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The Use of & Deep-Water >arma Radiometer for the
Measuresent of Radioactivity in the O~ean

By .M. Khitrov and K.A. Ko*lyarov

V.I. Vernadskiy Institute of Geochemistry and Analytical
Chemistry of the Academy of Sriences nf the U.S.S.R.

Source: Radioactjive Contamination of Og¢eans and 3Seas,
Acadeny of Sciences of the USSR, Moscow, -

pares 170-182.
The total natural radioacttvity (r/a) of the orean is appro-
ximately equal to ‘3.108 curie and is caused in the main by the

(4
following trotores: k40, mo®7, 1238, y23%, m?*?, 2a??"[1].

In addition, theve can be found in sea water natural radi~-

: 14 .10 7 22

active isotorea of coumic origin such as C* , T, B3e , Be', Na °,
2 3

P’?, P’O, .’5, but their part of the total activitv of the ~cearn

i< small,

The =wajor icsotore causing significant r/a of the ncer- L1]1°
of n
the isotore/potassium==4C (7, /?=l.31 x 10- vears, ﬂ (R0%)=1,2D ~meov,,

‘f(l?fnl.ase Tev.),

Lately, in c2nnection with the ~errving out = tegts ~f .T-ovie
wearons and with the increase in the grac*tical w=- .7 a%2~ic ererty,
in tne waters of the world ocean there har n-peave? g <i-nillicant

aryunt of r/a i1coteres,

We cannot here go into any derree of dev:1l o ine 1 2o~ o
c~ntamination of the oceans by r/a 1:0%0;==; we will not: 2nlv o=t
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in the last few years questions ~onnected with this problem were
raised several times (first ani =econd conferences for the peaceful
use of atomic energy in Geneva, 1956-1958), the section of the
Pacific Ocean oceanographic congress in Bangok in 1959, the Confer-
ence on isotope burisl _ in Monaze inm 1959 and others. One of the
conclusions in the rroposition 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 carried

great distances from the !gite of the atomic blast [2] .

The distribution of r/a in eea™W¥ 1s usually studied by

- - e == . e -

radiochemical methods with “¢he

- . .

- tam -_— - amme - . - “-‘-~"'

ccncentration and chemical separation gff dts icotopes [ 7] arior_rq weaswring,
Together [page 171_] with this exact, sensitive, but 1aborious metnol, --ttempts
wvere undertaken to measure directly the increased ~ontent of r/a

in sea water.

A whole line of instruments for the deterrination of r/a in
surface layers was created at the Oceanogra.nic Institute in the
U.S.A.Ll]. The pickup units of these instrumente, “he @ma or nart
of which were gas counters, were connected by a c2ble t0 the record-
ing system on board the shiyz. These instruments zllowed the -leter-
mination of the gamma backyround on the surface cf the water -:nd

) at a saall depth during movement of the ship.

B.A. Nelepo [4] employed a radiometer usineg scirtillation cdata
units for measuring r/a of Antarctic and North Atlanti~ wate-s,

The measurements were done by nim in depths up to 150 retevs wnile

2.
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the counter pulses were able roughly to discriminate energies by
means of the counting apparatus (rS-=1000C "Floks") aboard the
research ship "0b'". V.N. Lavrenchik and G.N. Sofiyev [RJ sarried
sut several measurements of the r/a in the waters of the Indian
Ocean in denths up tc 1000 ~eters, there being received on a &(

channe) analvzer several emission speétra.

In a1l {incstances the length of the transmission cable lirits

the coesibility of measureme.ts at‘ great . denths.

At the same time, the direct and fast measurement of r/a at
1enths greater than 1C00 meters crresent significant interest not
only for the elucidation of the character of the distribution of
r/a in the ocean out also for the elucidation a whole series of
avdrolopical questicns (the 1imi£s and directions of curren<s, the

orig¢in of oceanic masses, etc.).

Cf specinl importance is the elucidation of the questinn of
the vehavior of r/a in deep-water deyressions of the ocean s‘nce
1t %he present time in connection with the auestion of burisl __
of ~/a wastes ofjtgugiclxﬁﬁatg;pbxhare has deen brourat forward
the rroposition of the russibility 2f carryiny oat -he a2bove bu~
Fial | in the maxi-mm deprths of the ocean. The final answer °*r -nal
quesatinn c¢an he given by the dire~t study of the Ai<tributicn sf

r/a isotcres at _great. _ depths,

Apparatus for the deep-water measuremert of r/a +iid nct exist.
In the present wor« the deep-water radiometer Ha%-1 ic dearribden

and several resulte of the xzensu=caent of r/ ir the Iniian Lceen

Se
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are reported. The vork was done in 1959-1960 irn Mescew and on
board the research ship "Vityaz'®™ during its 31" run.

Desoription of tha Acparatus

Th' emall number of underwater radiometers described in'the
literature are characterized by the fact that only the radiation
detector is lowered by a cable (or cadble-hawser) to the given level

of aeasureasnt. The wvhole receiving apparatus is located aboard the

ship. ["‘ l?lJ

The value of such a method is:

a) the poesibility of %taxing emisseion spectra (in the case of
scintillation detectors).

b) the continuous mehsurement and the control of the arparatus;

e¢) the convenience and simplicity of measurezents at shallow

depins.

However, systems of such a type alse have serious deficiencies;
a severe complication of work with use of a cable-hawser of zZreat
length, the lack of dependability of its operation at ¥ great pressuries
and also a sharp increase in the work of neasurecent 3ince the ure
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 will be justified 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 (multi-channel analyzer).

4.
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Cryatal |5 {Faotomultiplier |, [Anplifier], |Diecriminator],, fScaler

= ) |

P
FProgran —>»- Block of
sysiex counters
.L—_—-—_—_.J

Pigure 1. Block diagrar of deep~water radiometer.
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Pigure 2. General appearance of radiometer (without outer shell).
l1-flange; 2-sleeve of photomultiplier and crystal; X-bat*ery;

4-anrlifier, discriminator, scaler device; S-program system; 6-block
of counters; T-automatic pover switch; B-gasket.

Pigure 3. Block of counters and program system,

l-relay; 2-step-by-step switch; 3-block of counters; 4-electric
clock. ’
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Anothe® cocnstructive ansver is possible: the piacing cf the

vhole receiving apparatus togethe: with the data sat in an auto-
nomous depth shell.

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

the normal hydroiogical vinch (of the "Okean" type) on a hawser,
which does not place any limitation on the depth of measurement; in
view of the absence of a lead cavle, the guarantee of hermeticity
of the apparatus is increased; the noiseproof guality is increasei

and induction on the transmitting cable is removed; the sirplicity

of _operatios " is increased. Disadvantages of apparatus of such a

type are the impossibilitv of control of operation of the arvaratus

when submerged and the delay in the receipt of information until
the radiomster surfaces.

However, the advantages of euch an apparatus for the meuasure-

ment of r/a at_greap _ depths were so obvious that thev jeterm:nad

the conetruction of the RAG-~1 radiometer descrided. [fmge 174:]

A block diagram of the parts of the deep-water radiozeter ie

pregented in fisure 1, the general appearance of the apparatus and

its senarate blocks and a radiotechnical schematic =are presgente? ir
figures 2-4.

An Ra! cryatal, 30x10 mpn. in eize was used in the deep-w:ter

radiometer.

The photorultiplier of the FEU-29 tyre is rowered by # hatterv.

The voltage on the photomultinlier is about 100C v, while "re

OV A
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sensitivity (neceording te the aspecificatiems) 1o agual to 100 samp/
lumen. From the anede of the photomultiplier, impulses impinge oa

a twin caitter repester which is assembled from P-402 diffused tran-
sistors. The time loading consctant of the photomultiplier is 6

microsec.

The bdasic requirements for the amplifier of the deep-water
radiometer are economy and stability of function. This predeter-
mined the choice of desigan to transisicrs vith feedback coupling and
thermocompansation., The amplifier is constructed froa transistors
vith vaziosus types of conductamce. PFor the strengthening of signals
of negative polerity P-15 (p-n-p) germanius triodes are used, and
for positive, P-103 (m-p-n) silicon triodes are used. An amplifier
of thies desigu has the greatest stabhility. The first two caacades
before the discriminater om the I-2B diode have a coefficient of
amplification of about 100, which at the cutout voltage of tbhs dis-
criminator of 1.6v. insures the counting of’  .pulses above 16 mv.

In both cascades, feedback coupling and thermostabliration are em-
ployed by the insertion of the emitter and discriminator resistances
into the base resistances. After the discrimipator follows the 2—
car~ade r~plifier with a coefficient of amplification on the order
of 800, Tnie ampiilfier is not thnermostabilized. The load on the
sacond cas de is the step-up truusforwmer with a tranzformation
coefficie~t of 1:6. The output vulse of the amplifi~— has a posi-
tive polz:.ty apd a duration of 1U0U microsec. This pulse is fod
to the norisslizer, which is assexhled from a channel:eas thyretron
D:ot-oathodo gria-controlled ges tubo] . Prom the zormaligzer, .
pulses of 200 miorosea. duration and 40v. amplitude are fed to the

scaler device.
T.
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The iniroduciion of = soaler deévice into the design of the
deep~-wuter radiometsr allows the measurement of oceanic r/a of &
vide band of sotivity. A choice of counting x1, x2, x8, x16, and
X352 18 allowed which gives a possibility for making errors from
uncounted ) rulsee considerably less than the statistical error.
Moreover, the scaler device allowvs calibration of the radiometer
¥ith a standard of comparatively high activity. The scaler device
is assembled from 5 identicel HTxh-30 [MTI-9(.)];2 counting stages.
The limiting time for the counting of periodic = pulses is equal to
2 msec. Th* scaler device workes on the output stuge of a mechanical

counter, assembled also from MTXh-90,

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

of 10 mechanical SB=10C-N countexi connected to the scaler device in

& specific sequence by the program system. E?age 1?5]

Pigure 4. Radiotechaicel schematic of the apparitus. page 176

8.
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The progrem system inoludes sr eleetric cloek, » pclarized
raiay, and » Shl-11 [ui%-u_) step-by-step switch. Tne clock
contats ciose the vowsr circuit of the wirdings of the polarized
re_ay, the operation of which ceusees a turn of the step-by-step
geitcn to the next position and, consequently, 8 switching of the
¢ :wnver, .ne period of operatlox of the program sys*ea ie 1C min.g
(.. BEC 'r« 18 possible in orn: 2f two regimes: svit~hing of the
coavtere evary 10 min. and ewit2.'n; with 10 min. pauc:s teteen
ve3guremen-c, DBetween the switc!<ng on of the power and tne switch-
ing on of i.s first counter is = period of 10 min. Upon switching
of the sler-by-step svitch into ths last (llth) position, the electro-
mpunetic V.--1L cutout operstes znd the radicmster circuit is tumed

cf{f complerely,

The -ovwsr block coneists of four dry batteries. &L high voltage
cetiery is nuilt from e disk coll of GIT-100 hatteries a1d divided
into five sactions to reduce sel;/~iischarge. The capacity of the
bauttery ie (.05 amp/hr which «ish e rosistance load of 10C xzohm gives
8 servicec reriod of 5000 hours. The power battery of <he scaler de-
vice and avtomatic equipment is :ocmposed of BAS-G-60-L-:.7 Zisk coil

tetterio. sod has a cagacity #? 1.3 amp/hr. at a voiiug> of 180v.

o2 feric. cervice of thia Lani. -y i@ 1600 houre. T-e power

“_ tierinr ths ampltfic. (+fv. _~d=-=67.) are made of '‘ak coils

U PAS=G- ~2.1 batteries and *->v> & capacity of /.  --./ur. Cur-
reat ie uezu from both batteries «. 1 mamp, whicn ¢i...« =« period of

.ervice .‘ 2100 hours. Thus the - 2ricd of work of <te “‘eep-watar

ratiomete- on cne set of batteri~ Js in fact limited ....v ty the

9.
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storage period of the battoriee. This is Gf great significance
since during the time of one measureament (200 min.), the power
voltages cannet change significantly at all. A radiotechnical sche-
matic of the radiometer is given in figure 5 [;sigj .

In the course of work on EAG-1 it was established that the
8lightly 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 excludeg

their use as & detecting unit in automatic radiometers.

For the atudy of the possibility of direct measurement of the
beta activity of sea wvater several measurements were done with &
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 resulta of the experiment showed that
upon increase in pressure with depth, optical contact betweun the

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

The body 0f the radiometer is made of steel tubing with outer=
200an., ’5inner-140nu. and length=1400mm. The weight of the radio-—
meter in its ngQ is about 200 kg. The outer flange ¥ith the ring
for the attachment [_pa.go 17'.7_] of the hawser is welded to the bcdy._
The lcwer flange is removable. Onto it is attached a brass sleeve
to which all blocks of the radiometer are secured. The connectiona
between the blocks =are made with six-contact connectors. The flange
is secured to the body with siainless steel pins. Hermeticity of
the joint is effected by a self-packing gasket rated for pressures
up to 1000 ata.
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Pigure . Chart of the 318t run of the research

eship "Vityaz'"
The circles with numbers indicate the oceanographic stations
vhere the radiometric surveys were made (see LGJ for station
coordinates).

Calibration of the radiometer was done n a sufficiently large
circular section ‘tank (’515.15 m, K=4a), volume of 80.2 m° and
having a cement covering above. For the exclusion of the effect of
the _ement's own radiation, the radiometer was placed at a distance

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

42

The isotope K~ was chosen for the caiibraticn process. It

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

a type of radiation reasembling that of natural K4O 42-—1

(K 51 mev.,
X4o-1.46 mev.), and also with simplicity of production {by p, ¥

reaction ).

The radiochemical purity of the preparation was determined by

its half-life (during @alibration) and by its gamma-spectruz taken

11.




on a 100-channel analyzer. [Page ITQJ The salt containing K42
vas 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 the added radiocactivity throughout
the whole volume of the ‘tgak : 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 complet» disintegration of the igsotops.

With the exception of the first few hours of masasuremeat, when
an excemgively high level of activity cauced errors ia the apparatus
intended for slow speed — pulse arrival, the data for the “pulse
valuee were close in mgnitude Thus it was established that one pulse
recorded oy RAG-1 corresponis to 31 gamma quanta/liter of teo

0.348x10~ 10 10 40

curie/litsr for 142 or 0.725x10 curie/liter for X .

Procedure
AR ey  afERadE

The  procedure was . @8 follows:

l. Development of a schedule measurements. The radiometer
allows twoe types of switching of the mechenical 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 goetting results with maximum statiatical accuracy at cne level,
the most rational is the consecutive switching of counters (regime I).
If, however, the measurements are done at various levels, a ten xinute
interval between switchings is necessary for placement of the radio-

meter at the assigned level (regime II).

12,




Work regises I and II differ substantially with regard to the
time spent on the whole measurement (100 min. for regime I and 190
zin, for regime I1)., Therefore, in connection with the necessity
of saving time, measurements were sometimes taken on various levels
using regime I--two on each level, VWith this, of course, not all
10 counters were used since part of them operated during the raising

and lowering of the radiomseter.

2. The translocation of the radiometer from one level to ancther
vas done strictly by the clock--s’‘mmltaneocusly with the release of
the time relay of the radiometer, a timer on the deek was turned on.
The speed of raising and lowering th? apparatus was determined exactly.
Bafore each translocation, the radiometer was held at the level just

measured for 1-2 min.

Usual translecations of the radiometer were 1000-2000 m.,
since the apparavus traveled through these distances in the course

of 8-9 min. which provcntod'tho loss of data of one of the counters.

3. Calibration of the apparatus was done before each series
of measuresents, before each lowering. The delivery of an identieal
voltage Lpago 179] to the plhotomultiplier was controlled by the
count of a standard (cobalt-60: 0.56 microcurie) with a 3% accuracy.
At the same time the scsler device on the apparatus was set at 1:16.
Ths calibration was done in the laboratory for one hour directly
before and after lowering the apparatus. Such a calibration allowed

comparison with each other of measurements taken at various levels,

13.
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4. lonotﬁ“ggﬁjot the apparatus was done on the deck. The
sleeve with the apferatus, having been breught from the laboratery,
vas fitted into the radiometer Body whioh was closed by the flange
and gasket.

Taking into account the high humidity of the air (up to 98%
at 329C) in tropicdl regioms of the run and the possibility of con-
donsatiom of méisture on the inner parts of the spparatus upon its
penetration into a cold layer of water, a d@siccant cartridge of
silica gel vas placed inside the radiometer prior to bermetic scaiing.
The high humidity also required the holding of the epparatus ~n
deck after finishing the measurements since the opening of the cold

apparatus elicited a daﬂécrou- moistening of its parts.

5. Data from the mechanical counters was recorded in the

laboratory.

6. Vork with the RAG-4 radiometer was done with the hydrological
wvinch "Okean" on hawsers of 5.6 and 4.5 me. Two men worked on the
radiometer, one of which was the winch operator. Computation of
the true level of measurement was done using the angie of inclina-

tion of the hawser.

It was possible to combine the work with the radiometer at
deep levels with eimuitaneous work with other deep-water apparatus
(dredger, travler) from one side of the ship. Measurements at depths
up to 220 m. were carried out with simultanecus work of apparatus

on the opposite side which aldowved a significant saving of time,

14.




Results ef msasurements of r/a in the Indian QOgean®

) §
Station \ Level, | Inteneity Station / Level, | Intensity
o. count, . of count,
-ypulses/ :pulves/
nin. min.
| (
N ) 37,8 408 " 2.9
16950 38,7 100 2.2
2000 38,7 100 65.9
4000 3.4 100 54.2
4000 - 387 $00 58.0
. 4000 2,0 | 0 1054
4000 4000 40,5 | N2 200 i 54,9
. 4000 45,0 100 159.6
3000 46,2 2500 62,0
300 45,5 2500 " 61,2
2000 . 4.4 4020 8.8
i 2000 .- 42,3 4020 58,4
. 4009°° 200 ' 378 4147 20 o4
- 200 4L 214 %
N 100 4.5 214 o
; o 2,7 100 e
0 n.2 100 «Q
g ™.¢ 0 [
SR 4.0 4718 100 58,8
; e} 10 9t 1000 58,0
: : 50 5.4 2000 58,0
100 TR . 3000 58,4
200 42,2 [ 3500 56,4
200 39,2 3000 58,0
100 39,2 2000 %.3
S0 44,3 1000 60,0
10 45,4 100 00,8
0 70.2 : 0 116,9
94 %0 % ! a2 100 . 0,4
200 2 | 100 8.4
200 6t ! 200 00,0
S0 61 200 .4
1697 200 1.4 100 61.2
1000 50,2 200 8.2
2500 63,2 IYy] 100 4.4
1h97 50 6.9 1000 60,8
4000 58.0 2100 52,4 .
4000 62 3150 55,6 30%to~
- - 400 w1 | 4270).!'0;_ 215,5 ]
160 51.8 || &2 100 S7,
100 97 1000 56,0
100 08 | 2100 PR X
100 a7 | 3150 5.2
100 0.7 ! 4000 58.8
n . %.0 000 2'2
T 33"0’ '
laboratory %8 | B Gomrpm; 42,0 u 0 13,2
v -  aw—— .. [ ]
®V¥agsurament “i-e 2% eag-t Yevel yne Y0 -in,

*aMeqsure-ents a*t stationes LA T, 46CQ,4 v~ R4 were cuyrricd

Mt with a 1ifferent count effect:.reness frem *hean .rv tne Arrar

atatinne,
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The maximua turbulence during some measurements was 5 on the sea v
Irce scale,

Measurements of r/a of central and northarn parts of the Indian
Ocean were done with the RAG-4 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.

the value of a: '\pulse of the radiometer described {(counting coef-

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

The potassium content of sea water is fairly constant and de-
pends on the taqtal salinity, which changes insignificantly. Thus,
for instance, at one of thr oceanographic stations [fage 120-Table~
-page 18%:] (K® 4712), where measurements were being taken, the
salinity values changed with depth in the following fashion:

Depth, ...Becececlee.0 L 104 1000 2000 3665

Salinity, %.......035.46 . 36.% . 35.3 34.87 34.75
i.e. the difference amounted to about 4%, FPor sea water, the speci-
fic activity of x40 - " - was determined as 720 decays/ain./1.,
or 86.4 gamme-quenta/min./l., these variations amount to about 3
gamma-quanta/min./1., which will not be recorded by the radiometer
at the given spulse value. Therefore, orns can consider the natural

40

K'~ background of sea water constant.

Then, from the _ pulse value arnd from the average reading of
&1l measurements--60.2 “fbulsea/miu., ve get the average background

of the radiometer equal to 57.2 :puises/mir.

16.
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zan ve atiributed to:

The scatier obtained from the seasuremsnts can
1) statistical scatter of measurements of both the sea water
and the bacxground of the apparatus itself;

2) insiability of operation of the upparatus.

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 temperaturs changes, the radiouseter 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 +34%2 to
-62). Continuous measurements were made with the abcvementioned
standard. Deflections of readings during the temperature lowering

wvere +6%.

It should be indicated alsc that the temperature of deep lavers
of the ocean, starting at 1000 m., is fairly constant so that the

~arger 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 gives a reading change of %*.6 pulses/min.

Stat! . tical errors of = measurement. Taking the “mean back-
zround of *nc radiometer as 7.2 tulses/min. and the average level -

.1 activity »f sea water (for th: siven radiometer) a: 3 pulses/

zin., we ot:ain: AL ‘1 ZI““ + _}_l_i'
I = t i 4 = 1 3 = /./7

—
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Statistical error :_ 1a _ #3.5 _bulses/min. At the same
time the calculated data seatter of the appzratus attributed to

statistical measurementa amd apparatus error _is . 10 pulses/
ain. Lma 18%]

The geresral scatter of datu on all readings corresponds with

this quantrty,

It snould be noted that with an activity change of the water
by two, i.e. with an activity of 160 geama-quanta/min./l., the data
gcatter vculd oe not less than 17 ,}pulaoa/lin.

Thus, tne minimal threshold senaitivity of t¢he radiometer is

240 gamma-c.-nta/min./l,

On not one of the oceanogranhic stations visited in.the meas-
urement egurvey was the scatter found to be more tharn 10 ip./min.
at various levels, therefore it cen be assyned. that the activity

levels do ot oxceed 200 quenta/zin./l.

The dependability of this ccaclusion and the dependability of
the calculnted value of the radiometer accuracy are substantiated
ty the ex:-rimental data of the calibration of the apparatus. The
specific notivity of £42 of 1.1x10-7 curie/l. was clew.xly recorded

by the rac:-meter (11 .pulses/ui,n. on a background .. 7 ~ puises/

min, after "0 min. of measurenmc.:! +ith an accuracy of 10%.
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1. There was created an original automatic deep-water gamma-
d
radiometer with a sensitivity threshold of 2x10 10 curie, intended
for the measurement of r/a at the maximum depths of the oceans

of the worid.

2. During measurements of the gamma-background of the depths
of the centrel and northerm rarts of the Trndiian Ccean in 1¢60, there
was not found any increase in the r/a leve® exceeding the natural

level by more than 2-3 times.
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