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OBSERVATION METHODS AND ·INSTRUMENTS 

TGD:.TYPE GEOTHERMAL·GRADIENT METERS' 

B. V. Shekhvatov and E. V. Suvilov 
The TGD-type instruments developed at the Institute of -Oceanology 

for measuring geothermal gradients in clasti.c deposits are described. 
Improvements ill' iilstrument design and measuring techniques made dur­
ing use of the TGD resulted in better-quality data and more effective 
studies. The technique used to measure the heat conductivity in bottom 
samples is described. 

The TGD-type instruments developed at the Institute of Oceanology, USSR Academy of 
Sciences for measuring the geothermal" gradient in bottom deposits are effectively used in field 
operations to measure the heat flow from the sea bottom. Improvements in instrument design 
and measuring techniques made during use of the TGD resulted in improved data quality and re­
search effectiveness. 

The method most generally used to determine the heat flow is the indirect method in which 
the heat flow is computed from the vertical geothermal gradient in the bottom deposits and their 
heat conductivity. The vertical geothermal gradient is usually measured by immersing heat 
sensors in the deposit; the sensors are installed in geological core samplers or special bottom 
probes, together with a measuring device, and launched on a cable from aboard ship [1]. The 
heat conductivity of the bottom can be measured directly in the deposit or in the geological core 
sampler (after the core sampler has been hoisted aboard ship) using the needle-probe method 
[5]. 

The heat flow is defined by the formula 

where DoT is the temperature gradient and k is the coefficient of heat conductivity of the deposit. 
The TGD-65 thermogradiometer and its modifications, developed in 1965 at the Institute 

of Oceanology as instruments for measuring the geothermal gradient in bottom deposits, are 
automatic insh'uments designed to be installed in standard geological core samplers [3]. The 
instrument consists of a measuring-recording unit in a durable housing and a set of external 
heat sensors with connecting leads. A block diagram of the TGD-65 is shown in Fig. 1. The 
temperature sensor TS is connected to a measuring bridge circuit B. The bridge is balanced 
with potentiometer P, which operates in a scanning mode. The potentiometer and recorder are 
driven by an electric motor M through reduction gear RG. The output voltage of the measuring 
bridge is applied to Hie phase detector PD via amplifier A. The signal from the detector is fed 
to recorder-amplifier RA and then to recorder R. Thebridge circuit and phase detector are 
supplied by an auxiliary generator G. The device is turned on and off by programmer PR , 
which connects the circuit to the power supply PS. 

The heat sensor and measuring circuit of me device are selected with the specific features 
of the measurement of thethermal gradient in the sea in mind. Foremost among these special 
features is the difficulty of submerging the heat sensors in the bottom at great depths and the 
comparatively low thermal gradient in the bottom deposits. The average thermal gradient is 
about 0.050 elm; the minimum is 0.0020 elm and the maximum some tenths of a degree per 
meter. To improve the measuring accuracy the "baseline between heat sensors in the bottom 
should be increased. But this baseline is governed by the ability of the geological core sampler 
to penetrate the bottom. The average depth of penetration of direct-flow core samplers is 3-8 
meters, dcpcnding on thc naturc of the bottom; with pneumatic core samplers the penetration is 
10-15 meters. These quantities also govern the maximum spacing between sensors. However, 
in view of the circumstance that the measurement of thermal gradient in the surface layer of 
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Fig. 1. . Block diagram of thermogradiometer 
TGD-65. 

. . to the s ecific conditions of heat transfer between 
sediment may be considerably m error, OW~~gt e befween heat sensors is selected so that the 
the bottom water layer and the bot~om, t~e IS.:nCThUs when operating in heavy bottom deposits 
upper sensor is about 1-2 meters m the ep~~~~ s aci;g between sensors is usually no mor ? than 
the corer penetration is a~ut 3 meters, a; diff~rence between upper and lower sensor wIll 
2 meters. With this baselme the temp.era ure ·tude of the gradient. 
var between 0.0040 -0.50 C, as a fun?bon of the ~agnI means of measurements of the abs?lute 

y It is quite clear that to determme !he gradIent by f thousandths of a degree, is prachc~ly 
temperature at each sensor, to the reqUlred accur~~ ~ifferential-bridge circuit which permIts 
unrealizable and unsuitable. The TGD-65. u:.es :n Taking into account the lowest measured t 
direct measurement of the temperature gIa ~en . onductance of 5% per 10 C, were used as hea 
values, MMT-1 thermistors, wit~ a conv:r:;~~~ used to reduce the effect on the measur?ments 
sensors. High-resistance therI!\lst?rS so" e same time this is accompanied by an mcrease_ 

~! ~::i::::c~eo~a:::~~:~:~~::~lt~~~rft~::1:!~::~:~~:;ec~~~~~e~~~~~:i~l ~:lh~!:n:~~~ 
ing bridg? to el~:~t~a~~ ~~: ~ir~~i~r~. This was because one of t~:eh::~:n~n:Z~d. ea ~vo-conductor 
of galVanIC ~:~tor and the body of the core. sampl.er was uS~a~~in connection to the ~e~sor and 

::~~e:;o~o~derablY compli~~te tht~!:~::!~~ ::~::; :!:~~lnce for the
h 
T~D:'6; ~rec:~ li~:~~C~' 

are ordinarily not used. e oP. t the selection of heat sensors avmg ~ a el ted 
Particular attention was gIven 0 haracteristics are taken and then pall's aroe St e:o -8~ C. 

characteristics. As a rule the ~enso: ~ained in a working temperature range of 0 C 0 

Characteristic correspondence IS mam are calibrated periodically. 'al re 
h easuring circuit and sensors . e minutes duration, no specl -

In useIn' t ? m f the fact that the measuring cycle IS of som and it is largely determined by the 
VIew 0 • stant of the sensors, f the core 

~~~s~~~i~n~~ r~:i~~h~:l~.~ggt?~~~::~~·s ;:a:t~~:V~~1:~n~~:h~1J~~ga~~~I::~t~0~~~zre 
sampler on the sensor lea m, di m to be measured. The s Ie m tests a 

::r~~I:e~~1~~ l~oa~:~e:!~~::; ~eth: ~~re~ ~~tt~: ~::t cs~~~::\~~~~~~t~a::a ~rut'f \\~ith 
construction was devised in which the en. nac This system sharply reduced the num er 0 

the thermistor placed in its c~ntralit~e~~~o thermogradient meter ~ de?se bot~:t~'e same axis as 
damaged sensors ~vhen ~pera~m;~:nced by the potentiometer, whlCh lota~es al is applied through 

the re~~:d:e~:~~~g ~:!~~: br.idg~ is ~b~~~~~~ ~~et~:~~::t~~~~; :~~e dru~ :ev~~~s. 
: t~~~~f!;~;~~~~~~~~~;e~~~~:~F!~;~ce~.r:!~S~~~1;~~~i~~e~~~o~~:~q~·~p~Hte~L~:::o~~ 
models waxed paper IS us. s im roves the quahty of the recor mg. e chan es by 
and reduces the power reqUi~e~h b~~i~tS~f pl;se balance, the bridg~ o~tP:~Z;~!.ing cy~e, with 
eter contac ~ passes throug E ~h revolution of the drum corr.esponths t ~he neh;; recording takes 
180~ and the rec~~ ~~f:~ st~us carriage along the drumbaA~~:~en ~ithin the limits of 0.3

0 
C to 

a SImultaneous s. he scale of the insh'ument can e 
place on a parallel Ime. T . t e ected . it has electrical lead-
10 C as a function of the gI'adlen h~sing ~vith the measUl'ing-recordmg un of the housing to re-

The instrument's pressure 0 outlets are located on the u?per cbo°v~ The thermo-
• ~ An ecting the heat sensors. .; embedded m the om. Ins J.or cvu .. l1._ ----.. h the instrumen" ~S ~ .... 
duce the probability of damage w en 
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section 10 < t < 100 sec. Is defined by the quantity q/4Ilk. The value of k \s computed with known 
q. A standard bridge measuring circuit Is used to measure temperature. T ~ <p(t) Is recorded 
with the EPP-09 or PS-{)I-21 potentiometers. The power required by the probe-heating element 
Is about 1 watt and Is regulated with a pointer-Indicating Instrument. If the temperature and 
heater power are 'rcgulated to 1% the thermal conductivity can be established to ±3%. The accu­
racy of cstabllshlng the heat flux amounts to ± (10-15)%. lIeat flux studies using this equipment 
have become an Indispensable adjunct to geophysical studies at sea on the R/V's Akademik Kur­
chatov, Dmitri Mendeleyev, Vityaz' and Vavilov. Thcrmal gradient measuremc!'!ts h,ave been 
made in the Pacific, Indian and Atlantic Oceans and In the Black Sea and Sea of Okhotsk. These 
measurements have provided new data on the deep heat flows through individual areas of the 
ocean and sea bottoms. 
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OCEANOGRAPHIC MODIFICATION OF THE SEISMIC 

WAVE-REFLECTION TECHNIQUE 

L. I. Kogan, L. P. Merklin, and G. B. Udintsev 

An automated shipboard system for data collection, used to modify 
the oceanographic reflected-wave'method, is considered. It is distinguished 
by its high efficiency, great depth accessible to investigation and large in­
formation capacity. 

The development of modern, high-speed oceanographic vessels has brought with it the re­
quirement for reliable geophysical measurements made continuously over extended times at ship 
speeds up to 18 knots. This imposes the following requirements on the seismic reflection meth­
od: (1) an increase in the effectiveness of the sources of excitation of elastic waves; (2) im­
proved reliability and noise immunity of the recording channel; (3) smaller ,size, better durability 
and increased sensitivity of the receiving devices at high towing speeds; (4) recording of original 
data on maguetic tape in a form suitable for processing in an electronic computer; (5) operational 
checking and analysis (rapid-processing) of the data obtained. 

Excitation of elastic waves. In seismic operations at sea with the wave-reflection method, 
the elastic waves are usually generated from the ship while underway by a high-explosive charge 
or non-explosive sources [1, 5 and other s J. To realize a high signal-to-noise ratio and great 
depth capabilities, either a large high-explosive charge or a towed group of pneumatic sources 
involving as many as tens of units is required [6]. The non-explosive sources of sufficient pow­
er presently known are not suitable for group towing at high speed and their use demands a sub­
stantial refitting of oceanographic vessels and the installation of high-power compressors. LTl 
the present stage of development of the oceanographic reflected-wave technique the explosive 
source is chosen, but with a small charge weight so as to limit the zone of destruction of living 
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Fig. 1. Influence of explosion depth of a 
50 gram charge of TNT on the shape of 

. the radiating pulse: 

1) first shock; 2)~ second shock; A) filter: 
200-300 Hz; B) Filter: 20-30 Hz. 

·t to meld a good depth for investigation at high ship 
organisms and high-enough ener~ capa~I '!( J' 

speeds and without requiring speCIal re~ttmg. [8 J have shown that in the seismic frequency 
Studies of deep underwater ~NT c arg~s m transfers only 1.5-4.5% of the chemical energy 

range (10-100 Hz) the shock wave m the ~edlU b bble to exist and without convection, 20-22,% 
of the explosion. At depths great eno,ugh or atga:ed uin gas bubble oscillations; ,the period and 
of the burst energy ?f small charges IS co~~e~ ~:e explosion and on the charge weight. 
energy of the pulsatIOns dep?nd on the dep 110 ffect of the interaction be!\veen shock wave and pul-

Figure la shows graphICally the avera e , ht 50 ams) in the 200-300 Hz frequency 
sations with various TNT charge depth~ (ch:ge :~ulses ;:veals that the shock wave energy 
band. An examinatio~ of the shap~ of t e,o S~\:w frequencies it is commensurate with the 
Predominates at the hIgh frequenCIes, whIle a, t' f the useful energy of a deep-water 

, I ss The mam porIOn 0 tt 
energy of each pulsation, ?r eve~ e. f the as bubble and their reflection from the bo om. 
explosion is concentrated m the Impu:s~ ~ th!equal to one-fourth the prevailing wavelen.gth-
Therefore if the burst occurs at optIm ?Pl d simple form [2 4J can be obtamed 

, , ul faximum posslb e energy an , . h d' t ulse a seismic soundmg p se 0 m sult of the in-phase combination of t e Irec p 
in a sufficiently narrow frequency band as t re The graphs of Fig. Ib show that a resultant 
and the pulse reflected from the water sur acde'

l 
t duration is observed in a frequency band 

. ' pJest form an onges , 
signal of maxImum energy, Sim d th -" 12 13 m 
of 20-30 Hz with the burst of a 50 g charge ~t: elar~~ qu~tity 'of experimental data [7, ~ J il-

These considerati.ons ar~ corroborat :c:ed si als (averaging up to 18 dB for vanous ' 
lustrating the increase m amplItude o~ t~ ~:flthS and :a11 charges and equivalent to charges 
regions) resulting from the use of optlm P Ie we cite below our el>-perimental data on 
20-30 times heavier near the surface. AS;: et~~aves from surface and deep bursts of TNT 
the relative increase in amplitude of the re ec 
and ammonite charges. t 'th the observations of Lavergue [8] and show that a 

These data are in good agreemen WI, Id the same seismic effect as a 5 kg charge at 1.0 
200 g charge at a depth of 15 meters can Yle , 
depth. ' h has imposed more stringent reqUlrements on 

Receiving Apparatus. Modern oceanofgrap tYh eed of oceanographic vessels. To carry 
, rimarily rom e sp t'al h ge towed receiving gear, stemmmg P , ed (12-15 knots) required a substan 1 c an 

out seismic operations while underway at h1~h ~P~, s im rovement in noise immunity and mechan­
'in the design of the receiving arrangement, mct,u I~g are~ of the tow as a whole. The technique 
ical strength and a reduction in the cross-sec ~c: t' al depth' does not provide a time inter:­
discussed a~ve, of el>-ploding sm:ul char,ges at h' e op ~:r of 12 kn~ts the burst interval i~ about 
val between bursts of 30-45 sec, 1. e., WIth a sm;:t:l~: long to ensure continuity of sei~mlc pro-
300 m. Hence the receiver must be about 600 ength characteristics of polyvinylchlonde hose 
filing. At towing speeds above 10 knots the str , 
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