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The Use of a Deep-Water 3amr-a Radiometer for the

Neasurement of Radioactivity in the O'ean

By T..M. Khitrov and K.A. Ko'lyarov

V.I. Vernodski• Institute of ,eochemistrv and Analytieal
Chemistry Of I Academy of S.ielnces nf the U.S.S.R.

Source: Radioactive Contawlnation of Oceans and Seas,
4ecade-y of Sciences of the USSR, mon77wt13,5
par'es 170-182.

The total natural radioact 4vity (r/a) of the o-eAr, is appro-

ximately equal to ".109 curie and is caused in the main by the

following, isotopes: K4 0 , Rb8 7, Iu 2 39, U2 3 5, Th2 1, qR 2 2A[l].

In addition, the-e can be foind in sea water natural rR!i"^-

astive isotopeq of cosmic origin such as C14 , T, Be1 0 , BP7, Na

P2, P3 0 , S", but their part. of the totql qctivitv of the -cnnt:

i'" Rsrel.

The -.aJor isotote causing sicnificant r/a nf tho 'cer-- ELjI-
or (1,/2= 1 1 vea , (0)= •-v.,

the isotope/pota.sium-.4O ( .'4 x 10- veers,

Lp.tplv, in rann-etion with the -ýsrrvlnr out. "' t-ts -r *t•"'C

weqarns and with the increase in the cracti.c.l t-- f.• t-tt c '-ri-ve

in •tie waters of thp World ocean there liar

-ar-unt of r/a i.-otn~es.

We cannot here go into ar~y de&ree of .itt :,I ,t. Zr, r "I.- o."

c-ntmination of the oceans by r/-a io-o:--; we wil 11 riot , 'y.ir.'. I t



in the last few years questions ,.onneeted with this problem were

raised several times (first ana second conferences for the peaceful

use if atomic energy in Geneva, IQ56-19S), the section of the

Pacific Ocean oceanographic congress in Bangok in 14519, the Confer-

ence on isotope .b•__iS,- in Monacýo in 1959 -nd others. One of the

conclusions in the Froposition of the non-local character of the

contamination of the ocean, according to which r/a isotopes can as

a result of oceanic currents or of air mass translocations be zcarried

great distances from the sgiof the atomic blast[E2]

The distribution of r/a in sea Is usually studied by

radiochemical methods with - ....... - ."

ccncentrat ion and chemical separation.ý-,itsio oeU'Jjqasri#

Togother Cpage 171 with this exact, sensitive, but laboriour method, --!te-nots

were undertaken to neasure directly the incre.ased content of r/R

in sea water.

A whole line of instruments for the deterrination of r/a in

surface layers vas created at the Oceanographic Institute in the

U.SoA. Li1. The pickup units of these instrument-, the mraor -rt

of which were g-ap counters, vere connected by a cablp to the re:ord-

ing system on board the ship. These insrtraents allowed the .!etor-

mtnation of the gamma background on the surface cf the water -%nd

at a small depth during movement of the ship.

B.A. Nelepe [4) employed a radiometer usinr sciLr.tillaton dhtR

units for measuring r/a of Antarctic and North ,T\P-nti- watos.

The measurements were done by nin in depths up to 150 tetp-s wnile

2.
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the counter pulses were able roughly to liscriminate energies by

means of the counting apparatus (f,-10O0C "Floks") aboard the

research ship "Ob'". V.N. Lavr'n.'vhik and G.N. Bofiyev L2 carried

fut several measurenents of the r/a in the waters of the Indian

Ocean in depths up to 1000 -neters. there being received on a KC

-hnnnel analyzer several emission spectra.

In all in.1tances the length of the transmission cable limits

the noesibility of messureme.its at' _at_--; denths.

At the same time, the direct and fast measurement of r/a at

4etuths ereater than 1COO meters rresent significant interest not

only for the elucidation of the character of the distribution of

riao r/a in the ocean out also for the elucidation a whole series of

nydrolo.4ical questicns (the limits and directions of currents, tho

ori-in of oceanic masses, etc.).

Of special importance is the elucidation of the questinn of

the behavior of r/a in deep-water de.-ressions of the oeean .nce

"-t the present time in connection with the nupstion of buri.a

,Df -/a was-tes ofnuAjr ktpfrpp*Wý.h~re hiaF b,-n broue;" -wtiri

the :-roposition of the "-ossib!1ity of carrying ou. -.ý.e -bove bu-

fial . in the maxi.aa ienths of the oceini. Th'- fir;i'. answtr -r .-,

que.tinn clan be given by the dire-.t study of the lii'tr'butic.i of

r/a isotcpes atjreat - depths.

Apparatus for the deep-water measuremert of '/:, l-id nut 'xi.zt.

In the present wor4 the deep-water radiorptar Ra-l io le.Pripi

and several resulte of the :e.z-c:nent of r/' in th#. In-.i-n ýxcan

3.
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are reportd. The work was done in 1959-1960 in Moscow and on

board the research ship "?ityaz*" during its nlst rnm.

The small number of underwater radiometers described in'the

literature are characterized by the fact that only the radiation

detector is lowered by a cable (or cable-hawser) to the given level

of measuremnt. The whole receiving apparatus is located aboard the
ship. E144"

The value of such a method is:

a) the possibility of taking emission spectra (in the case of

scintillation detectors).

b) the continuous measurement and the control of the apparatus;

c) the convenience and simplicity of measurements at shallow

depths.

However, systems of such a type also have serious deficiencies:

a severe complication of work with use of a cable-hawser of greqt

length, the lack of dependability of its operation at •-i.p-lu • .

and also a sharp increase in the work of measurement 3ince the use

of a cable-hawser calls forth the necessity of the installation of

a special deep-water winch (of the GOL or trawling types), the work

of which Is connected with great expenditures of time. Since the

use of a cable-hawser of great length %ill be ýustiftic. only upcn

the transmission of emission spectra (and not upon the simple count

* of r/a), ite use will lead to further complication of the receiving

apparatus (maltl-channel analyzer).

4.



Figure~0 1. Block rum~a oloc ofprraimtr

Figure 2. General appearance of r-adiometer (without outer shell).
1-flange; 2-sleeve of photomultiplier and crystal; I.-battery;

4-amplifier, discriminator, scaler device; 5-program system; 6-block

of counters; 7-automatic ;ever switch; 8-gasket.

Figure 3. Block of counters and prog~rarn system~.
1-relay; 2-step-by-step switch; 3-block of counters; 4-electric

clock.
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Anotbw constructive answer is possible: the placing of the

whole receiving apparatus togethe: with the data sit in an auto-

nomous depth shell.

With this: a) the lowering of the radiometer can be done with

the normal hydrological winch (of the "Okean" type) on a hawsert

which does not place any limitation on the depth of M6asurement; in

view of the absence of a lead cable, the guarantee of hermeticity

of the apparatus is increased; the noiseproof quality is increasei

and induction on the transmitting cable is removed; the simplicity

of -I-ratia. is increased. Disadvantages of apparatus of such a

type are the impossibility of control of operation of the arparatus

when submerged and the delay in the receipt of information until

the radiometer surfaces.

However, the advantages of such san apparatus for the measure-

menit of n/a at -'~§depths were so obvious that tl-ey jetermaned

the construction of the RAG-1 radiometer described. [page 174J

A block diagram of the parts of the deep-water radiometer is

presented in firure 1, the general appearance of the apparatus ýLnd

its separate blocks and a radiotechnical schemntic -re crr-pnto4 ir

figures 2-4.

An NaJ crystal, 30xlO zm. in Rize was used in th. leep-w!t.'r

radiometer.

The photo-ultiplier of the FYU-29 type is powered by a bqttery.

The voltage on the photomultiplier is about 1000 v. while n.r~e

6.
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sensitivity (twee£ng t the specifieatiems) ts *qas to 100 amp/

lumen. From the aede of the photoaultiplier, inpulses impinge on

a twin caitter repeater whick is asseabled from P-402 diffused tran-

sistors. The time leading constant of the photomultiplier is 6

microsec.

The basic requirements for the amplifier of the deep-water

radiometer are economy and stability of function. This predeter-

mined the choice of design to transtoc•ra with feedback c,1 upling and

thermocompensation. The amplifier is constructed from trensistors

with variaus types of oonducteace. For the strengthening of signals

of negative pol--rity P-15 (p-n-p) germniiu triode*s ae used, and

for positive, P-103 (a-p-I-) silicon triodes are used. An amplifier

of this de*5.zu has the grostest stability. The first two cascades

before the disoriminater em the D-21 diode have a coefficient of

ampLification of about 100, which at the cutout voltage of the dis-

criminator of 1.6v. insures the counting ofpulseo above 16 my.

In both cascades, feedback coupling and thermostablization are em-

ployed by the insertion of the emitter and discriminator resistances

into the base resistances. After the discriminator follows the 2-

oacnade r-d1ifier with a coefficient of amplification on the order

of 800. Tn'e amplifier in not theorostabilized. The load on the

second cas ide is the step-up triu~sforxver with a transformation

coeffiici-t of 1:6. The output pulse of the ampl!fii has a posi-

tive pola:.Lty and a duration of iVJ wicrosec. This pulse is fod

to the none lizer, which is asseablod from a channel.Laes thyratron

Lhet-cathode grie-controlled gas tubeOJ. From th. rzramlizer,

pulses of 200 miArosee. duration and 40v. amplitude are fed to the

scaler device.

7.
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The intril %ion of a soaler device iftto the design Of the

deep-water radiometer allows the measurement of oceanic ria of a

wide band of activity. A choice of counting xl, x2, x8, x16, and

x52 ks allowed which gives a possibility for making errors from

uncounted pulses considerably leea than the statistical error.

Moreover, the scaler device allows calibration of the radiometer

with a standard of comparativtly high activity. The scaler device

is assembled from 5 identical Y.T.h-i90 L?(I-90jx2 counting stages.

The limiting time for the counting of periodic p....ulses is equal to

2 asec. Th, scaler device works on the output stage of a mechanical

counter, assembled also from MT•h-90.

The recording v part of the radiometer (figure 4) is a block

of 10 mechanical SB-1O0-M counte= connected to the scaler device in

a specific sequence by the program system. Epage 175]

II
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Figure 4. Radiotechnical 3,chematic of the app;±r•ttus, page 176
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The prc~rax system inoludeg an elootric clock, j, i.c1Brl;.ed

r~lay, "d -- ShI-llLtiJi-Uij step-by-step @witch. Tne clock

conta-tr clos the pover circuit of the windings of the polarized

relay, the opuration of which causes a turn of Ike step-by-step

switcn to the next position and, consequently, a switching of the

c ,rTer. .nj! period of operat o: of the program system is .0 rain.±
"-.L sec. r. is poinsible in on,, -f two regimes: sv!t*hirg of the

S.w~tor. -v-,iry 10 min. and svit*,._ with 10 min. -a .... bet;een

PSeurOMe_"-, Between the switct 4ng on of the Povqr and the switch-

irg on of *:.e first counter is a period of 10 min. Upon switching

of the e*tj-by-step switch into tha last ( 1 1 th) position, the electro-

w-.netic -•- ca•tout operates &nt6 the radiometer circuit is turned

off comple -. y.

The -over block consists o: fn-j- dry batteries. k high voltage

,ettery ic built from e disk cot. if G!'-100 batteries aid divided

into five sections to reduce self-~ischarge. The capacAty of the

battery i4 C.05 amp/hr which with, a rosistance load of 100 mohm gives

a .ervicc -sriod of 5000 hours. The power battery of the szaler de-
vice and aitomatic equipment is :omposed of BAS-0-60 -L--. .7isk coil

4 bttteria., ,ad has a capacity am p.3 a.p/hr. at a volt'±g- of 1i"3v.

r. . ;er•o.. oerrice of this b , -.: in 1600 hours. T-.e power

+ t':erl'!- th- amptVic_. (+-. , are made of 'i½k coils

I"PA --G- -2., batteries and `' v. a capacity of ,-." " ;.'nr, Cur-

reat is uea,. from both batteries u. 1 ump, which ;.. period of

• 'rvice .' 2O00 hours. Thus the "'3rlod of work of -t.i -.eep-watnr
6

,a1lomete- on one set of batteri,,", Js in fact limited .v by th-

9.



storage period of the batteries. This is of great significance

since during the tine of one measurement (200 mnn.), the power

voltages cannot change significantly at all. A radioteohnical ache-

matic of the radiometer is given in figure 5 Lsicj

In the course of work on RAG-1 it was established that the

slightly modified radiometers "Svet-3" and "Kristall" during exten-

sive continuous operation do not supply stable readings without

readjustment of the anodal and filament voltages, which excludej

their use as a detecting unit in automatic radiometers.

For the study of the possibility of direct measurement of the

beta aotivity of sea water several measurements were done with a

p-terphenyl crystal placed on the outside of the radiometer. The

light from the crystal passed through a special light conductor

mounted in the flange. The results of the experiment showed that

upon increase in pressure with depth, optical contact between the

crystal and the light conductor is broken and the count is stopped.

The body of the radiometer is made of steel tubing with ý'outer=

200ma., #inner-140ma. and length-14OOmm. The weight of the radio-

meter in its boy is about 200 kg. The outer flange with the ring

for the attachment Lpag 1772 of the hawser is welded to the body

The lower flange is removable. Onto it is attached a brans sleevr

to which all blocks of the radiometer are secured. The connections

between the blocks aret made with six-contact connectors. The flange

is secured to the body_ with stainless steel pins. Hermeticity of

the joint is effected by a self-packing gasket rated for pressures

up to 1000 Ma.

10.
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Figure 5.Chart of the 318 t run of the research

ship uVityatt"
The circles with numbers indicate the oceanographic stations
where the radiometric surveys were made (see L6] for station

coordinates).

Calibration of the radiometer was done n a sufficiently large

circular section -tank )V=5.15 m, volume of8.,m n

having a cement covering above. For the exclusion of the effect of

the ýementls own radiation, the radiometer was placed at a distance

of 1.5 m. from the walls and bottom of the tank..

The isotope K 42 was chosen for the calibraticn process. It

was chosen as an isotope with a short half-life (12.44 hours), with

a type of radiation reseubling that of natural K0 (K42I5 e.

K4O-1.46 mew.)", and also with simplicity of" production (by p,jr

reaction )

The radiochemical purity of the preparation was determined by

its half-life (during dalibration) and by its gamma-spectrum taken

.11.



on a 1(X)-channel analyzer. Lpage 1.18J The sat containing e42

was dissolved in 25 ml. of water and was poured through a funnel

and glass tube into the bottom of the water filled _tank,

The equal distribution of tho added radioactivity throughout

the whole volume of the :t was effected by the energetic mixing

of the water by a stream of compressed gas (nitrogen).

Measurements were taken over the course of 6 days: the period

of comp'et• disintegration of the isotope.

With the exception of the first few hours of measurement, when

an exceesirely high level of activity cau&ed errors Un the apparatus

intended for slow speed - pulse arrival, the data for the pulse

values were close in •Udtud•Thus it was established that one pulse

recorded by RAG-1 corresponis to 31 gamma quanta/liter of to

0.348xi0-I0 curieyliter for K or 0.725xi0 1- 0 curie/liter for K40

Procedure

The procedure was as follows:

1. Development of a schedule measurements. The radiometer

allows two types of switching of the mechanical counters: conse-

cutively (regime I) or with 10 minute intervals (regime II). The

choice of switching regime is determined by the intended goal, i.e.

when getting results with maximum statistical accuracy at one level,

the most rational is the consecutive switching of counters (regime I).

If, however, the measurements are done at various levels, a ten minute

interval between switchings is necessary for placement of the radio-

meteor at the assigned level (regine II).

12.
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Work regimes I and II differ substantially with regard to the

time spent on the whole measurement (100 min. for regime I and 190

min. for regime II). Therefore, in conneotion with the necessity

of saving time, measurements were sometimes taken on various levels

using regime I--two on each level. With this, of course, not all

10 counters were used since part of them operated during the raising

and lowering of the radiometer.

2. The translocation of the radiometer from one level to another

¶ias dono strictly by the clock--s!.altaneously with the release of

the time rsay of the radiometer, a timer on the deok was turned on.

The speed of raising and lowering ths apparatus was determined exactly.

Before each translocation, the radiometer was held at the level just

measured for 1-2 sin.

Usual translocations of the radiometer were 1000-2000 a.,

since the apparatus traveled through these distances in the course

of 8-9 min. which prevented the loss of data of one of the counters.

3. Calibration of the apparatus was done before each series

of measurements, before each lowering. The delivery of an identical

voltage Lpaee 179J to the potomultiplier was controlled by the

count of a standard (cobalt-60: 0.56 microcurie) with a 3% accuracy.

At the same time the scaler device on the apparatus was set at 1:16.

Th.) oalibration was done in the laboratory for one hour directly

before and after lowering the apparatus. Such a calibration allowed

comparison wizh each other of measurements taken at various levels.

13° L
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4. BruotosiiMfom t the apparatus mw done on the dock. The

sleeve with the apzatus, having been breught from the laboratory,

was fitted into the radiometer UdW-whioh was closed by the flange

and gasket.

Taking into accouat the high humidity of the air (up to 96%

at 32tC) in troplcA 00gione of the run and the possibility of con-

donsatios of mbisture on the inner parts of the apparatus upon its

penetration into a cold layer of water, a desiccant cartridge of

silica gel wap placed inside the ridiometer prior to hermetic sg.iing.

The high humidity also required the holding of the apparatus -n

dock after finishin the measurements since the opening of the cold

apparatus elicited a dangerous moistening of its parts.

5. Data from the mechanical counters was recorded in the

laboratory.

6. Work with the RAG-j radiometer was done vith the hydrological

winch "Okean" on hawsers of 5.6 and 4.5 mm. Two men worked on the

radiometer, one of which was the winch operator. Computation of

the true level of measurement was done using the angle of inclina-

tion of the hawser.

It was possible to combine the work with the radiometer at

deep levels with simultaneous work with other deep-water apparatus

(dredger, trawler) from one side of the ship. Neasurements at depths

up to 220 a. were carried out with simultaneous work of apparatus

on the opposite side which ai&oved a significant saving of time.

14.
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•IB.I
REUIU *f WAai~mnts of r/a In the Indian Oen

Station Levo21, In'.noity Station Level, Intensity
me count 15 of count,

37,8 4705,
two 39,7 100 33.2
20D36,7 100 65,9
40033,1 100 54.2

40M 35,7 100 56,0,40O0 32,0 0 t05,1
4000 40.5 4712 200 :54,9
4000 4.5,0 tOI(, 1 59,6

46,2 2500 62.O
3WOO 45,5 2500 61.2
2000 4t,4 4020 58.8
2000 42,1 4020 58.44000 0 37,6 4T11 20 64

.200 39,1 214 59Ig•o 41 ,3 214 $1
0 72.7 100 62
0 77,2 to0 620 79.t 20 as0 74.0 47t8 100 58.8

546 10 5,1 1000 58,0
1oo 44,4 35OO 50,4

200 42,2 3500 56,4
200 39,2 3000 5.80
too 39,2 2000 58,0

50 44,5 1000 60.0
to 45,1 o100 0,8
0 70.2 0 t6,2.

0% 50 59 61'B too ,0,4
200 62 too 58.4
30 64 200 S0,0
56 1t 200 62.4

s617 200 6, too 61,2
61.O 58.4 100 644.

1000 59.2 200 81.2
25W 63,2 4721 too 54.4

r, 97 2Y5( 64,1 lO0o 60,8
4000 56,0 2100 52,4
4000 62,1 3150 55.6 Botto-

1t0oo o0t1 4270 J00 2t5,5
100 57 4721 100 57.0
1) 1 ,597 1000 56,0
100 60,8 2100 56.0
100 63,7 3150 55,210D 00.7 4000 56,8

n 100 59,0 3300 58,0410 L B jo0 1a 122,0 10 0 54,4
laborcitory - 94.8 0 1t,4

"Meeyeslre-ents qt station 49,-R., 46Q'-- A4w .. - .•rr!-

out with a lifferent count e'kc.tP,. "ness 1'rc-.. *hrc-.- -' ••e

.tat nno.
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The maximum turbulence during some aeasureaents was 5 on the sea

Measurements of r/a of central and norzhern parts of the IndLan

Ocean were done with the RAG-i radiometer. The oceanographic sta-

tions where the work was done are presented on a chart (see figure 5).

The results of the measurements are presented in the table.

Before assessing the data o_'tai.d, it should be restated that

the value of w- tpulse of the radiometer described (counting coef-

ficient) is 3.24% (1 pulse corresponds to 31 gamma-quanta/min./l.).

The potassium content of sea water in fairly constant and de-

pends on the tqtal salinity, which changes insignificantly. Thus,

for instance, at one of thn oceanographic stations FLage 180-Table-

-page 1813 (N1 4712), where measurements were being taken, the

salinity values changed with depth in the following fashion:

Depth, ... m......L.,.0 1 104 1000 2000 3665

Salinity, %........35.46 . 36.5 • 35.3 34.87 34.75

i.e. the difference amounted to about 4%, For sea water, the speoi-

fic ativity of K4 0  . . . . was determined as 720 deoays/nin./l.,

or 86.4 gamma-quanta/min./1., these variations amount to about 3

gamma-quanta/min./l., which will not be recorded by the radiometer

at the given spulse value. Therefore, ono can consider the natural

K40 background of sea water constant.

Then, from the _pulse value ard from the average reading of

all measurements--60.2 "'-pulses/maI,., we get the average background

of the radiometer equal to 57.2 ip-alses/min.

16.
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The ,,catter.obtaIn-froi the measurejints car, be at Irbut d to:

1) statistical scatter or measurements of both the sea water

and the background of the apparatus itself;

2) ins;ability of operation of the apparatus.

Let us evaluate first the instability. It was checked several

times. The mean scatter of results after 100 min. of measurement

of a standard of 0.56 microcurie did not exceed 1%.

In order to check the dependence of operation of the apparatus

on temperature changes, the radiometer was subjected to a multi-

hour cooling in the food refrigerator chamber of the research ship

"Vityaz'". The temperature was thus changed by 402C (from +342 to

-69). Continuous measurements were made with the abovementioned

standard. Deflections of readings during the temperature lowering

were +6%.

It should be indicated also that the temperature of deep layers

of the Ocean, starting at 1000 m., is fairly constant so that the

larger part of the measurements are taken at the same temperature.

Consequently, the working instability of the radiometer appa-

ratus does not exceed 6% (in the direction of decrease of readings),

which given a reading change of ".6 pulses/min.

Stat>*tical errors of measurement. Taking the mean back-

.rround of Tnc radiometer as ý'.2 pulses/rin, and the average level

.f activit, of sea water (for the given radiometer) az 3 pulses/

min., we o*:: ~i r Aa t~I 4 .

17.
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Statie'ticaI. error _~± - ±_. ýMlses/ain. At the sames

time the calculated data meatter of the app-ratus attributed to

&tat4@tical measurements sad apparatus error "-'... ,_ 10 pulses/

nine Lpg 1829

The general scatter of datra on all reading corresponds with

this quantiUty.

It snould be noted that with an activity change of the water

by two, i.e. with an activity of 160 gwizma.-quanta/ain./l., the data

scatter wcld be not less than 17 -ilses/ain.

Thus, tne minimal threshold sensitivity of "Ime radiometer is

240 garna-q .,':nnta/min./l.

On not one of the oceanographic stations visited in.the meas-

urement survey was the scatter found to be more thar. 10 ib./min.

at various >evels, therefore it can be awtejd_ that the activity

levels do :;ot exoeed 200 quantabhin./l.

The dependability of this conclusion and the dependability of

the calculated value of tke radiometer accuracy are substantiated

by the exi-rimental data of the calibration of the apparatus. The

specific activity of K42 of 1.1-1O-9 curie/1. was cle!A.Iy recorded

by the re!'< ",weter (Ii ,pulsei/A..,. on a background u -AL " puas

min. after .0 ain. of aeaaureIc"..) Aith an accuracy of 10%.

18.
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I. There was oreated an original autommtic deep-water gamma-

radiometer with a sensitivity threshold of 2x.1O4 1 0 curie, intended

for the measurement of r/a at the maximum depths of the oceans

of the world.

2. During measurements of the gamma-background of the depths

of the central and northern pirts of tho Tn'vian Ocehn in lc60, there

was not found any increase in thei r/a leve' exceeding the natural

level by more than 2-3 times.
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