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Abstract— The purpose of our survey is to introduce the 
efficiency of the applied sucker system and to make the 
results given by statistic methods exploitable for the 
practical life. We made equations based on the changing of 
the landfill gas’ quality parameters in the function of 
applied depression. These reveal their affects on the landfill 
gas’ methan content.  
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1. INTRODUCTION 
The A.S.A. Hódmezővásárhelyi Köztisztasági Kft.’s 

communal solid waste scrap yard operates at the 
periphery of Hódmezővásárhely. The landfill yard lies 
south from the city, west from the No. 4414 road and 5-6 
km from the central. Beside this town , the garbage 
transported from six more settlement  in utility for 
200.000 people. They do their activities by the 2000 
year’s XLIII. law about the waste management and by the 
utility contracts made with the settlements. The landfill 
yard and it’s server installation are builded on a 24 ha 
large field The construction based on the datas of the 
impact study made in 1994. The supreme height of the 
waste is going to be 30 meters, it’s capacity is 3,9 million 
m3 solid waste and it assure the neutralization of the local 
waste. The land fill yard’s technical protection was built 
by austrian norms with waste water collector drain, the 
cultivation is executed with hill building method. The 
transportable wastes based on the ATIKÖFE’s permit are 
the following: garbage, undangerous industrial waste, 
waste water silt, building debris, soil.  

 

2. PRODUCTION TECHNOLOGY OF THE LANDFILL 
GAS ON A LANDFILL YARD  

The parts of the landfill gas retrieval system are the 
following: gaswells, gas collector cables, gas control, 
intensifier, torch, gas-engine container, weather station 
(Figure 1.). The agglomeration of the landfill gas is 
achieved by application of gaswells. In the primaeval 
period bottom vent gas wells were installed, but errors 
made by the deformation and depression are obstructed 
the efficiency of the gas exploitation. After that they 
changed them to overhead eduction gas wells. These are 
built after the fill of the waste pile or after a certain height 
and a good quality landfill gas yield can be achieved.  

 
Fig. 1. Technology system of the landfill gas production  

1. gaswell, 2. control site, 3. waste water collector, 4.  intensifier 5. high 
temperature torch, 6. utilisation of gas ( heating, electrical current 

production , fuel) 

At the moment there are 15 gas wells connected into 
the production, the others (45) are going to set by 
continuous charging. There is an opportunity to control 
each gas pipe at the gas control station. There is also an 
opportunity to separate the gas to two different quality, as 
exploitable and torchable. In that mean so, two main 
parallel collector leave the station. Every pipe is mounted 
with a butterfly valve and a spit with flame lock before it 
is connected to the main collector pipe. The pressure, 
temperature and the flow rate can be measured through 
the spit. The main collector pipes are made with tilt 
towards the waste water scaling tanks.  

The waste water is gathered in pool insulated with PE-
HD concrete protective sheet.  The depth of the pit and 
the length of the splitter will be constructed in the 
function of suction, the main collector cannot get water 
and the water level must be verifiable. The vacuum pump 
is placed in the container, it’s parameters were 
determined by waste pile gas forecast. The first vacuum 
pump on the landfill yard has 0-500 m3/h transport 
capacity. A high temperature gas torch is need to burn the 
waste pile gas. It’s operation is pass during the 
maintenance and verification of the gas engine unit. The 
control panel and the filter can be found in the vacuum 
pump container, the sampling pass through measurement 
pipe. The specifications and rules of the safety 
technology are indispensable because the methan-air 
mixture can be explosive if the methan occour in 5-15 
v.% and the air 11,6 v.%. Therefore the verification of the 
gas concentration is indispensable, so the system turns off 
the compressor with 25 v.% CH4 and 6 v.% O2 for the 
safety operation. This concentration can be produced only 
in the first period of the suction because the waste layer is 
relatively thin. The suction cannot be started until the first 
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raising because the gas well is not enough functionable. If 
the height of the waste reaches 4 meters, the suction of 
the waste pile gas can be started. The quantity and the 
quality of the waste pile gas produced on 
Hódmezővásárhely’s landfill yard allow the energetic 
utilization. It is used for heating of the depot’s social 
building and as fuel in gas engines. 

3. DESIGNING OF THE SURVEY 
Our main purpose during the desinging of the survey 

was the set up of my hypothesis. According to our 
hypothesis the local enviromental impact, the operational 
parameters and the organic material content of the stored 
waste can change the quantitative and qualitative 
patameters of the waste pile gas. Among the weather 
parameters, the average temperature interval [C°], the 
amount of rainfall [mm/day], the wind velocity interval 
[m/s], atmospheric pressure [hpa] and the relative 
moisture content [%] can change the quantitative and 
qualitative patameters of the waste pile gas. The gas 
retrieval system’s operational parameters, the drain 
effect’s rate [mbar] the local waste’s organic material 
content [%] can take effect on the quantitative and 
qualitative patameters of the waste pile gas. 

3.1 POSTS OF MEASUREMENT SYSTEMS ON THE LANDFILL 
A computeries system was available for the 

measuerement of the qualitative patameters of the waste 
pile gas and a container where the parts of the system 
were installed during my survey (Figure 2.). The waste 
pile gas drain pipes are merged in the waste pile collector 
pit, then these connected to the gas engine power plant 
through a measurement system, where energetic  
utilization is done. In our consideration we measured the 
following parameters: inlet side vacuum [mbar], working 
pressure [mbar], CH4, O2 [%], outside temperature [C°], 
temperature of the waste pile gas [C°], instantaneous gas 
production [m3/h], full amount of gas [m3/day], gas threat 
feedback [%], compressor [wh].  

 
Fig. 2. Posts of measurement systems on the landfill  

1. gas well , 2.valve,3  measure point I. , 4. measure point II.,5. vacuum 
pump, 6. cogenerational power station, 7. refuse dump 

During the construction I configured three 
measurement point: the 1. measurement point is the two 
studs at the gas wells, one is for the measuring of applied 
depression [mbar], the other is for measuring of the waste 
pile gas’ qualitative parameters (methane [%], carbon 
dioxide [%], oxygen [%]) and the degree of the valves. 
The 2. measurement point is at the vacuum pump. We 
connected only one measurement device to the inlet and 
the outlet studs to measure the pressure difference. We 
can count the flow rate without the pipe friction factor 

and the amount of the exploitable gas with the current 
diameter by the pressure difference. The 3. measurement 
point is the landfill yard’s weather station where we 
measured the following weather parameters: tk: outside 
tempereture [C°], φ: relative moisture content of the air 
[%], vsz: speed of the wind [m/s], h: amount of wet 
[mm/day]  

 

3.2 THE PROCESSION OF DATA PROCESSING, THE APPLIED 
STATISTIC METHODS AND MEASURING INSTRUMENTS 

To diagnose the degradation procession running in the 
landfill, and to optimize the exploitation and the energetic 
utilization we used GA2000 type NDIR (Non Dispersive 
Infra Red). It is a gas analyzer equipment which works in 
mediocre infra red range.  

We applied SPSS for Windows 11.0 program for the 
analyzis. I have processed the datas by the method of 
variance analizys. For the determination of homogenity 
we used Levene test and Tamhane test (in case of 
heterogenity) and LSd teszt (in case of homogenity) to 
compare the group pairs. We used linear regression 
analizys for the determiantion of the correspondence. In 
our survey we determined the number of required datas 
with a method by [Sváb; 1981]. To the determination of 
the number of the required datas we have to know the 
data’s deviation (s) and we have to assign a permissible 
estimation error (h) and the P% significance level. If we 
know the deviaton and the estimation error in the basic 
data’s measurement unit, the required number of datas 
can be determined: 

2

22
%

h
stn P ⋅

=  [Sváb; 1981] 

Whereabouts: number of items (ni.), tp%: critical values of the test, s: 
deviation, h: estimation error 

 
If the deviation is known as percentage (incoefficient 

of variation’s form) and the permissible estimation error 
too, the result can be determined with the following 
correspondence:  

2

22
%

%
%

h
st

n P ⋅
=  [Sváb; 1981] 

Whereabouts: number of items (ni.),tp%: critical values of the test, s%: 
percentage of deviation (coefficient of variation), h: percentage of 

estimation error  
 

We have made the counting with P=3% and P=5% 
probability level. Based on our results in the case of 
h=3% estimation error the required number of samples is 
n=365 pieces, in the case of h=5% estimation error the 
required number of samples is n=131 pieces to undertake 
the statistic processing. According to these we estimated, 
that the amount recorded datas (n=517 pieces) are enough 
to make the sufficient examination and analyzis’. Despite 
to that we used the Levene test to determine the required 
method (Tamhane or LSD) to compare the group pairs, 
we felt it neccesery to reckon the CV% (coefficient of 
variation). We would like to introduce the scale of 
deviationwith the analyzis of the coefficient of variation. 
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The result can be determined with the following 
correspondence: 

100% ⋅==
X
sCVs  [Sváb; 1981] 

Whereabouts: CV: coefficient of variation [%], s: deviation, x: average 
of item line 

3.3 QUALITATIVE PARAMETER VARIATION OF THE 
EXHAUST RATE AND THE LANDFILL GAS 

Compared to the atmospheric pressure and at the 
investigational time, we behoved my investigations 
taking into the landfill’s characteristic local atmospheric 
pressure ratio. At gas wells, helps of gate valves can 
control the landfill gas’s deflector. Changing of opening 
angle of the gate valves, the body is made of waste 
depression rate decreases or increases, in this context, the 
landfill gas qualitative and quantitative parameters also 
changing. Those landfills where landfill gas recovery and 
utilization system works, the most important operating 
parameters are the extent of the applied extraction. 
During the operation, we should be pursued to the total 
production of gas wells which are found on landfills 
always ensures necessary for the functioning of 45-50 % 
methane in gas engines. The pressure groups and the 
corresponding methane gas well systematized content 
values. During the processing statistics we investigated in 
case of all gas well to connections can be discovered 
between the level of the applied extraction and landfill 
methane. We processed the data with helps of Analysis of 
variance SPSS for Windows 11.0.and linear regression 
tests were performed for each gas wells. 

3.3.1 CHANGING OF QUALITATIVE PARAMETERS OF 
LANDFILL GAS OF THE FUNCTION OF THE APPLIED 

DEPRESSION 
At first part of our investigation, we were looking for 

causations between applied depression and the recovered 
landfill gas methane. My results are shown in table sixth. 
We behoved our investigations compared to the 
atmospheric pressure with GA2000 landfill gas analyser 
taking account of the environmental pressure. The 
minimum and maximum data ranged from 1 to 68 per 
cent methane. We experienced 52.44 per cent methane at 
the forth group. We measured the worst value for 43.34 
per cent of methane at the second group, after 45 items 
measuring the first group average methane showed 45.47 
per cent (table.1). The results show the 4-5-6 groups 
because the applied depression the average methane value 
is between 51.15-54.11 per cent. In this case the extent of 
applied depression is between -0.9 and -1.9 mbar.  

TABLE I.   
THE RESULTS OF THE EXTRACTION RATE AND METHANE 

Pressure 
group 

Extraction 
[mbar] 

n 
[pc] 

CH4  
average  

[%] 

CV%  
[%] 

Disp.  
[%] 

min  
[%] 

max 
[% 

1. ≤(-3) 45 45,47 32,82 14,92 6 66 
2. (-2,9)-(2) 58 43,34 33,94 19,04 6 65 
3. (-1,9)-(-1) 95 46,15 31,73 14,64 13 68 
4.  (-0,9)-0 180 52,44 21,58 11,31 25 66 
5. 0,1-1 72 54,11 15,97 8,644 31 68 
6.  1,1-1,9 41 51,15 34,47 17,63 5 66 
7.  ≥2 18 50,87 39,76 20,22 1 67 
 All 517 49,67 28,82 14,31 1 68 

So, those gas wells where the extraction rate is higher 
than -0,9 mbar depression,  there the methane  reduce is 
reduced,  therefore the operator must keep under control  
the extraction system continuously (1. diagram). The 
value of the standard deviation of the entire range of test 
was s=14,319%, the value of the variation coefficients 
was CV%=28,82% show variable value.  The fourth 
group which is the highest number of elements, the 
CV%=21,58% showed a medium changeable value at the 
measuring range of ((-0,9)-0mbar)  and next to 52,44% 
methane.  the fifth group in the range of 0.1-1 mbar the 
CV% was 15,97% because the value of the standard 
deviation s= 8,64% and the changing of the maximum 
and the minimum values show 31-68% methane value. 

 
Diagram 1. Results of the connection between aspiration groups and 

methane content 

3.3.2 THE RESULTS OF THE INVESTIGATIONS OF THE GAS 
WELLS 

For the rest of our investigations we were looked for 
connections the values how influence the methane of the 
each gas wells. Therefore we bound the values of methane 
and the corresponding extraction values at all of 11 gas 
wells and we made 1-7 groups, which results we can see 
at table 2.  

TABLE II.   

THE AVERAGE VALUES OF METHANE GAS WELLS DEPENDING ON THE 
EXTRACTION 

Pressure 
group 

1. 
gas 

 well  
CH4 
[%] 

2. 
gas  
well 
CH4 
[%] 

3. 
gas  
well 
CH4 
 [%] 

4. 
gas  
well 
CH4  
[%] 

5. 
gas 
well 
CH4  
[%] 

6. 
gas  
well 
CH4  
[%] 

7. 
gas 

 well 
CH4 
 [%] 

8. 
gas  
well 
CH4 
 [%] 

9. 
gas 

 well 
CH4 
 [%] 

10. 
gas  
well 
CH4 
 [%] 

11. 
gas 

 well 
CH4 
 [%] 

1. 36,21 49,33 48,80 43,50 43,63 49,60 43,85 54,50 41,12 19,80 38,97 
2. 39,07 30,82 36,50 34,50 55,60 60,69 47,60 56,80 40,78 42,75 30,50 
3. 32,23 34,65 37,55 49,12 44,70 55,80 41,30 58,52 43,93 56,84 29,58 
4. 43,02 38,75 38,27 54,35 52,38 61,03 54,56 61,04 42,90 52,89 55,07 
5. 56,55 55,00 48,24 60,25 65,23 63,90 60,60 54,60 50,20 55,78 49,43 
6. 60,95 22,14 - 39,60 50,63 62,93 - 64,00 59,48 59,10 59,91 
7. 57,12 10,10 56,20 - - 63,73 - 65,00 59,03 56,00 55,70 

All 47,10 32,53 42,47 53,03 51,67 61,12 52,50 58,99 46,63 54,15 45,16 

During the processing of the data, we determined that 
the average value of methane changed between 32, 53-
61,12% . We found the worst value for the second gas 
well, where the seventh group pressure range in total we 
determined 10,10 % average methane, this is due to the 
landfill body achieved high levels of extraction due to 
emerged methane reduction, or the biological  
environment of gas wells. We found the best average 
result at 6. gas well, where the fluctuation of the methane 
changed between 49,60-63,73%.We couldn’t do the 
investigation at gas wells 3.,4.,5.,7. at the pressure range 
of group 6.,7.  
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The changing of the extraction rate of the waste body 
affect the exploitable methane in landfill gas, must take 
care about it and can be achieved the most optimal gas 
yield and methane by controlling gate valves. In case of 
gas wells the controlling doesn’t controlling for methane 
of not-local gas wells, but you must try to the production 
of all gas wells ensures the required landfill gas quality 
and quantity parameters for the operation of gas engines 
(45 cubic meter/h, 45%). 

Among the group pairs the variation analysis significant 
results verified, because the significant level P<5% on the 
parameters of change. Based on the homogeneity test, we 
stated with test Levene the patterns of heterogeneity or 
homogeneity, based on the results of which we used in 
statistical analysis the Tamhane and LSD tests (3. table). 
Homogeneity test results are: 1.gas well (sig=0,027), 2. 
gas well (sig=0,051), 3. gas well (sig=0,195), 4. gas well 
(sig=0,096), 5.gas well (sig=0,398), 6. gas well 
(sig=0,145), 7. gas well (sig=0,001), 8. gas well 
(sig=0,006), 9. gas well (sig=0,000), 10. gas well 
(sig=0,071), 11. gas well (sig=0,008). Processes the data, 
based on the pressure values of group 3.,4.,8.,10, the 
statistical program could not reveal statistically associated 
with these gas wells due to low number of elements. In 
case of first gas well among the group pairs the variation 
analysis significant results verified, because the significant 
level P<5% on the parameters of change. Significant 
differences between group 3.-5.show P<1%, We found 
P<5% significant differences between group 3.-7. In case 
of second gas well, between group 7.-5., 6.-1., 7.-1. the 
difference was P<1%.  I experienced P<5% significant 
difference between group 7.-3., 6.-5., 7.-4.  

TABLE III.   

THE RESULTS OF STATISTICAL PROCESSING OF THE GAS WELLS 

 
Results of 

homogenity 
examination 

Significant 
differences 

between group 
pairs 

in *P<5% level 

Significant 
differences 

between group 
pairs 

in **P<1% level 
1. gas well heterogeneos (Tamhane)  7.-3. 5.-3.  

2. gas well homogeneous (LSD) 6.-5. 
7.-3. 

7.-4. 
- 

6.-1. 
7.-1. 

7.-5 
- 

3. gas well heterogeneos (Tamhane) eh. eh. 
4. gas well heterogeneos (Tamhane) eh. eh. 
5. gas well homogeneous (LSD) 5.-4. 5.-1. 5.-3. 
6. gas well homogeneous (LSD) ns. ns. 
7. gas well heterogeneos (Tamhane) ns. ns. 
8. gas well homogeneous (LSD) eh. eh. 
9. gas well homogeneous (LSD) 6.-2. ns. 
10. gas well homogeneous (LSD) eh. eh. 
11. gas well heterogeneos (Tamhane) 6.-3. 6.-5. - 

 

Results of 
homogenity 
examination 

Methane content 
differences 
CH4 [%] 

 *P<5% **P<1% 
1. gas well heterogeneos (Tamhane)  24,86% 24,31% 

2. gas well homogeneous (LSD) 32,86% 
24,55% 

28,65% 
- 

27,18% 
39,22% 

44,90% 
- 

3. gas well heterogeneos (Tamhane) - - 
4. gas well heterogeneos (Tamhane) - - 
5. gas well homogeneous (LSD) 12,85% 19,60% 20,53% 
6. gas well homogeneous (LSD) - - 
7. gas well heterogeneos (Tamhane) - - 
8. gas well homogeneous (LSD) - - 
9. gas well homogeneous (LSD) 18,70% - 
10. gas well homogeneous (LSD) - - 
11. gas well heterogeneos (Tamhane) 30,33% 10,47% 

ns = no significant, * = P<5%, ** = P<1%, eh = element hiatus 

In case of fifth gas well among the group pairs the 
variation analysis significant results verified, between 5.-
3., 5.-1. P<1%, and I determined P<5% significant 
difference between group 4.-5. In case of 6. 7. gas well, 
the statistical processing  between group pairs (SPSS for 
Windows 11.0) we didn’t find significant differences. In 
case of 9.gas well between group pairs the variation 
analysis demonstrated P<5% significant difference 
between group 6.-2. In case of 11.gas well the variation 
analysis significant results verified, the significant level 
was P<5% between group 6-3., 6-5. 

In case of 11 gas well we measured the methane values 
of landfill gas, and we performed linear regression test 
with the applied extraction values, which results can be 
found at table 4. The values of the correlation coefficients 
are clearly visible, to methane of landfill gas are 
influenced by changes in the rate of extraction, the close 
of contexts loose, and medium correlation is the 
characteristic (r=0,37-0,69). We  experienced the best 
correlation context in case of 7. gas well, where showed 
r=0,69 value. Positive correlation can be detected for all 
the gas well, which means that in comparison with 
atmospheric pressure gas wells of depression increase the 
measured methane concentration is greatly reduced, and 
the oxygen content rises, the changing is one-way with the 
linear correlation. Which require important regulation 
from the operator the best landfill gas yield, and inn order 
to prevent fire or explosion hazard. 

TABLE IV.  CHANGES IN CORRELATION COEFFICIENTS OF 
FUNCTION OF METHANE GAS THROUGHPUT AND THE EXTRACTION 

 Linear equation R2 r 

1. gas well y = 2,5852x + 48,628 0,1984 0,4454 
2. gas well y = 3,0598x + 29,557 0,1403 0,3745 
3. gas well y = 3,0127x + 43,064 0,1473 0,3837 
4. gas well y = 3,1633x + 54,149 0,1502 0,3875 
5. gas well y = 3,724x + 53,784 0,3762 0,6113 
6. gas well y = 1,5363x + 61,158 0,3153 0,5615 
7. gas well y = 7,2115x + 56,226 0,4879 0,6984 
8. gas well y = 2,6813x + 61,082 0,2951 0,5432 
9. gas well y = 5,4264x + 48,139 0,4478 0,6691 
10. gas well y = 3,0602x + 55,441 0,2174 0,4662 
11. gas well y = 4,7509x + 47,804 0,3626 0,6021 

4. CONCLUSION AND FUTURE WORK 
Before our examination we defined the sample size for 

the statistical analysis. We also defined the standard 
deviation and average methane content values for a 
particular strand and estimation of errors and probability 
level where we carried out my tests had to be provided as 
well. The levels of probability during my tests were P<3% 
and P<5%. In the light of my results the required sample 
size is n=363 in case of h=3% estimation of errors and in 
case of h=5% the sample size is n=131 in the case of the 
examination of all the gas wells and the different 
subfields. Due to that our n=517 sample size from all the 
gas wells is sufficient to carry out the examinations, 
statistical analysis and to draw the conclusions. Statistical 
process was carried out by analysis of variance by using 
SPSS for Windows 11.0 program where the relationships 
between the formed group pairs showed significant 
differences. Homogenity tests were made by the Levene 
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test, the comparison of the group pairs was made by the 
Tamhane and LSD tests. We also found it important to 
calculate the value of the coefficient of variation in case of 
all gas wells. By analyzing the coefficient of variation we 
tried to present the standard deviation within each group 
pair. This indicator can give an opportunity to compare 
homogeneity tests between group pairs. 

We found that the operating parameters of the landfill 
gas extracting system used at the refuse dump has an 
effect on the changes of the methane content of the landfill 
gas. We determined the collection value according to the 
barometric pressure taking environmental pressure 
conditions into account. When the vacuum is higher than -
0.9 mbar per gas well the methane content values 
significantly decrease. The relationship between vacuum 
values and the methane content of landfill gas shows 
r=0,52 coefficient of correlation which indicates moderate 
closeness of relationships. We examined and analyzed the 
differences at all the gas wells. We concluded that there 
are significant differences between gas wells as there are 
big differences between the organic matter content around 
the gas wells and their orientation. The results by gas 
wells can be seen in table 4 where we found loose and 
moderate correlation relationships between the quantity 
parameters of collecting and landfill gas. 
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