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ARTICLE INFO ABSTRACT

Article history: Radiation protection and safety documents for routine conditions are
required to support the licensing requirements for nuclear power plant
site. This research is focused in the assessment and analysis of the
results of PWR safety study related to the routine release of radioactivity
from the SMR subsystems and components of the 100 MWe-type PWR
along with its consequences in the site. The core inventory calculation
was done using ORIGEN?2 software, applying release parameters from
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Keywords: the existing analysis and calculation results. The radiological
SMR consequences were calculated by the PC-CREAM program package.
Consequences Environmental and meteorological data were obtained using Arc-GIS
Routine release and spatial analysis. The Bangka Belitung (Babel) site was used as the
Environmental specific footprint. Analyzing PC-CREAM output data the radiological
ORIGEN2 consequences of routine operation of 3 100 MWe PWR modules on
PC-CREAM Sebagin site (South Bangka) and Muntok site (West Bangka) in 16

sectors and within a radius of 20 km were concluded. The calculation
results for the Sebagin site is that the maximum-dose within a radius of
500 m (exclusion zone) is 1.15E+02 pSv/year. For a radius beyond 500
m, the maximum dose is 4.71E+01 pSv/year. Whereas for Muntok site
(West Bangka), the maximum dose in the exclusion area (<500m) is
9.47E+00 pSv/year, and outside exclusion area (>500m) is 3.10E+00
pSv/year. The individual dose for the Babel site in the exclusion area is
below the dose constraint for non-radiation service workers as the
general public of 0.3 mSv/year or 300 uSv/year, while the maximum
dose for outside exclusion is also below the constraint as stipulated in
BAPETEN Regulation No 4 Year 2013 on Radiation Protection and
Safety.

© 2021 Tri Dasa Mega. All rights reserved.

1. INTRODUCTION to ensure that the public received radiation doses
below regulatory limits.

Source term is a starting point to calculate the
radiological consequences at NPPs environmental
site. Routine operation is the normal operation of a
reactor in one or more cycles without any
significant disturbances. Calculations about the
environmental consequences of routine discharge
for the PWR-1000 MWe, non-commercial power
reactor (RDE) and research reactor have been
* Pande Made Udiyani. Tel./Fax.: +62-8128958248 carried out[1-3]. _Calculation of the radiation

E-mail: pmade-u@batan.go.id consequences requires the source term or release of
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The construction plan of an SMR-type Nuclear
Power Plant (NPP) in Indonesia requires a safety
analysis to prove that the NPPs are safe for the
community and the environment. Based on the
selected SMR of 100 MWe-rated PWR, the
radiation safety analysis under routine operating
conditions is carried out. The study was conducted
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radionuclides to the environment in routine
operation or postulated accident conditions[4-6].

This study aims to examine the environmental
consequences of routine discharge for the 100
MWe PWR. In contrast to previous study[2] is the
release assumption of three units 100 MWe PWR
for two different sites in Babel, namely Sebagin and
Muntok. The source term calculation for one unit
PWR-330 MWt is based on the reference SMR
from SMART using the results of calculations that
have been done[2, 5].

Estimation of consequences starts from the
source term released into the atmosphere, and
influenced by the weather, it dispersed within the
air and deposited on the ground surface. With
various pathways such as cloud-shine, ground-
shine, and foodstuff, human doses are received
internally (inhalation, immersion and consumption)
and externally[7-9]. The calculation uses PC-
CREAM software[1, 10], which works based on
segmented Gaussian[11-12]. Environmental and
meteorological data were obtained using Arc-GIS
and spatial analysis.

2. METHODOLOGY

The release of routine source term was
calculated based on the 100 MWe PWR core[2, 5].
Estimated source term for routine operation of the
100 MWe PWR reactor, based on the assumption of
0.1% fission product release from small holes in the
fuel cladding. These pinholes are formed due to
fuel irradiation during several cycles of reactor
operation. Apart from that, pinholes can appear
from uranium impurities on the fuel surface, due to
fabrication limitations[1,2,5].

Analysis of PC-CREAM output data for
radiological consequences of routine operation of 3
100 MWe PWR modules in Sebagin site (South
Bangka) and Muntok site (West Bangka) was
directed to 16 sectors, which represents 16 wind
directions. The chosen directions are adequate and
commonly used for atmospheric dispersion
directions[8-10,13-14]. The distance within a radius
of 20 km with an increase of 100 m; 300 m; 500 m;
1 km; 2 km; 3 km; 4 km; 5 km; 6 km; 7 km; 8 km;
9 km; 10 km; 12 km; 15 km; 20 km.

Our previous research has obtained a PWR
safety analysis related to the release of radioactive
substances from the one unit of 100 MWe PWR
and the dose consequences at the Sebagin during
routine operation[2]. Estimation of radiation dose
includes the following pathways: external from
gamma exposure (cloud-shine and ground-shine),
internal from beta exposure (cloud-shine), and from
ingestion of contaminated food. The atmospheric

dispersion calculation is based on the segmented
Gaussian equation, according to the PC Cream
Software[13-14].

The calculation mechanism for the routine
operating source term is shown in Figure 1, and the
map of BABEL site on Figure 2.
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Fig. 1. Mechanism of environmental consequences of
routine release for SMR

Fig. 2. Specific site of Bangka Belitung (BABEL)

3. RESULTS AND DISCUSSION

3.1. Source term for Routine release

The estimation results of the source term
resulting from the routine discharge of the 3 units
of 100 MWe PWR units are shown in Figure 3.
This source term activity is obtained from
calculations and assumptions from the source term
mechanism as shown in Figure 1.
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Fig. 3. Total routine release activity the 3 PWR-100
MWe

3.2. Environmental Consequences

The results of calculating dose consequences
for radioactive releases to the atmosphere in routine
operations for 3 modules of 100 MWe PWR (all
nuclides and all pathways) for Sebagin site (South
Bangka) within a radius of 20 km are shown in
Table 1.

Table 1. Total adult individual dose of radioactive
discharge into the atmosphere in routine operation 3 100
MWe PWR (all nuclides and all pathways); Sebagin

site
Distance Individual dose for adult (uSviyr)
Sector 10m 30 m S0 m llm 2lm 3lem 4 km Skm
1 TI9E+00  31BE+00 LTIEH00 138E+00  6.13E-01  358E-01  195E-01  2.33E-01
: 4386E+00 ZO0E+00 163E+00 8.76E-01 4.06E-01 268E-01  202E-01  1E2E-01
3 623E+00 238E+00 Z206E+00 1.08E+00 5.03E-01 337E-01  235E-01  2.06E-01
4 583E+00 L30E+00 ZO06E+00 G.6SE-01  427E-01  283E-01 2I3E-01  LTIE-01
H 6.36E+00 2T7IE+00 Z220E+00 1ITE+00 S46E-01 33%E-01  267E-01  2.13E-01
] 934E+00 4.07E+00 34SE+00 131E+00 TSIE-01  4BIE-01  340E-01  261E-01
7 133E+01 335E+00 4.39E+00 2TIE+00 1.24E+00 T67E-01  342E-01  4.14E-01
] LTIE+01  730E+00 6.00E+00 3353E+00 167E+00 LO6E+00 767E-01  3.86E-01
L] 126E+00 48SE-01 331E-01 182E-01 LOSE-01 8.18E-02 665E-02 5.63E-02
10 ST6E+00  2ME+00 132EH00 %I3E-01  SI8E-01  3ETE-01  3I0E-01  2.38E-01
n 338E+00  209E+00 142E+00 8.I3E-01 435E-01  348E-01  2BSE-01  24IE-01
12 636E+00 247E+00 164E+00 %33E-01  S36E-01  42%E-01  330E-01  2.87E-01
13 183E+01 726E+00 519E+00 3.03E+00 169E+00 L22E+00 8.34E-01  T.E3E-01
14 229E+01  930E+00 T.7SE+00  4.23E+00  203E+00 L33E+00 G.BSE-Dl  7.77E-01
15 133E+01  3353E+00 4.64E+00 141E+00 114E+00 T746E-01 333E-01  2.38E-01
16 638E+00 2T73E+00 22900 121E+00 S30E-01  364E-01  2T2E-01 218E-01
Mean  947E+00 389E+00 310E+00  163F=00 B.29E-01 555F01  4.16E01  3.19E-01
Distance Individual dose for adult (uSvir)
Sector 6 kom Tlm 8 lm 9 lom 10 ko 12 ko 15 km 20 km
1 190E-01 163E-01 140E-01 L213E-01 10SE-01 368E-02 662E-02 4.33E-02
z 133E-01 113E-01 G.78E-02 8.53E-02 T.3SE-02 6.0BE-02 464E-02  5I8E-02
3 16SE-01  143E-01 125E-01 LI0E-01 %78E-02 7TB4E-02 6.00E-02 411E-02
4 141E-01 121E-01 105E-01 G.ISE-02 8.ISE-02 638E-02 5.04E-02  345E-02
H 1L74E-01  147E-01 127E-01 LIIE-01 %E2E-02 TB4E-02 397E-02  4.07E-02
6 208E-01 172E-01  146E-01 126E-01 11IEO1 8.74E-02 6.36E-02 443E-02
7 328E-01 271E-01 131E-01 1%8E-01 174E01 137E-01 1.02E-01  6.B6E-02
8 478E-01 39%E-01  340E-01 2%4E-01 139E01 205E-01 L134E-01  LO4E-01
9 477E-02  4.16E-02 367E-02 323E-02 183E02 237E-02  1B4E-02  12T7E-02
10 118E-01 1.BSE-01  166E-01 147E-01 132E01 106E-01 B.20E-02 5.63E-02
1 106E-01  1BOE-01  13%E-01 141E-01 127E-01 103E-01 8.0IE-02 5352E-02
12 13E-01 220E-01 194E-01 L72E-01 1354E-01 1I5E-01 G6SE-02  6.67E-02
13 6.51E-01 33%E-01 487E-01 428E-01 3EIEO1 306E-01 234E-01  L60E-01
14 6.28E-01 327E-01 431E-01 350E-01 344E01 27ZE-01  2.03E-01  135E-01
13 337E-01  30E-01  260E-01 LI3E-01 200E01  160E-01 12IE-01  4.33E-02
16 L78E-01 152E-01 131E-01 LI3E-01 102E01 815E-02 6.22E-00 744E+00
Mean 373F01 231F-01 2.00E-0] 167E-01 1.35F01 1.24F-01 O940F02 5.24FE-01
Radiation exposure pathways are

differentiated through radioactive clouds; gamma

and beta radiation for external and internal
exposure. Meanwhile, through foodstuff, the
exposure are from consumption of food from local
agricultural products such as vegetables, livestock,
tubers, and seeds.

The total individual maximum average dose
within a radius of 100 m which is included in the
exclusion zone of 500 m with a dose of 1.15E+02
uSv/year, is below the dose limit for radiation
service workers of 20 mSv/year or 2000 uSv/year
as stipulated in BAPETEN Regulation No 4 Year
2013 on Radiation Protection and Safety. For radii
beyond 500 m, the maximum mean dose is
4. 71E+01 pSv/year, well below the constraint for
the general population of 300 pSv/year. The
maximum dose distribution is in the area to the
North, on sector 16.

Table 2. Total adult individual dose of radioactive
discharge into the atmosphere in routine operation 3
PWR-100 MWe (all nuclides and all pathways); Muntok
site

Distance Individual dose for adult (uSviyr)
Sector 100 m 300m 500 m 1km 2km 3 km 4 km S km

1 7T39E+00  3.1BE+D0  2.73E+00  139E+00 6.13E-01  398E-01  293E01  233E0L
2 4.86E+00  2.00E+00 163E+00 876E-01 4.06E-01 268E-01 202E-01 162E-01
3 6.23E+00  2.38E+00  2.06E+00  1.OSE+00  5.03E-01 337E-01 255E-01  206E-01
4 5.85E+00  2.30E+00  2.06E+00  9.69E-01 4.27E-01 283E-01 213E-01 1.72E-01
5 636E+00  27IE+00 220E+00 117E+00 546E-01 359E-01 267E-01  213E-01
6 93E+00  407E+00 349E+00 181E+00 7TS81E-01 481E-01 340E-01  261E-01
7 133E+01 532E+00 439E+00 27I1E+00 124EH00 767E-01 JAJE01  414E01
8 L77E+01  730E+00 6.00E+00 333E+00 167EHI0 106EH0 T767E-01 396E-01
9 126E+00 489E-01  331E-01 192E-01 1.08E-01 818E-02 663E-02 3 63E-02
10 576E+00  224E+00  132E+00  9.18E-01 5.19E-01 387E-01 310E-01  259E-01
1 538E+00  2.09E+00 142E+00 213E-01 433E-01  348E01 283E-01 242E-01
1 6.36EH0  24TE-00  164E+00 953E-01  556E-01  420E01  3S0E-01  297E-01
n 1.83E+01 726E+00 35.19E+00 3.03E+00 169E+00 122E+00 9.34E-01 T83E-01
4 229E+01  9.30E+00 7.79E+00 423E+00 205E+00 135E+00 9.89E-01 T.7E-01
15 133E+01  533E+00 464E+00 141E+00 114E+00 T746E-01 353E-01  238E-01
16 638E+00  273E+00  220E+00 121E+00 552E-01 364E-01 27E-01 218E-01
Mean 947E+00 3.89E+00 3.10E+00 1.63E+00 8.29E-01 555E-01 4.16E-01 3.19E-01
Distance Individual dose for adult (uSv/yr)
Sector 6 km Tkm 8 km 9 km 10 km 12 km 15 km 20 km
1 192E-01 163E-01 140E-01 1.23E-01 1.09E-01 869E-02 662E-02 4353E-02
2 133E-01 113E-01 9.78E-02 833E02 T759E02 6.08E-02 464E02  318E-Q2
3 1.69E-01 143E-01 1.23E-01 1.10E-01 9.78E-02 T.84E02  6.00E-02 4.11E-02
4 141E-01 121E-01 1.03E-01 919E02 8.19E-02  6.38E-02 5.04E-02  345E-02
5 1.74E-01 147E-01 1.27E-01 1.11E-01  9.82E-02 7.84E-02 597E-02  4.07E-02
6 208E-01 172E-01 146E-01 1.26E-01 1.11E-01 874E-02  656E-02 443E-02
7 320E-01 272E-01 231E01 198E-01 174E-01 137E-01 102E-01 6.86E-02
8 479E01 399E01  340E01 284E01 259E01 2.03E0L 1.54E-01 1.04E-01
9 477E-02  4.16E-02  367E-02 3235E-02 293E02 237E02 1.84E-02  127E-02
10 218E-01 1.89E-01 1.66E-01 147E-01 132E-01 1.06E-01 820E-02 3563E-02
11 2.06E-01 1.30E-01 1.59E-01 141E-01 127E-01 1.03E-01 801E-02  5352E-02
12 2352E-01 220E-01 1.94E01 172E01 154E01 1.25E01 9609E02 667E-02
13 6.51E-01 359E01  487E0L 428E01 381E01 3.06E0L 234E01 1.60E-01
14 6.28E-01 327E-01  451E-01 3080E01 344E-01  272E-01 2.03E-01 1.39E-01
15 357E-01 302E-01  260E-01 1.15E-01  2.00E-01 1.60E-01 1.21E-01 4.25E-02
16 1.79E-01 152E-01 131E-01 1.15E-01 1.02E-01 815E-02 620E-02 THEHD
Mean 2.73E-01  231E-01 2.00E-01 167E-01 155E-01 1.24E-01 940E-02 5.24E-01
The calculation results of the dose
consequences for radioactive release into the

atmosphere in routine operations for 3 modules of
100 MWe PWR (all nuclides and all pathways) for
Muntok site (West Bangka) in a radius of 20 km are
shown in Table 2. The maximum dose distribution
is in the areas to the sector 14.

Total average maximum individual dose in
radius of 100 m, within the exclusion zone of 500
m, is 9.47E+00 pSv/year, below the dose limit for
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radiation workers. For a radius beyond 500 m, the
maximum dose is 3.10E+00 pSv/year, well below
the constraint for general public.

The maximum total effective individual dose
for the various pathways for all radionuclides is
received within a radius of 100 m from the reactor.
Maximum effective individual dose of West
Bangka (Muntok) occurs in the wind direction of
sector 14, and for South Bangka (Sebagin) in
sector 16. The largest dose contribution is from the
gamma component of plume pathway, followed by
the ingestion pathway. The data is presented in
Figure 4.
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Fig. 4. Total individual effective dose maximum for all
nuclides by pathway

Figure 5 illustrates the maximum effective
individual dose for both sites, for all pathways by
radionuclide types. The largest dose contribution
was given by the noble gas group (Xe, Kr, Ar),
followed by the iodine (1-131) and cesium (Cs-134,
Cs-137) group. Figure 6 illustrates the received
dose from all nuclides and all pathways.
Radionuclides from the noble gas group, since they
are inert, will contribute to gamma dose from the
radioactive cloud. Meanwhile, ingestion s
contributed by iodine and cesium radionuclides.
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Fig. 5. Total Individual effective dose maximum for all
pathway by radionuclide

Figure 6 illustrates the mean effective
individual doses for both sites, for all pathways and
radionuclide releases. The received dose decreases
with increasing radius from the reactor. In general,
the dose for each pathway in both sites, Bangka
Barat (Muntok site) was slightly higher than
Bangka Selatan (Sebagin site).
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Fig. 6. Effective individual dose of radioactive discharge
into the atmosphere in routine operation for 3 PWR-
100MWe (all nuclides and all pathways)

4. CONCLUSION

A safety analysis of the PWR-100 MWe for
radioactive releases and its environmental
consequences at Babel site (Sebagin and Muntok)
during routine operation is presented. Radiological
consequence calculation was done using PC-
CREAM software. The calculations covered 16
wind directions (sectors) within a radius of 20 km.
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The calculation results for the Sebagin site are as
follow: the maximum average individual total dose
within a radius of 100 m (exclusion zone) is
1.15E+02 pSv/year. For a radius beyond 500 m, the
maximum average dose is 4.71E+01 uSv/year.
Whereas for Muntok site (West Bangka), the
maximum average total dose in the exclusion area
(<500 m) is 9.47E+00 pSv/year, and the external
dose exclusion (> 500 m) is of 3.10E+00 uSv/year
at maximum. The received dose for the Babel site
for the exclusion area is below the dose constraint
for non-radiation workers (public) of 0.3 mSv/year
or 300 pSv/year, and the maximum dose for outside
exclusion is also below the constraint for the
general public as stipulated in BAPETEN
Regulation No 4 Year 2013 on Radiation Protection
and Safety.

ACKNOWLEDGMENT

The works are conducted under the government
research and funding managed by Center for Nuclear
Reactor Technology and Safety (PTKRN), BATAN,
for the year of 2020. It is also partially supported by
2020-2021 RISTEK/BRIN-LPDP project (SK.
11/E2/111/PRN/2020)

AUTHOR CONTRIBUTION

All authors contribute together as the main
contributors to this paper. All authors read and
agree to the final version of the paper. All authors
read and approved the final version of the paper.

REFERENCES

1. Udiyani P.M., Kuntjoro S., Sunaryo G.R,
Susiati H. Atmospheric Dispersion Analysis
for Expected Radiation Dose due to Normal
Operation of RSG-GAS and RDE Reactors.
AJl. 2018. 44 (3):115-121.

2. Udiyani P.M., Husnayani 1., Deswandri,
Sunaryo GR. Analysis of Radiation Safety for
Small Modullar Reactor (SMR) on PWR 100
MWe type in: International Symposium of
Emerging Nuclear  Technology and
Engineering Novelty. 10P Conf. Series:
Journal of Physics: Conf. Series 962 (2018)
012035.

3. Udiyani P.M., and Husnayani I. Analysis of
Radiation Safety in the Nuclear Power Plant
(NPP) Site in Normal Operation Condition,
Sebagin Site Study. Jurnal Sains dan
Teknologi Nuklir Indonesia. 2017. 18 (2): 73-
84.

4. Zhao Y., Zhang L.,Tong J. Development of
Rapid Atmospheric Source term Estimation

10.

11.

12.

13.

14.

System for AP 1000 Nuclear Power Plant.
Progress in Nuclear Energy 2015. 81: 264-275.
Udiyani PM. and Setiawan M.B. Source Term
Assessment for 100 MWe Pressurerized Water
Reactor. Journal of Nuclear Reactor
Technology Tri Dasa Mega. 2020. 22 (2): 61-
67.

Winiarek A., et al. Estimation of Cesisium 137
Source term from Fukushima Daiichi Nuclear

Power Plant Using a Joint Consistent
Assimilation of Air Concentration and
Deposition Observations. Atmospheric

Environment. 2014. 82: 268-279.

Sadig AA, Ramli A.T., Saleh M.A.
Assessment of Potential Human Health and
Environmental Impacts of a Nuclear Power
Plant (NPP) Based on Atmospheric Dispersion
Modeling. Atmosfera, 2015. 28 (1): 13-26.
Lujanien G., et al. Plutonium Isotopes and
241Am in the Atmosphere of Lithuania: A
Comparison of Different Source terms.
Atmospheric Environment. 2012. 61: 419-427.
Pirouzmand A., Dehghani P., Hadad K.,
Nematollahi, M. Dose Assessment of
Radionuclides  Dispersion from  Bushehr
Nuclear Power Plant Stack under Normal
Operation and  Accident  Conditions,
International Journal of Hydrogen Energy.
2015. 40: 15198-15205.

Sohrabi M., Parsouzi Z., Amrollahi R,
Khamooshy C., Ghasemi M. Public Exposure
from Environmental Release of Radioactive
Material under Normal Operation of Unit-1
Bushehr Nuclear Power Plant, Annals of
Nuclear Energy. 2013. 55: 351-358.

Ragaisis V., Poskas P., Simonis V., Smaiiys
A., Kilda R., Grigalinien¢ D. The
Environmental Impact Assessment Process for
Nuclear Facilities: A review of the Lithuanian
Practice and Experience, Progress in Nuclear
Energy. 2014. 73: 129-1309.

Yang YH., Lee GB., Shon SH., Kim JY.
Assessment of Long-term  Trend for
Environmental radioactivity around Wolsong
nuclear power plant in Korea. Annals of
Nuclear Energy. 2015. 77: 231-237.

Hirose K. Fukushima Daiichi Nuclear Plant
accident: Atmospheric and Oceanic Impacts
Over the Fve Years. Journal of Environmental
Radioactivity. 2016. 157: 113-130.

Lee JK., Kim J.C,Lee K., Belorid M.,
Beeley P.A., Yun J.I., Assessment of Wind
Characteristics and Atmospheric Dispersion
Modeling of *¥'Cs on The Barakah NPP Area
in The UAE, Nuclear Engineering and
Technology. 2014. 46: 557-568.

61


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
http://pustaka.ristek.go.id/webproxy/nph-sd.pustaka/en/00/http/www.sciencedirect.com/science/article/pii/S0187623615721569
http://pustaka.ristek.go.id/webproxy/nph-sd.pustaka/en/00/http/www.sciencedirect.com/science/article/pii/S0187623615721569
http://pustaka.ristek.go.id/webproxy/nph-sd.pustaka/en/00/http/www.sciencedirect.com/science/article/pii/S0187623615721569
http://pustaka.ristek.go.id/webproxy/nph-sd.pustaka/en/00/http/www.sciencedirect.com/science/article/pii/S0187623615721569
https://www.sciencedirect.com/science/journal/03603199
http://pustaka.ristek.go.id/webproxy/nph-sd.pustaka/en/00/http/www.sciencedirect.com/science/article/pii/S0149197014000262
http://pustaka.ristek.go.id/webproxy/nph-sd.pustaka/en/00/http/www.sciencedirect.com/science/article/pii/S0149197014000262
http://pustaka.ristek.go.id/webproxy/nph-sd.pustaka/en/00/http/www.sciencedirect.com/science/article/pii/S0149197014000262
http://pustaka.ristek.go.id/webproxy/nph-sd.pustaka/en/00/http/www.sciencedirect.com/science/article/pii/S0149197014000262
http://pustaka.ristek.go.id/webproxy/nph-sd.pustaka/en/00/http/www.sciencedirect.com/science/article/pii/S0306454914005969
http://pustaka.ristek.go.id/webproxy/nph-sd.pustaka/en/00/http/www.sciencedirect.com/science/article/pii/S0306454914005969
http://pustaka.ristek.go.id/webproxy/nph-sd.pustaka/en/00/http/www.sciencedirect.com/science/article/pii/S0306454914005969
http://pustaka.ristek.go.id/webproxy/nph-sd.pustaka/en/00/http/www.sciencedirect.com/science/article/pii/S1738573315301248
http://pustaka.ristek.go.id/webproxy/nph-sd.pustaka/en/00/http/www.sciencedirect.com/science/article/pii/S1738573315301248
http://pustaka.ristek.go.id/webproxy/nph-sd.pustaka/en/00/http/www.sciencedirect.com/science/article/pii/S1738573315301248
http://pustaka.ristek.go.id/webproxy/nph-sd.pustaka/en/00/http/www.sciencedirect.com/science/article/pii/S1738573315301248

62

Pande Made Udiyani et al./Tri Dasa Mega Vol. 23 No. 2 (2021) 57-62



