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Abstract

In this study, generally devoted to increasing the level of ecological safety of the exploitation process of reusable reservoirs for storing flammable
technical liquids for the enterprise for the storage and distribution of petroleum products as part of the appropriate environmental protection technology,
the parameters of such liquids stored in reservoirs of the enterprise, and technical indicators of reservoirs for their storage according to the developed
method. Methods for determining the magnitude of the mass hourly emission of vapours of such liquids, caused by the phenomena of small and large
breathing of reservoirs, as well as the total emission by both mechanisms, taking into account the daily values of the atmospheric temperature difference
and the degree of filling of the reservoir, have been improved and described, and the results of the corresponding computational research. A calculated
study of the effectiveness of the use of a breathing valve to reduce the emission of vapours of technical flammable liquids from reservoirs for their
storage by the mechanism of small breathing and justification of the choice of setting the tightening of its spring has been carried out. A list of
recommendations has been formulated to improve the ecological safety of the exploitation process of reusable reservoirs for storing liquids, the vapours
of which are toxic, fire and explosive, greenhouse and energy-intensive pollutants.

Key words: ecological safety, environmental protection technologies, pollutants emission, vapour of technic flammable liquids, large reservoir

breathing, small reservoir breathing, breathing valves.

Relevance of the study.

The production process of any enterprise for storage
and distribution of petroleum products (ESDPP) is ac-
companied by emissions of flammable technical liquids
(FTL), which are caused by the phenomena of large
(LRB) and small (SRB) reservoir breathing, i.e. reusable
high-capacity containers, vapours of liquids in which
are flammable and explosive, toxic, chemically active,
which also are a valuable energy resource and greenho-
use substances [1 — 4].

Normatively established indicators of the ecological
safety (ES) level of the exploitation process of such
high-risk facilities should be achieved on the basis of
appropriate methodological support — ecological safety
management system (ESMS) [1], the material base of
which are environmental protection technologies (EPT)
that are chains of executive bodies [3, 4 — 11].

It is known that reusable packaging for such fluents
is loaded mechanically by weight and inertia factors,
which are steady, shock or oscillating in nature, in itself
is a complex and expensive product of high-tech pro-
duction [4].

It should be noted that this situation is typical at the
«retail» level, as in the classifier of ES factors, built on
a hierarchical principle and developed in [2], there are
both consumption of motor fuel as a non-renewable en-
ergy resource and emissions of motor fuel wvapour
caused by phenomena of SRB and LRB, namely the fuel
tank of a vehicle with a reciprocating internal
combustion engine (RICE) [1 - 3].

It also should be noted that vehicle with RICE me-
ans are the main consumer of FTL stored in such enter-
prises and a powerful source of environmental pollution
by various physical factors — this is a qualitative aspect
of the relevance of the topic of this study, they together
produce up to 75 % of energy (mechanical and electric)
in our country — this is a quantitative aspect of the rele-
vance of the topic of this study [3].

Purpose of the study. Improving approaches to re-
ducing emissions into the environment of a mixture of
FTL vapours as a toxic, flammable and explosive,
greenhouse and energy-containing pollutant caused by
the phenomena of LRB and SRB of ESDPP as reusable
packaging.

Problem of the study. Determination of parameters
of mass hourly emission of mixture of FTL vapours due
to the phenomenas of LRB and SRB for their storage as
reusable packaging, as well as technical characteristics
of the control elements of the executive bodies of the re-
levant EPT, as well as energy, economic and ecological
effects from their use.

Object of the study. ES of exploitation process of
reservoirs for storing of FTL of ESDPP.

Subject of the study. Energy, economic and ecolo-
gical effects from the application of the developed con-
trol element of executive bodies of the relevant to the
object of the study EPT.

Methods of the study. Analysis of specialized sci-
entific and technical, normative, reference and patent
literature, provisions of scientific disciplines «Funda-
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mentals of packaging», «Ecological safety management
systems», «Environmental protection technologiesy,
«Technical mechanics of liquids and gases», «Fuels and
lubricants and technical fluids», «Thermodynamics»
and «Metrology», the method of least squares.

Tasks of the study.

1. Analysis of scientific and technical, reference,
normative and patent literature and substantiation of the
relevance of the research topic.

2. Calculated study of FTL parameters stored in re-
servoirs of ESDPP and technical indicators of reservoirs
for their storage.

3. Improving the method for determining the value
of the mass hourly emission of FTL vapours caused by
the phenomena of LRB and SRB for their storage and
total emission by both mechanisms.

4. Obtaining a set of initial data for calculated study.

5. Obtaining and analysing the results of the calcula-
ted study of the values of FTL vapour emissions caused
by the phenomena of LRB and SRB for their storage,
taking into account the daily values of the difference in
atmospheric air temperature and the degree of filling of
reservoirs.

6. Carrying out of calculated study of efficiency of
application of the respiratory valve for reduction of emi-
ssions of FTL vapours from reservoirs for their storage
by the SRB mechanism and the substantiation of adjust-
ment of an inhaling of its spring.

7. Formulation of a list of recommendations for in-
creasing the ES level in the exploitation process of re-
usable reservoirs for storage of FTL.

Scientific novelty of obtained results. For the first
time, the approach to determining the technical charac-
teristics of the control device of the executive body of
EPT from the emission of a mixture of FTL vapours ca-
used by the phenomena of LRB and SRB for their sto-
rage as reusable reservoirs at the ESDPP.

Practical value of obtained results. The obtained re-
sults are suitable for ensuring the implementation of the-
ir design and organizational part of a higher ES level of
exploitation process of reservoirs for storage of petrole-
um products as reusable containers by eliminating the
emission of a mixture of FTL vapours and obtaining ap-
propriate ecological, energy and economic effects.

1. General problem statement and literature
analysis

LRB with motor fuel is a phenomenon of emission
of motor fuel vapour into the environmental air, which
has a volley character, due to the displacement of the
gaseous medium from the reservoir with liquid medium
when it is fully or partially filled (refuelling) through ei-
ther an open shut-off valve or a specially adjusted brea-
thing valve [3, 13, 20].

SRB with motor fuel is a phenomenon of emission
of motor fuel vapour into the environmental air, which
has a volley character, due to cyclical changes in tempe-
rature (including daily fluctuations in air temperature
and barometric pressure) in the exploitation process of
vehicle or its fuel tank, which leads to alternating inten-
sification of processes of evaporation and condensation
of motor fuel and the corresponding change in the ma-
gnitude of the pressure of its saturated vapour in the re-
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servoir, the excess and lack of which is compensated by
mass exchange with the environmental air through a
properly configured two-way valve in the shut-off body
of the reservoir [3, 13, 20].

Losses of oil products during their storage in reser-
voirs are divided into the following [12]: a) from leaks
in leaky housings and loosely closed shut-off bodies of
reservoirs and their service pipelines and fittings; b)
from mixing at alternating refuelling of different types
and grades of oil products in the same reservoir; ¢) from
evaporation when squeezing into the environmental air
of steam-air mixture. The phenomena of LRB and SRB
are types of loss of oil products during their storage in
reservoirs from evaporation. Such losses also include:
a) from reservoir ventilation and ejection of oil vapour;
b) from the saturation of air over the free surface of the
oil product with its vapour [21, 22, 25].

Each of the four types of FTL, stored in large quanti-
ties in several reservoirs each [18, 19], forms a layer of
saturated vapour over its free surface with a volume
equal to the volume of the reservoir above the free
surface of the liquid and the mass determined by the
excess saturated vapour pressure depending on the
liquid temperature [25]. Vapours of FTL, which are
stored in the reservoir of the enterprise, released by the
mechanisms of LRB and SRB, emitted in the
environmental air and constitute the emission of
pollutants. Such pollutant, consisting mainly of
hydrocarbons of different types — saturated, unsaturated,
polycyclic — with the formulas Cs — Cy [12], as well as
ethyl alcohol CoHsOH [14 — 17].

Environmental pollution of such pollutant must be
characterized qualitatively and quantitatively.

Regarding the qualitative aspect of the emission, to
provide such a characteristic, we can use the results of
determining the value of the dimensionless indicator of
relative aggressiveness of such a pollutant in the mono-
graph [2], where it is equated to the value of the fuel
component of the complex fuel-ecological criterion of
prof. lgor Parsadanov As = 38.4, which in physical
terms is the ratio of the MPC of the k-th pollutant to the
MPC of the pollutant, which is selected as the reference,
in this case it is taken as carbon monoxide CO [2].

MPC(CO) in the air of the working area is
20 mg/m?®. That is, it means that the emission of 1 kg/h
of motor fuel and motor oil vapours is 38.4 times more
dangerous (harmful) than 1 kg/h of CO, or the emission
of 1 kg/h of motor fuel and motor oil vapours as a toxic
pollutant in its aggressiveness corresponds to the
emission of 38.4 kg/h CO [2, 3, 17].

Regarding the quantitative aspect of the emission, to
provide such a characteristic, it can be used the traditio-
nal approach, namely to choose for this characteristic
the magnitude of the mass hourly emission Gy in kg/h,
because it is in terms of mass emission that the law of
continuity of gaseous fluid flow is fulfilled, since its vo-
lume is determined by the dependence of its density on
temperature [3, 13]. That is why a complex assessment
of pollutant emissions is the product of the above valu-
es, which separately characterize the qualitative and qu-
antitative aspects of emissions, ie An-Gy in kg/h [1 - 3].

The breathing valve of the reservoir, which automa-
tically eliminates the phenomenon of its SRB in the tra-
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ditional way, on the direct course of the shut-off body
(i.e. the release of FTL vapour at a positive value of ex-
cess pressure in the reservoir) has a spring adjusted to
the limit value of excess pressure APy+ = 10 kPa. On the
reverse course of the shut-off body (i.e. air intake at a
negative value of excess pressure in the reservoir) has a
spring adjusted to the limit value of excess pressure
APy = -5 kPa [2, 3]. The breathing valve of the reser-
voir, which automatically eliminates the phenomenon of
its LRB in the traditional way — release into the system
of blowing or directly into the atmosphere, has only a
direct course of the shut-off device, i.e. or it is adjusted
to the minimum pressure drop, so the value of its resis-
tance can be neglected.

It is assumed that the FTL vapours that leave the ca-
vities of sealed reservoirs for storage in the ESDPP,
located above the free surface of liquids, through the
breathing valves of reservoirs for both types of
breathing, overcoming the forces of the springs of these
valves and low hydraulic resistance and periodically
flow by self moving into the storage reservoirs of low
pressure, mixing with each other and accumulate in
them for a period of one day.

2. Analysis of nomenclature of reservoirs and
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E(k) at the magnitudes of lower heat of combustion
Q(K) (in MJ/kg) is determined by formula (4). Data on
the physical properties of FTL are summarized in Table
2. The results of the calculation of the mass and
chemical energy of the FTL, which are in the fully filled
reservoirs of the enterprise, also are summarized in
Table 2.

Dimensionless index of relative aggressiveness of
vapours of the k-th type of FTL in storage A(k) at
magnitudes of average daily MPC of liquid vapours in
atmospheric air MCPa4(k) (in mg/m®) and MPC of
reference pollutant (A(CO) = 1.0) MCP4(CO) = 20
mg/m? is determined by simplified formula (5). Data on
the magnitudes of index A(k) and its components are
summarized in Table 2. The following thermodynamic
parameters were taken as normal conditions: barometric
pressure
po = 101325 Pa, air temperature to =0 °C or To = 273 K,
universal gas constant R = 8.314 J/(mol-K). Evaporation
of FTL characterizes the temperature dependence of the
magnitude of the saturated vapour pressure p(k)sy — a
formula of the form (6), the constant coefficients a(k)
and b(k) which are reduced to Table 2 and obtained by
approximation of tabular data from the source [25].

flammable technical liquids under storage in the W(k) = - D(K)? - H(K) / 4, mS. ()]
enterprise W(K)s = W(k) - N(k) - g(k), m®. )
The following types of FTL are stored at the enter- m(k)s = p(k) - W(K)z, kg. 3)
prise: a) diesel fuel in 3 identical cylindrical reservoirs; E(K) = m(k): - Q(k) / 1000, GJ. 4)
b) gasoline in 5 identical cylindrical reservoirs; c) motor A(K) = MCP44(CO) / MCPaq(k). (5)
oil in 2 identical cylindrical reservoirs; d) ethanol in p(k)sy = exp((ty(K) — b(k)) / a(k)) - 1000, Pa. (6)
1 cylindrical reservoir [18, 19].
The volume of one cylindrical reservoir for storage
of the k-th type of FTL W(K) at the magnitudes of the Table 1 — Data on geometric parameters
diameter of the base D(k) (in m) and the height of the of reservoirs [18, 19]
forming line H(K) (in m) is determined by formula (1). Tvpe of K" Magnitude of parameter
The maximum total volume of the k-th type of FTL on prTL N(k) | D(K) | H(K) | W(K) W(K)=
storage W(K)s at number of identical tanks N(k) (in psc) psc | m m m® m®
and degree of filling of each (k) (dimensionless value) DF 3 10 12 | 942480 | 2827.440
is defined by formula (2). Data on the geometric para- BF > | 10 | 15 |11/8.100 | 5890.500
meters of the reservoirs are summarized in Table 1. The MO 2 > | 10 | 196.350 | 392.700
maximum total mass of the k-th type of FTL in storage EA 1 5 10 | 196.350 | 196.350
m(K)s at its density under normal conditions p(k) (in Total 1 — — 942.480 | 2827.440
kg/m?3) is determined by formula (3). The maximum to-
tal chemical energy of the k-th type of FTL in storage
Table 2 — Some physical properties of flammable technical liquids [17, 20, 25]
Magnitude of parameter
Type of ki FTL pk) | Q(K) m(K)s E(K) MCPaa(K) [ 4(k) [ a(k) b(k)
kg/m® | MJ/kg kg GJ mg/m? - - -
DF 850 42.7 | 2403324.0 | 102621.93 300 0.067 | 53.439 | 2.500
BF 750 44.0 | 4417875.0 | 194386.5 100 0.200 | 40.935 | —91.000
MO 870 41.0 341649.0 | 14007.609 300 0.067 | 55.310 | 75.500
EA 810 27.0 159043.5 | 4294.1745 1000 0.020 | 23.945 | -17.436
Total — — 2403324.0 | 102621.93 — — — —

3. Method of determining the value of the mass
hourly emission of FTL vapours caused by the
phenomenon of LRB for their storage

It can be assumed that the period of time between
full  filling of reservoirs d(k) (in days)
Tin(k) =d(k) - 24 (per hour) is the same and
synchronized for the same name of FTL (K) in storage

and different for different liquids. The magnitudes of
these values are summarized in Table 2. It also can be
assumed that the new filling of the reservoirs occurs at
the degree of filling g(k)n = 0.1. Then the volume of
vapours of the k-th FTL released during a single
reservoir filling due to the manifestation of the
phenomenon of LRB, W(K)i,z is determined by formula
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(7), and the total volume Wiz — by formula (8). So,
W(DF)ps = 2544.7 m3, W(BF)ips = 5301.5 m?,
W(MO)ps = 353.4 m?, W(EA)bs = 176.7 m3, a
Wips = 8376.3 m®.

The vapour density of the k-th FTL in the reservoir
under normal conditions p(k)y is determined by formula
(9) according to the equation of state of an ideal gas for
known magnitudes of the molar mass of the k-th FTL
u(k)y (in kg/mol). To determine the molar mass of the
mixture of FTL vapours in the low pressure reservoir, it
should be noted that all types of liquids of petroleum
origin are mixtures of different hydrocarbons, mainly
normal alkanes (saturated) with the chemical formula
CnHm, where m =2 - n + 2, with a typical hydrocarbon
in gasoline is octane CgH1g, i.e. n =8 and m = 18, in the
composition of diesel fuel — cetane CigHaq, i.e. N = 16
and m = 34, and motor oil — tetracontan CaoHsy, i.e.
n ==40 and m = 82 [3]. Then the molar mass of the
hydrocarbon with the chemical formula CnHonz IS
determined by formula (10). So, u(CgHis) = 114 g/mol,
u(C16H34) = =226 g/mol, p_(C40H82) = 562 g/mol [3]
Then the magnitude of the molar mass is taken as
follows: w(DF), = =0.226 kg/mol (for cetane CigHaa),
wBF), = 0.114 kg/mol (for octane CgHisg),
uw(MO)y = 0.562 kg/mol (for tetragontane CaoHsy),
WEA)y =0.046 kg/mol (for ethanol C;HsOH). Hence,
we have the following values of density:

o(DF), = 10.089 kg/m®, p(BF), = 5.089 kg/m?,
o(MO), = 25.089 kg/m?, p(EA), = 2.054.
W(K)is = W(K)iox - (1 — &(K)ib), m®. @)
kea
Wips = kZ!,lW(k)lbz , m?, 8)
p(k)v = p(k)v - po/ (R - To), kg/m?, 9)

W(CnHm) =w(C) - n+pH) -m=

=12-n+1-m=12-n+1-2-n+2),g/mol. (10)

The mass of volley FTL vapour emission caused by
the phenomenon of LRB of storage reservoir mi(k) is
determined by formula (11), and the total emission My
— by formula (12). Then we have the following magnitu-
des of the mass of the wvolley emission:
mp(DF) = =25673.7 kg, mun(BF) = 26980.1 kg,
mp(MO) = 8867.1 kg, mp(EA) = 362.9 kg and
mpz = 61883.8 kg. The average magnitude of the
density of the FTL vapour mixture under normal
conditions p(k)vz is determined by formula (13). The
value obtained for it is 10.011 kg/m®.

The value of the mass hourly emission of FTL
vapours caused by the phenomenon of LRB for their
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storage, Gin(K) is determined by formula (14), and the
total emission Giyz — by formula (15). Then we have the

following values of mass hourly emission:
Gin(DF) = 11.886 kg/h, Gin(BF) = 12.491 kg/h,
Gin(MO) = 2.053 kg/h, Gin(EA) = 0.252 and
Gibz = 26.681 kg/h.
Mip(k) = p(k)y - W(K)iws, Kg. (11)
k=4
Mips = Elm(k)'bz  kg/h. 12)

plkhs = (ol -l ) Emlk ) kg . 1)
Gin(K) = mip(K) / Tin(K), kg/h. (14)

k=4
Gipz = k§1G(k)lbz  kg/h. (15)

The average magnitude of the lower heat of combus-
tion of the vapour mixture FTL Q(k)yz is determined by
formula (16). The magnitude obtained for it is 42.9
MJ/kg, because Q(DF)y = 42.7 MJ / kg, Q(BF)y = 44.0
MJ/kg, Q(MO), = 41.0 MJ/kg, Q(EA), = 42.9 MJ/kg.
The amount of chemical energy released with the
emission of vapours of the k-th type of FTL E(K) at the
magnitudes of the lower heat of combustion Q(k)y (in
MJ/kg) is determined by formula (17). The emission of
such chemical energy e(k) is determined by formula
(18) or (19).

QK = Z(Q(K), mlkh )/ lmik)), kg, (16)
E(K) = m(K)in - Q(k) / 1000, GJ. (17)

e(k) = Gin(k) - Q(k), MJ/kg; (18)

e(K) = Gin(k) - Q(K) / 3600, MW. (19)

The magnitude of the reduced mass hourly emission
of FTL vapours, from the phenomenon of LRB for their
storage, A(k)-Gin(k) is determined by formula (20), and
the total emission Z(A(k)-Gin(K)) — by the formula (21).
The results of calculations by formulas (7) — (21) are
summarized in Table 3.

AK)-Gi(K) = A(K) - Gi(K), kg/h;
k=4
2(Alk)- Gip(k))= Z(AlK)-Grn(k)). k/h.

(20)
(21)

Table 3 — Results of calculated study

Type of Magnitude of parameter
wrere [ W0es [ u09v [ ot [ mu() [ Gu(k) [ Q00 [ ER) o) Ak Gu(k)
m? kg/mmole | kg/m® kg kg/h | MJ/kg GJ Mlh | MW kg/h
DF 2544.696 0.226 10.089 | 25673.69 | 11.886 | 42.7 | 1096.3 | 507.5 | 0.141 0.792
BF 5301.450 0.114 5.089 | 26980.09 | 12.491 | 44.0 | 1187.1 | 549.6 | 0.153 2.498
MO 353.430 0.562 25.089 | 8867.142 | 2.053 | 41.0 | 363.6 84.2 | 0.023 0.137
EA 176.715 0.046 2.054 | 362.8902 | 0.252 | 27.0 9.8 6.8 0.002 0.005
Mixture | 8376.291 0.224 10.011 | 61883.82 | 26.681 | 42.9 | 2656.7 | 1148.1 | 0.319 3.432

20
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4. Method of determining the value of the mass
hourly emission of FTL vapours caused by the
phenomenon of SRB for their storage

To obtain the results of calculations that are closer to
the real picture of the studied processes, in this study
abandoned the following two assumptions [3]:

1. maximum tomax and minimum tomin daily atmo-
spheric air temperature and daily atmospheric air tem-
perature difference Aty have constant magnitudes equal
to the average for 2018 year;

2. the degree of filling of the reservoir g(k) has one
of the three constant magnitude for all reservoirs during
the year — 1/4, 1/2 or 3/4.

Therefore, the following additions have been made
to the method presented in this study:

ISSN 2522-1892

1. maximum tomax and minimum tomin daily atmo-
spheric air temperature and daily atmospheric air tem-
perature difference Ato do not have constant magnitudes
by days of the month, and for each date have individual
magnitudes obtained from meteorological observations
for the whole of 2018 from sources [23, 24];

2. the degree of filling of the tank g(k) varies linearly
between the magnitudes of «fully filled» — 0.999 and
«completely emptied» — 0.100 for large reservoirs with
fast-consuming liquids (diesel fuel and gasoline) and
0.05 for smaller reservoirs with long-consumed liquids
(motor oil and ethanol);

3. the process of filling the reservoir (refuelling) ta-
kes place periodically (period T(k)sin) and on the dates
specified in Table 4.

Table 4 — Tank refuelling schedule [18, 19]

Magnitude of parameter
Type of K ETL e()max | &(k)min T(K)sin = Tin(k) Date
times | days/
- B per year | hours -
DF
0.100 3 90/ 15/01, 15/04,
BF 2160 15/07, 15/10
MO 0.999 2| 150 |__ 15001 15007
EA 0.050 6 4320 15/01, 15/03, 15/05,
15/07, 15/09, 15/11

The magnitude of the change in FTL vapour
pressure in the reservoir caused by the change in
evaporation of the liquid with a change in its
temperature, Aps(k) is defined as the difference
between the magnitudes of saturated vapour pressure at
maximum  ps(Kmax and minimum  Apsy(K)min ~ air
temperature for the current day, i.e. by formula (22), the
components of which — by formulas (23) and (24).

Apsv(K) = psv(K)max — Apsv(K)min, Pa; (22)
psv(k)max = exp((tv(k)max — b(k)) / a(k)) N 1000, Pa, (23)
Psv(K)min = exp((ty(K)min — b(K)) / a(k)) - 1000, Pa.  (24)

The magnitude of the change in the mass of FTL
vapours in the reservoir caused by the change in the
evaporation of the liquid with a change in its
temperature, Ams,(K) is determined by formula (25), i.e.
by the Clapeyron-Mendeleev equation. The magnitude
of the FTL vapour mass in the reservoir under normal
conditions mg(K)o is determined by formula (26), in
which the magnitude of the density p(k)y is determined
by formula (9). The magnitude of the mass of FTL
vapours in the reservoir at a temperature ty(K)max, i.€. at
the end of the phase of «exhalation» of SRB msy(K), is
defined as the sum of the two previous magnitude — see
formula (27).

Amgy(k) = p(k) - Apsu(k) - W(K)s - (1 — &(K)) /

I (R - (t(K)max + 237)), kg. (25)
Ms(K)o = p(k)v - W(K)x - (1 - e(k)), kg. (26)
msv(k)t = msv(k)o + AmSV(k)! kg (27)

The magnitude of the FTL vapour pressure in the re-
servoir at a temperature ty(K)min, i.. at the beginning of
the «exhalation» phase of SRB ps(K)o is determined by

formula (28), i.e. by the Clapeyron-Mendeleev equation.
The magnitude of the FTL vapour pressure in the reser-
voir at a temperature t,(K)max, i.e. at the end of the «ex-
halation» phase of the SRB psy(K): is determined in a si-
milar way by formula (29). The magnitude of the profit
of the vapour pressure of FTL in the reservoir, obtained
during the implementation of the phase of «exhalationy
phase of the SRB Aps(K): is determined by formula
(30).

psv(K)o =R/ k) / (W(K)z - (1 —g(k)) x

X msv(k)o ° (t\/(k)min + 237), Pa (28)
psu(K)e =R/ (k) / (W(K)s - (1 - (k) x

x Mev(K)t - (t(K)max + 237), Pa. (29)

Apsi(K)e = psu(K): — psi(K)o, Pa. (30)

The magnitude of the mass emission of FTL vapours
from the reservoir in the phase of «exhalation» of SRB
msp(K) is determined by formula (31), i.e. by the equati-
on of state of the ideal gas. The total magnitude of the
mass emission of vapours of all FTL from the reservoir
in the phase of «exhalation» of SRB mg(K)s is
determined by formula (32).

Mso(k) = p(k) - Apsu(K)e - W(k) *

x (1 —g(k)) / (R - (tu(K)max + 237)), kg. (31)
k=4
Moy () = Zman k). kg. (32)

The magnitude of the potential energy effect from
the combustion of FTL vapour emissions from the reser-
voir caused by the phenomenon of SRB E(K)s, is deter-
mined by formula (33) taking into account the magnitu-
de of the lower heat of combustion of such a substance
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Q(K). The total magnitude of the potential energy effect
from the combustion of FTL vapour emissions from the
reservoir caused by the phenomenon of SRB E(X)s is
determined by formula (34).

E(K)sb = msp(k) - Q(K) / 1000, GJ. (33)
k=4
E(Z)sb = kZ::lE(k)Sb , GJ. (34)

The magnitude of the mass hourly emission of FTL
vapours from the reservoir caused by the SRB pheno-
menon, G, (K) is determined by formula (35) taking into
account the magnitude of the duration of the complete
cycle (set of successive processes of «exhalation» and
«inhalation») of the SRB phenomenon Tg(k) = 24 h.
The total magnitude of the mass hourly emission of FTL
vapours from the reservoir caused by the phenomenon
of SRB, Gsp(X) is determined by formula (36).

Gan(K) = msp(K) / Ten(K), kg/h. (35)
6(z)s = (k) . ke (30

The magnitude of the hourly potential energy effect
from the combustion of FTL vapour emissions from the
reservoir caused by the SRB phenomenon, e(K)s is de-
termined by formula (37) or (38) taking into account the
magnitude of the lower heat of combustion of such a
substance Q(K), and the total magnitudes of e(X)s, — by
formulas (39) and (40).

e(K)sb = Go(k) - Q(K), MI/h. 37)
e(K)s» = Gso(k) - Q(K) / 3600, MW. (38)
e(®)y = 3 e(k)gy » MI, (39)
k=1
e(®),, = 3 e(k).y /3600, MW, (40)
k=1

The above considerations give a result that is easily
obtained by applying a different approach based on the
disciplines of «Metrology» and «Thermodynamics».
This gain of the mass of FTL vapours Amy, caused by
the physical process of its evaporation with its heating,
and can be estimated by formulas (41) — (58). Finally,
after the transformations, we have formulas (59) — (61).

Amy = (Mg / 0Ty) - ATy, Kg, (41)
My = pwv - Pr(Tw) - Vv / (R - Tr), kg, (42)

oMy / 0T =0/ 0Tw (v - P(Tw) - Vv / (R - Twy)) =
=uw - Vi /R~ (8/0T (pr(Tw) / Tw)), kg/K, (43)
u/vy =@ - -v-u-v)/viu=pu(Ta),v=Tn, (44)
Pr(Tw) = Prvo + Aps(Tw)e + Apr(Tr)v, Pa, (45)
Prvo = Mio / v * R - Tro / Vivo = 101325 Pa, (46)
Tio = 273 K, R = 8.314 J/(mol-K), (47)
Mo = W * Prvo * Vo / (R - Tro), KO, (48)
Pvo = HUfv pfvo/ (R . vao), kg/m3, (49)
Apw(Tw)t = (Opnt / OTw) - ATy, Pa, (50)
prv /0T = Mo/ Wi R/ vao, Pa/K, (51)
Aps(Tw)v = psvl(Tw) — Ps(To), Pa, (52)

Ps(To) = exp((two — a(k)) / b(k)) - 10° =
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= exp((Two — 273 — a(k)) / b(k)) - 10% = const, Pa,  (53)
Psu(Tw) = exp((tw — a(k)) / b(k)) - 10° =
= exp((Ty — 273 — a(k)) / b(k)) - 10% =
= exp w(k) - 103, ITa, a(k) = const, b(k) = const,
w(k) = (T, — 273 — a(k)) / b(k), (54)
u' = opn(Tw) / 0Tw = 0/ 9Tw (Prvo + Apa(Ta)t +
+ Apr(Ta)v) =0/ 0Tw ((Muvo / sy - R - Trvo / Vo) +
+(0pnt/ OTw) - AT + (Psv(Trv) — Psu(Tro))) =
=0/0Twn ((mfvo/ufv' R 'vao/vao) + (mfvo/p.fv' R/vao)
“(Tr — Tro) + 103 - (exp((Tr — 273 — a(k)) / b(k)) —
—exp((Tho — 273 — a(k)) / b(k)))) = &/ &Ty (101325 +
+ (pro / v - 8.314) - (Try — 273) + 10% - (exp((Tr — 273 —
—a(k)) / b(K)) — exp((273 — 273 — a(k)) / b(K)))) =
=0/ 0Tw ((pvo / tv - 8.314) - Try + 10% - exp((Trv —
—273—a(k)) / b(k))) = 8/ Tw ((pro / v - 8.314) - Ta) +
+0/ 0T (10° - exp((Tr — 273 — a(k)) / b(K)))) =
= Mo / Wy R/ Vo + 103- 0/0Tw (exp W(k)) =
= Mo/ v - R/ Vo + 103 - exp (k) - 8/ 0Tr, (W(K)) =
= Mo / v - R/ Vo + 103 - exp w(k) - 8/ 0Ts, (((Tr —
—273—a(k)) / b(K)) = Mo / sy - R/ Vi +
+10% - exp (T — 273 —a(k)) / b(k) - 1/b(k),  (55)
(exp w(k))" =exp w(k) - w(k)", v =0Twn /0T = 1,
W =0/0Twn (T —273 —a(k)) / b(k)) =1/b(k), (56)

ATw = (Atair + 273) — Trvo = Atair, K, (57)
Vi = (1—€) - N(k) - W(K), m?,
e=1/4; 1/2; 3/4 = const, (58)
oMy / 0T = v - (1 —€) - N(K) - W(K) / (b(k) - R - Tg) x
x exp((Tw — 273 — a(k)) / b(k)), kg/K, (59)

Ampy = pwy - (1 —€) - N(k) - W(Kk) / (b(k) - R - Ty) x
x exp((Tw — 273 —a(k)) / b(k)) - (Atar + 273), kg, (60)
Gr(K)s = (uwv - (1 —€) - N(k) - W(K) / (b(k) - R - Tr)
x exp((Tw — 273 — a(k)) / b(k)) x
X (Atair + 273)) ! Teolts, kg/h (61)

5. Method of determining the value of the mass
hourly emission of FTL vapours caused by the
phenomenons of LRB and SRB for their storage

The magnitude of the mass of the daily volley of
FTL vapours from the reservoir caused by the phenome-
na of LRB and SRB m(Kk)z is determined by formula
(62). The magnitude of the potential energy effect from
the combustion of FTL vapour emissions from the reser-
voir caused by the phenomena of LRB and SRB, E(k)s
is determined by formula (63), and the total magnitude
E(X)z — by formula (64).

m(k)s = m(K)iw + m(K)sb, Kg. (62)

E(K)s = m(k)s - Q(k) / 1000, GJ. (63)
k=4

EE) = kzlE(k)2 ,Gl. (64)

The magnitude of the mass hourly emission of FTL
vapours from the reservoir caused by the phenomena of
LRB and SRB, Gx(Kk) is determined by formula (65) ta-
king into account the magnitude of the duration of the
full cycle of both phenomena Tx(k) = 24 h, and the total
magnitude of Gx(X) formula (66).

Gs(K) = men(K) / Tx(K), kg/h. (65)
(), = T6(K), , kg/h. (66)
k=1
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The magnitude of the hourly potential energy effect
from the combustion of FTL vapour emissions from the
reservoir caused by the phenomena of LRB and SRB,
e(k)z is determined by formula (67) or formula (68) ta-
king into account the magnitude of the lower heat of
combustion of such substance Q(K), and total the magni-
tude of e(X)x is by formulas (69) and (70).

e(K)z = Gx(K) - Q(K), MJ/h. (67)
e(K)s = Gs(k) - Q(K) / 3600, MW. (68)
e(Z) = kfle(k)x . M/h, (69)
k=1
e(z), =ki4e(|<)Z /3600, MW. (70)
k=1

The magnitude of the reduced mass hourly emission
of FTL vapours from the reservoir caused by the SRB
phenomenon, A(k)-Gsp(K) is determined by formula (71),
and the total emission Z(A(k)-Gsp(K)) — by the formula
(72). The magnitude of the reduced mass hourly emissi-
on of FTL vapours from the reservoir caused by the
phenomena of LRB and SRB, A(k)-Gz(K) is determined
by formula (73), and the total emission Z(A(k) Gsn(K)) —
by the formula (74).

AK)-Gsp(K) = AK) - Gsp(K), kg/h. (71)
2(AK)- G K))= T (AK)-Gy k) kah.  (72)
A(k)-Gx(K) = A:(k) - Gx(K), kg/h. (73)
2(AK)-Gs (k)= T (AK)-Gs(K)), k. (74)

6. Obtaining a set of initial data for calculated
study

To implement the proposed and improved approach
to determining the magnitudes of the mass hourly emis-
sion of FTL wvapours by the SRB mechanism,
information is needed on the evaporation rates of these
FTL and the magnitude of the daily temperature
difference as the driving force of such process.

Such information is shown in Fig. 1 — 3, the graphs
on them are described by formulas (75) — (77) [3, 25],
whence after transformations we have formulas (78) —
(80). The magnitude of the average monthly daily tem-
perature difference can be approximated by a polynomi-
al of the 2" degree [3, 23, 24] — formula (81). For etha-
nol, formula (82) was obtained.

t(MO) = 55.310 - In(psy(MO)) + 75.5;
R?=0.973, °C, (75)
t(DF) = 53.439 - In(ps(DF)) + 2.5; R =0.978, °C, (76)
t(BF) = 40.935 - In(p«(BF)) — 91.0; R = 0.934, °C, (77)
Pp(MO) = exp((t(MO) — 75.5) / 55.310), kPa, (78)
ps(DF) = exp((t(DF) — 2.5) / 53.439), kPa, (79)
psv(BF) = exp((t(BF) + 91.0) / 40.935), kPa. (80)
Atair = —-3.608-10* - d? +1.342:107* - d,
R?=0.851, °C. (81)
ps(EA) = exp((t((EA) + 17.4) / 23.9), kPa. (82)
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7. Results of the calculated study and their
analysis

Figure 4 shows the distributions of the magnitudes
of mass hourly FTL vapour emissions of all types G(k)sp
and total G(X)s, emissions by days of the most
(February — a) and least (June — b) productive months of
2019, as well as the magnitudes of temperature differen-
ce atmospheric air Aty in Kharkiv. It shows that the na-
ture of the change in the magnitudes of G(k)s, and
G(X)sp on the days of the months of the year repeats the
change in the magnitudes of Aty and depends little on
the magnitudes of g(k).

Figure 5 shows the distributions of the average mo-
nthly magnitudes of the mass hourly emission of FTL
vapours of all types caused by the phenomenon of SRB
G(K)sb (a), LRB G(Z)p (b) and total emission G(X)z (c),
by months 2019. In Fig. 5 shows that the nature of the
change in the total magnitudes of G(K)s, G(Z)p and
G(Z)z over the months of the year repeats the change in
the average monthly magnitudes of Aty and to a lesser
extent depends on the magnitudes of &(k). The magnitu-
des of G(DF)s, varies from 6.3 (February) to 32.9 (June)
kg/h, the magnitudes of G(BF)s, — from 9.7 (February)
to 64.9 (June) kg/h, magnitudes of G(MO)s, — from 1.1
(February) to 14.3 (June) kg/h, magnitudes of G(EA)s, —
from 0.2 (February) to 0.5 (June) kg/h, and the total
emission of G(X)s — from 17.2 (February) to 112.6
(June) kg/h. The magnitudes of G(K)s, is constant by
days of months and months of the year (this is a feature
of the method presented in the study) and is
G(DF)p = 119 kg/h, G(BF), = 125 kgh ,
G(MO), = =2.1 kg/h, G(BF)1, = 0.3 kg/h. The total
emission G(K)s, i.e. the sum of G(K)s, and G(K), for the
vapour mixture of all combustible liquids varies from
43.9 (February) to 139.3 (June) kg/h.

Figure 6 illustrates the distributions of the average
monthly magnitudes of energy e(k)s (a) and ecological
Ak)-G(X)s (b) effects of vapours of FTL of all kinds
and total emissions caused by the sum of the
phenomena of SRB and LRB for the months of 2019. It
shows that the nature of the change in the total magnitu-
des of e(k)x and A(k)-G(Z)z over the months of the year
repeats the change in the magnitudes of G(K)z. The
magnitudes of e(X)x varies from 0.526 (February) to
1.669 (June) MW, and the value of A(k)-G(X)s — from
5.8 (February) to 19.6 (June) kg/h.

Fig. 7,a — 7,e presents the ratio of maximum, ave-
rage and minimum annual magnitudes of FTL emissions
of all types and total emissions, as well as the annual en-
ergy effect for 2019. It shows that the minimum annual
magnitudes of mass hourly emissions of all types of
FTL under the SRB mechanism less than such magnitu-
des for LRB; the average annual magnitudes are the op-
posite, and the maximum ones are many times higher.

Fig. 7,f shows the ratio of the magnitudes of the
maximum annual mass hourly emissions of FTL
vapours of all types and total emissions caused by the
phenomenon of SRB and LRB for 2019. It shows that
the relative contribution of emissions under the SRB
mechanism in total emissions for different FTL is not
the same, so in particular, it is 73.4 % for diesel fuel,
83.9 % for gasoline, 87.4 % for motor oil, 71.9 % for
ethanol, and 80.9 % in general.
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Figure 1 — Distribution of atmospheric temperature difference magnitudes in Kharkiv by days of months in 2019 (a —d)
and distribution of minimum, average and maximum magnitudes of atmospheric air temperature difference in Kharkiv
by months in 2019 (e) (according to from sources [23, 24])
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Figure 2 — Nomograms of saturated vapour pressure of petroleum products (a) and ethanol (b)
(obtained on the basis of data from the source [25])

The magnitude of the economic effect from the utili-
zation of diverted and accumulated vapours of the k-th
type of FTL by burning F(K) is determined by formula
(83) taking into account the unit price of the reference
FTL (in this case — diesel fuel) Pw(DF) in $/kg and the
ratio the calorific value of the k-th type of FTL Q(K) in
MJ/kg and the calorific value of the reference FTL
Q(DF). The magnitude of Pu(DF) in $/kg is determined
by the known magnitudes of the unit price of fuel volu-
me Pw(DF) in $/m? and its density p(DF) = 0.840 kg/l
(see formula (84)). The unit price of fuel volume
Pw(DF) USD in $/m3 is currently determined taking into
account the unit price of fuel volume Pw(DF)uan in
UAH/m® (currently, i.e. as of September 17, 2020,
Pw(DF)uan = 22.0 - 103 UAH/1) and the official exchan-
ge rate of the Ukrainian hryvnia to the US dollar
EXR(UAH/USD) in UAH/USD of the National Bank of
Ukraine (currently, i.e. as of September 17, 2020,
ExR(UAH/USD) = 28.120 UAH/USD). The magnitude
of the total economic effect from the utilization of a
mixture of diverted and accumulated vapours of FTL by
burning F(X) is determined by formula (85). To take
into account the phenomenon of inflation, the value of
F(X) and its components F(k) should be divided by the
ratio of the magnitudes of CPI indexes for the US dollar

24

for the current CRIysp(2020) = 256 and base
CRIysp(1984) = 100 periods — formula (86) [26].
F(k) = Pm(DF) - G(k) - Q(k) / Q(DF), $/h. (83)
Pm(DF) = Pw(DF)USD . p(DF) =
= Pu(DF)uan / EXR(UAH/USD) - p(DF) =
=22.0/28.120 - 0.840 = 0.657, $/kg. (84)
k=4
F(z)= 2F(k), $/h. (85)
k=1
F(k)CPI = F(k) / (CP]USD(ZOZO) / CP]USD(1984)) =
= F(k) / 2.56, $/h. (86)

Fig. 8 contains the ratio of the magnitudes of the ma-
ximum annual mass hourly emissions of FTL vapours of
all types in the structure of total emissions (a), emissi-
ons under the mechanism of SRB (b) and LRB (c). It
shows that for all types of emissions the predominant
component is gasoline vapour — 57.6 % for SRB,
46.8% — for LRB and 55.5 % in total emissions. In
second place are diesel fuel vapours — 29.2 % for SRB,
44.5 % — for LRB and 32.1 % in total emissions. The
situation with engine oil vapours is as follows: 12.6 %
for SRB, 7.7 % for LRB and 11.7 % in total emissions.
For ethanol vapours: 0.6 % for SRB, 0.9 % for LRB and
0.6 % for total emissions.
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Figure 3 — Distribution of magnitudes of the degree of filling of reservoir g(k) by days of months in 2019
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Figure 4 — Distributions of magnitudes of mass hourly emissions of vapours of FTL of all types G(K)s»
and total emissions G(Z)s, by days of the most (February — a) and least (June — b) productive months of 2019,
as well as the magnitudes of difference atmospheric air temperature Ato in Kharkiv
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Figure 5 — Distributions of average monthly magnitudes of mass hourly emission of vapours of FTL of all types
caused by the phenomenon of SRB G(Kk)s» (a), LRB G(X)i» (b) and total emission G(X)s (c¢), by months of 2019
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Figure 8 — Ratio of the magnitudes of the maximum annual mass hourly emissions of FTL vapours of all types
in the structure of total emissions (a), emissions under the mechanism of SRB (b) and LRB (c)
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Figure 9 shows the ratio of the magnitudes of energy
(@), ecological (b) and economic (c) effects of FTL
vapour emissions of all types in the structure of the cu-
mulative effect. Figure 9 shows that the part of gasoline
vapours in the total energy effect, eco-effect and
economic effect is 56.7, 79.1 and 31.8 % respectively,
diesel fuel vapours — 31.8, 15.2, 56.7 %, motor oil
vapours — 11.1, 5.6 and 11.1 %, and ethanol — 0.4, 0.1
and 0.4 %.

Fig. 7,0 shows the ratio of the magnitudes of the
maximum annual mass hourly emissions of FTL
vapours of all types and total emissions caused by the
phenomenon of SRB and LRB in 2019. At Fig. 7,9 it
can be seen that this cost is 29.41 $/h for diesel fuel,
52.43 $/h for gasoline, 10.29 $/h for motor oil and 0.37
$/h for ethanol, and in general — 92.50 $/h.

8. Method and results of the calculated study of
the effectiveness of using of the breathing valve and
the rationale magnitude of adjustment the tension of
its spring

Since the spring of the reservoir's breathing valve
can be adjusted to different magnitudes of the limit back
pressure in it Ap(K)w, and the force corresponding to
such pressure magnitudes loads all valve elements with
mechanical forces, mostly stationary and long-term, it
makes sense, firstly, to obtain rational magnitude of
such a adjustment, and secondly, to find the correlations
between the magnitude of the atmospheric air tempera-
ture difference Aty and the emission magnitude Ggy(%),
as well as the magnitude of the pressure Ap(K)s.

If the breathing valve of the reservoir is set to the li-
mit magnitude of the excess vapour pressure of the FTL
in it Ap(K)w (in Pa), then the secondary driving force of
the volley of liquid vapour will be the pressure Ap(K)op,
determined by formula (87) (see formula (30)).
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Figure 9 — Ratio of the magnitudes of energy (a), ecological (b) and economic (c) effects
of FTL vapour emissions of all types in the structure of the cumulative effect

Ap(K)op = Ap(K)t — Ap(K)w, Pa. (87)

If the value of Ap(K),, is positive, i.e. Ap(K),, >0 Pa,
then and only then there is a volley emission of FTL
vapours from the reservoir, due to the phenomenon of
SRB. If Ap(k),, < 0 Pa, then the emission does not
occur, and the FTL vapours remains in the reservoir and
is under pressure Ap(K):.

The mass of the volley emission is the value deter-
mined by formula (87), which is converted by formula
(31). The parameters of the variants of this calculation
study are summarized in Table 5.

Msn(k) = p(k) - Ap(K)op - W(K)s x
(1= e(k) / (R (t(K)max + 237)), kg. (88)

The magnitudes of mass hourly emissions Gsy(K),
energy esy(k) and ecological A(k)-Gsp(k) effects are de-
termined by formulas (35) — (40), respectively.

Table 5 — parameters of the variants
of the calculation study

Variant Parameter
No. | Title | Sign. | Ib sb
1 Basic A + APy = 0 kPa
2 Small 1 B — APw = 0 kPa
3 | Small 2 C — | APw=1kPa
4 | Small 3 D — | APwv=2.5kPa
5 | Small 4 E — | APw=5kPa
6 Best F — | APn=10kPa

Figure 10 shows the dependences of the magnitudes
of the mass hourly emission of FTL vapours Ggy(K)
depending on the adjustment of the spring of the brea-
thing valve Ap(K)w for the least (a — February) and most
(b — June) productive month of 2019.
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Figure 10 — Dependences of the magnitudes of the mass hourly emission of FTL vapours Gs,(K) depending
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Figure 11 — Dependences of the magnitudes of the total mass hourly emission of FTL vapours Gsp(X) depending
on the adjustment of the spring of the breathing valve Ap(K)rw, as well as the average monthly magnitudes
of the daily temperature difference Aty by months of 2019 (a) and also dependences of the total magnitudes
of the mass hourly emission of FTL vapours Gs,(K) depending on the adjustment of the spring of the breathing valve
Ap(K)+w for the months of 2019 (b)

It shows that the magnitudes mass hourly emission
Gsp(k) for different types of FTL decreases with
increasing limit value of the pressure to which the
breathing valve spring is adjust, such dependences are
nonlinear, and zero emission Ggy(k) is achieved for
different types of FTL at different valve spring
adjustment, and different for different months (i.e.,
different magnitudes of the average monthly
temperature difference).

Fig. 11,a shows the dependences of the magnitudes
of the total mass hourly emission of FTL vapours G (X)
depending on the adjustment of the spring of the
breathing valve Ap(K)w, as well as the average monthly
magnitudes of the daily temperature difference Aty by
months of 2019. It shows that despite to the fact that
they repeat in the form of graphics in Fig. 5,c, however,
the correlation between the magnitudes of emission
Gsp(X) and the daily temperature difference Ato is less
pronounced, which is explained by the effect of chan-
ging the magnitude of the degree of filling of the reser-
voir g(K).

Fig. 12 shows the dependences of the absolute and
relative magnitudes of the total annual mass hourly
emission of FTL vapours Gs(X) depending on the
adjustment of the breathing valve spring Ap(K)w. It
shows that such dependences are almost linear. Thus,
adjustment the spring of the breathing valve to the
magnitude of Ap(K)n = 1.0 kPa reduces the total average
annual mass emission of FTL vapours by 21.3 %, by
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2.5 kPa — by 46.5 %, by 5.0 kPa — at 74.9 %, and at
10 kPa — at 96.8 %.

Fig. 11, b shows the dependences of the total
magnitudes of the mass hourly emission of FTL vapours
Gsu(K) depending on the adjustment of the spring of the
breathing valve Ap(K)x for the months of 2019. In Fig.
11,b as in Fig. 10, it is seen that the zero total vapour
emission of FTL Gg,(2) is achieved for different months
with different adjustments of the valve spring.

Therefore, from the above it is clear that there is a
correlation between the magnitude of the total average
monthly mass hourly emission of FTL vapours by the
SRB mechanism for their storage Gsp(X) and the average
monthly magnitude of the daily difference in atmosphe-
ric air temperature Ato. There is also such a relationship
between the limit magnitude of the adjustment of the
spring of the breathing valve, at which the zero magni-
tude of the emission Gsy(X) is reached, and the magnitu-
de of the temperature difference Ato. Such dependences
are illustrated in Fig. 13, and are described by the me-
thod of least squares by formulas (89) and (90) which is
the main result of this study. Fig. 13 shows that the
obtained correlations are linear, pass through the origin
and increase with increasing argument.

Gan(K) = 7.960 - Ato, kg/h; R? = 0.725.
Ap(K)w = 1028.9 - Ato, Pa; R? = 0.887.

(89)
(90)
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In connection with the above, we can formulate the
following list of recommendations for improving the ES
level of exploitation process of reusable reservoirs for
storage of FTL:

1. All reservoirs for storage of FTL should be equip-
ped with systems of removal, clearing, cooling, accumu-
lation of their vapours which emission is caused by the
phenomena of SRB and LRB as such pollutant is toxic,
flammable and explosive substance, greenhouse gas,
and also is a valuable energy resource.

2. It is proposed to use a breathing valve to remove
FTL vapours caused as a phenomenon of SRB, with ad-
justable in the magnitude of the average daily tempera-
ture difference of the atmospheric air force of the shut-
off spring to prevent premature failure of its structural
elements and increase its service life.

3. It is proposed to use the same breathing valve to
remove FTL vapours caused by both the SRB and LRB
phenomena. For this purpose it is rational to equip such
valve with a spring, the tightening force of which is ad-
justable, and during the process of filling the reservoir
with a new portion of FTL, the threshold magnitude of
the tightening force should be set as low as possible,
preferably zero.

4. For reservoirs of all four types of FTL it is recom-
mended to use breathing valves of the same design and
size, which will simplify the management, maintenance
and repair of such unified bodies, for which it is also
desirable to adjust the spring tension depending on the
type of FTL, i.e. its physical properties.

5. To reduce the emission magnitudes by the SRB
mechanism, it is rational to reduce the heating of the re-
servoirs from air and direct sunlight by placing it below
ground level and/or under canopy.

Scientific and technical journal «Technogenic and Ecological Safety», 8(2/2020)

Conclusions

Thus, in this study, which is generally devoted to in-
creasing the ES level of the exploitation process of reus-
able packaging for storage of FTL for ESDPP as part of
the relevant EPT, the following main results were obta-
ined.

1. The scientific and technical, reference, normative
and patent literature was analysed and the relevance of
the research topic is substantiated.

2. The parameters of the FTL stored in the reservoirs
of ESDPP and the technical parameters of the reservoirs
for their storage according to the developed method was
estimated.

3. The methods of determining the magnitude of the
mass hourly emission of FTL vapours caused by the
phenomena of SRB and LRB, as well as the total
emission by both mechanisms are improved and
described.

4. A set of initial data for calculated study was obtai-
ned, analysed and illustrated.

5. The results of calculated study of the magnitudes
of mass hourly emission of FTL vapours caused by the
phenomena of SRB and LRB, taking into account the
daily magnitudes of the difference in atmospheric air
temperature and the degree of filling of the reservoirs
was obtained, illustrated and analysed.

6. The calculated study of efficiency of application
of the breathing valve for reduction of emissions of FTL
vapours from reservoirs for their storage under the SRB
mechanism and the substantiation of adjustment of a ti-
ghtening of its spring was carried out. A list of recomm-
endations for increasing the ES level in the exploitation
process of reusable containers for storage of FTL was
formed.
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Konaparenko O. M., Korockos B. 10., KoBanenko C. A., [lepkau 1O. ®@., boumanoscbka O. C.,

Honoasixo H. M.

BU3HAYEHHS BUKH/IIB MMAPIB T'OPIOYUAX TEXHIYHUX PIUH 3 PE3EPBYAPIB MIJIPUEMCTBA 3 iX 3BEPITAHHS 1
JUCTPUBYIIi TA PAIIIOHAJIbHUX HAJIAIITYBAHbD 3ATIIPHUX OPTAHIB iX JTUXAJIbHUX KJAITAHIB

VY maHoMy JOCIiIKEHHI, B IIIJIOMY ITPUCBSIYCHOMY ITiIBUILICHHIO PiBHS €KOJOTI4HOI Oe3MeKH Ipoliecy eKCIuTyartallii 6araropa3oBoi Tapu ais 30e-
piraHHs TOPIOYMX TEXHIYHMX PIAMH I MiANPUEMCTBA 31 30epiraHHs Ta TUCTPUOYIIT HAQTONPOAYKTIB SIK YaCTUHM BiJIIOBITHOT TEXHOJOTII 3aXUCTY
HaBKOJIMIITHBOTO CEPENOBUIA, PO3PaxXyHKOBO OLIHEHO MapaMeTpy TaKuX PiiuH, 1o mepeOyBaloTh Ha 30epiraHHi y pe3epByapax MiINPHEMCTBA, Ta
TEXHIYHI IOKa3HUKH pe3epByapiB [is iX 30epiraHHs 3a po3po0JIEHOI0 METOANKOW. BIOCKOHANICHO i OMMCAaHO METOAMKU BU3HAUYEHHS 3HAYCHHS Maco-
BOTO TOJMHHOTO BHUKHY MapiB TaKWX PiIWH, CIPHYMHEHHMX SBUIAMU MaJoro i BEIMKOTrO AMXAHHS Pe3epByapiB, a TAKOXX CyMapHOrO BHKHIY 3a
o0oMa MexaHi3MaMH 3 ypaxyBaHHSM IOJCHHUX 3HAYEHb Iepernagy TeMIepaTypu aTMOC(epHOro MoBITPs Ta CTYHEHs HAIOBHEHOCTI pe3epByapa, a
TaKOXX OTPUMAHO, MPOAHATI30BAHO 1 NPOLTIOCTPOBAHO PE3YNHTATH BIAMOBIAHOTO PO3PAaXyHKOBOTO JIOCHIKEHHs. 3JiHCHEHO pPO3paxyHKOBE
JIOCTIDKeHHS e()eKTUBHOCTI 3aCTOCYBaHHS IHUXAIBHOTO KIAIaHy AT 3MEHIICHHS BHKUJIB IapiB TEXHIUYHUX TOPIOYHX PIUH 3 pe3epByapiB Uit ix
30epiraHHs 3a MEXaHi3MOM Majoro AMXaHHS Ta OOIPYHTYBaHHs HAJAIITYBAaHHS 3aTSOKKM #oro npyxuHH. CHopMyIiboBaHO CITHCOK PEKOMEHMAIii
OO MiABUIIEHHS PIiBHS €KOJIOTYHOI Oe3MeKH Mpolecy eKCILTyaTalii 6araropa3oBol Tapy A 30epiraHHs piIuH, Hapu SKUX € TOKCHIHUM, ITOXKEKO-
1t BHOYXOHEOE3eYHIM, TAPHUKOBUM 1 €HEPTOBMICHUM HOIIOTAHTOM.

Kurodosi ciioBa: exonoriuna Ge3neka, TEXHOJIOTIT 3aXHUCTy HABKOJIMIIHBOTO CEPEAOBHINA, BUKHAH ITOTIOTAHTIB, Tapa TEXHIYHUX TOPIOYNX PifHH,
BeJIHKE JUXaHHS pPe3epByapy, Maje JUXaHHS pe3epByapy, JUXaIbHUH KIIamaH.
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