLAY & RECORDING
play (PC-AT compatible)

Mass Storage (Basic Systems)
Floppy Disk (3.5 inch)
Hard Disk

Mass Storage {Optional)

Hard Disk Expansion

DAT Tape Storage System {4mm)
External Tape Drives

3480 Format Cartridge Drive
Recording Formats

48, 144, 240

2-6 (12 dB Gain)

31.25, 62.5, 125, 250 psec
0.5,1,2,and 4 ms '
48 channels - 160 K max
144 channels - 54 K max
240 channels - 32 K max
16 MB {exp to 32 MB)

32 MB {exp to 128 MB)
0.001%

+15.625 psec
0-9,900ms

4,096 samples

Diode/Filter

24,48 dB

+0.5%

20K/0.005 uF

5K/0.02 uF

100 dB

22 mVRMS @ 48 dB K-gain
350 mVYRMS @ 24 dB K-gain

0.07 yWRMSE @ 48 dB K-Gain
0.35 yWRMS @ 24 dB K-Gain
0.1 vV @ 48 dB K-Gain

0.15 pv @ 24 dB K-Gain
3-9,600 Hz

12K & 300K Hz @ 6 dBfoctave
10K, 8K, 2.5K, 1.25K, 625,

312.5, 156.25, 78.125 Hz

@ 96 dB/Stopband Attn.

12K, 8K, 3K, 1.5K, 750, 375, 187.5
93.75 Hz @ 72dB/Stopband Attn,
+/- 0.1 dB Passband Ripple

3 Hz @ 6 dBfoctave

Optional - 0.3 Hz @ & dB/octave
3to 255 Hz in 1 Hz steps

Slope: 6 db/octave or 12 dB/octave
Low-pass, High-pass, Band-pass
Multiple notch, Power spectrum
Decon, Filter panels

24 hits

110 dB @ 48 dB K-Gain

120 dB @ 24 dB K-Gain

134 dB

100 dB

0.002%

10 Q to 10 KQ

1 K2 to 10 MQ

1 inactive phone in an array of 18
0.002%

100 dB

+/-2 stations

640 x 480 LCD Color

1.44 MB
520 MB

1GB
2GB

200 MB
SEG-2, SEG-D

PERIPHERAL INTERFACE
RS-232, Centronics, VGA Anailog, Keyboard
Optional - SCSI, Network, Telemetry

PRINTERS

Internat Thermal Printer

Resolution 203 dots/in (8 dots/mm}
Plot Width 4.11in (104 mm)

Paper Width 4.4in (112 mm}

Plot Speed 1 infsec (25 mm/sec)
External Thermal Plotter (GS-608)

Resolution 203 dots/in (8 dots/mm)
Plot Width 8.31in {211 mm)

Paper Width 8.5in (216 mm)

Plot Speed 1 in/sec (25 mm/sec)
SYSTEM TESTS

Power Up Diagnostic Functional

System Diagnostic Board Level

Performance Equivalent input noise
Preamp gain accuracy
Impulse response
Crossfeed isolation
Total harmonic distortion
Geophone & Cable Station Impedance
AC Leakage

Station Activity
Station Distortion
Cable Cross-talk
Cable Break Location

PHYSICAL

Master Control Unit

Dimensions 16.75 x 19 x 11.88 inches
{42.5 x 48.3 x 30.2 cm)
Weight 55 Ibs. (25 Kg)}
Expansion Module
Dimensions 13 x 19 x11.9 inches
(33 x 48.2 x 30.2 ¢m)
Weight 351bs {158 Kg)

Thermal Plotter (GS-608)

Dimensions 13.5 x 14 x 9 inches
(34.3 x 35.6 x 22.9 cm)
Weight 24 |bs. (10.9 Kg)

3840 Format Cartraidge Drive Unit

Dimensions : 16.4 x 9.7 x 22.5 inches
(41.7 x 24.6 x 57.2 cm)
Weight 45 Ibs. (20 Kg)
ENVIRONMENTAL
Ternperature
Operating 0°C to 50°C
Storage -40°C to 85°C
Humidity
Operating 5-95% non-condensing
Storage/Transfer Waterproof

POWER REQUIREMENTS 12 VDC Nominal (10.8 - 16 VDC})

Master Controller (48 channels) 12 Amp
Expansion Unit (96 channels) 11.5 Amp
Thermal Plotter (GS-608)
Standby 8 Amp
Plotting 17 Amp
3840 Format Cartridge Drive
Standby 10 Amp
Operating 20 Amp

Specifications are subject to change without notice.
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BISON Galileo

Seismic Data Acquisition

System

This system is configured by the scientist or engineer for
any application. There are options for data resolution,
sampling speeds, memory, processors and much more.

Flexibility is key element Bison gives its customers.

As a fully compatible PC the GALILEO has unsurpassed
flexibility in capability and price performance options.

Choose from a family of A/D boards, displays,
memory: o 128 MB RAM; Pentium processors with
clock speeds to 133 MHz.; operating systems: MS-DOS*
or Windows NT™; hard drives up to 5 GB on board;
record length is as large as the memory purchased;
marine option provides for continuous recording with no
limit on record length.

For 12 channel systems, on-board batteries are optional.

APPLICATIONS:

Land and marine exploration
Water resource, aquifer and
contaminations studies
Construction and engineering studies
Mining and tunneling studies
Research and education

Depth to bedrock

Rippability surveys

Tomography and borehole surveys
Shear wave velocity studies
Foundation studies

Vibration monitoring

Earthquake monitoring




SELECTION GUIDE FOR THE GALILEO SEISMIC ACQUISITION SYSTEM

A/D: 21-bit for all sampie rates
(patented DIFP™)
Sample Interval:
From 50 microseconds to
4 milliseconds
Frequency Response:

4 - 4000 Hz.

Analog Filters:

Low-Cut: 4 -1020 Hz.

High-Cut: 4000 - 60 Hz.
Gain:

0, 20, 40,60 db
Maximum input:

+ 5 volis

Input Noise:
0.75 Microvolts RMS

Select the Analog to Digital Converter

Lo, A/D: 24-bit for all sample rates
* _ Sample Interval:
From 250 microseconds to
16 milliseconds
Frequency Response:

1-1500 Hz.

ol

= °
P
LT

Analog Fiiters:
Low-Cut: 1- 255 Hz,
High-Cut: 1,500 Hz. Bessel. Digital high cut
FIR filter from 25.7 Hz.to 1,650 Hz.
Gain: '
12, 24, 36, 48, 60 db
Maximum Input:
+1.2 Volis
Input Noise:
50 Nanovolts RMS
Test Function:
DC and AC fest signals to test geophones,
analog filter and A/D, noise and gain

Sample Size: Depends on the memory available, marine option allows for continuous recording with no limit on sample size.

) Selectable Features
) = Select Processor:
pent!um” Pentium with clock speeds
to 133 MHz.
Select Number of Recording Channels:
12, 24, 36, 48, 60, Aclive channels selectable at time
of operation, 1, 3, 6 up to maximum in system
Select Display:
Morniochrome, dual scan or active matrix color,
10.4 in. {356 mm) diagonal
Select Memory:
4MB minimum up to 128 MB
Select Operating Systems:
MS-DOS® or Windows NT™
Select Hard Drive:
1 or 2 hard drives, each from
540 MB to 1.35 GB

Optional Features

Optional Port:
sCsl-2
Optional Printer:

Direct write thermal; 41,290 dots/sg. in. (6,400/sqg. crm)

)Optional Accessories:

Geophones, geophone spread cables
Network Options:

Ethernet, Serial or BisoNet

Software Options:
Software rollbox, full precision correlator,
BisonView field QC, BisonStore tape utility, sefsmic
refraction analysis, seismic reflection processing

Standard Features
Standard Accessories:
Power cables, trigger switch, extension cable,
printer paper, manuals.
Keyboard:
PC compatible, 86 key, etched stainless steel,
piezoelectric
Ports:
Two RS-232, EPP parallel, CRT and second
keyboard
Floppy drive:
3.5in, 1.44 MB
Other:
Clock/calendar, battery monitor
Environmental:
Operating 0 ° to 50 °C
Physical:
Size:37.6cmx 51,.8cm x 21.5cm
(14.8in.x20.4in.x 7.5in.)
Weight; 10-14 kg
Power:
Approx 2 watts per channel in system

DIFP™is a registered frademark of Bison Instruments., Microsoft® Windows NT™ and MS-DOS” are registered trademarks of the Microsoft Carporation

INSTRUMENTS, Inc. &

© Copyright 1995 by Bison Instruments, Inc,

Pleass note that these specifications are subject fo change without notice.

5610 Rowland Road + Minneapolis, MN 55343-8956
Telephone: (612) 931-0051 « FAX: (612) 931-0997

Printed in U.S.A.







™ape-transport Module
* ,fe transport houses the read/write
electronics and the tape-drive system.
A read-after-write head translates
9.track data at either 800, 1600, or
6250 bpi in SEG B format and at
1600 or 6250 bpi in SEG C format.
Marine, Vibroseist, and other
high-production requirements are
met with automatic rewind and
switch-over in dual-transport opera-
tion. Also included are provisions for
connecting as many as four trans-
ports to a system. Tape speed is dis-
played decimally in inches per second
for easy and accurate readings. Fine-
tuning is greatly simplified with the
easy access for electronic deskew and
head azimuth adjustment.
- . Three transport models are

* Jfered: The lightweight 8.5 in. and
nonportable 10.5 in. versions for 800
and 1600 bpi, plus the new FX 6250
for 6250 bpi recording.

+Trademark of Continental Oil Company

DFS V Performance
Specifications Summary
SEG B
Data Auxiliary Sample
Channels Channels Rates {ms)
800 and 1600 bpi
8 4 1, W, or |
24 4 W, or 2
28 i Wl or 2
48 4 1™ 2, or 4
60 2 2ord
96 4 2ror4
120 4 24 or 4
240 4 4o
6250 bpi
3 0 W, ¥, or h
24 4 W l,or2
18 2 W1, o2
48 4 i,2, o4
56 2 1,2,0r4
60 2 Zord
96 4 2ord
120 4 2ard
240 4 4

a—1600 bpi only

bh—1 msee available at extra cost

SEGC
Data Auxiliary Sample
Channels Channels Rates {ms)
1600 and 6250 bpi only

12 2 w1, or 2¢
24 6 b2, o 4d
30 0 1, 2, or 44
43 6 Zord
60 2 2ord
96 6 4

120 6 4

c—2 msec av 1600 bpi only
d—4 msec at 1600 bpi only

Number of Bits

« 15-bit (14 + sign) data word

+ 3-bit gain word

« 13-bit (12 +sign) reproduce

Number System

« Binary I's or 2's complement,
SEG B format

» Sign and absolute value, SEG C
format

Frequency Response
*3to 256 Hz

Crossfeed Isolation
+ 80 4dB

Recording Formats

« 9.track SEG Bor SEG C
Data Rate

+ 64 kHz (max), 8 kHz (min)

Tape-speed Range (Three Models)
- 10 to 120 ips

Distortion
+ 0.05% (3 to 256 Hz) at maximum
input signal

Time-standard Accuracy
» 1 part in 20,000 (0.005%)

Dynamic Range

« Referred to inpurt signal 174 dB
(theoretical)

+ RMS basis referred to noise

«115dB @ 2¢ G.C., 114 dB @ 2¢
G.C.,105dB @ 28 G.C.

Gain-step Accuracy

« =0.05% up to 60 dB
+ +0.15% 60 t0 72 dB
« =0.5% 72 to0 84 dB

Dynamic-recording Range

» Thearetical 90 dB
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+"MS basis referred to noise 80 dB
* reak basis referred to noise 78 dB
A/D Linearity

« +0.02%

Gain Constants (G.C.)

(Selectable, preset minimum system

gain)
+ 28, 26, or 24 (48, 36, or 24 dB
respectively)
Maximum . Minimum
Gain Gain
222 (132 dBy 24 (24 dB)

Method of Dynamic-gain Control
* Quaternary (4 to 1) floating point

Range of Dynamic Gain
+ 84 dB in 12 dB steps

Maximum Input Signal
» Gain constant and difference mode

1(24 dB) 328 mV RMS
% (36 dB) 82 mV RMS
28 (48 dB) 20.5 mV RMS

* Frequency and common mode

0-62 Hz 7V, peak
62-700 H: 3.5V, peak
700 Hz-1 kHz 7V, peak
1 kHz-3 kHz 10V, peak?

3 kHz-10 MHz 50V, peak#

Equivalent Input Noise

= 8-128 Hz (2k{} source)

« C.G. 28 RMS noise 0.10 pV
JC.G. 28 RMS noise 0.17 pV

+ C.G. 24 RMS noise 0.60 pV

Filters

» Low-cut: “Infout,” 18 or 36 dB/
octave (substitute to change)

* High-cut (andialias): Single-
frequency plug-in, 64, 128, or
156 Hz. Slope: Minimum 70 dB
down at ¥z sampling (Nyquist)
frequency

+» Notch: 6-channel plug-in, “infout”
50 Hz,—40-dB bandwidth, ©.173 Hz
60 Hz,—40-dB bandwidth, 0.21 Hz

« Reproduce: High-cut, 18 dBloctave
Single-frequency plug-in, cutoffs
of 45, 64, 90, 128, and 256 Hz

* Digital dc Offset: Automatically
removes de offset produced by
floating-point amplifier, A/D

ITransient burst

converter, and multiplexer

AGC Options (Switch Selectable)
* Individual channel AGC
* Programmed gain control (PGC)

Other Standard Features

* Energy-monitor display (gain or input)

* AGC level and burst-out ratio
selection _

*» Automatic 1600 bpi ID burst

* Time break and time break
lengthened

« Three internal time-break options

+ Decimal millivek display of binary
data display

+ Auxiliary data filter with dara-
channel response

* Independent frequency reference
(system timing check)

+ Floating-point or fixed-gain
operation

* Overdriven channel identification

» Shot-point seis amplifier

* Independent auxiliary and data
galvo level switches

* Up 1o four transports (switch
selectable)

* Two-transport auto rewind and
switch-over

» Decimal display of tape speed in
inches per second

Test Features (Standard on
All Systems)

» Ohmmeter leakage and continuity:
ac and d¢ voltage monitoring of
all modules

* Test signals: 10.7 and 33.3 Hz sine
waves with or without exponential
decay

+ 160 s pulse

+ 50 and 60 Hz for notch tuning

+ 50 Hz timing reference

+ Overdrive decimal display and

channel identification

* Parity-error decimal display

+ D/A front-panel test point with
syne feature

« Automatic display of 66 different
faule conditions for efficient
troubleshooting

Data
Chan-
nels Power Weight Volume
24 252 W 157 Ibs 8.6 cu. ft.
(71.3 ke) (0.24 m¥)
48 260 W 164 lbs 8.6 cu. ft.
(74.55 kg {0.24 m?)
60 270w 168 lbs 8.6 cu. fr.
{76.36 kg) {0.24 m3)
9% 337w 223 1bs 11.7 cu. fr.
(10136 kg)  (0.33 m3)
120 350 W 230 lbs 187 cu. b
(104.55 k) (0.33 m%)

Temperature Range (Ambient)

* Operating, forced-air ventilation,
continuous duty: 0-55°C
(Temperatures derate 1°C/1,000-ft.
elevation increase)

* Operating, 3 minutes on, 9 minutes
off, intermittent: 0°-40°C

* Storage: —55°to +65°C

Humidity

+ 0-95% without condensation

Altitude

* 4,500 m (15,0C0 feet} operating

Shock

* Nonoperating: Nonrepetitive, case
lids on, 15G maximum, normal
triaxial ¥2 sine wave with a duration
of 11 ms

* Operating: 0.5G maximum,
normal triaxial, ¥ sine wave for 11 ms

Vibration

* Nonoperating: Case lids on, 2G
maximum over the range 10 to
100 Hz

+ Operating: 0.5G maximum over
the frequency range 10 to 100 Hz

Dust and Sandproof
* Wich case lids on (transport must
be operated with case lids on)

Optional

+ 10.5-in. reel nonportable transport

+ 800 and 1600 bpi conversion kits

* Low-cost rack, air cooled, for
portable cases, 8-in. or 10-in.
transport

» Console with forced-air ventilation

* Choice of additional flter
frequencies

* 8-ms sample race

A-3-54




SYNTRAK 480-24™
Ocean Bottom Cable System

A Tec—Sym Company



SYNTRAK 480-24™
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11796 Syntron reserves the right to change specifications without notice so that the best passible product can be provided, 6
Syntron , Inc., 17200 Park Row, Houston, Texas 77084 USA, TEL 281-579-7700, FAX 281-379-7305, TLX 36732
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A SUBSIDIARY OF GEOSCIENCE CORPORATION

SYNTRAK 480-24™
Ocean Bottom Cable

System

Specifications

¢ 24-BIT DATA ACQUISITION MODULE

Number of Seis Channels: 12 Channels per Module

ynamic Range:
114 dB
113 dB
109 dB
99 dB

Equivalent Input Noise:
3.000 pV RMS
0.800 pV RMS
0.312 pV RMS
0.250 uV RMS

DC Offset:
3.000 pv
0.800 pv
0312 pv
0.250 pv

3_stortion:

Common Mede
Rejection:

Internal Crossfeed
Isolation:

Depth Transducer
Type:
Accuracy:
Range:
Pressure:

Internal Pressure
Transducer Pressure;

Depth:

Power Requirements
Consumption:

11796

(3 - 206 Hz: 2-ms sample rate)
@ 12 dB K-Gain
@ 24 dB K-Gain
@ 36 dB K-Gain
@ 48 dB K-Gain

(3 - 206 Hz: 2-ms sample rate)

@ 12 dB K-Gain
@ 24 dB K-Gain
@ 36 dB K-Gain
@ 48 dB K-Gain

(3 - 206 Hz: 2-ms sample rate)
@ 12 dB K-Gain
(@ 24 dB K-Gain
(@ 36 dB K-Gain
@ 48 dB K-Gain

Less than 0.0005 % (>106 dB)
at 3 dB below Full Scale
80 dB

=2110dB

Strain Gage

+0.46 m (1.5 feet)

0to 122 m (0 to 400 feet)
200 psi Max.

- 25 psi nominal

200 m, operating
300 m, survival

7 watts per Data Acquisition
Module

Input Voltage:
Dimensions

Canister Housing;:
Face to Face Distance:
Overall Length

With Connectors:
*  Preamplifier

Typé:

Preamplifier K-Gain:

65 to 240 Vdc

8.255 cm (3.25") diameter x .
38.1 em (15") length

35.43 cm (13.95™)

5334 cm (217

Voltage Mode Differential
181.8K Ohms

Gain (& 0.4 %) Max Volts Peak Pressure (20Volts/Bar)

12 dB 2048 mV 102.4 millibars
24 dB 512mV 25.6 millibars
36 dB 128 mV 6.4 millibars
48 dB 32mV 1.6 millibars

* Low-Cut Filter
Type:

Frequency:

Slope:

Type:

Frequency:
Slope:

* High-Cut Filter

Type:

Selectable Sample Rate

Analog (Butterworth)
3 Hz
- 6 dB/octave

Digital (IIR Butterworth)

5-15Hz
- 6 dB/octave

Digital Linear Phase

Filter Corner Frequency {- 3 dB)

4 ms
2ms
1 ms
0.5 ms

103 Hz @ 276 dB/octave
206 Hz @ 276 dB/octave
412 Hz @ 276 dB/octave
824 Hz @ 276 dB/octave

Syniron reserves the right to change specifications without notice s that the best possible product can be provided. 1

Syntron, Inc., 17200 Park Row. Houston, Texas 77084 USA, TEL 281.579-7700, FAX 281-379-7503, TLX 36732
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SYNTRAK 480-24™

Ocean Bottom Cable System

Specifications
+ High-Cut Filter Characteristics + SYSTEM CONTROLLER
Output | Pass- | Passband | - 3dB | Stop- Group PC Chassis: Passive backplane 48.26 cm (19”) rack-
prd | band | Flamess | Freq | band | pe|ay» mount
- xate f1 dB 2 3 1
fD((aHz) (Hz) (@B) (Hz) (HJZ) *(ms) Processor: 80486/DX4
P : 32 MbytesD tandard
2000 | 750 | 004 | 824 | 1000 | 14.50 gi;}i gf;f;f? | Goyte RAM standar
1000 375 0.08 412 500 | 29.00 =
500 188 0.10 206 250 58.00 Width: 48.26 cm (19"} standard rack-mount
250 94 0.10 103 125 116.00 Height: 17.78 cm (7)
“* Without digitl low-cul fiier. Depih: 55:88 om (27 [allow 6096 om (24"
With digital low-cut filter, del. z : .
ith digital low-cut filter, group delays are zero ms Weight: 20,41 ke (45 Ibs)
' Input Voltage: 90 - 132 Vac or 180 - 264 Vac
* AID Converter Frequency: 47 - 63 Hz
Type: Delta-Sigma Architecture Keyboard: 101 key
Numbel_’ of bits: 24 bits Mouse: Optical, mechanical or trackball
Dynamic Range: 120 dB @ 2-ms sample rate Monitor: 35.56 cm (15") VGA
) . Graphics One 1280x1024 high-resolution
+ Test Oscillator Display: 50.8 cm (20") color graphics monitor
Distortion: Less than 0.0003 % (- 110 dB) Printers: One Hewlett Packard LaserJet printer
and one dot matrix impact printer with
Output Levels: 2048 mV peak serial interface
512 mV peak
128 mV peak VME Link: DSP-controlled high-speed serial data
32 mV peak link (55 Mbps)
Frequency: 31.25 Hz Sine Wave
¢ MSTP CHASSIS
* Test Capability VME Chassis:  Custom 6U/9U
Digitizing DC Offset Width: 48.26 cm (19
Module: Equivalent Input Noise Height: 53.34 cm (21")
Harmonic Distortion Depth: 60.96 cm (24")
System Dynamic Range
Gain Accuracy Input Voltage: 90 - 132 Vac or 180 - 264 Vac
Impulse Response Frequency: 47 - 63 Hz
Common Mode Rejection Ratio (CMRR)
Internal Crosstalk S
Leakage Test reamer
= Interface: One or two Streamer Interface Boards
11796 Syntrou reserves the right to change specifications without notice so that the best possible product can be pravided.

Syntron, Inc., 17200 Park Row, Houston, Texas 77084 USA, TEL 281-379-7700, FAX 281-579-7505, TLX 36732
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A SUBSIDIARY OF GEOSCIENCE CORPORATION

SYNTRAK 480-24™
Ocean Bottom Cable
System
Specifications

System DSP-controlled high-speed serial data
Controller link (55 Mbps) and VME Bus Interface
Interface: board

]JME

Controller: Force VME Bus Arbiter Board

QC Graphics:  One QCG-II Board

# Streamér Interface Board

Maximum

Bandwidth: 240 channels at 0.5-ms sample rate

¢ MSRS CHASSIS

VME Chassis: Custom 6U/SU

Width: 4826 cm {(19")

Height: 53.34cm (217)

,bepth: 60.96 cm (24™)

Input Voltage: - 90 - 132 Vac or 180 - 264 Vac
Frequency: 47-63 Hz

MSTP Interface: Up to two Data Collector boards with

up to four streamers each
Processing Hardware: Two System Processor boards
VME Memory: 128 Mbytes DRAM

‘System Controller DSP-controlled high-speed serial

Interface: data link (55 Mbps) and VME Bus

Interface board

VME Controller: Force VME Bus Arbiter

~ Tape Subsystemn: Two SCSI-2 (fast and wide) Interface

I boards and a maximum of four of the
following IBM compatible cartridge
tape units: 3480 (dual), 3490E
{single) or 3590 (single)

Disk Subsystem: SCSI-2 Interface board,
1.2 Gbyte hard disk drive

11796

- 480 channels at 1, 2, and 4-ms sample rate

Syatron reserves the right 10 change specifications without notice so that the best possible product can be provided.

Plot Subsystem: Up to two 55.88 cm (22-inch) or

60.96 (24-inch} plotters with a
- Versatec interface

+ Data Collector Board
Maximum Streamer 4

Capacity:

+ System Processor Board 1 -
Rasterizer Board

Plotters Supported: 2
Plotter Interface: Versatec

Rasterization Time: 53 ms per trace for 8-sec record,

1-ms sample rate

*  System Processor Board 2 -
Recording System Board

Standard SEG Format;: SEG-D Revision 1,
Demultiplexed, 2.5 byte (8015),
3 byte (8036), and 4 byte (8038,
8048, 8058)

Plot Types: Single-trace, Monitor

Plot Gain Modes: AGC, PGC, Fixed

Plot Low-Cut Filter:
Trace Presentation;

IIR Selectable; 0, 5, 8 or 10 Hz
Wiggle, variable area

Note: Tape-blocking is supported under SEG-D Revision [.

[ 93]

Syntron, Inc., 17200 Park Row, Houston, Texas 77084 USA. TEL 28f-379-7700, FAX 281-579-7305, TLX 36732
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SYNTRAK 480-24™
Ocean Bottom Cable System

Specifications
¢ QC GRAPHICS WORK STATION + VME CHASSIS POWER SUPPLIES
PC Chassis: Passive backplane 48.26 cm {19")
rackmount . Height: 17.78 em (7")
Processor: 80486/DX4
Width; 48.26 cm (19™)
CPU Memory: 32 Mbytes DRAM standard Depth: 62.23 cm (24.5")
Disk Storage: 1 Gbyte
Input Voltage: 90 - 132 Vac or 180 - 264 Vac
Width: 22.86 cm (19") standard rack-mount Frequency: 47-63 Hz
Height: 17.78 cm (77)
Depth: 55.88 cm (227) [allow 60.96 cm (24")
for cable clearance] ¢ AUXILIARY INPUT UNIT
Weight: 20.41 kg (45 Ibs)
Channel Capacity: 12 or 48 channel unit

Input Voltage: 90 - 132 Vac or 180 - 264 Vac
Frequency: 47 -63 Hz Appended Modules: Append up to 48 channels of
data to the end of record

Keyboard: 101 key
Mouse: Optical, mechanical or trackball Sample Rate; Same as Data Acquisition
Monitor: 3556 cm (15") VGA Module
Printers: One Hewlett Packard LaserJet Filtering: Same as Data Acquisition
printer Module
VME Link: DSP-controlled high-speed serial
data tink (55 Mbps) Height: 26.67 cm (10.57)
Width: . 48.26cm (19)
Depth: 60.96 cm (24")
* QC Graphics Board
VME Memory: 64 Mbytes ¢+ HYDROPHONE LOCATION SYSTEM
Graphic Controiler DSP-controlled high-speed Location Accuracy: 1 meter relative to accuracy of
Interface: serial data link (55 Mbps) Acoustic Source Position
provided by the navigation
Graphics Display: One 1280x1024 high-resolution ‘ , system and knowledge of
) 50.8 cm (20") color graphics velocity and propagation of
monitor sound through the signal path
Maximum Bandwidth: 1 or 2 streamers with a maximum Typical Range
of 480 channels total at 1-ms Capability: 300 to 800 m

sample rate in real time
Operating Frequency: 76.4 KHz

Gain Maodes: PGC, FIXED

' Receiver Power Source:  Syntron Data Acquisition
Trace Presentation: Wiggle, variable area Module
11796 Syntron reserves the right to change specifications without notice so that the best possible product can be provided.

Syntron . Inc., 17200 Park Row. Houston, Texas 77084 US4, TEL 281-379-7700, FAX 281-579-7303. TLX 36732
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<] Syntron

A SUBSIDIARY OF GEOSCIENCE CORPORATION

SYNTRAK 480-24™
Ocean Bottom Cable

System
Specifications

Receiver Power
Requirements:

Input Function:
]

<L25mW

Acoustic Source Position from
navigation system, velocity of
propagation from customer

# ARPS Chassis

PC Chassis:

Processor:
CPU Memory:
Disk Storage:

Width:
Height:
Depth:
Weight:

,anut Voltage:
Frequency:

Keyboard:
Mouse:
Monitor:
Printers:

Circuit Boards:
Eight channel

Passive backplane 48.26 cm (19”) rack-
mount

80486/DX4
32 Mbytes DRAM standard
1 Gbyte

48.26 cm (19") standard rack-mount
17.78 em (7

55.88 cm (22") [allow 60.96 cm (24")
for cable clearance]

20.41 kg (45 lbs)

90 - 132 Vac or 180 - 264 Vac
47 - 63 Hz

101 key
Optical, mechanical or trackball
3536 cm (15" VGA

One Hewlett Packard LaserJet printer
shared with recording system

RS-232C: 1
VGA Adapter: 1
Ethernet Adapter: 1

;I‘ape Backup
< System :

11796

1 (250 or 350 Mbyte)

* BATES Chassis

PC Chassis:

Processor:
CPU Memory:
Disk Storage:

Width:
Height:
Depth:

Weight:

Input Voltage:
Frequency:

Keyboard:
Mouse:

Monitor:

Printers;

Circuit Boards:

Passive backplane 48.26 ¢m (19" rack-
mount

80486/DX4
32 Mbytes DRAM standard
1 Gbyte

48.26 cm (19") standard rack-mount
17.78 cm {7)

55.88 cm (22") [allow 60.96 cm (24")
for cable clearance]

20.41 kg (45 Ibs)

90 - 132 Vac or 180 - 264 Vac
47 -63 Hz

101 key
Optical, mechanical or trackball
35.56 cm (15") VGA

One Hewlett Packard LaserJet printer
shared with recording system

Eight Channel

RS-232C: 1

VGA Adapter: - 1

Ethernet Adapter: 1

Streamer Interface
PC-DSP/
PC-TAXI pair: Up to 4 Channels
PC-DART: Up to 8 Channels

Tape Backup
System:

Syniron reserves the right to change specifications without notice so that the best possible product can be provided.

I' (250 or 350 Mbyie)

Syntron, Inc., 17200 Park Row. Houston, Texas 77084 USA, TEL 281-579-7700, FAX 281-379-7303, TLX 36732
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Recording Copacity

Total Channels
Channels Per Line

Hulti-Line Capacity
Roll Capucity

Telemetry
(able Construction
Fauli Tolerance
Fouli Detection

Moximum Stotion Interval

Moximum Disiance
8etween Lines

Auxiliary Channels

Look Abend Test
Calibration

fest Capability

Sample Interval
dms  Ims  Ims  O5ms
8044 4032 2018 1008
2006 1008 504 252

1 - 517 Active Lines Tops

Equal to Channel Capacity

Twisted-pair Wite Conducters
Automatic Telemeiry Rerouting
Positive Line and Channel Identification

360 feet (110 meters) without repeaters

2200 feet (671 melers) without repacters

12 Tatal, Includ.ing 4 Filtered
full Performence Aux Chonnel Test Oscillotar
Automatic Pilot Quality Check

On-line, Full Specification Performaace Test
of Entire Channel Copacity

Autematic Gain Colibrotion
Autematic BC Offset Removal

System Dynamic Range
Equivalent Input Haise
Growp tmpedonce

{ommon Mode Rejection
Seis DC Detection
(rossfeed

Distartion

Attenucior Step Accuracy
Pulse Test

HPE Performance Test
Signal Dependent Noise Evoluctian
Spread Hoise Evalution
Geophone Performance Tesi
Cable Fault Detection

Seismic Dato Display

Al tests are remotely selectable and analyzed in the figld. Automatic and
resident daily, weekly, monthly and Look Akead Tests may be selecled.

Test Oscillotor

79 Different Sine Wave Frequeacies: 7.8-960 Hz
Wide Spectrum Summed Sine Wove Pattern

13 Pulse Pattarns of § Widths and 2 Types

173 D Levels

A oscillatar signals may be otienvated by g quaternary 11-sfep otienvator
and can be applied os difference mode ar common mode.

Electronic Lags

Observer's Log and Serip! lmpart Copakility
Look Ahead Test Results

Battery Status

Telemeiry Analysis

SPS Report Fermat

A-3-65

Ramote Test Statian (RTS)

Correlation ond Summing

Remote Status Monitoring Bottery end Power Supply Voltages
Baitery Usage

MRX Temperature ond Hymidity
Preamplifier and ADC Overdrives
Dote and Commond Telemetry Errors
Source Power Condition

Retrieves MRX Status
Tests Field Telemetry Cables
Tests Line Tog Telemetry Transmissions
Perfarms following tests an MRY:
Dyramic Runge Determination
RMS Noise
Frequency Respanse
{ommon Mode Rejection
Harmonic Distortion
HPE Performance
(rossfeed
Signal Dependent Noise Evoluation

On-lire correlation process verificotion
Full precision and real fime carrelation
Correletes and stacks

vp te 2016 chennels per module
{orrelation before or ofter stnck
Correlated ar vncorrelated stack ovtput

whea in stack before correlation mode
Simulianaots dual sweep aparation
Multi-sweep copability

with cempatible noise algorithms
Diversity edit noise atgorithm
Full system channel capability

32 Bit Floating Point Accuracy
Selectoble Playback Low-Cut Filters and Slapes
Selectable High-Cut Filters
Selectoble Noich Filters (3)
Digitel AGC or PGC Modes with Selecteble:
Trip Delay
Trip Sensitivity
AGC Rate
Initial Gain
Final Goin
Qutput Attenuation
Defloat Mode
Windowed AGC
Gutput Attenuotion Sehings
Polarity Selection
Starl/Stop Time Selections
Channel Selections
Title Black Annotation
Oscillostope Line Manitoring



SPECIFICATI

Remote Signal Conditioner (BCX)

! A/D Converter
Data Channels Per BCX
Preamplifier K-Gain
Dynamic Renge

Non-Shorted Input
Insterianeous DR

Total Dynamic Range

Equivelent Inpuf Noise
Non-Shorted Input

Maximum taput Signal

Distortion

Channel Gain Motching

(ommon Mode Rejection
( Crossfeed Isolotion

Frequency Response

Time Siandard

Input Impedonce

Differenticl Mode
Common Mode

24-Bits (23 + Sign)
6

12, 24, 36 or 48 dB
Gircular K-Gains

8.7-135 Hz, 650 Ohm Source, Zms Somple Inferval
120.0 dB @ 12 dB X-Gain

119.3 d8 @ 24 dB K-Gain

115.0 dB @ 36 dB K-Gein

104.1 dB @ 48 dB K-Bain

140.2 48 )

8.7-135 Hz, 650 Ohm Sovrce, 2ms Sample Inferval
1.408 ¥ RMS @ 12 dB K-Gain
0.381 uV¥ RMS @ 24 dB X-Gain
0.157 WV RMS @ 36 dB K-Gain
0.137 WV RMS @ 48 dB K-Gain

1408 mY RMS @ 12 dB K-Gain
352 mY RMS @ 24 dB X-Gain
88 m¥ RMS @ 36 dB K-Gain
22 mVY RMS @ 48 dB K-Gain

3982 mV P~P @12 dB K-Gain
996 mV P-P @ 24 dB K-Gain

249 mY P-P @ 36 dB K-Gain

62 mY P—P @ 48 dB K-Gain
0.0005% THD

0.1% '

100 dB or greoter

110 dB or greater

3-750 Hz

1 ppim

20K Ohms in parallel with 0.1pf
250K Ohms @ 50-60 Hz

LN S sex

Yoltage Range (B(X) 200 to 500 VDC
15.8" x 4.5"0D,
{40.1 tmx 11.4 ¢m 0D.)
251b(11.3 kg.)

B{X Dimensions

BCX ngghi

- BCX Filters

Allfilters are resident and remotely selectable ncluding:

* Digital Anti-Alios Filters ~ Linear or Minimum Phase Response
540 o 7S0Hz @ 1/2ms
2700r 400 Hz @ 1 ms
1350r 200 Hz @ 2 ms
680r 100 Hz @ 4 ms

Rejection above Nyquist Frequency -135 dB
Passhand Ripple +/-0.1 d8

(ON or OFF os desired)
32 Frequencies: 3-90 Hz
Slope: 12 dB/sdiave

= Digitol Low-Cut Filters

* Speciral Shoping filter (ON or OFF os desired)
{3 Start and 3 End Frequencies for each of 3 End Frequency Boosts)

End Frequency Boost 12de © 1eds 24d8
Stort - End  Stod  fnd Stot End
Frequency (Hz) 107 374 12.5 92.2 125 260.0
Frequency {Hz) 17.2 0.5 200 1430 202 3133
Frequency {Hz) 280 98.3 327 10 329 553

BCX Ambient Environmental Specifications

Operating Temperature -20 fo +75 *(

A-3-66



System Control Module (SCM)

' CENTRAL RECORDING ELECTRONICS

Tape Transport Modules (TTM)

Dimeansions 261" x 176" v 113 }
{66.3(m x 44.7 cmx 28.7¢m) TT™ Standurd 9 Trock @ 1600,/6250 byi
Weight 751b (34.1 kg) Dimensions 17" x 20" x 29"
Pawer 75 Watts {43.2n x 508 cm x 73.7 ¢m}
Weight 15516 {70.3 kg)
Line Interface Module (LIM) Power 250 Wotts

Dimensians 261" x 174" x11.3"
(66.3 ¢m x 44.7 cm x 28.7 cm) TTM Model 10 Portable 9 Track @ 1600/6250 bpi
Weight 751b (34.1 kg) ' Dimensians 24" 20" x 15"
Power 105 Watts [6].[] tm x 50.8 cm x 38.1 cm)
Channel Copacity 1008 Channels @ 2 ms Weight 11510 (52.3 kg)
Power 250 Waits

Line Capocity } 10 128 input lines

Operator Console Modules (OCM)

TTHM Model 45

Standard 18 Track @ 37,871 bpi
{1BM 3480 compatibla)

oM Standard Consale ar Portable Censole Dimensions (252649 ?m] 1(2;9 ]:;;ax" 37,6 cm)
PC Platform 486/386 18M compatibile PC Weight 521 (23.5 kg)
Correlator Stacker Module (CSM) optional Pover 230 Wotts
Dimensions 14"« 17" x 26.5° .
TTM Model 40 Portable 18 Track @ 37,871 b
(35.6 emx 43.1 em x 67.3¢m) ode O o rac = o A
) {1BM 348D computible)
Weight 120 lP (54.4 kg) Tape Unit Condrofler Unit
Pover 230 ¥iatts @ 12¥DC Dimensions W16 x95 x9S
Lt ] (B13emx406em (813 cmx 40.6 cm
Corselation Capacity Sample Iaterval/Channe! Capacity x24.1 tm) x 4.1 tm)
P A, Weight 55 1b (25 kg) 3518 (15.9 kg)
One (S 2016 1008 504 157 {ambined Power 330 Wotts
Four (SMs 3064 4032 018 1008

Data Recording Tupe formats
SEG-D 8058 4-Byte IEEE Demultiptexed”
SEG-D 8048 4-Byte Demuttiplexed
MEEE formal is documented in
ANSI/IEEE Sid 7541985

Ambient Environmental Specifications
Central Recording Modules

Operating Temperature Q1o +50 °C

Storoge Temperatuce -40to +75 °C

Humidity Ronge 0 15 100% (Moa-Condensing)
Operoting Altitude To 5500 Metess
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Advanced Line Tap (ALX) Battery Packs
Dimensions 19.4"x 18.9"x 9.5" MRX-1 Battery Pack (MBP)
(49.3 cm x 48.0 em x 24.1 cm) Operation 36 Hovr oparation ot 25 °C
Weight 32 (14.5kg) Dimensions . 8.6"x8.6"%5.25
(21.8emx 71.8 cm x 13.3 tm)
Weight 15.21b (6.9 kg)

MRX Carrier Rack
Capacity 9 MRY units (MRX-T or MRX-2) and
10 MRX batteries (MBP or SBP}
Dimensions 30.3"x 20.5" % 35.4"
(769 cm 2 52.1 cm x 89.9 ¢m)
Weight 91 1h [41.2 k)

MRX-1 Salar Battery Pack (SBP)
Operation 120% of typical MRY power
Dimensions B.6"x B.6" x 5.2%"
(218mx21.8emx13.3m)
Weight 16 b {7.2 kg)

Line Check Module (LCX)
Dimensions 21.0"x 18.0" x 8.0"
{53.3cm x 457 tmx 20.3 cm)
Weight 34.51b{15.7 kg) :

Battery Charger (MBC)
{epacity 16 batteries (MBP or 58P)
Line Voltage 85 ta 265 YAC
Line Frequency 47 to 63 Hz
lnput Power 750 YA
Dimensions 58" x 2.8" % 154"
(147 mx70.0 amx 39.1 tm) -
Weight 311b (14 kq)

Input{Output, Inc. veserves the right to change its prod-
uct specifications at any thue without notice, in order to
pravide the best possible products and services.

INPUT/OUTPUT, INC.
12300 Parc Crest Drive » Statford, Texas 77477 USA -« Telex 203391 » Fax 713/879-3500 » Phone 713/933-3339

Input/Output of Carada, Inc. » 3826 Burbank Road, S.E. » Calgary, Alberta, Canada T2H 173 - Fax 403/232-8330 + Phone 403/232-9932
Cromalour, Kanturk, County Cork, Ireland » Fax 333 29 31130 » Phone 333 2951166

SPREC-MENANG, Printed 1 USA0 £ 199E PeZand Betd input ‘Ouepat, Toc, all aghts fewersod, Varwess U5 anad fursign patenta peading U3 patent nusiber B73HL10 i IPELand $573, 1m0 Sl shugtng Filter
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1/O DIGITAL STREAMER

MARINE DATA ACQUISITION SYSTEM
R e edE ;

T e

y LONGER, STRONGER, SMALLER DIAMETER, FIELD PROVEN

\LL/ O/

INPUT/OUTPUT, INC.
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MSX VYALUE TECHNOLOGY

0 vaiiler recorder footprint
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A portion of active sections and module are shown
")without streamer skin and titanium housing

Bird /Compuss Coil (BC) {nof shown, Zeq)

=] @ s Up 10 12,000 Meters >
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Compact MSX Module

1/O STREAMER ELECTRONICS

16 channels per module for fewer connectors in the water

24-bit A/D converter (23+Sign) with an instantaneous
dynamic range of greater than 114 dB

Full performance testing can be done on the reel or in the
water

Electronics designed for a maximum depth of 2000 feet!

1/0 STREAMER CABLE

100 meter section length with 8 hydrophone groups,
12.5 meter center group spacing

2 inch spacer diameter plus non-magnetic aramid fiber
stress members; strong and light

Low noise tapered hydrophone arrays, center weighted,
29% overlap of adjacent groups

Dual optical fibers for trouble-free data transmission
Extremely rugged and low-noise composite streamer skin

options
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SAMPLE RATE TO TAPE

1 ms 2 ms

* Maximum Cable Telemetry Length @ 12.5-m groups:
ystem maximum seismic channels:

Maximum No. of channels per SIM:

Maximum No. of Streamer Inferface Modules (SIM):
Maximum No of cables per SIM:

Moximum No. of cables per system:

8800 m 12000 m

3840 7680
960 1920
4 4

4, 4
16 16

1 l

, Humber of raw channels may not exceed maximum number of channels per SI

RECORDER SPECIFICATIONS

Array Processing Oplions: Adjacent Channel Summing

. Recorder High-Cof Filier Options: None (digital anti-alios in MSX
) sireamer module)

Recorder Low-Cut Filter Options:  Out, 2Hz @ 6db/oct;
4, 6, 8Hz @ 12dB/octave

Recorder Low-Cut Filter Type: Di.gi1u1 Infinite Impulse
Response {IIR}

Recorder Low-Cut Filier Applicotion: Seis/Aux Data to Display Tape,
both, or none

No. Auxiliary Channels: 16 standord, up to 64 optional
No. Waterbreak Channels: 4 per cable
Tope Units Supporied: iBM 3590 Magstar SCSI

) No. of Tape Units: Up to 16 on two SCSI busses
Dual Re(ordir;g: Yes, simultaneous
Channel Skew: Simultaneous sampling
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CABLE RMENITIES

{able Power:

Caoble Lengths:

Cable Staius Data:

Cable Seismic Display:

Oscilloscope Data Display:

515 OC FRCILITIES

Data Source:
~ Screen Disploy Types:

Aulomated Testing:

On/off control; controller and
low-profile 2000W supply per coble

Mixed length leadins and No. of modules
Displayed continuously on 3-D graphics

Real-time windowed RMS-up to 16 cables
Real-time amplitude-1 cable

Mox data display-960 ch SIM @ 2ms
Display of NRZ data bursts

SCS! listener fap; playback or os-recorded
Cable plots

Instrument QC scripts for coble fests,
recorder fests, beginning-of-line,
end-of-line, plus user-defined fest
scripts; aviomatic and manyol



ELECTRICAL PCWER

System Elecironics Rack Requirements:

Cable Power Supply Rack Requirements:

208V 3-phase, S-wire
304, 50/60Hz;

one drop per System
elecironics racks

One odditional 208Y
3-phase drop per every
three supplies

INTERFRCE

Public Network:
Plotter:

External Control:

15K SPECIFICATIONS

Ethernel for printer, external logging
Versatec interface

Dedicated, configurable polority,
oploisolated inputs/outpuis:

© START (inpui from nevigation system)
o FIRE {outpuf o source confroller)

Console, Printer, Plotter, X-terminal: 120Y single-phase, * TIMEBREAK {input from navigafion
50/60 Hz, 20A source coniroller)
Power Consumption-System Rocks: Less thon 3kW for four
| SIM system INCLUDED EQUIPMENT

(onsole: - Workstation w/ dual 20-in. color displays

Power Consumption-Power Supply Racks: Less than 2kW per
) coble up to 12km;
or less than 1kW per
cable up fo 6km

Remote Displays: X-terminal w/20-in. color display

Plotter: 24-in. 200/400 dpi thermal

Printer: Networked laser printer

PHYSICRL EQUIPMENT

Rack Dimension: Standard 19-in. equipment racks,
75.5" high x 24" wide x 29" deep

{192¢m x 6lem x 74em)

One Rack for one SIM system (1-4
cables) two Rack for fwo-four SIM
System {5-16 cables)

No. System Elecironics Racks:

No. Cable Power Racks:  One for each four physical cables

Weight:
System Racks Approx. 520ib. {235kg)
Power Supply Racks ~ Approx. 720lb. {325ky)

Operating Termperature Range: 10° to 40°C Ambient
(15.6" 10 32.2"Cor 3590 tape units)
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Multiple Streamer Telemetry System

) Byntron, Inc.

A Tech-Sym Company
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SYSTEM ADVANTAGE,

The SYNTRAK 480-24™ Multiple -
Streamer Tglémetry System (MSTS)
meets the -chancringfc_:le-r"nands of sophisti-
“cated manne 3D surveys Animproved
recordmc g system and reliable, field-proven
- SYNTRAI\-‘&SO‘E Digital Acquisition
Modules place this system leagues ahead
of other systems in the industry. It
provides reliable system operation and
affords current SYNTRAK 480%F users a
cost-effec_t“ife means of expanding system
capabilicies. Flexible syscem architecture
alléws the system to acquire up to 8000

channels in real time.
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Inuitive mouse-driven pull-down menus
provide a g“réphical user interface that can

be learned quickly and easily. Another | --
advantage is the current graphical di.spl:a:y
of system starus and pertinent data. -_I‘_f_xls___‘
feature allows the operator to'monitor the

T

system'’s performance at a glance. =

-

P 4

Designed-in, real-time and off-line quali-

ty control features verify that the systern

_is operating properly and that data quality

meets Syntrons high standards. Should
any Faule oceut in the system, the QC fea-
tures isolate and correct the problem ina
matcer of minutes, saving valuable time

and money. ’
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System flexibiliey in the SYNTRAK
480-24™ MSTS has allowed Synl:ron to
develop the world’s first Ocean Botom ~
Cable Slfs_tgxp for use in shallow water and
obstructed areas. Whether for deep 6ccan
or ocean botcom-laid applications,” the
SYNTRAK 480.24™ MSTS provndc::
an efficient, cost-cffective solution co the

most challenging 3-D acquisition needs.
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SYSTEM OVERVIEW.

The SYNTRAK 480-24™ MSTS
urilizes the newest advances in hardware
and software technology. The principal
components of the system are the Digital
Streamers, Data Acquisition Modules,
System Controller, QC Graphics Work
Station, Multiple Streamer Telemetry
Processor (MSTP), Multiple Streamer
Recording System (MSRS) and the Tail
Bouy Power Module. Built around the
Intel 80486, the System Controller mas-
terminds the entire system, while the QC
Graphies Work Station commands and
conteols the quality control display sub-
system. The MSTP and MSRS system
hardware are all VME based technology.

SYNTRAK 480-24™

DIGITAL STREAMER.

The key to cost-effective streamer opera-
tion is reliable and trouble-free handling.
Syntron’s proven streamer components,
durability, reliability and high quality are
assured with Syntron's new reduced
diamerer arrays of 50 and 56 millimeters.
Using both existing and new technologies,
cable sections utilize a two siress member
design employing materials lighter and

stronger than steel. The new design also

incorporates waterproof hydrophones and

high buoyancy spacers. This technology
contributes o Syntron’s smaller, more

reliable, and stronger streamers,

The SYNTRAK 480-24™ Digiral
Streamer is designed for a nominal
operating length of 7,200 active meters
and is operable at lengths of up to 10
kilometers. To ensure a substantial factor
of safety for transient conditions, the

pull strength is set at 7,200 kilograms

SYNTRAK 480-24™

Multiple Streamer Telemetry System (IMSTS)

(7.2 ronnes) for the SO-millimeter section
and 10,000 kilograms (10 tonnes) for the

S56-millimeter secrion.

The stress members are made of light-
weight, high-strength Vectran™. This
material allows two stress member
construction insecad of the usual chree,
making the streamer casier and less dam-
aging to the streamer to reel. Reduced
chassis weight means increased buoyancy;
this makes it possible to use higher density
ballast fluids. Sections are constructed
with a load applicd equivalent to the
average row/ drag force experienced at
normal towing speeds of five to six knots.
This production process minimizes the
effects of the tow/drag force strcrching
the streamer and disturbing the group
spacing. The stretch sections mechanically
isolate the live groups from the transient
motion of the vessel and are availzble at
varying lengths to suit operational

requirements.

Hydrophones used with the streamer
sections are smaller than previous ones
and are waterproofed. A standard active
section is 75 meters long, Group spacing
is built in 6.25-meter sections. Each sec-
tion contains eight parallel hydro-phones
with an equivalent group sensitivity of 20
microvolts per microbar. Other live sec-
tion configurations are available upon

request to meet specialized needs.

DATA ACQUISITION MODULE.
Syntron's new generation 24-Bir Dara
Acquisition Module uses state-of-the-art
technolog)r.'The module offers extended
resolution, which makes it possible to .

record extremely small-amplitude signals

even in the presence of high noise levels.

The low noise technology utilized in the
preamplifier allows in excess of 120 dB
instantaneous dynamic range. Delra-
Sigma analog-to-digital conversion and
extensive use of DSP technology allows
digital fileering and signal processing
functions to be carried out in the Darta
Acquisition Module. This same DSP
technology allows implementation of

correlacion and noise reduction algorithms.

Preamplifier gain is selectable for each
channel within each module. Gains of 12,
24, 36 and 48 dB can be selected for cach
channel independently. Bird, compass, and
acoustic data links are integrated into the
seismic telemetry link and function as
external device controls. This advanced
technology also yields high linearity and
ulira low distortion, ensuring enhanced
recording fidelity ar all signal levels.

With these accribures, the 24-Bit Dara
Acquisition Module is smaller and even

more reliable than its predecessor.

Each Data Acquisition Module instanta-
neously samples and digitizes 12 seismic
channels. The quality control circuits
included in each module test de offset,
mnput noise, harmonic distortion, dynamic
range, gain accuracy, and tmpulse response.
Hydrophane tests include nacural frequency,
damping factor, seismic line continuity,
and seismic line leakage. A power
monitoring system within each module
allows the user to analyze streamer cur-
rent leakage. This test provides electronic
isolarion of streamer power problems and
eliminares the need to physically discon-
nect sections to locate faults. This feature

alone saves many hours of crew downtime.




“Each acquisition module consumes

approximarely 500 milliwates per channel.
The use of low-power circuitry increases
mean time between failures because chere
is very livtle heac accumulated. Low power
also allows the SYNTRAK 480-24™
MSTS to run continuously, whether it is

on the reel or dcploj'cd for operation.

A titanium depth ransducer installed in
the module housing provides depth
information accurate to within 0.45
meter (1.5 feer) over a range of O to
[21.9 meters (0 1o 400 fect). Each
module is pressurized with dry nitrogen
to approximately 45 psi. Should a leak
develop, a sensor monitoring internal
pressure allows operators sufficient time
to retrieve a module before sale warer
intrusion occurs. Module depch and
internal pressure are conveniently dis-
played on the monitor during each record

and are updated every shotpoint.

The dynamic address and the microcoded
information for each madule are trans-
mitted to the recording system and
logged in the extended header of each
record along with internal pressure and

warer depth measurements. Power for

the digital modules is provided by dc

power supplies in the recording system,
The total power consumed by a cable
configured with 480 channels is less than
2 300-wate light bulb. The continuous
power source means the system may be
operated 24 hours a day without the
hindrance of battery kife problems that
plague other systems. Ground fault
protection is provided to protect the

OPCIREOI and [Q ensure safe OPCTI!II-OR

of the system.

SYNTRAK 480-24™

Multiple Streamer Telemetry System (MSTS)

SYSTEM CONTROLLER.

The System Controller regulates the
activity of the MSTP and MSRS via a
custom high-speed serial link {55 Mbps)
developed by Syntron. The operating sys-
tem is a real-time, pre-emprive, multi-
tasking exccutive. System operation and
parameter entry are handled through a
sumple, mouse-driven graphical user
interface where menu selections and sys-
tem parameters are selected from casy
pull-down menu oprions. A 14-inch color
monitor displays system status informa-
tion, which can be quickly copied o

laser printer.

System performance can be analyzed off-
line before and after each boat pass. Also,
a programmable set of quality assurance
tests conducts daily, weekly, and monthly
system evaluation. This quality feature is
already enjoyed by current SYNTRAK
480% users around the world.

3C GRARPHICS WORK STATION.
Like its predecessors, the SYNTRAK
480-24™ MSTS, provides substantial
real-time and off-line QC facilities.
These quality features are standard in the
SYNTRAK 480-24™ MSTS. The sys-
tem allows all channels of daea robe dis-
played in real time whether in wiggle,
variable area, or variable density format.
When RMS acoustic noise or d.c. offset
analysis is performed on the data, a bar
graph presentation shows potential prob-
lems in the streamer. Should a problem
appear on a particular daca channel, a
number of diagnostic routines work to

isolate and resolve the problem.

The operator sets parameters for the
quality control system through a simple,
mouse-driven graphical user interface
coupled 1o a new Syntron developed
Quality Control Graphics II Board
located in the MSTS chassis. A 14-inch
color monitor indicaces the parameter
encries, while a second monitor presents
QC data in real time. Displays from
cither monitor can be copied quickly and

easily to a laser printer.

MSTP SYSTEM.

The MSTP isa multiple streamer marine
daa acquisition system that acts as an
interface between the digital streamers

and the recording systemn. Each MSTP

- chassts houses all the front-end hardware

for dual streamer acquisteion, Up to eighe
MSTP chassis can be operated simultane-
ously for a maximum of sixtcen streamers

per recording systerm.

The MSTPcontrols and analyzes streamer
and module diagnostics and displays them
on 2 high resolution graphics monitor.
Instrument QC can take place any time
the system is not in real-time seismic

acquisition mode.

Daily, weekly and monthly rests can be
pre-prograrmmed and run automatically
upon command. In addition to tests
performed on the digital modules, che
system can digitally synchesize signals,
such as precision sine waves and pulse
test patterns. This function verifies the
selection of array forming parameters
without the necessity of external rest
equipment or digital modules connected

to the system,
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Hydroscience Techn ologies Inc.

2659 Nova Drive
Dallas, Tx 75229
(972)241-7581 Fax (972)620-0271




Reticulated foam and
internal pressure for a
firmer, quieter streamer

The CenturyMux streamer is filled
with reticulated foam to help attenu-
ate various types of self-ncise. The
foam also serves as a low-noise
mounting support for the hydro-
phones and minimizes noise-causing
motion of the internal wiring. The
foam centers the spacers to keep
them from touching the inner surface
 the hose. This reduces the direct
transmission of turbulent boundary
layer noise into the section. The sec-
tions are designed to have a slight
internal pressure from the fill fluid,
which keeps the sections round and
firm. All this plus minimum acoustic
cross-section internal components
are used o minirize all sources of
self-noise, including bulge wave
noise propagation.

Sfate-of:the-art electronics
for quality data

The CenturyMux combines 24-bit
sigma-delta technology with an electro-
static shielding to virtually eliminate
crosstalk and tc achieve channel-to-
channel similarity of +0.25 dB magni-

iude and =0.5 degree phase shift. The

resulting channel-to-channel similarity
is the best in the marine geophysical
industry—a critical advantage for
“data stacking.”

Hydrophone design
innovations for peerless
acoustic signals

Unlike the wafer-thin, highly depth-
sensitive hydrophones used in other
streamers, the CenturyMux hydro-
phone incorporates a thick ceramic
design that reduces sensitivity per
meter of water depth to 0.005 dB.
This reduces the total harmonic dis-
tortion of the MD-7A hydrophone to
-90 dB, offering signal quality
unmatched in the industry.

Sealed and MILSPEC
components for defense
against catastrophic
skin breech

Only Hydroscience ensures high-
quality standards with MILSPEC or
industrial-grade passive components
and industrial-grade active compo-
nents. And only Hydroscience encap-
sulates its hydrophones, tungsten-
inert-gas welds its circuitry canisters,
and waterproofs all electrical connec-
tions to continue gathering data even
in the event of a breech of the
streamer skin.

A multiplexing scheme
for unmatched reliability
and expandability

The CenturyMux on-board receiver
interface system will support up to 10
streamers, in any configuration, for a
potential 12,800 channels at 2 milli-
seconds. _

The CenturyMux multiplexing
scheme uses nine twisted pairs of
wire to lower the data rate per trans-
mission line, improving reliability and
accuracy. Eight pairs handle up to
1,280 data channels at two millisec-
onds per streamer. The ninth pair is
reserved for non-acoustic data. This
data includes a section or telemetry
interval description; zener voltage;
line voltage; and leakage monitor
status. It may also include data from
up to 16 non-acoustic sensors within
the section such as temperature,
depth, heading, and tension. The
crystal-controlled clock in the far
felemetry interval is the master clock
for the streamer. Each telemetry
interval derives its timing from the
master clock. In multiple streamer
operations, a synchronizing signal is
derived from the recording system,
which ensures that each sireamer is
synchronized with the proper gun-
timing signal. To aid in troubleshoot-
ing, a failure in the master clock sig-
nal will cause the next forward
telemetry interval to assume the
master clock function.




Vectran for lightweight
strength

The CenturyMux design replaces
other types of stress members with
Vectran®, a lightweight liquid crystal

jolymer line whose three members
are rated to 15,000 Ibf breaking
strength. Vectran is many times
lighter than steel and is extremely
abrasion resistant. Vectran offers a
lifetime of reliable service and can be
safely terminated on a pin just half its
own diameter.

Quick-Coupler—for a smooth
2" diameter section-to-section

CenturyMux eliminates the need for
14" streamer section connectors with
the introduction of the 4.8"-long
Quick-Coupler—a smooth, strong,
lightweight titanium flush joint.

The CenturyMux Quick-Coupler
dramatically reduces streamer bend-
ing stresses during reeling and stow-
ing. The Quick-Coupler is quieter,
presents less drag, and has no
exposed canister edges to damage
the reeled streamer skin. For long ser-
vice life and easy interchangeability of
all sections, the CenturyiMux Quick-
Coupler is keyed to prevent damage
to the electrical connectors during
repeated coupling and uncoupling.

Distributed telemetry
for a smooth 2" diameter
head-to-tailswivel

The CenturyMux streamer is 50%
lighter than any 2.85" (nominal)
diameter digital marine streamer on
the market today.

The CenturyMux electronics are
packaged in 1"-diameter, 6.5"-long
canisters distributed throughout the
entire active section to ensure not
only neutral buoyancy, but also incre-
mental neutral buoyancy without
changing the uniform 2" diameter.
The result—a smooth 2"-diameter
digital streamer that makes possible
greater streamer length and multiple
streamer capabilities on vessels
once restricted to single-streamer
operations.
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CenturyMUX™ 24-Bit

Digital Streamer
System Specifications
NonacousTic CHANNELS
Number of Channels: 16/section maximum ONBOARD RECEIVER
Sensor Types: Pressure, Magnetic Rack mounted personal computer with one interface card
Heading, Temperature, per streamer and one rack mounted power supply per
Tension, custom streamer.
ization: 12 or 16 bit
Channel Quantization or . . The onboard receiver provides high speed parallel main
Channel Bandwidth: all channels in a'scctxon data ports and a control/status RS-232 port to the
share the bandwidth of one recording system’, as well as local control of streamer
acoustic channel operation and troubleshooting capabilities.
Receiver Capacity: 10 streamer interfaces
TesT CAPABILITIES (12,800 channels @ 2 msec)
Hydrophone Channels: equiva!ent input noise Rack Vertical Space: 24 inch (computer), plus
dynamu.: range 7 inch per power supply
harmonic distortion 3.5 inch (aux. channels)
intermodulation distortion
impulse response NoTES:
upper band edge tones -
: 1. Customer may request second external device bus
wideband frequency comb or - A
EVEN/ODD crossfeed (e.g. Digicourse coils near tail of each acoustic
DC offset calibration section).
hydrophone leakage 2. Other hosewall materials available on request.
3. Using Shell Sol 71 fill fluid, polyurethane hosewall,
Other Tests: telemetry error rate and no internal ballast.
sampling rate ) .. .
power voltages 4. Opefatlng depth limited to 35 m, s-urvwal to 900 m
saltwater intrusion version exportable to certain countries.
Test Signals: impulse 5. Grou? spacing shorter than 12.5 m not exportable to
31.25Hz -4dBFS certain countries,
70.8/125Hz pair 6. Hydrophones in the vicinity of the bird coil are re-
3.90625Hz odd comb arranged to minimize noise of external device origin.
186..Hz -4dBFS Group directivity patterns available on request.
372..Hz -4dBFS N _ ) _
0.250VDC 7. Additionat IIR hipass filters in recording system.
Auxiliary Input Channels:  onboard rackmounted 8. Sample rate decimation filters in recording system.
chassis with 8 hydrophone 9. Interface specification available.

channels. 1 Vrms full scale
differential voltage mode
input (Zp, = 63k)
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CenturyMUX™ 24-Bit

Digital Streamer

System Specifications

STREAMER
Maximum Length:
Operating Temperature:

Storage Temperature:
Telemetry System:
Transmission Line:

External Devices:

Power Input:

Power Consumption:

) Towcable S.G.:

J

Towcable Strength:

SECTIONS
Section Length:

Section Diameter:
Section Pull Strength:
Hosewall Type”:
Hosewall Thickness:
Fill Fluid Type:

Section Fluid Amount: '

Section 8.G.:
Maximum Depth“':
Section Bend Radius:
Section Couplings:

7900 m acoustic

-10 to +40 degC

«40 to +65 degC
Distributed electronics
(12) 24AWG twisted pair

DigiCourse coil near head
of each section’

constant current DC
(=250 VDC for 3km/240ch)

approx. S80mW/channel,
including copper loss

approximately 4
> 444 kN (100 klbf)

100 m (acoustic)
50 m (elastic)
< 1 km (lead-in)

5.1 cm (2 inch)

66.72 kN (15,000 1bf)
Polyurethane

3.2mm (1/8 inch)

per customer

144 liters (38 gal)/100 m
<1.000° to > 1.030

900 m (3000 ft)

61 cm (24 inch) minimum

Ti alloy, 5.1 cm OD,
rigid length < 13 cm

HyYbROPHONE CHANNELS
Hydrophone Type: Multidyne® Type 7A
(waterproof/shiclded)
Number of Channels: - 1280 @ 2 msec
640 @ 1 msec
Group Spacing’: 3.125t025m
Hydrophone Density: 128 per 100 m, equispaced
except near bird coil®
Sample Rates: 1 and 2 msec, £ 10 ppm
Sampling Skew: = 750 nsec per section
Channel Highpass”: -3 dB @ SHz, 12 dB/oct
: precision analog filter
Channel Lowpass®: 206 Hz @ 2 msec sampling
412 Hz @ 1 msec sampling
linear phase digital (FIR)
Channel Matching: +0.25dB,
+ 0.5 degree in-band
Hydrophone Matching: + 1 dB channel to channel
Channel Sensitivity: 110 V/bar (-179 dBV/pPa)
L'SB = 7e-9 bar
Channel Full Scale: 40 mbar in-band, rises

Channel Quantization:

Hydrophone Preamps:

Channel Distortion:
Dynamic Range:

Crossfeed Isolation:

at 12 dB/oct below 5 Hz
24 bit Sigma-Delta type

voltage mode,
differential input

THD and IMD < 0.002%
> 112 dB (5-412 Hz)
100 dB




