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LIMNOLOGICAL CATASTROPHES, happened in CAMEROON on lake "MONOUN" in
1984 and on lake "NYOS" in 1986., by the INFLUENCE of the ATMOSPHERIC
PRECIPITATION in 1983.

Nataliya Anatolievna Solodovnik - Anatoliy Borisovich Solodovnik
(Natalija Solodovnika - Anatolijs Solodovniks )
Riga, Latvia, e-mail:

The Calculation with using the computer program "SONATA" has shown, that, trigger mechanism of the
limnological catastrophes, who be happened in CAMERQOON on lake "MONOUN" in 1984 and on lake "NYOS"
in 1986 , was switched on by influence of the atmospheric precipitations in 1983.

The data of the monitoring of the monthly atmospheric precipitation in vicinities of the lakes "NYOS" and
"MONOUN" per period with 1929 till 1988 are used in the calculation.

Limnological catastrophes on lake "MONOQOUN" in 1984 and on lake "NYOS" in 1986, were caused by the
instantaneous ejections of the gaseous carbon dioxide from the sediment stratums under the lake’s bottom.

The Degassing the waters of the lakes "NYOS'" and "MONOUN" can not prevent from the repetition in lakes
"NYOS" and "MONOUN" of the limnological catastrophes, similar to the catastrophes of 1984 and of 1986 , in
which the trigger mechanism was switched on by the influence of the atmospheric precipitations.

Under influence of the atmospheric precipitation the trigger mechanism of the the limnological catastrophes in
the lake "Nyos" and the "Monoun" , in any time may f0 be  switched on and in a certain time hereon will
happen of the limnological catastrophes.

As of the data of long times of the monitoring of the monthly atmospheric precipitations the program
"SONATA" may do of the forecast of the gaseous ejections( of the instantaneous or of the slow , including
catastrophical ) from the sediment stratums of the lakes '""Nyos" and "Monoun".

Pacuérpl ¢ mpuMeHeHHeM KOMIBIOTepHOIl mporpamMMbl «SONATA» moka3ajim, YTO CHYCKOBOU MeXAHU3IM
JUMHONI02UYecKUX Kamacmpog, nponsomenmux B Kamepyne Ha ozepe “MONOUN” B 1984r. u Ha o3epe “NYOS”
B 1986r., 0b111 6K110uén B 1983T. Bo3aelicTBHeM aTMoc(epHbIX 0CATKOB.

B pacuérax McnoJ/ib30BaHbl JaHHbIE MOHMTOPHHIA eKeMeCSYHBIX aTMOC(epPHBIX 0CAaAKOB B OKPECTHOCTH 03Ep
“NYOS” u “MONOUN?” 3a nepuoa ¢ 1929r. no 1988r..

Jumnonozuueckue kamacmpoghor Ha ozepe “MONOUN” B 1984r. u Ha o3epe “NYOS” B 1986r. 6611 BbI3BAHBI
MZHOBEHHBIM KAMACMPOPUUecKum 6b10pocom OUOKCUO Y2nepooa u3 6000nPOHUNAEMO20 0CAOKA, PACHOTIONHCEHHOZ0
noo OHOM 03ép.

Hezazayua Boa 03ép “NYOS” u “MONOUN” He Mo:KeT npeIoTBPATUTH NMOBTOpeHue B 03épax “NYOS” u
“MONOUN?” aumnonozuueckux kamacmpogh, noooonvix kamacmpogpam 1984r. u 1986r. , cnyckoeoii mexanuszm
KOmMOopbix 0bl71 6KNI0YEH 8030elicieuem ammocphepHsix o0caoxos.

Bkntouenue cnycko6ozo mexanuzma TOA  Bo3leiicTBHeM aTMocepHBIX OCaAKOB U  Hocledyloujue
aumnonozudeckue kamacmpogot Ha ozepe “MONOUN” u Ha o3epe “NYOS” mozym npousoiimu ¢ n1tw0ooe spems.
ITo naHHBIM J0JIT0JIETHEr0 MOHHTOPUHTA eKeMeCSIYHbIX aTMOc(epHBIX ocaakoB mnporpamma “SONATA”mMoxer
NMPOrHO3MPOBaTh MZHOGeHHble W nocmenenHvle (B T.4. Kamacmpoguueckue) BbIOPOCHI ra3a U3
BOJONPOHMLIAeMOro ocaaka 03ép «Nyos» u «Monoun».

The Catastrophical ejections of the gaseous carbon dioxide (CO;) in Cameroon (22) from lake
"Nyos" (August 21 1986) and from lake "Monoun" (August 15 1984) have caused the mass ruin of
the people and animal, as well as have endamaged to vegetation.
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The Catastrophes in Cameroon on the lake "Nyos" and on the lake "Monoun" have distinctly shown
the mortal danger of the sudden ejections from the terrestrial depths of the greater amount of the
carbon dioxide on the surface of the land.

The Study of the reasons of the sudden ejections of the carbon dioxide particularly timely in
connection with the influence of the carbon dioxide on the rates of the global warming, and in
connection with the work to sequestration of the greater amount of the carbon dioxide in the depth
geological structures (24).

There is other places on our planet (the lake "Kivu" in east Africa, lake "Mashu" in Japan, maar
"Eifel" in Germany, lake "Pavin" in France, "Mammoth Mountain" in USA, some territory in Italy)
(1,2,3,22), in which, according to result of this article, the ejections of the gaseous carbon dioxide
and methane can cause the disastrous consequences.

The Catastrophes can be by the consequences of the leakage the carbon dioxide from underground
geological formations, in which carbon dioxide injects on permanent (for instance, project Statoil
CO2 injection at the Sleipner field) storage (4,23).

For the last twenty years (5,6,7,8), were studied physics -chemical processes in volume of the waters
in the lakes "Nyos", "Monoun", "Kivu", was valued contribution of the mentioned processes in
limnological catastrophes, and was declared the supposition about trigger mechanism of the
limnological catastrophes.

The authors of the works (5, 22) holds the hypothesises , according which at the lake Monoun (and
Nyos) gas burst originated by the release of huge amounts of pressurized carbon dioxide, previously
dissolved in the lower layers of the lakes. As of the hypothesises, by the trigger mechanism are
offered any exogenous disturbance (the collapses, winds, rain, earthquakes and others) or intrinsic
instability (change to density, the temperature, acidity, saltiness and others) of the lake's water.

According to article (6), gas is formed on big depth in magma, then, near the Earth's surfaces, gas
was dissolved into underground water.

Dissolved in underground water CO2, through the springs on bottom of the lake, was entered with
underground water in the lake and are accumulated in the deep water.

According to the limnic eruption hypothesis (7), the carbon dioxide, with high concentrations,
slowly was built up in the lake water column, but hereafter, a large part of the carbon dioxide was
released after by a trigger mechanism was provoked of the local supersaturation.

Authors of the work (8) support the hypothesises of the /imnic eruption for the lake "Kivu". They
assumed, that the release of the gases (CO2, CH4), can be triggered by the magma eruption within
the lake.

According to article (7), the exact nature of the trigger mechanism remains unknown.

As a whole, in study of the limnological catastrophes for the last twenty years prevails the study of
the processes in volume of waters of the lakes "Nyos" and "Monoun".
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In ditto time, slightly were studied contributions to limnological catastrophes of the processes
outside of volume of lake's water, including:

the process the recharging the pressure aquifer by the water of the atmospheric origin,

the process the recharging of the water of the pressure aquifer by the carbon dioxide and methane
of the magmatic origins,

the process of the flow of a part of the water solution of the carbon dioxide (CO2) and methane
(CH4) from the pressure aquifer to lake through sediment stratum, which situated under the lake
bottom,

the process of the flow of the water solution of the carbon dioxide and methane under lake bottom
in the sediment stratum.

Together with that, for reasonable interpretation of the facts, characterizing limnological
catastrophes on lakes "Nyos" and "Monoun", side by side with estimation of the contribution of the
processes, occurring in volume of lake's waters, necessary to do of the estimation of the contribution
of the processes, which occurs outside of volume of waters the lakes "Nyos" and "Monoun".

Qualitative and quantitative description mechanics of switching on of the trigger mechanism
disastrous gaseous ejections on lake "Nyos" and "Monoun" - a key to decision of the problems of
the forecasting of the time and scale of the disastrous gaseous ejections , obligatory condition of the
motivated choice of the measures of the reduction of the destructive consequence after disastrous
gaseous ejections , provision of the hold-harmless of the greater amount of the carbon dioxide in the
underground geological stratum.

Qualitative and quantitative description mechanics of switching on of the trigger mechanism of
limnological catastrophes must give the simple logical explanation of the following phenomenon:

The disastrous gaseous ejections on lake "Nyos" and "Monoun" have occurred at the August 21
1986 and at August 15 1984, and had a no place in foreseeable past;

The disastrous gaseous ejections existed on lake "Nyos" and "Monoun", and had no a place at any
other the lake, located in the same region;

The values of the concentrations of the carbon dioxide in the water solution on the bottom of the
lake "Nyos" and on the bottom of the lake "Monoun" vastly differ;

The values of the concentrations of the carbon dioxide in the water solution, on the bottom of the
lake "Nyos" and on the bottom of the lake "Monoun", all time continuously are changing.

The Lake "Nyos" and Lake "Monoun" are located in the maar craters, was formed several hundred
years ago, after blast of the overheated lava appeared at contiguity with the underground water.
Located on opposite side of the mountain massif "Mount Oku" on distance 95 km one till other, the
lake "Nyos" and the lake "Monoun" possess by the resemblance.
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Fig.1. The Scheme of the forming of the water solution of the carbon dioxide and the
methane , supply of this solution to the lakes "Nyos" and "Monoun".
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Resemblance of the lakes "Nyos" and "Monoun" reveals itself in resemblance of their origin, in
that, that they belong to same volcanic area (Oku Volcanic Field), in practically coincidence of the
sequences and amount of the atmospheric precipitation, falling out in their vicinity, in presence in
lakes of the water solution of the carbon dioxide and methane, and in the negligible changes the
temperature of the water on lake's bottom.

In our work for description mechanics of the processes, generating limnological catastrophes, is
accepted, shown on Fig.1., scheme of the flowing of the water in the pressure confined aquifer,
under the lake’s ("Nyos" and "Monoun") bottom, and in the lake’s sediment stratum.

Every pressure confined aquifer (Fig.1.) has the water (atmospheric origin) recharge zone, gas
(carbon dioxide and methane magmatic origination) recharge zone, pressure zone, fractional water
discharge zone, and water discharge zone.

At the gas recharge zone, carbon dioxide and methane (magmatic origination) dissolves in the water
(atmospheric origination) which are flowing in the pressure confined aquifer.

The fractional water discharge zone connects pressure zone of the pressure confined aquifer with
sediment stratum under the lake bottom.

Sediment stratum, under the lake bottom, is permeable for the water solution (carbon dioxide and
methane) which are flowing from the pressure confined aquifer.

Small part of the water solution (carbon dioxide and methane) from the pressure confined aquifer
flows through the sediment stratum to the lake.

Taking into consideration resemblance of the lakes "Nyos" and "Monoun", description,
abovementioned scheme of the flowing of water in the pressure confined aquifer and in the sediment
stratum under the lake bottom (Fig.1.), formulates as follows:

The sequence and amount of the atmospheric precipitation, which are falling out in vicinities of the
lake, alike for each of lakes "Nyos" and "Monoun";

The amounts and the ratio of the methane and the carbon dioxide, by which the terrestrial depths
do charged of the water of the pressure confined aquifers, unchangeable and alike in foreseeable
gap of time for each pressure confined aquifers;

Every of the lakes "Nyos" and "Monoun" is located over of the pressure confined aquifer;
Every of the lakes "Nyos" and "Monoun" are connected with pressure zone of the single pressure
confined aquifer;

Under the bottom of each lake "Nyos" and "Monoun" are disposed sediment stratum, which is
permeable for the water solution (carbon dioxide and methane) which are flowing from the pressure
confined aquifer;

The sediment stratum of each lake "Nyos" and "Monoun" are disposed on penetrated faults and
microcracksof the rock, which is located between of the sediment stratum and between of the
pressure confined aquifer;

The faults and microcracks at rock are filled by the water-bearing rock, in which the water solution
of the carbon dioxide and of the methane (magmatic origins) are flowing from the pressure zone of
the pressure confined aquifer ;
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The pressure confined aquifer contains the water-bearing rock, which are stretched from the water
recharge zone till the water discharge zone;

Between area of the water recharge zone and the water discharge zone is located pressure zone of
the pressure confined aquifer;

The water-bearing rock leave on surface of the land in the water recharge zone and in the water
discharge zone;
The water recharge zone are located above of the water discharge zone;

The water recharging, of the water-bearing rock, leaving on surface in the water recharge zone of the
pressure confined aquifer, are realizing due to infiltration in them part of the atmospheric
precipitation, which are falling out in this area;

A part of atmospheric precipitation, which are seeping in the water-bearing rock in the field of water
recharge zone, alike for each pressure confined aquifer;

The water of the pressure confined aquifer flows in the water-bearing rock from water recharge zone
pressure confined aquifer in the water discharge zone pressure confined aquifer;

In the pressure zone of the pressure confined aquifer from below, across faults and tectonic rift in
volcanic rock, from magma at heart land, rise and dissolve in water of the pressure confined aquifer
the carbon dioxide and the methane, forming water solution CO2 and CH4;

The pressure confined aquifers differs one of other by the linear vertical and horizontal size;

The sediment stratums of the lakes, permeables for the water solution and differs one of other by
the linear vertical size;
The lakes differs one of other by the linear vertical size;

The ratios (n’cus/m’coz) of the molar concentration n’cys methane and molar concentration n’cos
carbon dioxide, rising from magma at terrestrial depths, were remained, within foreseeable time cell,
the constant;

Comparatively small part of the water solution of the carbon dioxide and of the methane from the
pressure zone of the pressure confined aquifer flows upward in the water-bearing rock,which are
filling the faults and the tectonic rift of the volcanic rock, from the pressure zone till the sediment
stratums under the lake's bottom;

The main amount of the water solution of the carbon dioxide and methane in the pressure confined
aquifer flows from the pressure zone to the water discharge zone;
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The sediment stratums, which are permeable for the water solution, and the water-bearing rock are
considered as heterogeneous mixture of the solid porous phase (the bodies) with liquid (the water
solution of the carbon dioxide and methane, the fluid carbon dioxide) and gas (the mixture of the
gaseous carbon dioxide and methane);

The water solution of the carbon dioxide and methane are considered as the viscous incompressible
liquid,

The temperature of the water solution of the carbon dioxide and methane constant and positive on
the Celsius scale;

The gas is considered as ideal compressible liquid;

Solid porous phase (the body) are incompressible, has the limited breaking stress and has the
destruction at the tensile stress in her, when the tensile stress are equaling or more than the breaking
stress;

The breaking stress of the solid porous phase of the sediment stratums negligible in contrast with the
breaking stress of the solid porous phase of the water-bearing rock of the pressure confined aquifer
and in contrast with the breaking stress of the solid porous phase of the water-bearing rock, which
are filling of the faults and of the tectonic rift of the volcanic rock .

The qualitative description of the abovementioned scheme of the flow of the water in the water-
bearing rock and in the sediment stratums is used by the authors of this work at conclusion of the
closed system of the equations of the mechanics of the processes (20), which are generating the
limnological catastrophes, including, the condition of the the destruction of the solid porous phase of
the sediment stratums, which are permeable for the water solution.

By the authors of this work, was applied to heterogeneous mixture of the conception about multi-
velocity continuum (9), and was shown that condition of the destruction of the solid porous phase of
the sediment stratums can be recorded (20) in the manner of:

anT(ezaT) - (' [1/(PT]'{ [ me(’t)]*'[( ¢ p’OC(Taez) ’ 00)/p0 Hzo]+[( O “0c -0 z)]'

-0g(T,0%)e P (6%, 1)-[0 1(7,6%)s ([(Pxc(7))-(Pran(1))]+(0%/6%05) + (Psan(1)) )] })<0,
[1.]

where
anT(OZ,’E) — the breaking stress (the non-dimensional, non negative value) of the solid porous phase
(the body) at the moment T in the point with the coordinate 0%;

the subtrahend in left part of expression (1.) describes the stress (non-dimensional) in the solid
porous phase (the body);
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(r - a volumetric concentration of the solid porous phase (the body) in the sediment stratums, which
is permeable for the water solution;

() g(’t,ez) - a volumetric concentration of the gas (the gas mixture) at the moment T in the point
with the coordinate®® in the sediment stratums, which is permeable for the water solution;

() f(‘t,ez) - a volumetric concentration of the water solution of the carbon dioxide and the methane at

the moment T in the point with the coordinate 0% in the sediment stratums, which is permeable for
the water solution;

me(r)- a hydrostatical pressure (non-dimensional) of the water on the boundary of the sediment

stratums — the lake’s water (0°=0%y);

Pg(GZ,T) - a pressure (non-dimensional) of the gas (the gas mixture) at the moment T in the point
with the coordinate 6%

PmH(’E)-a pressure (non-dimensional) in the water solution of the carbon dioxide and the methane

at the moment of time T on the boundary of the sediment stratums - the water-bearing rock (92=0),
which are filling the faults and the tectonic rift of the volcanic rock.

[Pfﬂﬂ(‘c) is a function of the linear and vertical
sizes of the pressure confined aquifers,

of the characteristic of the water-bearing rock,
of the sequences and amount of the
atmospheric precipitation, which are falling out
and are seeping in the water-bearing rock of
the water recharge zone of the pressure
confined aquifer];

( < p’oc(’t,ez) ’ OC) - is a value of the mean density of the sediment stratums;

P~ h20 - 1s a value of the density of water;

0 % - is a coordinate (non-dimensional) along of the vertical line in volume the sediment stratums
(Ofezfezoc);

0 %, - is a coordinate (non-dimensional) of the point along the vertical line on the border of the
sediment stratums—the lake’s water;

T- is a moment of time (non-dimensional).
The value of a pressures of the gas Pg(ez,’c) are defined by the values of the mole-fraction of the
carbon dioxide Co(ez,‘t) and of the pressures Pf(r,ez) in the water solution of the carbon dioxide
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and the methane at the moment of the time T in the point of the sediment stratums with the

. Z . . .
coordinate 8 in accordance with the expressions:

[Co(ez,r)-XB-[P ¢ (1,6%)]] =0 under conditions [Co(6%,t)/(]2 [P ¢ (1,0%)], [2.]
[P 41,691 =[P «(1,6%)] under conditions [Co(0%1)/xs1< [P 1 (1,0%)], 3.]
where

CO(GZ,T)=[ncoz(T,ez)/{nHzo"'nCH4(T,ez)+ncoz(T;ez)}]’ [4.]

AB= [ Eag' pO H20 ® g]/[7002° K coat( M’ cha/N’coz)s (7 crasK ’cm)], [5.]

ncoz(‘t,Gz)- is a molar concentration of the carbon dioxide in the water solution of the carbon
dioxide and the methan at the moment of the time T in the point of the sediment stratums with the
coordinate 6%,

n CH4(’C,92) — 1s a molar concentration of the methane in the water solution of the carbon dioxide
and the methane at the moment of the time T in the point of the sediment stratums with the

coordinate 6%,
N - 1S a molar concentration of the water in the water solution of the carbon dioxide and the

methane at the moment of the time T in the point of the sediment stratums with the coordinate 07,
&g - is a typical length of the tubular cavities in the solid porous phase of the sediment stratums,
g - is a value of the acceleration of gravity,

K ’coz - is a constant Henry for carbon dioxide,
K’ cu4 - 1s a constant Henry for methane,
Yco2 - 1s a activity coefficient for carbon dioxide,

cn4 - a activity coefficient for methane.
[XB-Pf(‘C,GZ)]- the threshold value of the mole-fraction Co(ez,‘t) of the carbon dioxide in the water
solution at the moment of the time T in the point of the sediment stratums with the coordinate 0%,

(0 %, 20720).

If the mole-fraction Co(0% 1) of the carbon dioxide are less or equals an threshold value, that the
pressure of the gas Pg(ez,r) equals a pressure in the water solution of the carbon dioxide and the

methane ( the viscous incompressible liquid) Pf (T,@z) at the moment of the time T in the point

of the sediment stratums with the coordinate 6%,

Increasing of the mole-fraction Co(6%,1) of the carbon dioxide more than threshold value are causes

the increase of the pressure of the gas Pg(Gz,‘t) till the values exceeding of the pressure Pf (1,0%).
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With increase the pressure of the gas Pg(ez,’c) the stress of the compressions of the solid porous
phase are applies to zero and, instead of he, appears and grows the tensile stress.
At moment of time, when the tensile stress of the solid porous phase are becomes equal or more

than the breaking stresses of the solid porous phase anT(ez,‘c), the solid porous phase will be
ruined.

If mole-fraction Co(0%1) of the carbon dioxide in the water solution of the carbon dioxide and the
methane in any point of the sediment stratums less than the threshold value, are executed the
correlation [3.], but the correlations [1.], [2.] are not executed. At this, the ejections of the gas from
the sediment stratums in the lake’s water does not occur, i.e. the ejection of the gas are the null.

The transportation of the carbon dioxide and the methane from the sediment stratums in the lake’s
water in this case it are realized by the water solution, which flows from the sediment stratums to
the lake’s water.

If the mole-fraction concentration CO(GZ,‘E) of the carbon dioxide in the water solution of the carbon
dioxide and the methane in some point (immovable) of the sediment stratums with the coordinate

0* during of the time will increased , that, are becomes equal or more than of the threshold value of
the mole-fraction of the carbon dioxide, can will come such length of time, when in this point is
executed the correlation (2.), but the correlations (1.), (3.), are not executed.

If this occurs in the surface layer of the sediment stratums, at the mentioned length of time, then,
when water solution of the carbon dioxide and the methane are moving from the sediment stratums
in the lake’s water, the carbon dioxide and the methane, on the border of the sediment stratums-the

lake’s water (0°=0 %), be are diffuses from the supersaturated water of the solution in the
nucleuses of the gas bubbles, which are being present (11) in the lake’s water.

Herewith from the sediment stratums in the lake's water, with solution, during unit of time, will be
transporting of the carbon dioxide and the methane in the amount to proportional the velocities of
the flow of the water solution of the carbon dioxide and methane.

The gas bubbles, forming on border of the sediment stratums - lake's water, saltatory are increasing
in volume, radiate changing of the pressure in the time.

Changing in the time of the pressure can be perceived in atmosphere on the lake as the bubling or
the low rumbling, the explosions, the seethe, the whistle and the hissing of different loudness.
Loudness is defined by amount of the forming gas bubbles, by the sound spectrum, which are create
during of the changing of the sizes of the gas bubbles on the border of the section of the sediment
stratums - the lake's water and by the pulsation of the shell of the gas bubbles.

Formed at the border of the sediment stratums - the lake's water, the gas bubbles are pulsing and
are increasing in the volume, and are surfacing to the surface of lake.
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The surfacing gas bubbles, except gas, from the lake's bottom are transporting (flotation) of the
ferric minerals and the other mineral, which hereinafter will produces the appearance on the lake's
surfaces of the painted area.

So are realized slow (not Instantaneous), comparatively small and regular (not disastrous) the
ejections of the gas. Duration of the slow gas ejection is a day and more. The amount, standing out
during of the unit of time, of the gas during the slow ejections of the gas is a variable value.

If in point 0% of the sediment stratum (0*<0 %y.) the mole-fraction Co(0%t) of the carbon dioxide
be more than the threshold value , and after this the mole-fraction, will increases up to values ,
with which is executed correlations [1.] , at moment of time, when will begin be executed

correlations [1.], instantly will destroyed the upper layer (thickness (ezoc-ez)) of the solid porous
phase of the sediment stratums.

The destruction of the solid porous phase, containing the gaseous mixture, is accompanied by the
instant liberation and expansion of the gaseous mixture of the carbon dioxide and the methane (the
gas), which forms the gas bubbles stream, which are surfacing to the lake's surfaces.

The instant destruction on big area of the solid porous phase of the sediment stratums, containing
the gaseous mixture, and expansion of the gaseous mixture, generate the acoustic field (boom),
which, in some places, can be perceived as the earthquake.

The Sound field, who are generating by two different physical processes (the destruction of the solid
porous phase, expansion of the gaseous mixture), possesses, at least, two the maximums, who
differs in time and which could be sensed as separate strong blasts.

Under influence of the acoustic field will be destroyed a another part of the solid porous phase of the
sediment stratums (not more 1%), located under point with coordinate 0.

The acoustic field are causes of the following increase of the mass and volume of the gas in the
stream of the gas bubbles , including, the stream of the gas bubbles in the water solution of the
carbon dioxide and the methane in the destroyed solid porous phase of the sediment stratums.
Increasing of the mass and volume of the gas in the stream of the gas bubbles occurs by way of the
diffusions in the gas bubbles of the carbon dioxide and the methane from the supersaturated water
solution of the carbon dioxide and the methane (a gaseous cavitation), which be contained in
destroyed parts of the sediment stratums.

During of the gaseous cavitation, the surfacing stream of the gas bubbles (the field bubbles) does of
whistle or of hissing sound (10).

The field bubbles, herewith, can radiate, visual observed in the dark, of the light (11).

The velocities of the surfacing bubbles by diameter 0,1 - 2,0 cm. are equal to 20-30 cm/sec (12,13).
The field of the surfacing gas bubbles carry away the part of the lake's deepest waters, which are
charged of the carbon dioxide and methane.
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The gas, which are discharging (cavitation) from this part of the lake's deepest water, enlarge the
volume of the gaseous ejection.

The gaseous ejection of this sort occurs for hour and less, are accompanied by the ejections of the
big amount of the gas from the sediment stratums and they are instant on scale of time of the
slowly current processes to the pressure confined aquifers and the sediment stratums.

The solid particles from destroyed part of the sediment stratums subsequently are falling to the lake's
bottom, and are covering his by the even layer.

The Instantaneous gas ejections occur relatively seldom, and can be catastrophic.

Consequently, gaseous ejections can be:
Null,

Slow;

Instantaneous.

Null gaseous ejections are not catastrophic.

The Instantaneous and Slow the ejections of the gas depending on amount of the ejected gas can be
catastrophic, but can and be not catastrophic.

The column of the carbon dioxide by height 0,2 m., mingling with the air, have the capability are
forming the column 15 % (volume) air mixture by height in 1,5 m..
Inhalation of this air mixture mortally for person (21).

Catastrophic ejections are a gaseous ejections, at which height of the column of the gas (carbon
dioxide), ejected during day, on surface of the lake exceeds, in recalculation on the normal (1 atm.,
278,10K) conditions, 0,2 M..

The catastrophic gaseous ejections are mortally dangerous for the person.

The Instantaneous and Slow (not catastrophic) ejections of the gas from the sediment stratums of
the lake can be a reason to deaths of the people and animal in single events.

At the catastrophic Instantaneous and catastrophic Slow ejections of the gas from the sediment
stratums of the lake occurs the mass ruin of the people, animal and vegetation on lake and in his
vicinity.

The catastrophic Slow ejections of the gas do not be accompanied by the appreciable mechanical
destructions.

The catastrophic Instantaneous ejections of the gas are accompanied by the appreciable mechanical
destructions.
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The authors of this work, on the base of the mentioned closed system of the equations of the
mechanics processes, by what are generated of the /imnological catastrophes, have developed the
computer program "SONATA" for quantitative estimation of the processes, by what are generated of
the limnological catastrophes, including, the calculation of the change of the mole-fraction of the
carbon dioxide and the methane in the water solution in the sediment stratums and in the water-
bearing rock , and determination of the periods of the ejections of the gas and of the amount of the
being ejected herewith of gaseous CO2 and CH4.

In this work the program "SONATA" are used for calculation of the processes, by which are
generating of the /imnological catastrophes, in the lake "Nyos" and in the lake "Monoun".

However, program "SONATA" are suitable for calculation of the processes, capable to generate the
limnological catastrophes in the other places of the earth, as well as for calculation other
catastrophes, caused gaseous ejections from the water-bearing rock.

At the thickness the sediment stratums 10 m. and at the parameters of the lakes "Nyos" and
"Monoun", the resolution ability of the program "SONATA" on the time of the gaseous ejections:
+/- 10 day.

At calculation are used the original data, by which characterizes the carbon dioxide and the methane
of the magmatic origins. The Carbon dioxide and the methane of the biogenic origins in the original
data were left aside.

In the original datas of the lake "Nyos" and lake "Monoun" at the program "SONATA" are used the
data of the monitoring of the monthly atmospheric precipitations (14) to weather station
"BAMENDA", (WMO station code: 64893.1 BAMENDA, coordinates: 6.00N , 10,10E, 1608m),
behind period 1929 - 1988.

The station "BAMENDA" are located practically on equal distance against of the lakes "Nyos" and
"Monoun".
The Period of the monitoring the monthly atmospheric precipitation, executed by weather station
"BAMENDA", covers the time cell most, in contrast with the other stations, which list is provided in
work (15).

Distribution of the amount of the annual atmospheric precipitation, is shown on Fig.2., are
determined by with use the monitoring the monthly atmospheric precipitation by the weather station
"BAMENDA".

The Program "SONATA" were used for calculations of the six scenarios of the gaseous ejections in
lakes "Nyos" and "Monoun", which are specified in six columns on the right of the Tables 1..
Used at calculation the original data, which is not specified in this work, alike for each scenario.
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KonuyecTtBo aTMocth epHbIX 0CaAKoOB, BLINajak Wux 3a rof B paioHe
036p"NYOS" u "MONOUN" (peanbHbi i cuenapuit).
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Fig. 2. The amount of the annual atmospheric precipitation in vicinity of the lakes "NYOS " and "MONOUN".
(Real scenario)
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The Table 1.
The Parameters: Lake Lake Lake Lake Lake Lake
«Nyos» | «Mon | «Nyos» | «Mon | «Nyos» | «Mon
oun» R oun» A oun»
R A
Height of the the water recharge 1148,97 1140,84 1148,97 1140,84
zone of the pressure confined 1152,97 | 1144,84

aquifer comparatively sea level, m.

Height of the water discharge zone 1079,21 1061,85 1079,21 1061,85 1079,21 1061,85
of the pressure confined aquifer
comparatively sea level, m.

Height of the surface of the lake, 1090,72 1027,05 1090,72 1027,05 1090,72 1027,05
comparatively sea level, m.
Depth of the lake, m. 209,00 95,24 209,00 95,24 209,00 95,24
Thickness of the layer of the 10,00 10,00 10,00 10,00 10,00 10,00
sediment stratums, m.
Distance, along the vertical line, from 61,34 89,94 61,34 89,94 61,34 89,94

the lower surface of the sediment
stratums till the pressure zone of the
pressure confined aquifer, m.

Distance, along the vertical line, from 280,34 195,18 280,34 195,18 280,34 195,18
surface of the lake till the pressure
zone of the pressure confined
aquifer, m.

Distance, along horizontal line, from 12000,00 | 7500,00 | 12000,00 | 7500,00 | 12000,00 | 7500,00
of the water recharge zone of the
pressure confined aquifer till the
water discharge zone of the pressure
confined aquifer, m.

Distance, along horizontal line, from 6000,00 | 3000,00 | 6000,00 | 3000,00 | 6000,00 | 3000,00
of the water recharge zone of the

pressure confined aquifer till the lake,

m.

(W cna/M'con) 0,020 0,020 0,020 0,020 0,020 0,020

Sq. area of the surface of the bottom 0,435 0,032 0,435 0,032 0,435 0,032

of the maar, km?

Sq. area of the surzface of the lake, 1,580 0,526 1,580 0,526 1,580 0,526
km

o 0,400 0,400 0,400 0,400 0,400 0,400

P 4t 92) 0,020... 0,020... 0,020... 0,020... 0,020... 0,020...

g™ ...0,200 ...0,200 ...0,200 ...0,200 ...0,200 ...0,200

P (T 0% 0,400... | 0,400.. | 0400.. | 0,400.. | 0,400.. | 0,400...

i ...0,580 ...0,580 ...0,580 ...0,580 ...0,580 ...0,580

The Amount of the annual 217,90 217,90 217,90 217,90

atmospheric precipitation in 1983, 228,80 228,80

cm.
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Specified in Table 1., the vertical and horizontal distances, characterizing of the geometry of the
pressure confined aquifer, defines, by using, the one-to-one mapping of the curve line,which are
passing along the natural pressure confined aquifer, and the broken line, consisting of the vertical
and horizontal segments of the straight line.

The lengths of segments of the curve line and of segments of the straight line. (the reciprocal
correspondence) at the one-to-one mapping are not changed.

The elevations and the thicknesses, specified in Table 1., at the one-to-one mapping are not
changed.

The broken line, hereinafter, characterizes the geometry of the pressure confined aquifer.

The Real scenarios, with using parameters from the columns '"Lake '"Nyos"'" and '"Lake
"Monoun'"" of Tables 1., authors this article consider plausible.

The term plausible is used whereas, not having of the results of measurement, in natural conditions,
of the parameters of the lakes "Nyos", "Monoun" and the pressure confined aquifer, authors carried
in original data some parameters, got by analysis of the indirect data for  the lakes "Nyos" u
"Monoun").

In columns ""Lake "Nyos" R and Lake "Monoun" R" Tables 1., the Real scenarios of falling out of
the atmospheric precipitations, is replaced by Conditional scenarios , in which parameters "Amount
of the annual atmospheric precipitation in 1983." for the lake "Nyos" and for the lake "Monoun" are
increased on 5% in contrast with the data of the station "BAMENDA".

Change of scenarios is connected with the need of the identification of the sequences and amount of
the atmospheric precipitation as regulator to mole-fraction carbon dioxide and methane in water
solution, flowing in the pressure zone of the pressure confined aquifers under the lakes "Nyos" and
lake "Monoun".

In columns “Lake "Nyos" A” and “Lake "Monoun" A” Tables 1., Real scenarios is replaced by
Changed scenarios, in which parameters of topographies "Elevation at sea level of the the water
recharge zone of the pressure confined aquifer” of the lakes "Nyos" and "Monoun" are increased
per 4 metres.

Changing the scenarios is connected with need of the explanation of the experimentally observed
difference in mole-fraction carbon dioxide in lake "Nyos", in lake "Monoun" and in others lakes in
the same region.

According to, the graphs on the Fig 3. («Nyos») and Fig 8. («Monoun»), maximum mole-fraction
carbon dioxide (the Real scenario) in 1983 in the point of the mixing in the pressure zone of the
pressure confined aquifer, supplying the water solution of the carbon dioxide to the lakes "Nyos" or
"Monoun", was being anomalous high in contrast with maximum mole-fraction of the carbon
dioxide in the water solution in same pressure zone at any other year for period 1929-1988:

0,1940 in the pressure zone pressure confined aquifer of the lake "Nyos";

0,0249 in the pressure zone pressure confined aquifer of the lake "Monoun".
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NYOS 1929-1988r.Makcumanbran Max,mueumanorana Min,cpeansaa Aver
monbHas pona CO,3arop B pactBope,obpasylowyemcs B obnactn Hanopa
ropusonta. MonbHaa gona C,, Hacoiwennna CO, Harpanuue paspena
BOAONPOHMLAeMbl it 0Caf0OK-BOALI O3epa.
(PeanbHbl it cueHapuit).
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Fig. 3. NYOS 1929-1988. Distribution under years of the maximum Max, of the minimum Min and average
Aver of the the mole-fraction of the carbon dioxide in the point of the melange in the the pressure zone of the
pressure confined aquifer, but in the same way the mole-fraction of the saturation Ckp carbon dioxide on
upper surface of the sediment stratums.

(The Real scenario).
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NYOS 1986r. 239 cytkm.MonbHasa pons CO2 Baonb BORONPOHMLAEMOTO 0CaAKa
B MOMEHT pa3pyweHus ero BepxHen (8,52m.-10m.)vacru.

2 50E-01 (PeanbHbl cyueHapui)

wmsm MonbHag gons CO2 BgonbL cnoq
ocagka Ha 239cyTku

~——— MonbHas gons Hacoiwewusa CO2 Ha
AHe o3epa Ha 239cyTku

2,00E-01
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5,00E-02

0,00E+00

MeTpbl

Fig. 4. NYOS 1986. Day 239.The mole-fraction (red line) of the carbon dioxide in the water solution along
of the sediment stratums at moment of the destruction his upper (8,52m.-10m.) of a part and the mole-
fraction (azure line) of the saturation carbon dioxide.

(Real scenario)
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NYOS 1986r.239 cytku.M3meneHne BpONb 0CagKka, B MOMEHT
paspyweHWss ero BepXHehw YacTu, Pa3HOCTHA MEXAY NPOYHOCTbI HA
pacTaxeHue TBEPAROM NOPUCTON ¢ a3bl 0CaAKa M HAaNPAXKEeHUEM B
TBEpAOA nopucToil t ase. (PeanbHbl i cueHapui)
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Fig. 5. NYOS 1986. Day 239. The changing, along the sediment stratums (m.), at moment of the
destruction of his higher part, the differences between the breaking stress (the non-dimensional value) of the
solid porous phase of the sediment stratums and the stress (non-dimensional) in the solid porous phase.
(Real scenario)
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NYOS 1986r.1-365 cyTku.M3merHenne MONAPHBIX KOHUEHTPAUMMN Ncop M Ngogp HA
nosepxHocTu § *=0 ?,, ocagka B TeyeHue roga.(PeanbHulii cueHapuil)
Ncoop-MONAPHAA KOHUEHTPAaUNA Hacblennsa CO2 Ha NoBepXHOCTH OCaAKa.
Ncoy-MONAPHAA KOHUEeHTpaumus CO2 Ha NOBEPXHOCTH OCAAKA.
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Fig. 6. NYOS 1986. Day 1- Day 365. The Changing of the molar concentration nco, and Ncoa«p On the
surfaces GZ=9ZOC of the sediment stratums within one year.
Ncoz-molar concentration CO, on the upper surfaces of the sediment stratums (the red line).
Ncoakp -Molar concentration of the saturation CO; on the upper surfaces of the sediment stratums (the blue
line).
The Curve of the white colour shows which may be molar concentration nco, on the surfaces GZ=GZOC of the

sediment stratums if has not happenned the Catastrophic gaseous ejections.
(Real scenario)
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NYOS 1987r.1-365 cyTku.M3meHeHne MONAPHLIX KOHUEHTPAUMUA Ncog M Ngopgp HA

nogepxHoctu § *=0 %, ocagka B TeveHue ropa.(PeanbHbl il cueHapui)
Ncozp MONAPHAA KOHUEHTPAUUA HacbieHus CO2 Ha NOBEPXHOCTH OCAAKA.

Ngopy-MOnNApHanA kKoHueHTpauus CO2 Ha NnoBepPXHOCTM OCafkKa.
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Fig. 7. NYOS 1987. Day 1- Day 365. The Changing of the molar concentration nco, and Do on the

surfaces 8°=0",. of the sediment stratums within one year.
Ncor-molar concentration CO; on the upper surfaces of the sediment stratums (the red line- corresponds
Null gaseous ejections; green line corresponds Slow gaseous ejections) .
Ncoxp - Molar concentration of the saturation CO; on the upper surfaces of the sediment stratums (blue
line).
The Curve of the white colour shows which may be molar concentration nco, on the surfaces GZZGZOC of the

sediment stratums if has not happenned the Catastrophic gaseous ejections.
(Real scenario)
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NYOS 1988r.1-365 cyTkn.M3menenmne MONAPHLIX KOHUEHTPAUMUMN Ncoy M Ncogp HA

nosepxHoctu § *=0 *,. ocapka B TeveHue ropa.(PeanbHblil cueHapuin)
Ncoop-MONAPHAA KOHUEHTPAaLUNA HacbiweHns CO2 Ha noBepXxHOCTH OCafKa.

Ngop-MonApHan koHyeHtpauus CO2 Ha NoBepPXHOCTH OCafka.

———nco26zockp(t)
e—C0282z0C(t)

Fig. 7a. NYOS 1988. Day 1- Day 365. The Changing of the molar concentration nco, and Rcoap On the

surfaces 8°=0%,. of the sediment stratums within one year.
Ncor-molar concentration CO; on the upper surfaces of the sediment stratums ( red line) .
Ncooip - Molar concentration of the saturation CO; on the upper surfaces of the sediment stratums (blue
line).
(Real scenario)
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MONOUN 1929-1988r.Makcumanbhan Max,muuumanoHas Min,cpepnan Aver
mMonbHaa ponsa CO,3arop B pacTBope,obpasywwemcs B obnactu Hanopa
ropusoHta.MonbHan pona HacblweHns CO, Ha rpaHmuLe paspena 0cagok-Boabl
o3epa.(PeanbHbl it cueHapun)
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Fig. 8. MONOUN 1929-1988. Distribution under years of the maximum Max, of the minimum Min and
average Aver of the the mole-fraction of the carbon dioxide in the point of the melange in the the pressure
zone of the pressure confined aquifer, but in the same way the mole-fraction of the saturation Ckp carbon
dioxide on upper surface of the sediment stratums.

(The Real scenario).
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MONOUN 1984r.231 cytkn.MonbHas pona CO,BAONL CNOA OCAafKa, B MOMEHT
paspyweHus ero BepxHei (8,4 -10M.)yacTu.(PeanbHbi it cueHapui).
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=== \onbHan gona CO2 Baonb cnos ocafka Ha
231 cyTkm

o MonbHas gons Hacelwenua CO2 Ha AHe o3epa
Ha 231 cyTku
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Fig. 9. MONOUN 1984. Day 231.The mole-fraction (red line) of the carbon dioxide in the water solution

along of the sediment stratums at moment of the destruction his upper (8,4m.-10m.) of a part and the mole-
fraction (azure line) of the saturation carbon dioxide.
(Real scenario)
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MONOUN 1984r.231 cytkn. N3meHeHne BAONbL CNOA 0CAAKA, B MOMEHT
paspyweHus ero BepXHeW YacTH , PasHOCTH MEeXAY NPOYHOCTbI Ha PacCTAKEHMUE
TBEPAOW NOPUCTOW (h a3bl 0CafKa M HANpAKEHUEeM B TBEPAROA NOpUCTON th ase.

(PeanbHbl it cueHapui).
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Fig. 10. MONOUN 1984. Day 231. The changing, along the sediment stratums (m.), at moment of the
destruction of his higher part, the differences between the breaking stress (the non-dimensional value) of the
solid porous phase of the sediment stratums and the stress (non-dimensional) in the solid porous phase.
(Real scenario)
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MONOUN 1984r.1-365cyTkn.MameHeHne MONAPHLI X KOHLEHTpAUNIA Ngoy M

Ncoaxp HA MOBEPXHOCTH 87=0".0capka B Teyenne roga.(PeanbHbl i
cueHapuil).
Ncoz-MONApHan kKoHueHTpaunaCO, HanoBepXHOCTH OCajKa.
Ncozep"MONAPHAA KOHUEHTPAUMA Hacbl WeHua CO, HanoBepxHOCTH
ocafka.

——nco26zockp(t)
e——nc020z0cC(t)

molll

CYyTKM

Fig. 11. MONOUN 1984.Day 1- Day 365. The Changing of the molar concentration nco, and Ncoip ON
the surfaces 8°=0", of the sediment stratums within one year.

Nco- molar concentration CO, on the upper surfaces of the sediment stratums (the red line).

Nco2xp--Molar concentration of the saturation CO; on the upper surfaces of the sediment stratums (the blue
line).

The Curve of the white colour shows which may be molar concentration n¢o, on the surfaces BZ=Gzoc of the

sediment stratums if has not happenned the Catastrophic gaseous ejections.
(Real scenario)
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MONOUN 1985r.1-365cyTku.M3meHeHne MONAPHLI X KOHLEHTPALUMN Nggy M
Ncoacp HAa MOBepXHOCTH 0°=087 . 0canka B TeyeHue ropa.(PeanbHe i
cueHapui).
Ngor-MONAPHAA KOHUEHTPauuaCO, HanoBepXHOCTH OCaAka.

Ncoagp=MONAPHAA KOHUEGHTPALUMNA HaACbI WeHUA CO,Ha NOBEPXHOCTH
16 ocapka
——nc020zockp(t)
e—nc020z0c(t)
1,4
1,2 i
1 | |
=0,8
£
0,6
0.4 y \/ /
0,2
0 T T I T LU

~

o~
~—

160

c

~<
=

©
~
~

T

=192

208
224
240
256
272
288
304
320
336
352

Fig.11a. MONOUNI1985. Dayl- Day 365. The Changing of the molar concentration nco and ncoaxp

on the surfaces 8°=0%.. of the sediment stratums within one year.
nco,-molar concentration CO, on the upper surfaces of the sediment stratums (the red line- corresponds
Null gaseous ejections; green line corresponds Slow gaseous ejections) .
Ncooip - Molar concentration of the saturation CO; on the upper surfaces of the sediment stratums (blue
line).
The Curve of the white colour shows which may be molar concentration nc, on the surfaces 9Z=9ZOC of the

sediment stratums if has not happenned the Catastrophic gaseous ejections.
(Real scenario)
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Under influence of the atmospheric precipitation 1983 in the water solution of the pressure confined
aquifer of the lakes "Nyos" and "Monoun" in 1983 are appears the said anomalous high mole-
fraction of the carbon dioxide.

Hereon of the moving to the sediment stratums of the lakes "Nyos" and "Monoun" of the solution,
which are characterized by the mentioned anomalous high mole-fraction of the carbon dioxide, has
caused the destruction of the solid porous phase of the sediment stratums in the lake "Monoun"
(Fig 9.) on 231 day 1984r. and in the lake "Nyos" (Fig 4.) on 239 day 1986r..

At moment of the destruction of the solid porous phase of the sediment stratums the mole-fraction
of the carbon dioxide in the point of the destruction was equals:

0,1940 in the the sediment stratums of the lake "Nyos";

0,0249 in the the sediment stratums of the lake "Monoun".

The growing mole-fraction carbon dioxide in water solution in the sediment stratums of the lake
"Monoun" (the Fig 9.) and "Nyos" (the Fig 4.) before anomalous high values, be by the cause of
increasing a pressure of the gas in the sediment stratums. Increasing of the pressure of the gas in the
sediment stratums is a reason of the origin and growing in solid porous phase the tensile stress.

In the sediment stratums of the lake "Monoun" (the Fig 10.) the tensile stress for day 231 of 1984
has exceed the value to the breaking stress of the solid porous phase, and has caused the destruction

of the higher part layer (8,32m.-10m.) of the solid porous phase and with the Instantaneous ejections
of the gas (the Fig 11., Fig 11a.).

Taking into consideration the Fig 9., and the area, concluded on Fig 11., Fig 11a. between the
curve of white colour, and horizontal blue line, height of the column of the gas, which are ejecting
on day 231 of 1984 from the surface (0,032 km2) of the bottom of the maar at the depth 95 m, will
be in lake "Monoun", in recalculation on normal conditions (1 atm., 278,10K), by the value not
less than 13,69 m.

In recalculation to all the surface (0,526 km2) of the lake "Monoun" the average height of the
gaseous layer, ejected on day 231 of 1984 from bottom of the maar, will be, in recalculation on
normal conditions (1 atm., 278,10K), by the value 0,83 m..

The Instantaneous gaseous ejections on the lake "Monoun" on day 231 of 1984 are Catastrophic.

Got by calculating way in this article the day of the Instantaneous gaseous ejections (day 231of
1984) and the average height (0,83 m.) of the gaseous layer, ejected in the lake "Monoun",
corresponds such (15 august 1984=day 227 of 1984r.; 0-3 m above the ground), which are
mentionned in message (16).

In the sediment stratums of the lake "Nyos" (the Fig 5.) by the tensile stress on day 239 of 1986
have exceed of the value to the breaking stress of the solid porous phase.
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As a result, in the sediment stratums of the lake "Nyos" on 239 day 1986 (the Fig 5.) be destructed
the higher part of the layer (8,52m.-10m.) of the solid porous phase and was the Instantaneous
ejections of the gas (the Fig 6.).

Taking into consideration the Fig 4., and the area, concluded on Fig 6. and Fig 7. between the curve
of white colour, and horizontal red line, height of the column of the gas, which are ejecting on day
239 of 1986 from the surface (0,435 km2) of the bottom of the maar at the depth 209 m, will be in
lake "Nyos", in recalculation on normal conditions (1 atm., 278,10K), by the value not less than
30,29 m.

In recalculation to all the surface (1,580 km2) of the lake "Nyos" the average height of the gaseous
layer, ejected on day 239 of 1986 from bottom of the maar, will be, in recalculation on normal
conditions (1 atm., 278,10K), by the value 8,34 m..

The Instantaneous gaseous ejections on the lake "Nyos" on day 239 of 1986 are Catastrophic.

Got by calculating way in this article the day of the Instantaneous gaseous ejections (day 239 of
1986) , the height of the column of the gas (30,29 m) and and the average height (8,34 m.) of the
gaseous layer, ejected in the lake "Nyos", corresponds such (21 august 1986=day 233 of 1984r.; 80
m above the lake (the point of the maximum on the surfaces of the level of the gaseous ejections);
surge height reached (~6 m)), which are mentionned in message (17).

According to calculation, at period of the time before and after the Instantaneous gaseous ejections
(day 239 of 1986), the tensile stress in the sediment stratums of the lake "Nyos" had values less than
value of the breaking stress in solid porous phase of the lake "Nyos".

Thus, at period of time before (1929- day 238 of 1986) and after (day 240 of 1986r.-1988) of the
Instantaneous gaseous ejections (day 239 of 1986), the ejections of the gas from the sediment
stratums of the lake "Nyos" were only by Null and Slow.

According to calculation, the Fig.7., Fig.4. , at period of the time from day 1 till day 27 of 1987 (the
January 1-27 of 1987) from the sediment stratums was occurred the Slow ejections of the gas to the
water of the lake "Nyos" .

The maximum of the height of the layer of the gas, ejected during day in mentioned period from
surface (0,435 km2) of the bottom of the maar, was in the lake "Nyos", in recalculation on normal (1
atm. , 278,10K) of the condition,not more than 0,04 m. Consequently the Slow ejections of the gas
from day 1 till day 27 of 1987 not were Catastrophic

Taking account of the resolution ability of the program "SONATA", which relates to the terms of
the gaseous ejections in the lake "Nyos", the events since December 30 1986r. till January 02 1987
and since January 20 1987 till January 25 1987, described in (18) can be considered as stages, of the
said Slow ejections of the gas from day 1 till day 27 of 1987.

According to calculations, the Fig. 7b, the molar concentration of the carbon dioxide in the water
solution in the lake’s water on the bottom of the lake "Nyos" December 17 1988 (day 351 ) was
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equal 0,480 mol/l , but December 18 1988 (day 352 ) the molar concentration was equal 0,487
mol/l.

The mentioned values of the molar concentrations of the carbon dioxide in the water solution in the
lake’s water on the bottom of the lake "Nyos" are corresponded with such at the lake "Nyos" (17-18
December 1988, Free CO2, 416-483 mmol/kg), described in (19).

According to the calculations (Real scenario) (Fig 3., Fig 8.), in the lakes "Nyos" and "Monoun",
for the period 1929-1988 were of Null and Slow (non Catastrophic) the ejections of the gas from
the sediment stratums of the lakes "Nyos" and "Monoun" .

The Instantaneous ejections of the gas had occurred in each of lakes only at one day (on day 231 of
1984 in lake "Monoun", and on day 239 of 1986 in lake "Nyos").

The Instantaneous ejections of the gas in each of the lakes "Nyos" and "Monoun" were
Catastrophic.

According to calculations, if the monthly falling out of the atmospheric precipitations in 1983 in the
region of the lake "Nyos" and of the lake "Monoun" will be increased on five percents (the Table 1.,
Conditional scenario) in contrast with the station data "BAMENDA", then in 1983 the maximum of
the mole-fraction of the carbon dioxide in the water solution in the point of the mix in the pressure
zone of the pressure confined aquifer, who do of the supply of the water solution of the carbon
dioxide in the lake "Nyos" or the lake "Monoun", though will remain the largest during period
1929-1988, Fig.12., Fig. 16., but will become less than the mole-fraction, stated in Real situation ,
and will equal:

0,1060 mol/l on day 239 of 1986r. in the pressure zone of the pressure confined aquifer of the lake
"Nyos" (instead of 0,1940);

0,0213 mol/l on day 231 of 1984r. in the pressure zone of the pressure confined aquifer of the
"Monoun" (instead of 0,0249).

These values of the mole-fraction of the carbon dioxide will be not enough great for creating of the
pressure of the gas, under which the tensile stress in the solid phase of the sediment stratums are to
be more or are to be equal the breaking stress of the solid porous phase of the sediment stratums (the
Fig 14.) and (the Fig 18.).

According to calculations (Conditional scenario), if in 1983 the monthly falling out of the
atmospheric precipitation in the region of the lakes "Nyos" and "Monoun" was on five percents
more, in contrast with station data "BAMENDA", then for period 1929-1988 on the lakes "Nyos"
and "Monoun" has not occurred nor one the Instantaneous, including Catastrophic, ejections of the
gas from the sediment stratums.

The Slow ejections of the gas, in the event of Conditional scenario, per period 1929-1988r. only at
one day were Catastrophic.
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NYOS 1929-1988 r. MakcumanboHaa Max,MmuHumanboHasa Min,cpegnas Aver
monbHas pona CO,3arop B pactBope,obpasylowemca Bobnactu Hanopa
ropusonta. MonbHaa gona C,, HaculweHna CO, Harpannye paspena

0CafjoKk-BOAbL 03epa.
(YcnoBHbI cueHapui).
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Fig.12. NYOS 1929-1988. Distribution under years of the maximum Max, of the minimum Min and average
Aver of the the mole-fraction of the carbon dioxide in the point of the melange in the the pressure zone of the
pressure confined aquifer, but in the same way the mole-fraction of the saturation Ckp carbon dioxide on
upper surface of the sediment stratums.

(The Conditional scenario).
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NYOS 1986r. 239 cytkm.Monbran pons CO,BAONbL CNOA BOAONpPOHULAEMOTO
ocafpgka.
(YenoBHbI i cueHapuit)
1,20E-01
emtm \onbHas gons CO2 Baonb cnos
ocafka Ha 239cyTku
o MonbHas fond HacolueHus CO2 Ha
AHe o3epa Ha 239cyTku
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Fig. 13. NYOS 1986. Day 239. The mole-fraction (red line) of the carbon dioxide in the water solution
along of the sediment stratums and the mole-fraction (azure line) of the saturation carbon dioxide along of the
sediment stratums.

(The Conditional scenario).
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NYOS 1986r.239 cytkm.MameHeHne BAONDL CNOA BOAONPOHNLAEMOTO
0CajKka PasHoOCTM MEXAY NPOYHOCTbH HAa pacTAXeHNne TBEPAOM NOPUCTOH
G asbl 0Cagka M HanpAxXeHueMm B TBEPAROIA nopucToi ¢ ase.
(YcnoBHBIH cueHapuit)
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Fig. 14. NYOS 1986. Day 239. The changing, along the sediment stratums (m.), the differences between
the breaking stress (the non-dimensional value) of the solid porous phase of the sediment stratums and the
stress (non-dimensional) in the solid porous phase.

(The Conditional scenario).
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NYOS 1986r. 1-365 cytku. M3ameHeHne MONAPHON KOHLUEHTPALUMUM N¢oapzoc ¥
KOHLEHTPALUNUMM HACLIWEHNA Ncorpzockp AMOKCUA yTNEPOAA HaA TPaHuLe paspena
0CapoK-BOAbLI 03epa.

(YenoBHBIW cueHapuit)
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e—nc0282z00C(t)
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Fig.15. NYOS 1986. Day1-Day 365. The Changing of the molar concentration nco, and ncoagp 0n

the surfaces 8°=0%,. of the sediment stratums within one year.
Ncor-molar concentration CO; on the upper surfaces of the sediment stratums (red line) .

Ncoakp - Molar concentration of the saturation CO; on the upper surfaces of the sediment stratums (blue line).
(The Conditional scenario).
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MONOUN 1929-1988 r.MakcumanbHan Max,Mmuuumanouana Min,
AvermonbHas gona CO,3arop B pactBope,obpasynwemca B obnactu
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Fig. 16. MONOUN 1929-1988. Distribution under years of the maximum Max, of the minimum Min and
average Aver of the the mole-fraction of the carbon dioxide in the point of the melange in the the pressure
zone of the pressure confined aquifer, but in the same way the mole-fraction of the saturation Ckp carbon

JHMHOJIOTHYECKHX KATACTPO®, npouzomenmux B KAMEPYHE na ozepe «MONOUN» B 1984r. u Ha o3epe «<NYOS» B 1986 1.,

dioxide on upper surface of the sediment stratums.

(The Conditional scenario).
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MONOUN 1984r.231 cytku.MonbHan ponsa CO2 B pacTBOpe M MONbHaA
pons HacblweHna CO2BAONL CNOA BOAONPOHNLAEMOTO OCaAKa.
(YcnoBHbI W cueHapuit)
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Fig. 17. MONOUN 1984. Day 231. The mole-fraction (red line) of the carbon dioxide in the water solution
along of the sediment stratums and the mole-fraction (azure line) of the saturation carbon dioxide along of the
sediment stratums.

(The Conditional scenario).
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MONOUN 1984 r.231cyTkn. W3meHeHne BAONDL CNOS BOAONPOHULAEMOTO
0Cafka PasHoOCTM MEXAY NPOYHOCTbLH Ha pacTAXeHne TBEPAOM NOPUCTOH
G a3bl 0Cagka M HanpAXeHUeMm B TBEPAONH nopucTon ¢ ase.
(YcnoBHBIW cueHapuit).
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Fig. 18. MONOUN 1984. Day 231. The changing, along the sediment stratums (m.), the differences
between the breaking stress (the non-dimensional value) of the solid porous phase of the sediment stratums
and the stress (non-dimensional) in the solid porous phase.

(The Conditional scenario).
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MONOUN 1984 r.1-365 cyTku. N3meHeHne MONAPHON KOHLUEHTPaLUN
Nco2ezoc(t) M KOHLEHTPAUMM HACKHI WEHUA Ncopzockp(t) AMOKCHAA yrRepoaa
HarpaHulye pasfenaocafok -BOAL 03epa.

(YenoBHbIH cueHapuit).

——nco28zockp(t)
e—n 028200 (1)

molll

Fig. 19. MONOUN 1984. Day 1- Day 365. The Changing of the molar concentration nco, and

Ncozep on the surfaces 8°=8",. of the sediment stratums within one year.
Nco-molar concentration CO, on the upper surfaces of the sediment stratums (red line) .

Ncoxxp - Molar concentration of the saturation CO; on the upper surfaces of the sediment stratums (blue line)
(The Conditional scenario).
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NYOS 1929-1988 r. MakcumanbHas Max,MmuHumanbHas Min,cpepHas Aver
monbHas pona CO,3arop B pactBope,obpasyrwemca Bobnactn Hanopa
ropusoHta.Monbhan pona C,, HacoiweHus CO, HarpaHuue pasgena

0cafoK-BOAbLI 03epa.
(W3meHEHHBI W CLUEHapUil).
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Fig.20. NYOS 1929-1988.
Aver of the the mole-fraction

Distribution under years of the maximum Max, of the minimum Min and average
of the carbon dioxide in the point of the melange in the the pressure zone of the

pressure confined aquifer, but in the same way the mole-fraction of the saturation Ckp carbon dioxide on

upper surface of the sediment stratums.
(Changed scenario).
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NYOS 1986 r.1-365 cytkn. N3ameHeHne MONAPHLI X KOHLEHTPALUMNMA Ncoy , Ngoayp HA
nosepxnoctn 8°=0°, ocagka B TeyeHune roga.
(MWameHéHHbl W CueHapHit).
Ncoz-MONApHaA KoHueHTpauusa CO, Ha noBepXHOCTM OCafKa;

Ncoaxp ~MONAPHAA KOHUEHTPALUA HacbieHus CO, HanoBepXHOCTH OCAAKA.

—nco028zockp(t)
——nc020z0¢C(t)

molll

Fig.21. NYOS 1986. Day1-Day 365. The Changing of the molar concentration ncoz and ncoap 0n

the surfaces 0°=6%,. of the sediment stratums within one year.

Nco-molar concentration CO; on the upper surfaces of the sediment stratums (red line) .

Ncoakp - Molar concentration of the saturation CO;, on the upper surfaces of the sediment stratums (blue line)
(Changed scenario).
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Monoun 1929-1988 r. Makcumanbhan Max,mueumanoras Min,cpeaHsan
Avermonbhan gonsa CO,3arog B pacTBope,ob6pas3yrowemcsa B obnacru
Hanoparopusonta.MonbHaa gona C,, Haceiwerua CO, Harpannue

paspena ocafok-BoAbL 03epa.
(W3meHEHHbI W cLueHapHit).
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Fig. 22. MONOUN 1929-1988. Distribution under years of the maximum Max, of the minimum Min and
average Aver of the the mole-fraction of the carbon dioxide in the point of the melange in the the pressure
zone of the pressure confined aquifer, but in the same way the mole-fraction of the saturation Ckp carbon
dioxide on upper surface of the sediment stratums.
(Changed scenario).
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Monoun 1984 r. 1-365 cytku. U3meHeHne MONAPHLI X KOHUEHTPAUMNMA Ncoy , Neoap HA
nosepxHoctn 8°=07 . 0ocapka B TeyeHue ropa.
(WameHEHHBI CeHApUI).
Ngoa-MONApPHas koHueHTpauua CO, HanoBepPXHOCTH OCafKa;
Ncoacp~MONAPHAA KOHUEHTpaUUA Hacbl weHna CO, HanoBepxHOCTM OCaAKa.

—nco028zockp(t)

—nc020z0c(t)

Puc. 23. MONOUN 1984.Day1-Day365. The Changing of the molar concentration ncoz and ncozwp
on the surfaces 8°=0%.. of the sediment stratums within one year.
Nco,-molar concentration CO, on the upper surfaces of the sediment stratums (red line) .
Ncoxp - Molar concentration of the saturation CO, on the upper surfaces of the sediment stratums (blue line).
(Changed scenario).

Hartanbes AnaronbeBHa CosonoBHUK - AHatoiuid bopucoBud CononoBHUK
(Natalija Solodovnika- Anatolijs Solodovniks )

MEXAHUWKA BK/IIOYEHHA CIIYCKOBOI'O MEXAHH3MA
JIUMHOJIOTHYECKHX KATACTPO®, npounsomenmiux B KAMEPYHE Ha ozepe «MONOUN» B 1984r. n Ha o3epe «NYOS» B 1986 1.,
BO3JEICTBUEM ATMOC®EPHBIX OCAJKOB B 1983 ..
02.06.2006



43

Said shows that mole-fractions of the carbon dioxide and methane in the pressure zone of the
pressure confined aquifers of the lake "Nyos" and of the lake "Monoun" regulates by the
atmospheric precipitations, and in 1983 the atmospheric precipitations have raised the mentioned
mole-fractions till the anomalous high values and hereunder was switched on of the trigger
mechanism an limnological catastrophes, in the lakes "Nyos" and "Monoun".

Switched on by the atmospheric precipitations in 1983r., the trigger mechanism was switched off, in
1984r. in the lake "Monoun", and in 1986r. in the lake "Nyos", after the Instantaneous catastrophic
ejections of the gas from the sediment stratums in the lake's water.

According to calculations, if parameters "Elevation at sea level of the the water recharge zone of the
pressure confined aquifer " of the lake "Nyos" and of the lake "Monoun" will be increased on 4
metres (the Table 1., Changed scenario) in contrast with data of the Real situation, then in 1983 the
maximum of the mole-fraction of the carbon dioxide in the water solution in the point of the mix in
the pressure zone of the pressure confined aquifer, who do of the supply of the water solution of
the carbon dioxide in the lake "Nyos" or the lake "Monoun", though will remain the largest during
period 1929-1988 Fig.20., Fig. 22., but will become less than the mole-fraction, stated in Real
situation, and will equal:

0,0594 mol/l in the pressure zone of the pressure confined aquifer of the lake "Nyos" (instead of
0,1940);

0,0172 mol/l in the pressure zone of the pressure confined aquifer of the lake "Monoun" (instead of
0,0249).

These values of the mole-fraction of the carbon dioxide will be not enough great for creating of the
pressure of the gas, under which the tensile stress in the solid phase of the sediment stratums are to
be more or are to be equal the breaking stress of the solid porous phase of the sediment stratums.

According to calculations (Changed scenario), if parameters "Elevation at sea level of the the water
recharge zone of the pressure confined aquifer " of the lake "Nyos" and of the lake "Monoun" will
be increased on 4 metres (the Table 1., Changed scenario) in contrast with data of the Real
scenario, then per period 1929-1988 on the lakes "Nyos" and "Monoun" has not occurred nor one
the Instantaneous, including Catastrophic, ejections of the gas from the sediment stratums.

Besides, if parameters "Elevation at sea level of the the water recharge zone pressure confined
aquifer " of the lake "Nyos" and of the "Monoun" will be increased on 4 metres in contrast with the
data of the Real situation, then the number of the years per period 1929-1988, in which occur the
Slow ejections of the gas from the sediment stratums, will shorten on the lake "Nyos" from 31 (the
Fig 3., Real scenario) till 12 (Fig.20., Changed scenario), and on the lake "Monoun" from 26 (the
Fig 8., Real scenario) till 12 (Fig.22., Changed scenario).

By hereunder were shown that differences in the topographies of the terrain in the vicinities of the
lake are an essential reason of the significant difference of the values of the mole-fraction of the
carbon dioxide in the water solutions, who were supplyed to the lake's waters, as well as at the
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amount and at the nature of the Instantaneous and Slow gas ejections in the lake "Nyos" and the lake
"Monoun".

The comparison of the data on Fig. 3., Fig. 8., Fig. 20., Fig. 22. shows, that the mole-fraction of the
carbon dioxide in the water solution, forming in the pressure zone of the pressure confined aquifer,
are changing depending on the linear sizes of the lake (vertical) or are changing depending on the
parameters of the pressure confined aquifer. The parameters of the pressure confined aquifer are
defines by the topography of the terrain in the vicinities of the lake.

Said explains the difference of the values of the mole-fraction of the carbon dioxide in the water
solution on the bottoms of the lakes "Nyos", "Monoun" and in the another lakes in their vicinities.

On Fig. 6., Fig. 7., Fig. 7a. is shown the continual change of the values of the molar concentration
nco2 of the carbon dioxide in the water solution on the bottom of the lake "Nyos" per period 1986-
1988, caused by the continual change of the values of the mole-fraction CO; in the water solution
in the pressure confined aquifer under the lake.

Said explains the continual changes of the values of the molar concentration nco, of the carbon
dioxide in the water solution on the bottoms of the lakes "Nyos" and "Monoun".

By Said are proved that the trigger mechanism of the limnological catastrophes can to be switched
on by the atmospheric precipitations, which are acting upon creation, of the mole-fractions of the
carbon dioxide, with values more than the threshold value, of the mole-fractions of the carbon
dioxide in the water solution, which are flowing through of the water-bearing rock and through the
sediment stratums to the lake's water.

The Limnological catastrophes, whose trigger mechanism switchs on the influences of the
atmospheric precipitations, were be generated of the Instantaneous Catastrophic ejections of the gas
mixture CO, and CHy from the sediment stratums under the bottom of the lake.

The Trigger mechanism will be switched off at disappearance in the water solution, in mentioned the
water-bearing rock and the sediment stratums, of the mole-fractions of the carbon dioxide, whose
value exceeds of the threshold value.

The Degassing the waters of the lakes "Nyos" and "Monoun" (6) does not influence upon the
values mole-fractions of the carbon dioxide and the methane in water solution, flowing in the
sediment stratums and in the water-bearing rock of the pressure confined aquifer under the bottom
of the lake.

Therefore, the artificial Degassing of the waters of the lake "Nyos" and of the lake "Monoun" (6),
can not prevent from the limnological catastrophes, for which the trigger mechanism was switched
on by the influence of the atmospheric precipitations.

The Degassing the waters of the lakes "NYOS" and "MONOUN" can not prevent from the
repetition in lakes "NYOS" and "MONOUN" of the limnological catastrophes, similar to the
catastrophes of 1984 and of 1986.
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The calculations, with using of the program "SONATA", have proven that by the atmospheric
precipitations regulates of the mole-fractions of the carbon dioxide and the methane in the water
solution, flowing in the water-bearing rock of the pressure confined aquifer.

When in the water solution under the influence of the atmospheric precipitations appear the
anomalous high mole-fractions of the carbon dioxide and the methane, the trigger mechanism of the
limnological catastrophes will switchs on by the atmospheric precipitations.

The trigger mechanism, after as he  was be switched on by the atmospheric precipitation, having
caused the Slow or Instantaneous catastrophic ejections of the gas from the sediment stratums in the
lake's water, will switched off.

By the surfacing, of the ejected to lake's water, of the gas and by his diffusing on the surface of the
lake and in the vicinity of the lake will terminate of the limnological catastrophe, created by the
trigger mechanism, who was switched on by the atmospheric precipitations.

The limnological catastrophes, whose the trigger mechanisms are switched on by other phenomena
(the earthquake and others), occur through the other scenarios.

The artificial Degassing of the waters of the lake "Nyos" and of the lake "Monoun" (6), be able to
prevent of of the lake "Nyos" and of the lake "Monoun" (6) from The limnological catastrophes,
who can occur through such the other scenario, differing from the scenario of the limnological
catastrophes of 1984 and of 1986 in the lake "Nyos" and the lake "Monoun".

The limnological catastrophes on the lakes "MONOUN" and "NYOS"  can occur anytime, if their
the trigger mechanisms, will be Switched on under influence of the atmospheric precipitations.

Switching on the trigger mechanism, under influence of the atmospheric precipitations, can occur
anytime on the lakes "MONOUN" and on the lakes "NYOS".

The Program "SONATA", by using the data of long times of the monitoring of the monthly
atmospheric precipitations in the vicinity of the lake "Nyos" and of the lake "Monoun", may
forecasts the Instantaneous and Slow (including Catastrophic) ejections of the gas from the
sediment stratums:

on lake "Nyos" - for three years before of the forecasted phenomena;

on lake "Monoun" - for one year before of the forecasted phenomena.
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CONCLUSION

The calculations , with using the program "SONATA", prove:
Limnological catastrophes on lake "Nyos" (the August 21 1986) and "Monoun" (the August 15
1984) were caused by the catastrophic ejections of the gas from the sediment stratums of the lakes.

The catastrophic ejections of the gas from the sediment stratums of the lakes "Nyos" and "Monoun"
have happened after occurrence, when , in 1983, was Switched on of the trigger mechanism of
the limnological catastrophes under influence of the atmospheric precipitation.

By the Influence of the atmospheric precipitations in 1983 was caused formation of the anomalous
high mole-fractions of the carbon dioxide and the methane in the water solution, which are flowing
through of the water-bearing rock under the lake.

The water solution, after arising in him in 1983 the anomalous high mole-fractions of the carbon
dioxide and the methane, are moving from the pressure confined aquifer in the sediment stratums
under lake.

The Appearance in the sediment stratums under lake of the water solution with anomalous high
mole-fractions of the carbon dioxide have enlarged the pressure of the gas before values, under
which the solid porous phase the sediment stratums are to destruct.

At period from 1929 till 1988 the anomalous high mole-fractions of the carbon dioxide and the
methane in the water solution, with the value, which was enough great for destruction of the solid
porous phase of the sediment stratums and origin of the limnological catastrophes, were formed in
the pressure confined aquifers of the lake "Nyos" and the "Monoun" simultaneously and only once
upon a time - in 1983.

The Influence of the topographies of the terrain around of the lake into the differences of the vertical
and horizontal parameters of the pressure confined aquifer under the lakes "Nyos" and the
"Monoun", is a reason that, for each lake are distinguished the times of the moving the water
solution from the pressure confined aquifer in the sediment stratums under the lake, as well as are
distinguished the values of the mole-fractions of the carbon dioxide and the methane in the water
solutions.

The differences of the time of the moving the water solution, from the pressure confined aquifer in
the sediment stratums under the lake, was a reason that, in spite of that that simultaneously in 1983
be switched on of the trigger mechanism in the pressure confined aquifer , the limnological
catastrophes in the lake "Nyos" and in the lake "Monoun" have occurred at different times:

On the lake "Nyos" - an August 21 1986,

On the lake "Monoun" - an August 15 1984.

The differences of the linear vertical and horizontal parameters of the pressure confined aquifer
under the lake "Nyos" and under the lake "Monoun", defined by the topography and by the geology
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of the terrain, is a reason that,that the values of the mole-fractions of the carbon dioxide in the
solution on the bottom of the lake "Nyos" and of the lake "Monoun" vastly differ.

Unceasing time history of the value of the atmospheric precipitation in the vicinities of the lake are
cause , of the unceasing the change on the bottom of the lake ("Nyos", "Monoun") of the values of
the mole-fractions of the carbon dioxide and the methane in the water solution, who will be entered
on the bottom of the lake from the pressure confined aquifer, after some times.

Under influence of the atmospheric precipitation the trigger mechanism of the the limnological
catastrophes 1in the lake "Nyos" and the "Monoun" , in any time may to be  switched on and in
a certain time hereon will happen of the limnological catastrophes.

The artificial degassing the waters of the lakes "NYOS" and "MONOUN" (6) does not influence
upon atmospheric precipitation and therefore can not prevent from the repetition in lakes "NYOS"
and "MONOUN" of the limnological catastrophes, similar to the catastrophes of 1984 and of 1986.

The Forecast instantaneous and slow (including catastrophical) of the gaseous ejections from the
sediment stratums of the lakes "Nyos" and the "Monoun", as of long times (1929-2006) of the
monitoring the monthly atmospheric precipitation, with by use of the program "SONATA" possible:
to the lake "Nyos" - for three years prior to the forecasted phenomenon;

to the lake "Monoun" - for one year prior to the forecasted phenomenon.
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