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Abstract. In order to estimation the safety of NPPs (Nuckawer Plants), air pollution models have
been studied by the IAEA, NRC, and EPA. The purpafsthis study is to develop a more efficient
methodology for explaining the atmosphere behasharacteristic and the radiation dose charadterist
depending on the atmospheric stability. Generaligrangian, Eulerian or Gaussian models have been
used to explain the air pollution behavior in NPHRsese models include various methods to determine
the stability of the atmosphere. Furthermore, tloelels are very important to estimate the radiation
dose due to the proportional increase by the atheygpdispersion factor. In this study, various eisd
and simulations are reviewed. In addition, the eetipe methodologies are applied to the
YONGGWANG site to identify benefits. The key pardere of major atmospheric stability by
classification methods are evaluated. Using thesaretogical data obtained by the data acquisition
system of the YONGGWANG site, various atmosphetabisity, dispersion factors, and correlation
factors of radiation dose are estimated and coefirrRasquill’s classification method is the mosteky
used basic methodology and shows good agreemdmtvgteady state and the reason is due to rapid
response condition under timely stability by hegiam cooling caused by daily insolation or noctlirna
surface radiation. In this study, from a comparisbmodeling results, we find that the horizontatla
vertical standard deviations of the wind fluctuatimethod is good response both stable condition and
unstable condition. In this study, the classifioatmatrix methodology of Vogt's vertical temperatur
difference and wind speed is modified for practicsg at the YONGGWANG site. From this study, it
is also confirmed that the methods using the budh&dson number and Vogt's modified graphs are
very useful in classifying atmospheric categoryindsRG 1.23, modified tables for delta T and wind
speed U and the Richardson method were preparechloylating the reasonable joint frequency
distribution from Pasquil’'s method and other erigtresults. From the obtained results, the inctusiv
correlation coefficient (r) was equal to 0.931. Tiesults of radiation dose are proportional to
atmospheric dispersion factors. This study camtvarious methodology comparisons and establish
an optimized methodology.

From this study, the best estimation methodolodgcsed as the delta T and wind speed. In this study
each atmospheric stability method is compared laadey parameters are checked in the case of wind
speed, stability, and wind direction. Key parangetme the delta T and the wind speed. In this study
various comparison results of each model are intred.
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1 INTRODUCTION

Air pollution models have been studied by the IABNRC, FGR, and EPA [1-8]. These models are
useful tools for evaluating emission rates and tifyamg adverse pollutant effects in specific raggo
The aim of this study is to develop a more effitirethodology of explaining the behavior of the
atmosphere using a stability measure. Lagrangiaterign, and Gaussian air pollutions models are
available. The Gaussian dispersion models are Iysusdd in estimating atmospheric stability. In the
Gaussian model, stability and mixing height are itwportant dispersion parameters for the calcutatio
Ideally, hourly input parameters for these modéieutd be calculated from measurements. The
atmospheric stability is calculated by determirting turbulence condition using the effect of diitus
and mixing influenced by the methodological phenoanand the air mechanical behavior [9-15]. In
particular, a local dimensional Gaussian-type aphesc diffusion model essentially includes the
stability factor. The first study and the improvegthod were carried out by Cramer in 1957, Pasquil
in 1961 and 1967, Vogt's research in 1971, andrajfaips [16-19]. Notably, a computational method,



fitting method, correction graph, and simulatiortinoel were respectively studied by Eimutis, Riopelle
and Stubley from 1972 to 1988 [2,16-18]. The methogies employ wind speed, radiation from the
sun, night, and cloud clusters. In detail, the ingoat factors for calculating atmospheric stabiarg
wind speed, standard deviation of wind directi@mperature difference of vertical levels, sunlight,
surface radiation, cloud stay time (or cloudinesk)ud height, atmospheric thermal flux, and swefac
roughness. According to the classification methibése data can be used for calculating stability
directly or indirectly.

At present, this concept is generally used fordhieulation of atmospheric stability. In this study
Pasquil’'s method, the wind direction-standard dexiemethod, vertical temperature difference method
Richardson number method, and wind and verticapezature method are used and compared with one
another. This study is focused on the relation betwstability and the atmosphere dispersion factor.

Stability is used for calculating the dispersiontéa in most cases. Pasquil stability classes duscr
the intensity of turbulence by dividing it into sgwvcategories (A, B, C, D, E, F, G)[1-8]. The pw@o
of this study is to find the best method to detemrthe atmospheric stability. First, the best esiiom
and classification method will be selected anchtie¢hod is completed by modifying and improving the
current stability method. In this paper, a new rodtls introduced.

2 STABILITY METHODS
2.1 Pasquill's Stability

Pasquill’s stability class is shown in Tables 1 @nd@he method is dependent on sunlight (cloud stay
time at night) and wind velocity. Stability classkscribe the impact of atmospheric turbulenceves
categories: A (extremely unstable), B (moderateaigtable), C (slightly unstable), D (neutral stake),
(slightly stable), F (moderately stable), and Gr@xely stable). Because of the advantages tdlgxac
describe seasonal atmospheric stability and tolgiogdlect weather data, this classification metiod
usually used. However, this method includes someemainty. In the case of daytime, Pasquill's
stability is controlled by Table 1 and Table 2 diarytime and night time.

Table 1 : Stability based on sunlight

Surface Day time
wind speed :
(m/sec) Strong Moderate Slight
2 A A-B B
4<U<2 A-B B C
6<U<4 B B-C C
4<U<6 C C-D D
6<U C D D
Table 2 : Stability based on Cloudiness
Surface Night time
wind speed .
(m/sec) Thin Moderate Heavy
2 E - G
4<U<2 E - F
6<U<4 D - E
4<U<6 D - D
6<U D - D

From Tables 1 and 2, the main shortcoming of Pdsgmethod is that the stability fluctuation shape
is changed into a catastrophic shape close to sandeat night. For example, before and after dunse
and sunrise, stability B is changed into stabiiitgr G. This is due to not considering the effddhe
atmosphere-thermal cavity. Therefore, in this studyaddress the weakness of Pasquill’'s method, we



applied Turner’s calculation method based on cloest (cloud stay time at night) and cloud height an
level.

2.2 Wind Fluctuation (CF : Combined Fluctuation)

In this study, wind fluctuation is denoted as Choifbined Fluctuation, considering vertical and
horizontal wind direction deviation) in order tonglify the notation of wind fluctuation. If the stdard
deviation of the wind direction is greater than tigical condition, air pollutants will spread intioe
atmosphere. This is an unstable atmospheric condailso, the standard deviation of the wind ditt
IS very important to calculate the atmosphericelisjpn factor and the atmospheric stability. Acawgd
to Cramer’s study in 1957[6], this method is deephated to the spread distance of air pollutants a
is strongly affected by atmospheric stability. @raily, this method entails calculations considgttine
degree of diffusion of both the vertical directiand horizontal direction, and therefore the vertica
standard deviatiord€) and the horizontal standard deviatiés) f the wind direction are usually used.
But the vertical standard deviatiode) is very difficult to detect. Generally, in the Rmethod, the
horizontal standard deviatiof) is used for determining stability. In this stuttye Irwin methodology
is applied to calculate the vertical standard deuiaof the wind direction. Irwin’s method deriviee
vertical wind deviation from the wind velocity. Wg this method, we calculate the vertical wind
deviation from the horizontal wind deviation andwdispeed between 10m and 60m height. The method
is delineated as follows:

(8e)= (30) / AU 1)

whereAU is the wind velocity difference between 10m afdhtheight.

2.3 Vertical Temperature and Wind Speed AT-U: Delta T U)

Delta T and U (vertical temperature and wind vdloechethod) uses the temperature difference
between two layers of atmosphere and horizontéligldn by the wind velocity difference between
these two layers (height levels 10m and 60m). Tashod is very useful to estimate and classify the
stability exactly using very simple data samplilmgthis study, we applied Vogt's research resuttd a
modified Vogt's table using a correction graph. dHiy, the relation between wind speed (U) and
temperature rateT/AZ) is changed into a new correction graph by uaidgtabase of meteorological
factors of the YONGGWANG site (see Figure 1 of &etT8).

2.4 Richardson Number

The classification method by Richardson numberaseld on temperature and wind velocity data
between two layers of the atmosphere. The metheerssimilar to the delta T U method. However, it
is not dependent on the stability matrix and isethglent on the correction equation. Equation (2hedg
the gradient Richardson number (Rx) and a negatalae indicates that the diffusion term by
convection is greater than the diffusion term byemtion. Otherwise, a positive value indicates #mt
given vertical diffusion term is zero. Generallg tRichardson number is expressed as given below:

Rx = g@8oZ)/[T(6uoZ)3 (2)

wheref is the temperature gradient (K), Z is the layagight level of atmosphere, m), and g is
gravitational acceleration (9.8m/sec). T is thenmalized temperature of the atmosphere (K). But the
results yielded by this equation are proportiondahe square of the wind velocity U difference besw
two layers of atmosphere and are too sensitiveedéhavior of U. The sensitiveness is affectethby
accuracy of the detector recording the wind vejoditso, the state of the atmosphere is not always
homogeneous, and the non-homogeneous charactensticlead to errors in the calculation. These are



caused by the surface roughness. In this studydar to diminish these errors, the Bulk Richardson
number method is applied as given below:

Rb =[ ge002)/[T(U)?]] 2* (3)
2.5 Vertical Temperature (AT/AZ: DeltaT/DeltaZz)

This is known as the NRC method. This has beernestury DeMarrais and Touma from 1958 to 1977.
Generally, only the temperature difference betwwem layers (height levels 10m and 60m) of the
atmosphere is used for classifying stability. Timsthod is similar to the delta T U method when the
correlation coefficient is more than 0.75 (see &&)l

2.6 Horizontal Wind Fluctuation (9 : Sigma Theta)

This method is referenced from section 2. 2. Gédlyemmly the horizontal direction is considered fo
the wind fluctuation standard deviation. This methiovolves a very simple model and is useful to
classify the stability from a simple data set (Sakle 3).

In TABLE 3, AT/AZ andd, are reflected to Pasquil stability at both levafldOm and 60m. The
basic categories of stability are selected by tR&€Nnethod, referenced from R.G.(Regulatory Guide)
1.23 and R.G. 1.145.

These classification methods have greater congemvathan any other methods of classifying
atmospheric stability.

Table 3 : Stability based o\ T/AZ andde

forparze | g
Pasquil Stability NI RCHT) (3. angle)
Range Range
A ATIAZ<1.9 22 53
B 1.9<ATIAZ<-1.7 17.5¢60<22.5
C 1.7<ATIAZ<-15 12.55<17.5
D 1.5<ATIAZ<-0.5 7.580<12.5
E 0.5<ATIAZ<15 3.8<60<7.5
F 1.5<AT/AZ<4.0 2.160<3.8
G 4.0<ATIAZ §0<2.1

3 STUDY STRATEGY

Stability classes describe the impact of atmosphembulence in seven categories: A (extremely
unstable), B (moderately unstable), C (slightly tabke), D (neutral state), E (slightly stable), F
(moderately stable), and G (extremely stable).tRerstability calculation, six methods are conseder
and compared to find the most useful method. Muogbbrtantly, we consider th&T-U method to be
the best candidate, because it has the charaicterfist dynamical term of wind speed and a statisti

term of AT.

3.1 Methodology and Classification Cases

We consider the following cases to determine ttst treethod:

Case01: Pasquill's methodology



Case02: Wind fluctuation (CBg, 6 )
Case03: Vertical temperature and wind spegteQ)
Case04: Richardson number (Rx) and
Bulk Richardson number (Rb)
Case05: Vertical temperatulT/AZ)
Case06: Horizontal wind fluctuatiod)

Case 01 determines the stability based on theidtey hight time, and cloudiness.

Case 02 determines the stability based on thecaéwtind and the horizontal wind.

Case 03 determines the stability based on thecaétémperature gradient and the wind.

Case 04 determines the stability based on the iequdgrived from Richardson’s methodology.
Case 05 determines the stability based solely ewéitical temperature difference rate.

Case 06 determines the stability based solely emdhizontal wind fluctuation.

Cases 01 and Case 05 are specified by low winddspezero wind speed.

Case 02 and Case 06 are specified by dynamicaVioettd wind or atmosphere.

Case 03 and Case 04 are specified by both dynaandastatistic behavior of the atmosphere. Case
03 is focused on the relation between wind speeldvartical temperature gradient. Also, Case 03 is
referenced from Vogt's study of FRG report Jul-BJ8-The data set used for the stability methods is
introduced in the modified graph in Figure 1.

In case 01~case 06, the Richardson method, wirtu#ition method, vertical temperature method,
and Pasquil's method are compared by matching data.

Pasquil’'s method depends on the cloud and surdigliig a given day. ThAT/AZ method is called
the vertical temperature method and the wind spéfedt is not considered.

Fig.1 shows the relation of wind speed (U) and terajure rateAT/AZ) based on the meteorological
data base of the YONGGWANG site during three yéamm 2017 to 2019. Figurel is modified from
Vogt's correction graph and is used for calculatisimg a modified form of Vogt's methodology.

Figure 1 : Wind Speed and Vertical Temperature.
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The methodology of Figure 1 is applied to evaltlhteatmospheric dispersion factor in an OPR1000

nuclear power plant. The meteorological input dadasist of the wind speed, vertical temperature
gradient, wind direction standard deviation, andtjirequency at the YONGGWANG site.



3.2 Input Date Base

The data used in this study are from a three-yemiog. Table 4 provides a summary of the

specifications of the data used in this study. d&ia set is given below:

Table 4 : Input Data in YONGGWANG Site for Atmospheric Stli

Atmospheric Data
Classi Height i Period
fy g DquI Temp. Other Parameter
irection
Pasquil 60m - - Cloud, Sunlight
ATIAZ 10m, 60m - 10m, 60m -
Wind Speed
AT-U 10m, 69m - 10m, 60m (10m, 60m) 2(117
( 3), angle 60m 60m 60m - 2019
) Wind Speed
(CF: 8g,00) 10m, 60m 60m 60m (10m, 60m)
Rb 10m, 60m - 10m

The AT-U method was developed by the IAEA (Internatiokgmic Energy Agency) and Vogt's
study of FRG report Jul-708-ST [1, 3]. It considbth wind speed and atmospheric temperature
effects. Theds method is equivalent to the wind fluctuation methén this method, atmospheric
temperature is not considered. For Rb, Richardsamber method or Bulk Richardson number method,
all parameters are very similar to those of e U method.

In this study, in order to use thEeT-U method, we categorize the vertical atmosphemgerature
and the wind speed to estimate the atmospheritistastimation of YONGGWANG site. In addition,
we make the input material from methodological infation.

The meteorological input data consist of the wipelesl, vertical temperature gradient, wind direction
standard deviation, and joint frequency in the YARNRANG site. As in Table 4, the data used in this
study are collected in the three year period fréh72to 2019.

4 RESULTS AND DISCUSSION
4.1 Comparison with SRP methodology

In this section, the stability classification mathend the estimated results are introduced.

Figure 2 indicates thakT- U is more similar to the frequency trendethan to the frequency trend of
AT/IAZ. dis used to explain the dynamical behavior of aphesic stability. HoweverAT/AZ is
used to explain the statistic behavior. In thise¢cdke only similarity betweenT-U andAT/AZ is
found in the range of less than 3m/sec of wind sigldoecauseAT/AZ cannot explain the dynamical
behavior of the atmosphere.

Table 5 shows thahT-U is in good agreement withT/AZ in the range of low wind speed of less
than 1.5m/sec. However, with strong effects of winigher than 1.5m/sec of wind speed), tk€- U
method is very similar to thie method. These results show that the stability @eftimosphere is greatly
influenced by the wind condition. In addition, Takd shows than\T-U, Rb, and CF are in good
agreement with one another in the full range ofdagpeed. These results show the three methods are
based on calculations reflecting the dynamicalstatic behavior of the atmosphere.

From Table 5 and Table & T/AZ method is agreement with only static state. Qiiser, AT-U
method and CF method is good agreement with folieavind speed, every category of the atmosphere
stability. Thus AT- U is the good method to replace th&/AZ method.



Figure 2 : Comparison of stability methods
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Table 5 : Correction olAT/AZ, 3y, andAT-U

Wind Speed (AT/IAZ) vs (AT-U) Vs (AT-U)
(m/sec) Correlation coefficient Correlation coefficient
1~15 0.95 0.32
1.5~3 0.78 0.46

3~5 0.43 0.87
5~8 0.33 0.96
8~ 0.30 0.98

Table 6 : Correction on Rb, CR{,6e) andAT-U

Wind Speed Rb vs AT-U) CFvs (AT-U)
(m/sec) Correlation coefficient Correlation coefficient
1-15 0.85 0.93
1.5~3 0.79 0.91

3~5 0.84 0.89
5~8 0.82 0.96
8~ 0.91 0.97

In order to find the characteristics of the atmasjahbehavior, seasonal temperature and wind speed
are checked in terms of time vs. day for severatthm The results are presented in Figures 3 and 4.
These results show that the temperature differbatgeen two layers of atmosphere is proportional to
seasonal characteristics. However, wind speed (welatity) is independent of seasonal specification
as seen in Figures 3 and 4. This shows that wieddfrequency is homogeneous over 24 hours. A and
B of Figures 3 are temperature trends during 24Hdwrom Figure 3, the temperature distribution is



non-homogeneous in each time area over 24 houasidition, B of Figure 3 is colder than A of Figure
3. Their distributions of temperature are remarkabfferent. But Fig.4 shows that the temperature
effect can be neglected when comparing A with Eigure 4 for the maximum value of wind speed
during 24 hours. According to Table 6, the termsmaid speed can explain the stability in seven
categories. The results of Figure 4 are equivdtettie results of Table 6. From these resultsinfes
that wind speed controls the stability of the atpheEse.

Figure 3 : Temperature gradient during annual season
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Figure 4 : Average wind speed (velocity) during 24 hours( Swn Winter)
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In this section, the stability classification medhend estimated results are introduced in Figure 5.
Figure 5 is the detailed correlation graph in #nes categories of stability for each stability gamison.
Also, the results of Table 5 and 6 are includeBigure 5.

In Figure 5, the equivalent data numbers comparedch category of seven stability (A, B, C, DFE,
G) are written in each box of the graphs.

AT-U is in good agreement with Rb in seven categmfeatmospheric stability. In the same manner,
comparingAT-U with CF, both methods are in good agreemersieiren categories of atmospheric
stability. In comparison betweeXT- U and vertical temperature, the correlation doigfiit of E, F, and

G stabilities is 0.90. In the case of horizontahdvfluctuation, the correlation coefficient of A, 8nd

C is 0.945. In Pasquil’'s method, the correlatioafttoient of D is 0.88.

From these results, in theT- U, Rb, and CF method, the total correlation goiffit (r) is calculated
by the root square fitting method. In this studhe tnclusive correlation coefficient (r) is 0.93hese
results are based on the comparison betwebrJ and CF and the comparison betwedhn U and Rb
presented in Figure 5 (see Figure 5, Comparis@tadfility Methods).



Table 7 presents a comparison of the six methael$inghis study. In the cases of the seven casgjor
of atmospheric stability and the frequency of tretaorological data set, all methods are summarized.
From these results, we find that thd- U, Rb, and CF methodologies are well matched/@mecase.
We decide that th\T-U methodology is the best method due to goothdittnd good correlation
coefficients in every case of Figure 5, Table & &able 7.

Figure 5 and Table 7 summarize the full range efrtsults obtained in the present study.

Figure 5: Comparison of Stability Methods
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Delta T and U Stability
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Table 7 : Results of Classified Stability among Various Metbo

Stab Pasqu. CF(50,5¢) AT-U Rb ATIAZ 30
| (%) (%) (%) (%) (%) (%)
A 240 4575 5480 6000 205 4770
(0.48) (9.15) (10.96) (12) (0.41) (9.54)
5 4405 4690 5570 1845 3850 4750
(8.81) (9.38) (11.14) (3.69) 7.7) (9.5)
c 8095 10780 3865 7800 5850 10275
(16.19) (21.56) (7.73) (15.6) (11.7) (20.55)
5 12910 19665 20120 24195 13400 19300
(25.82) (39.33) (40.24)  (48.39) (26.8) (38.6)
c 6115 7035 8865 8460 15100 6650
(12.23) (14.07) (17.73)  (16.92) (30.2) (13.3)
c 15095 3050 3095 1050 6095 2100
(30.19) (6.1) (6.19) 2.1) (12.19) (4.2)
s 3140 205 3005 650 5500 2155
(6.28) (0.41) (6.01) (1.3) (11) (4.31)
Total 50000 50000 50000 50000 50000 50000
(%) (100) (100) (100) (100) (100) (100)




5 CONCLUSIONS

In this study, the various methods of the atmogplstability determination are reviewed.

In particular, the IAEA methodology\T- U) (or Vogt's methodology) is discussed and miedif
Additionally, the modified methodology is comparadth other methods. The modifiedT-U
methodology of this work provides very reasonabhailts in terms of both dynamic and static stahilit
Comparison results and conclusions are as follows:

(1) For wind speed higher than 1.5 m/s&@, U is similar tade.

(2) For wind speed less than 1.5 m/s&@; U is in good agreement wWithT/AZ.

(3) Stability of the atmosphere is generally impadby wind speed.

(4) Stability frequency shows similar trends betwed - U andds.

(5) TheAT-U method efficiently explains atmospheric behawiod stability character.

(6) AT-U is in good agreement with Rb.

(7) E, F, G stabilities, D stability, and A, B, @Bilities are equivalent to vertical temperatirasquil,
and wind fluctuation, respectively.

(8) From this study, thaT-U method is very similar to Rb and CF.

(9) The correlation coefficient of theT- U method ranged from 0.30 to 0.90.

(10) In the methods okT- U, Rb, and CF, the total correlation coefficiémt is calculated by the root
square fitting method. In this study, the inclusiegrelation coefficient (r) is 0.931.
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