
,. .. . 

HIGH-GAIN, WNG-PERIOD SEIS"'OGRAPH STATION 

INSTALLATION REPORI' 

CHARTERS 'lUIERS, AUSTRALIA 

by 

John M. W. Rynn 

Lamont-Doherty Geological Observatory 

of 

Col1..111bia University 

Details of illustrations i•1 
thia document may be uctt.:r 

. atudied •n microfiche 

31 Harch 19'(1 

Sponsored By 

Advanced Research Projects Agency 

ARPA Order No. 1513 



BEST 
AVAILABLE COPY 



*J^'kW"'"'" DOCUMENT CONTROL DATA - R 4 D * 
^' ' iinfv  - ;.c.   i(ji ((fifj/i ttf fill--,   huilv i.l .it, .fr.n I .m I /Mt/.-vjM,   .,nt,-,f.,ti<■!) mn ,f he Vtttvtftl whfti  thv itvr,$ll fvnott is  flnssfUfii) 

' .   ,]UA  T\t;C   t f. ' t / t r ^   ifnrfuir.itf .nilhnrj 

Lamont-Doherfey Geological Observatory 
!     of Coiumt)la University 

Palisades,  NY 10964          

.J.I. f'l  ron T  »ECUBI TV   CL AS9IFITA t ION 

Unclassified  
ih.  OHOOP 

i C CO f» 1    ' i I L I 

High-Galn, Long-Period Seismograph Station Installation, 
Charters Towers, Australia 

^eSCIf-t ivfi NOTES iTypv i>l rrpnti .mil Inthmivv tl.iim) 

Sclent if 1c Interim 
i j f wOWiSi tt'irst IIOIDV, mitiditt miti/il, Inst ttttmf) 

John M. W. Rynn 

^ r P o ft r [J A i E. 

11 March 1221. 

I«,    TOTAL   NO     OF   I'ACES 

75  

lh.   NO    OF   nFKS 

4 
CONTHACT   Oll   GHANT   NO 

?4^62G-70-C-0038 
b,   PSOJEC T NO. 

AO 1513 

62701D 

'.HI.   ORIOItJ A TOR*»   RtrOHT   NUMBCMS» 

W,   OTHER  REPORT   NO(S> (Any nihvr nttntbrr*  thatmay 6o unsignnl 

OISTHIDUTION  STATEMENT 

Approved ror public roloaae; 
distribulioa unlimited« 

S'JPPLEMEN T AH»   NOTES 

TECH,  OTHER 

W     SPONSORtrjGf.^lLITANV    ACTIVITY 

AP Office of Scientific Research (NPG) 
1400 Wilson Boulevard 
Arlington, VA      

ABSTRACT 

This report describes the Installation of a high-gain, long-period seismograph 
system at Charter's Towers, Australia. The station is located at 20o05,l8" south 
latitude, 1^6015'l6" east longitude at an elevation of 356 m above sea level in the 
SHI» tunnel as, and adjacent to, the World Wirte Standaniized Seismic Network (WWSSN) 
station CTA Instrument vault. The system consists of three Geotech seismometers 
With natural periods of 30 sec (one vertical and two horizontal) each with two 
velocity transducers and one displacement transducer. One velocity transducer is 
coupled to a Klnemetrlcs galvanometer with a natural period of 100 sec from which 
the signal Is amplified by a photo-tube amplifier (P.T.A.) and recorded photo- 
griphically and digitally (designated high-gain component). 'Ihe slfyial from the 
second velocity transducer is coupled directly to a recording galvanometer and 
recorded photographically (designated standard component). The displacement 
transducer slgial is recorded digitally. The system can operate with gains up to 
^00,000 at periods of 35 to ^5 seconds. 'Ihls high sensitivity has been achieved by 
Isolating the selsmonwter from ba-rometric changes, by electronically filtering out 
the 6 second mlcrüseJsms and by shaping the Instrument response to correlate with a 
natural low in the earth-noise spectmn. The dynamic range of the digital system 
is over 70db and is 1 halted by the phototube cmplifiers. 

The seismometers and phototube amplifiers are housed In a chamber sealed from 
the environment by three ship-type bulkhead doors. The photographic drum recorders, 
recording galvanometers, control console and digital data acquisition system are 
located Ln a cement block building about 50 m from the seismometer«. 
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STAi'igJ LXATIOH 

Coordinates: Utitude      20° 03* 18" S 

Longitude   116° 15' 16" E 

Elevation above sea level: 

Hlgh-Oaln Seismometers:       Z üCtf m 

N-S 3^6.72 m 

E-W 356.71 ra 

Existing WWSSN vault: 357.71 m 

Ihe city of Charters Towers Is located In northeastern 

Australia about 1,050 kn north-northwest of Brisbane and 

approximately 130 km Inland from the Pacific Ocean (Figure 1-1). 

Ihe seismograph station is located on University of Queensland 

property on the western side of Towers Hill approximately 0.8 km 

south of the city (Figures 1-2 and 1-3). In 1957 the University 

of Queensland operated an I.G.Y. seismic station at a site en the 

north-east flank of Towers Hill. The World Wide Standardized 

Seismic Ifetwork (WWSSN) station CTA was Installed at the present 

site In 1963 and has been operating continuously since tiien. The 

hi^i-ffdn station is in the same tunnel as, and adjacent to, tlie 

WWSSN seismometer vault. The tunnel v/as originally a gold mine that, 

during World War II, was enlarged and reshored for use as a muni- 

tions storage area. 



Figure 1-1:    Map of Australia showing location of Charters 
Towers. 



'igure 1-2:  Aerial photograph of the city of CharU'rs " ^ers showing tin 
locations (if the seismograph station tunnel entrance, n-c cit 

reservoir, the railroad, Route 78, and the airport. 



Figure I - i: Fli. tugraph of the University of Queensland Seismograph 
Station property at Charters Towers:  A - Tunnel Entrance; 
B - UVSSN Standard Station CTA Recording Building; C - 
Reservoir; Ü - City of Charters lowers. 
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LQCAL PHYSIOGRAPHY 

The Charters Towers district is part of a peneplain at 

an elevation of about 330 m above sea level and lies wholly 

within the dissected tableland that fonns the eastern boundary 

of the Great Dividing Range. The topographic relief la 

characterized by a gently undulating surface traversed by sand- 

filled watercourses (Figure I-^J). Several granodiorite 

monadnocks are promlnant in the area. The seismograph station 

is located at the base of the largest of these monadnocks, 

Towers Hill, approximately 0.8 km south of the city of Charters 

Towers. Towers Hill is at an elevation of ^20 m above sea 

level and 120 m above the peneplain level in the vicinity. The 

hill is most conspicuous in that it is covered with large 

boulders and is almost devoid of vegetation. The district is 

drained by the Burdekin River, one of the largest rivers on the 

eastern seaboard of Australia. Its closest approach to the 

station is about 16 km. 

CLIMATE 

The climate is tropical-continental with an average rain- 

fall between 70 and 75 cm per year, most of which occurs during 

the wet season from December to April. The prevailing winds of 

the district come from the south-east during surmer and fron 

the west during the winter. Although wind strength is normally 

light, heavy winds accompany the early surmer thunder stonns 

(from October to December) and the dust storrns at the end of 

winter. The  temperature averages 35°C in the sunnier and  12°C 

in the winter. 
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station Is Indicated by solid circle at the base of Towers Hill. 
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Temperatures up to ^50C are known to occur during the suimier. 

The average daily (day-nlgit) tenperature fluctuation Is about 

150C in sunmer and less than 5C'C in winter. 

LOC^JL GEOLOGY 

Most geological studies within the Charters Towers district 

nave been related to the gold mining activity. Heid (1917) 

gives a detailed description of the geology and structural 

history of the gold fields in and around the city of Charters 

Towers. A more recent geological survey giving a detailed 

account of the regional geology and tectonics of the district 

was completed by the Bureau of r^neral Resources and Queensland 

Department of Mines in 196? (Figure 1-5). 

In the Charters Towers area, outcrops of mica-schists and 

quartzites of the Charters Towers Metamorphics, an early Paleo- 

zoic (pre-Devonian) metamorphic series, occur as roof-pendants 

in the Silurian to early Devonian Ravenswood Granodlorltes. 

The former series constitute the oldest exposed rocks in the 

area. Both formations have been Intruded by an extensive series 

of igpeous dykes. In some parts of the area. Tertiary grits 

and sandstones lie conformably on the eroded granodiorite 

surface. Two series of faults of different ages developed within 

the granodiorite and formed the lode channels where gold was 

deposited. 

The seismometer vault and recording building are located 

about 100 m inside an old gold mining tunnel at the base of Tower:; 

Hill. This hill is part of a large granodiorite batholith that 
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Figure 1-5:    Geological map of the Charters Towers district. 
Seismograph station is indicated by solid 
triangle. 
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Intruded the Charters Towers Iletamorphic^. 'I^ie closed 

granodlorlte in the seismometer vault is extensively fractured 

and faulted. Ihe foliations strike north-wect and dip steeply 

(from '»0° to 90°) to the north-east. Extensive dendrlte forma- 

tions are observed along the foliation surfaces. It should be 

noted that the drift could easily be enlarged witn a miner's 

pick or hand sledge and chisel, the rock slabs being easily re- 

moved from all surfaces of the drift. 

STATION'S RELATION TO MAN-MADE STRUCTUREC 

Ihere are no large structures near the vault. Several 

small concrete blockhouses are on the property (Figure 1-3). 

One of these blockhouses is used for recording data from the 

WWSSN station and several others are used as storage areas. 

However, the majority of the blockhouses are vacant. 

'Ihe main highway (Route 78) and railroad to western North 

Queensland are approximately 1.^ km and 0.7 km, respectively, 

southeast of the station at their closest points (Figure 1-2). 

A gravel road carrying only a few cars per day passes about 

200 m west of the station, 'ihe city of Charters Tower-s, with a 

population of 8000, is primarily a fanning center- with no slgj-ilf- 

icant industrial works, 'ihe nearest (jam is 16 km away. A 

microwave tower and repeater station .have been constructed approx- 

imately 500 m SSE of the station. 

One possible source of man-made noise is the city reservoir 

which is situated on top of Towers Hill (20° O'j' 20.2"S, 

146° 15' 12"E) at an elevation of 390 m above sea level. The 
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reservoir has a diameter of 51.2 m, a depth of 4 m and a maximum 

capacity of 1.8 million gallons.    The vertical and horizontal 

separations of the seismometer vault and the reservoir are 35 m 

and 13 m respectively.    'Ihe water level is kept fairly constant 

by means of pumps that start automatically when the level drops 

by approxirrately 1 m.    Water level readings are taken at 21:15 

G.M.T. on weekdays.    Figure 1-6 shows the daily water levels for 

the months of October anr'. November 1970.    These measurements can 

be regarded as showing the typical condition of the reservoir. 
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taken. 
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II: STATION CONSTRUCTION AND INSTAIIATION 

The station is divided into two separate parts (Figure II-l): 

1.) The seismometer vault and phototube amplifier (P.T.A.) room 

are located at the end of the main tunnel approximately 100 m 

from the entrance. 

2.) The recording building, a three-room cement block structure, 

is located in a side tunnel about 30 m from the seismometer - 

P.T.A. chamber. Ihis building is adjacent to the WWSSN seismometer 

vault. 

SEISMOMETER - P.T.A. CHAMBER 

The seismometer vault and P.T.A. room (Figure II-2) are 

located in an old drift originally 1.6 m by 1.3 m (5 feet by 

4 feet) in cross-section but enlarged during installation to about 

2.3 m by 2.3 m (7 feet by 7 feet) in cross-section. About 30 m 

of overburden exists above the vault. In an attempt to precisely 

control the environment, three ship-type bulkhead doors wei1« 

Installed. All exposed surfaces of tne concrete bulkheads were 

coated with epoxy paint. A continuous flow of water from an 

unknown source was vented through the chamber via a 2  Inch gal- 

vanized pipe with a pitch of 1 inch in 20 feet alonp; the eastern 

footwail of the chamber. Two sumps, one in front of bulkhead 

door #1 and one behind bulkhead door ^3, were constructed. The 

rate of flow is about 75 litres per day. No water was observed 

entering the seismometer vault, v.iiich Is lewer than the pipe and 

sumps. A 12V DC bilge pump (of capacity 7500 litres per hour) 

was Installed in the sump in front of bulkhead door #1. This 



Figure II-l: Site contour plan of Charters Towers Seismograph 
Station. The WWSSN seismometer vault and 
recording building and the L.D.G.O. seismometer- 
P.T.A. chamber and recording building are shown. 
The elevations of the WWSSN and high-gain 
seismometers above mean sea level are indicated. 
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puirp is operated for a short time Interval once \ycx' day and does 

not create any observable noise on the records. 

In preparing the seismometer vault floor for pouring 

concrete, all loose rock was removed by pick. The resulting 

solid bedrock surface was very irregular. Extreme care was taken 

in cleaning this surface by removing pebbles and sand grains and 

flushing with water and compressed air. A mixture of one part 

cement and two parts sand was carefully poured to obtain a dense 

seismometer pier. A firm bond to the bedrock was ensured by 

carefully trowelling the cement. No reinforcing devices were 

placed in the cenent. Because of the uneven surface of the 

bedrock, the pier varies in thickness up to 35 cm and contains one 

step (Figure 11-.^). A 5 cm wide tar filler Joint was placed at the 

P.T.A. room end of the vault. 

The seismometer tanks were initially prestressed by dis- 

torting the base into a dome about 1 cm high at the center. Each 

tank was then anchored to the bedrock with 3/^ inch cadmium- 

plated steel rods and roofbolt anchors in holes drilled through 

the pier (Figure 11-^). Holes were drilled at least 10 cm into the 

bedrock. 'Ihe void under each tank was carefully filled with very 

fine grained "Sakrete" mortar mix. 

'ihe seismometer pier was surveyed for a north-south line to 

t 0.lj)0  (Figure II-5) and permanently marked by points scribed at 

two opposite points on the flange of each tank bottom. Figure II-6 

shows tne alignment of the seismometers and the positions of the 

cable conduits in the tanks. All cables pass along steel and 

wooden-frame cable trellis attached to the eastern rib of tne 
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selsmometer vault, and then through cable conduits into the 

P.T.A. room. 

The P.T.A. room houses the phototube amplifiers, their 

power supplies, and the power supply for the displacement 

transducers (Figure 11-/). Tho  P.T.A. pier and floor are 

concrete with the pier 8 cm above the floor (Figure II-8). 

All concrete surfaces in this room are covered witn epoxy 

paint. 

RECORDING BUILDING 

Ihe recording building is of cement block construction and 

divided into three rooms; recording room, control room, work- 

store room (Figure II-9). 

The recording room (Figure 11-10) has two separate concrete 

piers for the high-gain and standard (low-gain) recording gal- 

vancrneters. Each pier is isolated from the floor by a 5 cm wide 

tar filler Joint. Two three-drum photographic recorders are 

mounted on wooden-topped adjustable tubular steel bencnes. 

Cabling is routed in conduit on the ceiling adjacent to the 

eastern wall. All cable conduits were made llght-tl^it. Double 

light-tight doors allow access to the recording room without 

interrupting the records. 

'ihe control room house;:; the power distribution panel} digital 

data acquisition system, control console, and two metal cabinets 

for spare parts. 
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Figure II-7:  Croas-sectional view of P.T.A. Room. 
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.6-.9,9 «maVA 

Figure 11-10: Cross-sectional view of Recorder Room. 
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CABLES 

Details of cables used for the installation are given In 

Table I. To preserve the pressure-seal conditions in the 

selsmometer-P.T.A. chamber, all the cables are potted In 

"Scotchcast" resin and routed through 2 Inch galvanized pipe 

conduits In the concrete bulkheads. In the recording building 

the cables pass through similar 2 Inch pipe conduits (not potted) 

ard through 2 Inch U-sectlon plastic conduit attached to the 

celling. Ihe cable conduits at each end of the recorder room are 

sealed with "Duxseal" compound, ihe positions of cables In the 

cable conduits In the selsmometer-P.T.A. chanter and recording 

building are shown In Figures 11-11 and 11-12 respectively. 
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TABLE I 

CABLE DETAILS 

~     '"" CABLE 
CABI£ I  DESCRIPTION TYPE 

1 N-S Velocity Lew Gain Signal Seismo to Photorec 2CS 

2 E-W Velocity Low Gain Sigial Seismo to Photorec 2CS 

3 Z  Velocity Low Gain Signal Seismo to Photorec 2CS 

^4     N-S Velocity Hi^i Gain Sipial Seismo to P.T.A. 2CS 

5 E-W Velocity Hi#i Gain Signal Seismo to P.T.A. 2CS 

6 Z  Velocity High Gain Sigial Seismo to P.T.A. 2CS 

7 N-S Primary Calibration Seismo to Console 2CS 

8 E-W Primary Calibration Seismo to Console 2CS 

9 Z  Primary Calibration Seismo to Console 2CS 

10 N-S Secondary Calibration Seismo to Console 2CS 

11 E-W Secondary Calibration Seismo to Console 2CS 

12 Z  Secondary Calibration Seismo to Console 2CS 

13 N-S Velocity Higi Gain Signal P.T.A. to Photorec 2CS 

Ik            E-W Velocity High Gain Signal P.T.A. to Photorec 2CS 

15 Z  Velocity High Gain Signal P.T.A. to Photorec 2CS 

16 N-S Velocity Hi#i Gain Signal P.T.A. t   Digital 2CST 

17 E-W Velocity Hl#i Gain Signal P.T.A. to Digital 2CST 

18 Z  Velocity Hi^i Gain Signal P.T.A. to Digital 2CST 

19 N-S Displacement Signal/ Seismo to Console 2CST 

Boom Crater Monitor 
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TABI£ I (Continued) 

CABLE iC   DESCRIPTION 
CABLE 
TYPE 

20 E-W Displacement Signal/ 

Boom Center Monitor 

21 Z  Displacement Signal/ 

Boom Center Monitor 

19C N-S Displacement Signal 

20C E-W Displacement Signal 

21C    Z  Displacement Slgial 

22 N-S P.T.A. Gal Centering 

Monitor 

23 E-W P.T.A. Gal Centering 

Monitor 

24 Z  P.T.A. Gal Centering 

Monitor 

25 N-S P.T.A. Gal Centering Motor 

26 E-W P.T.A. Gal Centering Motor 

27 Z  P.T.A. Gal Centering Motor 

28 N-S Boom Centering Motor 

29 E-W Boom Centering Motor 

30 Z  Boom Centering Motor 

31 N-S Displacement Transducer 

Power Supply 

Selsmo to Console 2CST 

Selsmo to Console 2CST 

Console to Digital 2051' 

Console to Digital 2CST 

Console to Digital 2CST 

P.T.A. to Console 2C3T 

P.T.A. to Console 2CST 

P.T.A. to Console 2CST 

Console to P.T.A. 2CST 

Console to P.T.A. 2CST 

Console to P.T.A. 2CST 

Console to Selsmo 2CST 

Console to Selsmo 2CST 

Console to Selsmo 2CST 

P.T.A. to Selsmo 3CSr 
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TABI£ I (Continued) 

CABLE 1 DESCRIPTION 
CARIF. 
TYPE 

V E-W Displacement Transducer P.T.A. to Selsmo 3CST 

Power Supply 

33 Z  Displacement Transducer P.T.A. to Selsmo 3CST 

Power Supply 

A Spare Selsmo to Console 2CST 

B Spare Selsmo to Console 2CST 

C Spare Selsmo to Console 2CST 

D Spare Selsmo to Console 2CS 

E Spare Selsmo to Console 2CS 

F Spare Selsmo to Console 2CS 

X Spare Selsmo to P.T.A. 3CST 

Y Spare Selsrx) to P.T.A. 3CST 

z Spare Selsmo to P.T.A. 3CST 

Notes:  (1) Cable Type 2CS  2 Conductor Solid (#18 wire) 

2CST  2 Conductor Stranded (116 wire) 

3CST  3 Conductor Stranded (#16 wire) 

All cables with milar shield and separate earth conductor 

(2) Cables 19C, 20C, 21C: 

"C" denotes a cable connecting the displacement trans- 

ducer output of the seismometer from the control console 

to the digital system enabling the displacement signal 

to be digitally recorded as well as the monitor for boom 

position. 
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TABLE I (Continued) 

(3) Abbreviations for end positions of cable runs: 

Selsmo  - SeismoriEter Vault 

P.T.A.   - P.T.A. Room 

Photorec - Recording Room (Photographic recording) 

Console  - Control Console in Control Room 

Digital  - Digital Acquisition System in Control 

Room 

(4) All 110V cable is #10-3 wire plastic covered cable. 
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III: STATION FACILITIES 

AVAILAhLh: COIWERCIAL POWER 

Voltage:   240V 

Frequency:  50 Hz 

Reliability: High-gain, broad-band, long-period station voltage 

was observed to be lower than 240?« This voltage, 

which varies between 220V and 250V, is affected by 

fluctuating local district loads and by other 

voltage systems within the University of Queensland 

seismograoh station. In particular, when the system 

of limits in the tunnel is on, the station voltage 

drops as low as 220V (Figure III-l). Consequently, 

the L.D.G.Ü. system 110V line is affected by these 

variations. For normal operation, the system voltage 

varies between 107V and 111V. However, when the 

tunnel lights are on, the voltage drops to about 10^V 

and on some occasions was observed to fall below 100V. 

Occasional power failures of varying duration are 

present. During a one month test period (15 August to 

15 September 1970), six power failures of periods 

ranging from a few seconds to several minutes occurred. 

In the surrmer months, failures of up to one hour* are 

known and are caused by severe electrical otnnns. When 

serious power breakdowns do occur, a secondary distri- 

bution system is used by the local authorities. Whereas 
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the primary distribution system maintains a constant 

frequency of 50 Hz, the secondary system has a varying 

frequency. Such frequency variations are reflected 

in the time ba&e on the photographic records. Normal 

voltage variations do not appear to effect the 

station operation. Ihe power failures are a very 

serious problem causing both the analog and digital 

systems to cease operation. Ihese power problems 

necessitate the provision of a standby power system for 

uninterrupted operation. Such a power system is 

scheduled to be installed around April, 1971. 

A Rustrak line-voltage recorder (110V or 2i|0V) is installed in 

the control room to provide a permanent record of either the station 

voltage or system voltage (as desired) and monitor all power failures. 

AVAILABLE TIME STANDARDS 

Time for the analog (photographic) records is taken from the 

existing WWSSN time console. Ihe WWSSN station has a Hammarlund 

3P600 receiver with a dipole antenna orientated east-west with each 

arm approximately 33 meters in length. Radio reception of VNG, 

Lyndhurst, Victoria, Australia is excellent. This is an Australian 

Government (Post Master General's Department) standard frequency 

transmission of ^.5, 7.5, and 12.0 MHz and is used as the station 

time standard. JJY, Japan (10 and 15 MHz) and WWVH, Honolulu 

(10 and 15 MHz) can be received fairly well during night-time 

hours. 
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The digital acqulstlon system has a crystal oscillator 

time standard. Its digital clock is checked daily and corrected, 

if necessary, to VNG time when tapes are ohangtd every two weeks. 

STANDARD lEMPERATURE AND HUMIDITy 

No tenperature control equipment or recording apparatus 

exist in the seismometer vault. 

Temperature, humidity and barometric pressure records 

were obtained in the work room for the two-week period beginning 

3 September 1970. Examples of the conditions are shown in 

Figures III-2 and III-3. These records indicate the relatively 

stable conditions that exist in the tunnel and recording 

building. Variations of a few degrees Centigrade In temperature 

and 10%-20% in humidity are expected. Microbarograph reocrds 

indicate a maximum dally fluctuation of 0.2 inch Hg during a 2H 

hour period with a 6 to 7 hour cycle. 

A Bendix hygro-thennograph and a Bendix micro-barograph 

are Installed in the workroom to monitor the environmental temper- 

ature and barometric pressure changes. The effects of large 

meteorological phenomena can then be monitored. 

BACKGROUND NOISE 

The microselsmic acitvity is associated with meteox'ologlcal 

phenomena, particularly low pressure fronts and local stomn, and 

is extremely variable in amplitudes. Predominant microseiriE have 

periods of 2, 8 and 20 seconds. The greatest activity occurs from 
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November to Inarch.    During the dry season (April to October) 

the amplitudes are small ( 0.5)j).    Storm mlcroselsm amplitudes 

may Increase by a factor of five or more.    'Ihe nature and effect 

of long period background noise is not known at present. 

Other natural seismic disturbances are not comnon. 

OTHEP': INSIFJMEm'S IN OPERATION 

The WWSSM standard station CTA has three short-period 

(To = 1 sec) Benioff variable-reluctance seismometers and 

three long-period (To = 15 sec) Press-Ewing seismometers the 

magpiflcations of the components are: 

SP    •  Z        :      100,000 

SP     r.-S      :      100,000 

SP     B-W     :      100,000 

LP       Z        : 3,000 

LP     N-S      : 3,000 

LP     E-W      : 3,000 

During the dry season (April to October) both systems can 

operate at increased nag-ilflcatlons. 

A gravity station (Number 6^91.20^7) of the Australian 

Nationa] Gravity Network La located in ttio main tunnel of the 

solurnopraph etaticn (Flguro 111-^).    The value of gravity at 

tills site is )78ü82,07 nllligale. 



CHARTERS   TOWERS  SEISMOGRAPH STATION 

(QUEENSLAND UNIVERSITY) 

PLATE 

Sealed Road 

\.     ^ Seismograph 
>       v Recording Station 

-1 ' 
I I 

\ 
\ \ 

\ \ 

/ 

\ \ 

\ 
s 

X 

Tunnel Containing 
Seismograph Instruments 

Grove/ 

Seismograph 
Recording Station 

(over hi'l) 

64912047 
(Station marked 
with brass disc) 

^. 978582.07myrf. 4: 

Door 

oK      Post 
Marked N06 

4 Pr>mory bast 

A Secendury base 

""Eietnire 

CHARTERS TOWERS    OLD 

Sheet 3 of 3 FM/B2 Mi Z 

GRAVITY STATIONS 
AUSTRALIAN NATIONAL GRAVITY NETWORK 

Figure III-4: Location of Gravity Station In the tunnel at 
the University of Queensland Seismograph 
Station at Charters Towers, Australia. 



-44- 

IV: INSTRUMENTATION 

The details of the system Instrumentation are given in 

the Lamont-Donerty Geological Observatory Teclinical Report 

entitled "High-Gain, Long-Period Seismograph Station Instru- 

mentation". The complete system is shown in Figures IV-1 and 

IV-2. Amendments to the system and specific details that 

pertain only to the Charters Towers Installation are given 

below. All tests and '- Lib rat ions were performed remotely from 

the Control Room. Photographs of the Charters Towers installa- 

tion ere given in Appendix 1. 
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Flgure IV-2:  Detailed diagram of the high-gain, long- 
period seismograph system. The diagram is 
located at the end of this report. 
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AMEIIDMENTS TO SYS'i'Elvl DIAGRAM: 

STATION:      Charters Towers, Australia 

1. The following parts are not at this station: 

L.D.G.O. Part Numbers: 1114, 2104, 3218, 3219, 3276, 

3277, 3410-1, 4101, 4102, 4301, 600rj, 8001, 8002, 

8005-8007, 8013-8020, 8023, 8027-8030, 8032, 8033, 

8036, 8037,  8040, 8043, 8044, 8100, 8201-8208. 

2. Voltage regulator (#3270) not in operation:    AC 

power fron power distribution panel (#3424) to 

specific components. 

3. P^humldlflers (#3600, #4400) not in operation. 

4. Radio (#3218) not installed at station. 

5- Antenna (#3219) not Installed at station. 

6. Timt marks for Standard and HigJ-i-Gain photographic 

recorders (#4100) taken directly from existing WWSSN 

time console and not via time relay closures from 

digital clock (#3100). 

7. Bulkhead door #3 (#5100) Installed. 

8. Filter galvanometers (#4350) were not installed. 
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VEmCAL 

Seismometer: 

Serial Nunijer: 131 

Free Period: 30 Seconds 

Magnets: Lower - before attachment: 

after attachment: 

Upper - before attachment: 

after attachment: 

Coll Resistances:      Standard signal: r^ 

High-Gain signal: rg 

Prlmiy Calibration:       r^ 

Secondary Calibration:    r^ 

CDRX (Critical for one signal coll): 

2,550     gauss 

2,380     gauss 

2,i|25     gauss 

2,300     gauss 

590     ohms 

590     ohms 

1.9 ohms 

1.9 ohms 

4,500     ohms 

Electromechanical Constant, G: 

Standard Slg-ial Coil: R1 

V 

Q 

iilgh-Galn Sigjial Coll: K1 

V 

J 

189,500 ohms 

1.4 volts 

126.1 newtons a/rp-' 

189,000 oluns 

l.'l volts 

125.4 newtons amp"1 
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Prlmary Calibration Coll: 

oecondary Calibration Coll: 

R1 = 23.8 ol'ims 

V = l.M volts 

G ■ 0.03^9 newtons amp-1 

R1 = 2Jt.8 olinis 

V = l.'l volts 

G = 0.037'! newtons amp-1 

Cable Resistances: 

Cable // 3 

Cable §  9 

Cable #12 

1.6 ohms 

1.7 ohms 

1.5   ohms 

Standard (Low-Gain) Recording Galvanometer 

Serial Nuntoer: 

Free Period: 

Internal Resistance: 

CDRX Set: 

Dairping: 

Current Sensitivity: 

P.T.A. Galvanometer: 

Serial Number: 

frte Period: 

intoma 1 Res LstVUV: 

CUr</. Sf?l: 

jan<Ang: 

Current Sensitivity: 

170 

10^4 Seconds 

510 ofims 

3,000 ohms 

Critical 

3.10 x 10~9 amp nm"1 at 1 metre with 

3000 dims CDRX 

109 

100 Seconds 

^05 olure 

3,000 oiim.- 

Critical 

S.O x lO"' mv nri"1 at. 1 nctr*? with 

300 OIIITB CDHX 
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Hlgh-Galn Recording Galvanometer: 

Serial Number: 

Free Period: 

Internal Resistance: 

CDRX Set: 

Damping: 

Current Sensitivity: 

Gain Resistor: 

39^2 

0.3 Seconds 

65 ohms 

100 ohms 

Critical 

1.^9 x 10""8 amp mm-1 at 1 metre 

with 100 ohms CDRX 

300,000 ohms 

Component Magnification (Peak): 

Low-Gain: 5,000  at  28 Seconds 

High-Gain: 1^0,000 at  44 Seconds 
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Remarks: 

'["he  final settings of the L-Pad attenuators are as follows: 

To = 30 sec 

580 fi    C r. '.A. L 
12K U 

6K ü < 

6K n 

590 Q sro 6K n 

Tg = 100 sec 

500 n 

O  Tg = 10^ sec 

500 n 

Hie seismometer is overdairped (h ■ 1.1). 

The P.T.A. galvanometer is underdarrped. 
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NüRrii-SOUTH 

Seismometer: 

Serial Number: 

Free Period: 

Magnets: 

23^ 

31 Seconds 

Level Side: 

Non-Level Side: 

Coll Resistance: Standard slg-ial: 

High-Gain signal: 

Primary Calibration: 

Secondary Calibration: 

CDRX (Critical for one signal coil): 

10 

2,520 gauss 

2.500 gauss 

600 ohms 

600 ohms 

2 ohms 

2 ohms 

6,500 ohms 

Electromechanical constant, G: 

Standard signal coll: R1 

V 

High-Gain signal coil: 

Primary Calibration: 

G = 

196,300    ohms 

1.^3  volts 

13^.9   newtons amp -1 

R1 = 196,700 ohms 

V ■ 1.43 volts 

G = 135.2 newtons 

H1 = 59.2 ohms 

V s Ml volts 

G = 0.0^26 newtons 

-1 

-1 
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Secondary Calibration:   R1 ■ 

V = 

G - 

58.3   ohms 

1.41  volts 

0.0^19 newtons anp-1 

Cable Resistances: 

Cable §   1 

Cable # 7 

Cable # 10 

1.4 ohms 

1.7 ohms 

1.6 ohms 

Standard (Low-Gain) Recording Galvanomenter: 

Serial Number: 

Free Period: 

Internal Resistance: 

CDRX Set: 

Damping: 

Current Sensitivity: 

P.T.A. Galvanometer: 

Serial Number: 

Free Period: 

Internal Resistance* 

CDRX Set: 

Damping: 

Current Sensitivity: 

105 

98 Seconds 

515 ohms 

3,000 ohms 

Critical 

3.44 x 10~9 airp mrT1 at 1 metre with 

300 ohm CDRX 

125 

100 Seconds 

505 ohms 

3,000 ohms 

Critical 

5.0 x 10~9 anp mm-1 at 1 metre with 

300 ohms CDRX 
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Hlgh-Gain Recording Galvanometer: 

Serial Number: 

Free Period: 

Internal Reülstance: 

CDRX Set: 

Dairying: 

Current Sensitivity: 

Gain Resistor: 

0.3 Seccaids 

65 ohms 

100 ohms 

Critical 

3.1 x 10"8 anp mm"1 at 1 metre 

with 100 ohms CDRX 

300,000 ohms 

Conponent Magiification (Peak): 

Low-Gain: 4,900   at    3^ Seconds 

High-Gain: 72,000 at   50 Seconds 

Remarks: 

The final settings of the L-Pad attenuators are as follows: 

To = 31 sec 

600 Ü 

12K ti 
■AAAr 

Tg = 100 sec 

500 Ü 

(,00  Q STD 

6K Ü 

6K Q Tg «■ 98 sec 

500 'A 
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Selsmometer: 

Serial Number: 

Free Period: 

Magnets: 

210 

30 Seconds 

Level side: 

Non-level side: 

Coll Resistances:      Standard signal: rs 

High-Gain signal: r^ 

Prlinary Calibration: VQ 

Secondaiy Calibration: r^^ 

CDRX (Critical for one sigml coil): 

2,520 gauss 

2,^0 gauss 

[)80 ohms 

600 ohms 

2 ohms 

1.9 ohms 

6,000 ohms 

Electrcmechanical Constant, G: 

Standard signal coll: 

High-Gain sigaal coil: 

Primary calibration: 

Secondary calibration: 

R1 
= 220,000 ohms 

V - 1.4 volts 

G ■ 152.4 newtons amp-1 

R1 
= 222,000 ohms 

V - 1.4 volts 

G s 155.8 newtons arrp"1 

R1 s 65 ohms 

V = 1.4 volt:: 

G ■ 0.0467 newtons amp"1 

R1 s 65.2 ohms 

V ■ 1.4 volts 

G s 0 .0467 newtons anp-1 
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Cable Real^tances 

Cable    if   ? 

Cable    if    8 

Cable    I 11 

1.6 ohms 

1.7 ohms 

1.9   ohms 

standard (Low-Gain) Recording Galvanometer: 

Serial Number: 

Free Period: 

Internal Resistance: 

CDRX Set: 

Damping: 

Current Sensitivity: 

P.T.A. Galvanometer: 

Serial Number: 

Free Period: 

Internal Resistance: 

CDRX Set: 

Damping: 

Current Sensitivity: 

107 

100 Seconds 

505 ohms 

3,000 ohms 

Critical 

3.3f) x lO-' amp mm"1 at 1 metre with 

3000 ohne CDRX 

149 

100 Seconds 

510 ohms 

3,000 dims 

Critical 

5.0 x lO"9 amp rmT1 at 1 metre with 

3000 ohms CDRX 

High-Gain Recording Galvanometer: 

Serial Number: 4l85 

Free Period: 0.3 Seconds 

Internal Resistance:        65 ohms 
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CDRX Set: 

Damping: 

Current Sensitivity: 

100 ohms 

Critical 

1.36 x 10"8 amp mm"1 at 1 metre with 

100 ohms CDRX 

Conponent Magnification: 

Low-Gain: 4,700     at    29   Seconds 

High-Gain: 97,000     at    50   Seconds 

Remarks: 

Ihe final settings of the L-Pad attenuators are as follows: 

To = 30 sec 

600  C  P.T.A. 

12K 

6K 

llg = 100 sec 

500 

STD 
WVV 

n 
6K n 1 

Tg = 100 sec 

500 Q 
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PHOTOQRAPHIC RECORDERS: 

Low-Gain: 

Higli-üaln: 

Rotation Speed: 

Translation Speed: 

Rotation Speed: 

Translation Speed: 

15 mm/minute 

10 rmi/revolutlon 

15 mn/mlnute 

10 nm/revolution 

ÜlSPLACEI«ii' TRANSDUCERS: 

Vertical: 

North-South: 

East-West: 

Serial Number: 

Sensitivity: 

Range of Linearity 

(±0.155): 

Serial Number: 

Sensitivity: 

Range of Linearity 

(±0.1?): 

Serial Number: 

Sensitivity: 

Range of Linearity 

(±0.1%): 

3876 

4.2 mV/y 

3.8 mm peak to peak about 

center of oscillation 

3888 

4.3 mV/y 

3.6 run peak to peak about 

center of oscillation 

3884 

5.3 mV/y 

3.7 mm peak to peak about 

center of oscillation 



DIGITAL DATA ACQUISITION SYSTEM: 
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Station I.D.: 01 

Input Written Sanpllng tote 

Channels on i'ape Samples per Second Instrument 

1 Yes One Sanple per Second Z Velocity 

2 Yes One Sairple per Second N-S Velocity 

3 Yes One Sanple per Second &-W Velocity 

H No 

5 No 

6 No 

7 No 

8 No 

9 No 

10 No Test Channel 

11 Yes Oie Sample per 

5 Seconds 

Z Displacement 

12 Yes One Sample per 

5 Seconds 

N-S Displacement 

13 Yes One Sample per 

5 Seconds 

E-W Displacement 

in No 

15 No 

16 No 
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APPENDIX I 

PHOTOGRAPHS OP INSTALLATION 
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Plate 1; Seismometer vault floor before 
cementing. 
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PRBQUBICY RESPONSE OP HIOH-GAIN 

UM-JlfUCI} S£ia«X3tWH SySTCK 

Kt 

CHAmCKS TOCRS    AUJTHAUA 

HIOH-QAIN   OOVGNElfrS 

PEAK mOIIFICAnONS       Z 1*0,000   AT   «4 Stc 

:J-S 72,000   AT   50 Sec 

E-W 97,000   AT   50SM 
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PFEQUENCY RESPONSE OF HIGH-GAIN 

LONG-PERIOD SEISMOGRAPH SYSTE-M 

AT 

CHARTERS TOWERS   AUSTRALIA 

STANDARD GAIN COMPONEinS 

PEAK MAOWIFICATIONS       Z     5,100   AT   28   Sec 

N-S   '4,900   AT   3^   Sec 

E-W   1,700   AT   29   Sec 
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