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APPLICATION OF GAUSSIAN MODEL
TO DETERMINE THE SAFE DISTANCE OF THE WASTE COLLECTION SITE
IN MOUNTAINOUS RURAL HOUSING AREAS
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Nguyen Tien Duc’, Mac Duy Hung, Nguyen Xuan Thanh
University of Technology - TNU

ABSTRACT

In the waste collection site, there are many different types of gases such as CH,, CO;, NH;,
CH3SH, MN;... these emissions greatly affect the health of the surrounding people. Determining
the distance between the waste collection site and the housing is essential. This paper uses the
Gaussian diffusion model to simulate and determine the concentration of emissions from the waste
collection site by distance in specific climatic conditions mountainous rural housing areas of Thai
Nguyen province. Then determine a safe distance to arrange a place for waste collection site in the
planning for mountainous rural housing areas of Thai Nguyen province.
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UNG DUNG MO HINH GAUSSIAN XAC PINH KHOANG CACH AN TOAN
CUA BAI TAP KET RAC THAI TRONG KHU NHA O
NONG THON MIEN NUI TINH THAI NGUYEN

Nguyén Tién Pirc’, Mac Duy Hung, Nguyén Xuan Thanh
Truong Dai hoc ky thudt cong nghiép — DH Thdi Nguyén

TOM TAT

Trong bii tap két réc thai co rat nhidu loai chat khi khac nhau nhu CH,, CO,, NHy, N;...cic chat
khi thai nay anh huong 16n dén strc khoe ciia cur dan xung quanh. Viéc xac dinh khoang cach dat
bai tap két rac voi khu nha ¢ 1a diéu can thiét. Bai bao nay st dung mo hinh phat tin Gaussian dé
mod phong va xac ndong do khi bii rac theo khoang cach trong diéu kién khi hau cu thé cho cac khu
dan cu tai cac ving niii ndng thon tinh Thai Nguyén, tir d6 xac dinh khoang cach an toan dé b tri
bai tap két rac thai trong quy hoach khu nha ¢ ving néng thén mién nai tinh Thai Nguyén.
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1. Introduction

In Vietnam, due to the impact of many
reasons, the planning of waste collection site
in mountainous rural housing areas has not
been given adequate attention. Therefore, the
waste collection site affect the aesthetics and
give rise to the gases such as: CH., CO,, NHg,
CH3SH, N,... (Tablel) causing unpleasant
smell and greatly affecting human health [1].
Researching the distance of the waste
collection site placement so that waste
concentrations do not affect people living in
residential areas is an important issue to
ensure the health of residents living in
housing areas. There have been many studies
offering solutions to arrange the waste
collection site in housing planning [2, 3],
however, studies have just stopped at the

waste collection site based on criteria of the
accessibility of traffic, consistent with the
transport route to the centralized landfill sites
but not concerned with determining a safe
distance to place the waste collection site.
Determining a safe distance to place a the
waste collection site that has little impact on
the surrounding population is a complex issue
because the concentration of gases generated
from the waste collection site depends on the
diffusion process and climate conditions. In
this paper, the Gaussian diffusion model is
proposed to calculate the concentration of the
waste collection site to determine the safe
distance between houses and the waste
collection site in the planning of mountainous
rural housing areas of Thai Nguyen province.

Table 1. Gases in the waste collection site [1]

Gases % (Dry volume)
CH, 45-60
CO, 40-60
N, 2-5
0, 01-1.0
Mercaptans 0-1.0
NH, 01-1.0
H, 0-0.2
CO 0-0.2
Other gases 0.01-0.6

2. Methodology and research subjects

This paper uses the Gaussian diffusion model [4, 5] to calculate the concentration of pollutant
emissions declining by distance from the prevailing wind direction of winter and summer in
mountainous rural housing areas of Thai Nguyen province. From that result, the minimum
distance of the housing and the waste collection site are determined.

2.1. Gaussian diffusion model

To calculate the decrease in gas concentration at the waste collection site, the coordinate system
is calculated with the center located at the waste collection site, the Oz axis is set according to the
height of the waste collection site, the OX axis is placed in the same direction with the wind
blowing and the OY axis is set according to squared perpendicular to OX on the horizontal
surface plane.

The equation describing the diffusion of emissions is as follows [4, 5, 6, 7]:

de d de a3 de de
—=—D —4+—D_ ——1v—— ¢
gt By Yay 8z o=z dx (1)

General solution formula:
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With the height of the waste source unchanged, we have:

Cix ) = —2—exp(~2 (2 +

TGy &y oy

}.1 H:'.

EXIJ(— viz—H) 5}
) e e Jexp(Cx) @)
+EXIJ(_ 1115'
7 )3' )

Where: C - gas concentration (gm~2); Q - emission rate (gs~1); v- wind speed (ms~1); -
diffusion coefficient for horizontal wind direction (m); o.- diffusion coefficient for vertical wind

direction (m); H - Height of waste source (m);
2.2. Object and scope of the study
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Figure 1. Location map of Dai Tumo/gf
Dong Hy and Vo Nhai districts [8]
The study area consists of Dai Tu, Dinh Hoa,
Dong Hy and Vo Nhai districts (Figure 1).
This area is characterized by flat land in the
valley, which is strongly influenced by the
southeast wind in the summer and the
northeast and north winds in the winter. Rural
houses in this area include: stilt houses, brick
houses, half-stilt and half-bricks houses. The
main feature of a traditional rural house in
this area has three compartments and two
gables, with four roofs and bamboo walls.
The interior space is divided horizontally into

two parts, the outside is the place for ancestor
worship, common activities and receptions,
inside is the kitchen, the upper space of the
house has a storage for rice corn and utensils
to be preserved. Typical house types are
introduced in Figure 2.

With the characteristics of houses, residents
living in houses will be directly affected when
outdoor air quality declines because there is
almost no boundary between indoor and
outdoor air. According to the research results
[1], the gases generated from the waste
collection site have two gases that have the
greatest impact on human health: CH3;SH
(Mecaptans) and NH3. Therefore, this study
focuses on the calculation and simulation of
diffusion of Mercaptans and NH; (Table2).

According to the actual survey, the study
surveyed 18 waste collection site in 9
communes of four districts of Dai Tu, Dinh
Hoa, Dong Hy and Vo Nhai. Because all
communes are rural and mountainous, the
waste components are the same and are used
and managed the same way, the height of the
landfill ranges from 1.5m to 2.5m and the
area of the landfill ranges from 9m? to 15m?,
Therefore, in this study, height of waste
source is H = 2.5 m, area of calculation S =
15m? was selected for simulation calculation.

Table 2. Emission rate, diffusion coefficients and permissible concentrations of Mercaptans
and NHj[10, 11, 12]

Gas Emission rate (mgm ™25 7%) Permissible concentrations
(mgm~*)

Mercaptans 58.93 0.05

NH; 308.95 0.2
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Figure 2. Rural housing in mountainous area of Thai Nguyen province [9]

3. Research results and discussion

According to the  Thai Nguyen
Meteorological Center over 3 years of
continuous statistics show that the winter with
the highest wind frequency is the Northeast
and the North, with the highest wind
frequency in the summer is the Southeast. In
winter, the largest wind speed is 13.8ms™1
and the smallest wind speed is 2.2 ms~* in
the northeast, the largest wind speed is 8.1
ms~1 and the smallest wind speed is 0.89
ms~1 in the north. In the summer, the largest
wind speed is 7.2 ms~* and the smallest wind
speed is 1.8 ms~! in the southeast. The
remaining directions have low wind
frequency, the largest wind speed is 6.7 ms~1
and the smallest is 0.44 ms~1 in all directions
(Figure 3). Therefore, this study calculates a
maximum wind speed of 13.8 ms~* and a
minimum wind speed of 0.89 ms~* in winter
and a maximum wind speed of 7.1 ms~?* and
a minimum wind speed of 1.8 ms™1 in the
summer. The remaining maximum wind
speed is 6.7 ms~1 and the minimum wind
speed is 0.44 ms~1 in the remaining seasons.

Calculation results from the Gaussian
diffusion model for Mercaptans and NHj in
different directions are presented in tables 3, 4
and figure 4, 5.

JANUARY - DECEMBER

Figure 3. Wind speed and wind frequency in
different directions in Thai Nguyen [13]
From the calculation results shown in table 3
for Mercaptans, we can see that the distance
of waste source has a concentration greater
than the permitted standard is 420 m and the
shape of the concentration distribution on the
ground is shown in figure 4. In table 4, it is
shown that the distance of the waste source
has a concentration greater than the permitted
standard of NHjz is 550 m and the shape of the
concentration distribution on the ground is
shown in figure 5. Therefore, when disposing
of the waste collection site in the
mountainous rural housing areas of Thai
Nguyen province to ensure a safe distance for
the health of the residents, it must arrange the
waste collection site at least 550 m away the

housing.
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Table 3. Mercaptans concentration by distance according to wind directions

Dis (m) 10 100 200 300 380 390 400 410 PC
W (mgm™*)
= C 0.238 0.168 0.094 0.065 0.052 0.050 0.049 0.048
Winter (mgm™)
Dis (m) 10 100 200 300 400 410 420 430
Wom C 1.822 0.206 0.104 0.069 0.054 0.050 0.049 0.048
(mgm™)
Dis (m) 10 100 200 250 350 400 410 420
Wo.. C 0.685 0.187 0.099 0.067 0.053 0.050 0.049 0.048
Summer (”?9‘”"")
Dis (m) 10 100 200 300 400 410 420 430 0.05
W C 1579 0.203 0.103 0.069 0.054 0.050 0.049 0.048
(mgm™)
Dis (m) 10 100 200 250 350 400 410 420
Wo.. C 0.729 0.188 0.099 0.080 0.058 0.051 0.049 0.048
Remaining (mgm™)
seasons Dis (m) 10 100 200 300 400 410 420 430
W, C 1.956 0.208 0.104 0.069 0.052 0.051 0.049 0.048
(mgm™)
Table 4. NHj concentration by distance according to wind directions (mgm'a)
Dis (m) 10 100 200 400 500 520 530 540 PC
W (mgm™*)
= C 123 088 049 026 021 020 019 0.19
Winter (mgm™)
Dis (m) 10 100 200 400 500 540 550 560
Wo.. C 955 108 054 027 021 020 019 0.19
(mgm™)
Dis (m) 10 100 200 400 500 530 540 550
We. C 359 098 051 026 021 020 019 0.19
Summer (”?g"“")
Dis (m) 10 100 200 400 500 540 550 560 0.2
W C 828 1068 054 027 021 020 019 0.19
(mgm™)
Dis (m) 10 100 200 400 500 530 540 550
.. C 382 098 052 026 021 020 019 0.19
Remaining (mgm™)
seasons Dis (m) 10 100 200 400 500 540 550 560
... C 10.25 109 054 027 021 0.20 019 0.19
(mgm™)
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Figure 4. Distribution of Mercaptans concentrations on the ground in different directions.
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Figure 5. Distribution of W H5 concentrations on the ground in different directions
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4. Conclusion

In the waste collection site, there are many
different gases that affect the health of the
surrounding residents. Including Mercaptans
and NHgare the gases that have the largest
impact on health of people. The paper uses
the Gaussian dispersion model to determine
the gas concentration of the waste collection
site by distance in specific climatic conditions
for residential areas in rural mountainous
areas of Thai Nguyen province. The model
shows that the safe distance of waste dumping
ground to housing in rural mountainous
residential areas in Thai Nguyen province is
550m in all seasons.
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