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ABSTRACT 

Water vapour can be used as a good essentially-inert agent for diluting mixtures of flammable gases 
since its inerting efficiency exceeds those of nitrogen and argon. Its disadvantages include the 
existence of the saturation concentration which may be insufficient for inerting (for gas temperatures 
helow SOOC), and the inerting efficiency which is inferior to that of carbon dioxide. In this paper, we 
quantify the effect of water vapour on inerting natural gas-air mixtures in terms of flammability limits 
and laminar burning velocities. It is shown that, the adiabatic flame temperature at extinction of 
premixed natural gas-air-water vapour flames can be used to calculate the flammability limits at 
elevated temperatures of unburned gases, example equilibrium computations are performed at 100, 
200 and 300°C. A C& chemical-kinetic mechanism is then verified against experimental data of the 
laminar burning velocities of dry natural gas-air flames and subsequently applied to predict the effect 
of humidity on flame propagation. We observe that water vapour displays a negligible chemical 
suppression and the physical suppression is mainly due to the effect of thermal capacity. The present 
results indicate that, for the effective inerting, the concentration of water vapour in the mixture of 
flammable gases needs to reach 36 and 44% for 100 and 300°C respectively. Furthermore, we discuss 
the relationship between the laminar burning velocities at extinction and the adiabatic temperature in 
the flammability limit to conclude that for these conditions to be equivalent the laminar burning 
velocity at extinction should be taken as approximately 1 Scds .  

INTRODUCTION 

With the compulsory phase-out of halons, and in some countries their mandatory destruction and ban 
on their use, the development of new fire suppressants has focused again on inert agents including 
gases (eg C02, or gas mixtures such as inergen and argonite; Dlugogorski et al, 1996), liquids (eg 
water mist; Mawhinney et al, 1994) and foams (eg compressed-air foams; Kim & Dlugogorski, 1997). 
So far, water vapour has not been seriously considered as a halon replacement although this gas is an 
efficient inerting agent, as is shown in the present paper. 

Perhaps this lack of interest in water vapour can be explained by the fact that water vapour condenses 
under normal conditions and the agent must be delivered at elevated temperatures. However, in 
various industrial installations where steam is available because of the process requirements, fire- 
suppression and explosion-inerting systems may take an advantage of this opportunity. Stand-alone 
systems containing electrically-warmed superheated water which, upon activation, discharge fine- 
water mist mixed with water vapour can also be built with the existing technology. From this 
perspective, the objective of the present work is to evaluate the flammability properties of explosive 
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gas mixtures inerted by water vapour. This evaluation is conducted by calculating the flammability 
limits and laminar burning velocities of natural gas-air-water vapour mixtures at elevated 
temperatures. 

The structure of the paper provides a framework for carrying out the evaluation. The next chapter 
describes the origin of the experimental data used to: (a) calculate the adiabatic flame temperature at 
extinction which then serves as a basis for obtaining the flammability diagram; and (b) validate the 
kinetic model for computations of the laminar burning velocities. This is followed by description of 
the computational methodology and by a separate chapter on results and discussion, which in turn is 
subdivided into four sections: (i) the results from flammability-limit calculations; (ii) the data from 
computation of the laminar burning velocities; (iii) the relationship between the laminar flame 
temperature and the laminar burning velocities at extinction; and (iv) the importance of physical and 
chemical factors affecting the extinguishment. The major findings of the present work are 
surnrnarised in the conclusions. 

EXPERIMENTAL DETAILS 

The experimental data included in this paper have come from two sources. The limits of flammability 
of methane-air-inert mixture were taken from Coward & Jones (1952) and are reploted in Fig 1. 
Coward & Jones used the classical Bureau of Mines flammability apparatus in which the existence of 
upward propagating flames is observed in the open-ended glass tube 90cm in length and Scm in 
diameter. The data for nitrogen and carbon dioxide were collected for premixed cold gases at 20°C. 
For determining the flammabilitv limits with water vaoour. the tube was heated to the temperature 

= a  5 10 15 20 25 30 35 40 

Concentration of inem in gas mixture (Xi"), % 

Figure 1. Limits of flammability of methane inerted with carbon dioxide, nitrogen and water vapour 
at atmospheric pressure; redrawn from Coward & Jones ( I  952). 

The experimental data characterising the laminar-burning velocities of high ethane-content natural gas 
in desiccated mixtures with air at elevated temperatures were taken from Dlugogorski et al(l997). TO 

obtain these data which are illustrated in Fig 2, we employed a conical Mache-Hebra nozzle burner 
and the total flame surface area determined from the schlieren photography. In volume percent, after 
removing minor species, the natural gas contained N2 (1.23%), C& (87.79%), COZ ( I  .88%) and CzH6 
(9.04%). Because of its large ethane content, the present natural gas displayed slightly different 

s 
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flammability properties than pure methane. These include reduced lower and upper flammability 
limits in air, increased concentration of inerts required in the limit o f  flammability, and slightly faster 
laminar burning velocities. Because of these considerations and the relevance of natural gas in 
process and petroleum industries we selected natural gas rather than methane as a fuel for this study. 
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Figure 2. The comparison of experimental and modelling results for the combustion o f  desiccated 
natural gas in air. All open symbols signify the experimental data and the solid lines indicate the 
computational results using the present mechanism with no thermal and multicomponent diffusions. 
The tilled triangles demonstrate the numerical data for which the multicomponent and Soret 
diffusions were included in the calculations. All calculations and experiments were performed at 
atmospheric pressure, and the temperature of the cold premixed inlet gases is indicated in the figure. 

COMPUTATIONAL DETAILS 

The equilibrium calculations were performed at constant pressure and enthalpy to obtain the adiabatic 
flame temperatures using the Chemkin interface (Chemkin kinetic libraries Ver 4.5; Kee et a1 1989) to 
Stanjan I11 program (Ver 3.8C; Reynolds, 1988), in conjunction with the thermodynamic data base 
provided with the Gas Research Institute (GIU) 2.1 I kinetic mechanism for natural-gas combustion 
(Bowman et al, 1997). The species included in the equilibrium calculations corresponded to those 
incorporated in the GRI 2.1 1 mechanism. 

The laminar burning velocities were computed with Sandia’s one-dimensional steady premixed 
laminar flame code (Premix Ver 2.554 Kee et al, 1985) which operates on the layer of chemical- 
kinetic and multicomponent-transport (ver 3.8; Kee et al, 1986) libraries. The code solves the 
conservation equations for mass, species and energy at constant pressure with no heat losses. Since, 
for the reacting system considered in the present paper, the calculated value of the laminar burning 
velocity is very sensitive to the number of grid points used in the calculations (Dlugogorski et al, 
1997), all data points reported here were obtained from computations employing more than 1000 
nodes. This was done initially by converging the program on a small domain and then by decreasing 
the GRAD and CURL parameters to 0.01. Because of the memory considerations we kept tbe 
maximum number of grid points allowed (NMAX) to 1250. Due to this finite (however large) size of 
the computational domain, a maximum 0.7% overestimation in the reported values of the laminar 
burning velocities (&) is expected. 
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The detailed C I C 2  mechanism for combustion of natural gas in air, as used in this paper, is included 
in the Appendix. The mechanism comprises 108 reactions and 26 species and is derived from the 
work of Bomll i  and his collaborators (Ho et al, 1992a&b; Ho & Bouelli, 1992). The predictions 
from the mechanism are validated in Fig 2, where we compare the experimental results from the 
combustion of the desiccated natural gas with the modelling data, by varying the fuel equivalence 
ratio and the temperature of the cold gases entering the combustion zone. It is clear that, the model 
reproduces accurately the decreasing laminar burning velocities away from the fuel equivalence ratio 
of 1.1, but tends to underpredict the maximum S. at the higher temperatures. The attempt to apply the 
GRI 2.11 mechanism (Bowman et al, 1997) led to even greater underprediction of the experimental 
data, as it is illustrated in Fig 2 for the case of 200°C. 

In most of the calculations, the multicomponent and thermal diffusions were not turned on, by 
omitting the keywords TDIF and MULn from the Premix input file. As illustrated in Fig 2, there is a 
marginal improvement in precision when multicomponent and Soret diffusions are accounted in the 
calculations (compare the solid line with the downward pointing triangles for 200°C) which does not 
justify the significant increase in the CPU cost for additional computations. Consequently, with the 
exception of part of Fig 2, all calculations reported here were carried out using the mixture-average 
transport coefficients in conjunction with the corrected diffusion velocity. 

RESULTS and DISCUSSION 

Flammability limits 

It is generally accepted that combustion cannot be sustained when the adiabatic flame temperature 
drops below 1500K (Drysdale, 1985). From this perspective the concept of adiabatic flame 
temperature for the limit flames (Tad/,m) serves as a convenient means to diagnose whether combustion 
takes place. Fundamentally, the situation is much more complex and the flame extinction arises due 
to the interplay among heat transfer, mass transfer, hydrodynamics and chemical kinetics. For 
simplicity, we have adopted T , ,  for further considerations and have calculated the numerical values 
of T,,,, along the flammability curves shown in Fig 1. 

The results, presented in Fig 3, demonstrate that the calculated lower flammability limit occurs for the 
fuel equivalence ratio @of 0.53 and Tdam of 1533K. Subsequently, Tad/,- increases with @to reach a 
local maximum at around stoichiometric 0, for all three inerting agents considered in Fig 1. In the 
limit of fuel rich flames, the extinction takes place at T,, of 1864K for G=1.55. This trend has been 
approximated by a least-squares low-degree polynomial, as illustrated in Fig 3: 

T,,,, = 1450.3 +5'2.70+ 106.202. 1 

We then applied this polynomial fit to predict the flammability limits for inerting the preheated 
mixture of natural gas and air with water vapour, this is shown in Fig 4. Knowledge of flammability 
limits at high temperature is important for industrial risk assessment where flammable mixtures exist 
at elevated temperatures. In addition, a discharging water vapour-based fire or explosion suppression 
system would need to raise the temperature of the flammable-gas mixture diluted with water vapour to 
at least 80°C to avoid condensation below the inerting concentration. 

Finally, we would like to comment on the expected cupburner extinction concentration for water 
vapour. It has been noted that the concentration of a suppressant needed for extinction of diffusion 
flames (such as those of cup burner) corresponds to the extinction concentration present for the limit 
premixed stoichiometric flames (Beyler, 1995). From this fact and from Fig 4, we estimate the cup- 
burner concentration to be around 38% for the mixture of air and water vapour delivered to the cup 
burner apparatus at 100°C. 
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Figure 3. The relationship between the fuel equivalence ratio and the adiabatic flame temperature for 
the mitigated limit methane flames; the calculations are performed at atmospheric pressure (101.3 
Wa), and 20°C for carbon dioxide and nitrogen, see the text describing Fig 1 for the explanation of 
water-vapour temperature. 
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Figure 4. 
temperatures and the atmospheric pressure. 

Calculated flammability diagram for 9.04% ethane-content natural gas at elevated 

Laminar burning velocities 

Figures 5-7 summarise the computational results which illustrate the effect of addition of water 
vapour on mitigating the propagation of laminar natural gas-air flames. For example, Fig 5 illustrates 
that the maximum burning velocity does not shift from e I . 1 ,  except forXHIo=30%, upon addition of 
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water vapour. Because of the lack of experimental data, we cannot conclude whether the flattening of 
S. curve for X H ~ 2 0 %  above e l . 4  is a reflection of physical behaviour or merely a computational 
artefact. 

T=2OO"C 
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Fuel equivalence ratio (m), - 
Figure 5. The reduction of the laminar buming velocity upon dilution of the premixed gases with 
water vapour at atmospheric pressure and 2OOOC. 

Fuel equivalence ratio (0) = 1.1 

0 T=3OOaC 

0 T=200DC 

v T=15OoC 

A T=lOODC 

0 T=50'C 
0 T=20°C 

0 5 10 15 20 25 30 35 40 45 50 

Content of water vapour in premixed gases (XHz0), % 

Figure 6. The laminar burning velocity of natural gas-air flames inerted with water vapour as 
function of temperature and water content, as calculated from the model. 

Figure 6 demonstrates that water vapour seems to decrease the laminar burning velocity more 
significantly, with respect to the added amount of humidity, for gas mixtures at higher initial 
temperatures. In Fig 6, we introduced the flame propagation limit (to be explained in the next section) 
to demonstrate the approximate location of the limit of flammability of mitigated natural gas-air 
mixtures at elevated temperatures at the fuel equivalence ratio of 1 . 1 .  For example, at 100°C this limit 



is around 32.5% of water vapour in the gas mixture. Figure 7 complements the information presented 
in Fig 6 and stresses that the addition of humidity moderates the upward trend of the laminar 
temperature with the increasing temperature of the premixed gases. 
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Figure 7. The effect of temperature on the propagation of laminar flames at different loadings of 
water vapour; computational results. 

Adiabatic temperature and laminar burning velocity for the limit flames 

The flammability limits presented at the beginning of this chapter depend on a number of fundamental 
physical and chemical processes occurring in flames, and also on the geometry of the experimental 
set-up. This is evident when one compares the flammability limits obtained from the Bureau of Mines 
apparatus (eg Zabetakis, 1965) with the more recent data from the tubular burner (Saito et ai, 1995). 
In general, experimental systems that minimise flame stretch and reduce heat transfer rates away from 
the flame zone provide wider flammability limits. However, the theoretical boundaries on how wide 
these flammability limits can be do exist. These boundaries come from the calculation of the laminas 
burning velocities of adiabatic, planar, one-dimensional premixed flames. As S. drops to zero, flames 
can no longer propagate and the theoretical limit is reached. 

Unfortunately, the calculations of S. close to the zero limit are not straightforward because of the 
difficulties in obtaining the convergence for a large number of grid point (more than 1000) which is 
needed for ensuring the computational precision. For example in Fig 6, we showed the calculated 
laminar burning velocities as low as S c d s  for the mitigated natural-gas flames at 100 and 200°C (the 
limit at Ocds  can be obtained by extrapolation), but we were not able to attain the convergence at 
300°C for the water-vapour loading of more than 40%. Note that, the flammability diagram 
calculated in the zero limit of S, depends on chemical-kinetic model used and provides too 
conservative estimates for practical applications. 

To avoid these difficulties, we argue that for the flammability-limit calculations (via the computation 
of the laminar burning velocities) one should select a value of S, which is consistent with the adiabatic 
flame temperature of the limit flames. This concept is illustrated in Fig 8. From Eq 1, we calculate 
T d , / , ,  for e l . 1  as 1681K. This leads to S * , I , ~  of 15cmis for the cold gases at 100°C and slightly 
higher velocities at more elevated temperatures. From this consideration, we recommend that 
(conservatively) Sa,lAm of 15cmis be used for calculating the extinction point corresponding to the 
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maximum burning velocity ( e l . 1 ) .  Note that for the chemically active suppressants, Td,,,,, will be 
higher due to the heat released in the recombination of H radicals, and so Sz,#m of 1 5 c d s  would again 
provide a conservative estimate. 
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Figure 8. Equivalence of the adiabatic flame temperatures and the laminar burning velocities at the 
point of extinction. 

Physical and chemical suppression 

Babushok et al(l997) suggested a computational technique for evaluating the magnitude of various 
contributions toward the overall flame suppression of gaseous agents. In the first step, the chemical 
and physical suppression is separated by calculating the laminar burning velocities of fuel-air- 
suppressant mixtures with and without allowing the suppressant to participate in chemical reactions. 
In the second step, the contribution from physical suppression is redistributed between the effects of 
dilution and thermal capacity, by setting the suppressant's heat capacity to zero. 

To cany out the calculations, we intrcduced an artificial water species which was not permitted to 
dissociate and to react chemically with other moieties present in the flames. In the second step, we 
kept the constants c,-cs for this species equal to zero in the thermodynamic data base (Kee et al, 
1987). Figure 9 illustrates the results of these calculations. It is immediately obvious that water 
vapour displays negligible catalytic effect during flame mitigation and the suppression is mainly due 
to the effect of thermal capacity. The importance of the effect of thermal capacity increases with the 
addition of water vapour. 

CONCLUSIONS 

The present paper evaluated the effectiveness of water vapour as a gaseous agent for inerting 
flammable-gas mixtures. The results are also relevant to the design and operation of water vapour 
based fire-suppression systems. From the calculations and discussion presented in the paper, we draw 
the following conclusions: 

Water vapour in mixtures with flammable gases and vapours shows good tire and explosion 
mitigation properties. For example from the calculations, we estimate the cup burner value of 
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water vapour for 38%, and demonstrate that the laminar burning velocity of natural gas-air flames 
decreases rapidly with the addition of water vapour. 

There is a small but noticeable effect of temperature of cold premixed gases on the water-vapour 
inerting concentration; that is for 100 and 3OO0C, this concentration is 36 and 44%, respectively. 

The laminar burning velocity at flame extinction and the corresponding adiabatic temperature for 
limit flames can be taken as a starting point for practical calculations of flammability limits. It is 
proposed that &I,,,, of 1 5 c d s  and Tdlrn of 1681K are used to calculate the extinction of 
hydrocarbon flames with inerting agents at e l .  1. 

At the fuel equivalence ratio of 1.1, water vapour shows a marginal effect of chemical suppression 
and the physical suppression is mostly due to thermal capacity. For all practical purposes, water 
vapour can be considered as an inert agent. 
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Figure 9. The importance of chemical and physical flame inhibition mechanisms displayed by water 
vapour. 
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APPENDIX 

Detailed C& mechanism for combustion of natural gas as used in the present study to model the 
propagation of one-dimensional steady premixed laminar flames; k = A  e.'"? Some of the digits in 
the activation energies are not significant and are numerical artifacts due to the conversion from 
callmole to Jlmole. 

NO Reaction 

I C2H6=C2H5+H 
2 C2H6+CH3=CZHS+CH4 
3 C2HMH3KH3 
4 C2H6+H=CZH5+H2 
5 CZH6+0=C2HS+OH 
6 C2H6+OH=CZHS+H20 
7 CZH5=CZH4+H 
8 C2HS+CH3=CH4+CZH4 
9 C2H5+H=CH3+CH3 

10 CZHS+O=CHZO+CH3 
1 I C2H5+02%2H4+H02 
12 CZH5+H02=CZH4+H202 
13 CZH5+CH3O=C2H6+CH20 
14 CZHS+CH20=CHO+C2H6 
15 C2H4=C2H3+H 
16 C2H4=CZHZ+H2 
17 C2H4+0H%ZH3+HZO 
18 CZH4+CH3=CH4+CZH3 
19 CZH4+02=CZH3+HO2 
20 CZH4+H=CZH3+HZ 
21 C2H3=C2H2+H 
22 CZH3+02=CZW+H02 
23 CZH3+02=CHO+CH20 
24 CZH2+02=CZH+H02 
25 C2HZ+O=CO+CH2 
26 CZHZ+O=HCCO+H 
27 CZH2+OH%ZH+H20 
28 CZW+OH=CHZCO+H 
29 CZH+OZ=CWCHO 
30 C2H+H2=CZH2+H 
3 1 CZH+CH4=CZW+CH3 
32 CZH+OH=CHZ+CO 
33 CZH+OH=CZHZ+O 
34 HCCO+H=CH2s+CO 
35 CHZCO+O=CH2+C02 
36 CHZCO+H=HCCO+HZ 
37 CHZCO+O=HCCO+OH 
38 CHZCO+OH=HCCO+WO 
39 CHZCO+M=CHZ+CO+M 
40 CH2CO+OH=CHO+CH20 
41 CWCO+H=CH3CO 
42 CHZs+M=CHZ+M 
43 CHZs+02=CO+HZO 
44 CHZs+CH4=C2H5+H 
45 CH2s+CH4%H3+CH3 
46 CHZs+CH4=CZH6 
47 CH2s+H2=CH4 
48 CHZs+H2=CH3+H 
49 CH4=CH3+H 
50 CH4+HH=CH3+H2 

A.  mole cm 
sec K 

6.22E+41 
2.70E-01 
5.34E+54 
6.6 1 E+I 3 
2.51E+13 
8.85EM9 
1.83E+39 
5.50E+II 
1.35E+22 
I.OOE+13 

2.4 1 E+ 13 
5.50Es03 
8.53E+30 
8.52E+43 
1.58EM4 
4.20E+l1 
4.22E+l 3 
6.92E+ I4 
6.24E+29 
1.2 1E+1 1 
3.97E+12 
1.2 IE+I 3 
4.10EN8 
I .02E+07 
1.45EN4 
3.20E+ll 
2.4 1E+12 

1.81E+13 
1.81E+13 
3.00E+13 
1.74E+12 
5.00E+13 
1.00E+l3 
7.50E+12 
3.00E+l5 
2.80E+13 
1.50EM4 
1.00E+13 
2.41E+I I 
9.43E+12 
3.45E+22 
5.78€+46 
3.82E+25 
I .27E+l4 
I .03 E+3 3 
1.55E+14 

b 

-9.8 
4.0 

-11.1 
0.0 
0.0 
1 .o 

-7.8 
0.0 

-2.2 
0.0 
0.0 
0.0 
0.0 
2.8 

-5.9 
-8.3 
2.8 
0.0 
0.0 
0.0 

-5.3 
0.0 
0.0 
0.0 
1.5 
2.0 
2.7 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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E, Jimole 
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2815.0 
0.0 
0.0 
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5 1 CH4+02=CH3+H02 
52 CH4X)%H3+OH 
53 CH4+OH=CH3+H20 
54 CH4+H02%H3+H202 
55 CH3+02%WDtOH 
56 CH3+02%H30+0 
57 CH3+0%H2O+H 
58 CH3+0H=CH30+H 
59 CH3+H02=CH30+OH 
60 CH3+CH2O=CH4+CHO 
61 CWDt02%H20+H02 
62 CH30+M%H2@H+M 
63 CH30+CO=C02+CH3 
64 CH30+H02=CHZ@H202 
65 CH30+CH3=CH4+CHZO 
66 CH30+O=OH+CH20 
67 CH30+0H=HZO+CH20 
68 CH3O+H%H20+H2 
69 CH30+CHZ=CH3+CHZO 
70 CHZO+H=CH0+H2 
71 CH20+0=CHO+OH 
72 CHZO+OH=CHO+HZO 
73 CHZO+H02%H@HZ02 
74 CHZO+M%HO+H+M 
75 CHZDK)2=CHDcH02 
76 CW+CH4%H3+CH3 
77 CHZ+W=CH3+H 
78 CH2+H20%H3+OH 
79 cH2+Oz=cH20+0 
80 CHO+M=H+CO+M 
81 CHO+H=CO+HZ 
82 CHDt02=CO+H02 
83 CH0+0=CO+OH 
84 CHOtO=H+COZ 
85 CHDtOH=CO+H20 
86 CO+OH=COZ+H 
87 CO+HOZ=COZ+OH 
88 c0+02=c02+O 
89 CO+&M=COZ+M 
90 H+O2=O+OH 
91 H+OZ+M=HOZ+M 
92 H+HZO=HZ+OH 
93 H+OH+M=H2O+M 
94 H+O+M=OH+M 
95 H+H02=OH+OH 
96 H+H02=HZ+02 
97 H+H202=H2+H02 
98 H+HZ02=OH+HZO 
99 H2+M=H+H+M 

100 H2+O=H+OH 
101 O+HZO=OH+OH 
102 O+HZOZ=HO2+OH 
103 O+H02=OH+O2 
104 OH+H02=HZ0+02 
105 OH+HZ02=HOZ+H20 
106 02+M=O+O+M 
I07 02+H202=H02+H02 
108 HZOZ+M=OH+OH+M 
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0.0 
0.0 
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0.0 
0.0 
1.5 
0.0 
0.0 
0.0 

-0.9 
-0.8 
1.6 

-2.6 
0.0 
0.0 
0.0 
0.0 
0.0 

-1.4 
2.8 
1.1 
2.0 
0.0 
0.0 
0.0 
0.0 
0.0 

4 .9  

238,111.0 
35,982.0 
8,828.0 

75,312.0 
42,468.0 

129,076.0 
0.0 

57,492.0 
0.0 

25,481.0 
10,878.0 

105,018.0 
49.37 1 .O 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

16,694.0 
14,686.0 
4,9 7 9.0 

33,472.0 
3 18,821.0 
162,946.0 

0.0 
0.0 
0.0 

l5,48 1.0 
70,249.0 

0.0 
7071.0 

0.0 
0.0 
0.0 

-3100.0 
95,956.0 

199,995.0 
12,552.0 
72,760.0 

0.0 
77,655.0 

0.0 
16.318.0 
~ ~ ,~ 
3,640.0 
8,912.0 

33263.0 
16,610.0 

436,768.0 
24,769.0 
72.132.0 
16:610.0 

0.0 
0.0 

1339.0 
449,998.0 
166,272.0 
222,798.0 
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