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Abstract: This paper describes an atmospheric dispersion field experiment performed on the coastal site of nuclear pawer plant in the eest part
of China during 1995 10 1996. The three-dimension joint frequency are obtained hy hourly ebservation of wind and temperature on a 100m high
towers the frequency of the “event day of land and sea breezes” are given by cbservation of surface wind and land and sea breezes; the diffusion
parameters gre go! from measvrements of twhulent and wind tunoel simulalion tes,

A new mode] caleulating the annual mean mmospheric dispersion factar for coastal site of nuclear power plant is developed and establishe .
This model considers nat anly the effect from mixing relesse ard mixed layer but 2lso the effect from the internal boundary luyes and variation of
diffusion parameters due to the distance from coast.

The comparison between tesults obtained by the wew model and current model shaws that the ratio of annual mean atmospheric dispersion
factor gained by the new model and the currenl vre is about 2.0.
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Introduction

An atmosphere dispersion field expesiment was done on the coastal site of nuclesr power plant (NPP) in the east part of
China during 1995—1996. The conlent of this experiment includes: howly ehservation of wind and temperature on the tower
of 100m; Obsecvation of surface wind and see and land breeze, measurement of turbulent and wind sumnel simulation. The
results of the experiment show thal the frequencies of see and land breeze and the internal boundary layer are quite high. The
current guides( NRC, 1977; [AEA, 1980) relative 10 caleulating atmosphenic dispersion for MNP does not consider the effect
of the internal houndary layer.

A new model which takes intn account comprehensive effect of al! following factors on caleulation of annual nean
atmospheric dispersion factor are developed and established: variation of diffusion parameters between onshore wind and
offshore wind and due to the distance from coast, mixing release caused by huildings, mixed layer and intemal houndary layer
and so on.

1 Brief of the studied region and experiments
1.1 Toepography of the study region

The studied region is located on the southem part of the Fujian Province, and is surrounded by the open ocean surface of
the Taiwan Straits ou the southeast side and plain and hills linking with the Daiyun Mountain. The coasiline in the region is
aligned along the general SW-NF. direction. The Huian NNP site as well as the metearological tower is located at latitude 24°
51'N 2nd longitude 118°4671, and i facing sowhwards the Quanghon Bay. The site and topography of the region is shown in
Fig.1, which covers an area of 240 km {rom east lo west and 160 ki from north to south. There are the Mulan River an the
northem part over land that flows into the Xinghua Bay, the Jinjiang River in the middle that flows into the Quanzhou Ray and
the river manth of the Tiulong River on the southwestern pasl. The highest terrain in the west and northwest of the domain is
about 100m above sea level.

1.2 Experiments and meteorological data

Tn order to obtain the information on dispersion of the air pollution in this region, the following works were done in the
study :

(1) A 100m-high meteorological lower was setup, on which 4 scls of probes were installed respectively at 10, 30, 70
and 100m sbove ground surface to measure hourly wind speed, wind direction and temperature . Meanwhile, the surface
meteorclogical elements were observed simultaneously .

{2) The low-level rawinsonde observations of atmospheric boundary layer were conducted al Xiayang( # 23), Chenghian
( #21) and Dengyuan{ #22) with the period of from 3 July to 15 August, 1995 and anly at Xiayuan in the winter with the
period of from 4 to 20 Janwary, 1996.
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(3) The short-term measurement of turbulent characteristics was carried out at the level of 27Tm equipped with a ses of
sonic anemometer-thermometer and at 10Zm with three-axis anemometers during the summer experiment. Only the
measurement at 27m was performed in the winter.

(4) The measurements of heat budget components on land surface, as well as the temperature of land surface and
underground, were also conducted simultaneously with the turbulence measurement .

(5) The tempersture of sea surface and land surface were derived from the remote sensing information of the NOVA-12
and NOVA-14 satellites .

In this study, we also collected hourly wind data of 12 meteorological stations for tho roproscntative month in cach
season. The information on routine upper-air rawinsonde observations and weather patiern were acquired from daily synoplic
map. Moreover, additional messurements of surface wind were conducted at Xiangzhi{ # 31) and Doengyuan{ # 22) during the

summer experiment. The location and code of each station are shown in Fig. 1.
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Fig. | Topography of the studied region and locations of Lhe observational stations for meso-scale wind field study at Huian NNP site
{a) horizontal domain of the studied region. Topegraphic cantanrs are heights above sea level in 100m interval;

(b} three dimensional relief map of the studied region

Except the turbulence data, which is mainly used to estimate diffusion parameters, the data mentioned above are used
in the analyses of wind field or as the input of numerical simulation such as objective diagnostic model and dynamic edel.

2 Analysis of land and sea breezes
2.1 Daily changes of wind direction and wind speed at a single station
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Fig. 2 Time series of the surface wind vectors plotted from data collected at
meteorological tower site for {a) 16 April to 15 May, 1995; (b) 2 10 31 July,
1995; (e} 1 to 30 October, 1995; and (d) 1 to 31 January, 1996. The velocity
scale are shown on left side of each penel, and date under the panels

Fig.2 presents the hourly changes of wind
veclor measured at the meteorological tower on
representative months, where the length of the line
is used to indicate the wind speed instead of the
tail in synoptic analysis. It is rlearly shown that
the sudface wind data obtained from the
meteornlogical tower are able 1o illustrate the
pattern of meso-scale flow. For example, almost
all days on October, 1995 belonged o systematic
NE wind pattern, and most on the first ten-day of
July belonged to SW wind pattem. It also can be
scen that the onshore flow regularly occurred from
[ate morming lu evening in some petiods of clear
days with complete light wind or sysiematic wind
direction during the night and the morning. From
those results, it is not difficult to conclude that the
surface wind tecords at the meteorclogical tower
station may play the wle of a goad indicator for the
sea breeze event. It should be worth pointing out
that besides land and sea breve: the forcing of
heat difference between sea and land is very
significant even under conditions of strongly
synoptic wind dominating. As a result, the
deflection of wind direction towards land in the
afternoon is commonly observed. The most typical
cases be found in Fig.2c for October, 1995.

2.2 Case analysis of land and sea breeze

There s no lack of typical examples of land
and sea breeze in this ares through observational
analysis. One case given below is well identified
by using a diagnastic model, and a progmostic
modcl as well .

Fig.3u and 3b are the hotzontal and vertical
wind fields respectively, which are plotled from
the resulis of a mass-consistent wind field model.
AL 02:00, the calm pecurred at high altitude, the
wind speed over surface was relatively low. and
the wind direction was unstable . After 09:00 the
components of onshore flow presented at coast
sites. The wind in the lowest 200m layer formed a
distinctive onshore flow over sea at 11:00, which
had extended to the coastal zeme, but the wind in
inland sites was still low. The depth of onshore
flow was added up to about 300m with the reverse
flow at higher level at 14:00. Sea breeze reached
to the strongest over sca and over the coast at 14
00 and 15:00 while at 17:00 for inland sites.
According 1o the meteorological report, there had
been local convection current appeared over the
sea at 17: 00 and the wind tumed to southerw
abruptly, meaning the ease of onshore flow.
Although the distushance of local convection made
the sea brevse end early that day, the sca breeze
circulation is typical because of weak synoplic
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flow. During the summer, the main regions influenced by the onshore wind are the Xinghua Bay and the Mulan River on the
northeastern corner over land, as well as the Quanzhou Bay and the Jinjiang River valley.
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Fig.3 Surface wind field at 3h intervals for sea breeze event of July 21, 1995( the time is Beijing standard time)

During the spring and the winter there also exists obvious land and sea breezes, however, the time duration is short and
the intensity is weaker in general .
2.3} Frequencies of land and sea breece

'The results predicted from a prognostic meso-scale model have indicated that thermally driven flows, such as slope wind
and valley wind caused by thermal contrast hetween hilly area at terrain play significant roles in wind field stucture in inland
sites, and in enhancing sea breeze at coastal zone, especially at river mouth area. Due to overlapping of various flow schemes
the pollutants released from the source located at NNP site may show on and off transport around the source or along the river
valley following diumal altemnation of the flow. For classifying the wind field to specify the transport characteristics of air
pollutamts, we have defined the “event day of land and sea breeze” according to following rules:

(1) On the basis of the data obtained from the meteorological tower, SE, ESE, E and ENE flows appear more than 4 hours
on the daytime, among which there are at least 3 hours oecurring continuously . The change of wind direction between daylime
and night reaches to nearly 90Por more, or surface wind speed is less than 2 m/s and wind direction is uncertain at night.

(2) The onshore wind along the coast goes on for at least 3 hours at the daytime.

(3) The marked paricle released from the source located on the Huian site transports on and off shore allernately, the
transport trajectories of the particle are winding and slagnant and finally pass over the houndary of the region along the same
area.

The above rules are made on the basis of transport and diffusion of air pollutant, which do not mean that all the “event
days” belong to typical land and sea breeze in meteorology .

The frequencies of the “event day of land and sca breeze” on each representative month are listed at Table 1. The other

types of wind field are also given in order to fully understand and compare all kinds of wind fields. As for January, April, July
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and October, the frequencies are oblained by comprehensively judging in the light of the above requirements, lor other months
they are obtained by an analysis of the single station’ s records. The data listed at Tahle 1 indicate that the types of meso-scele
wind field in each season are rather single. Resides systematic wind, the frequencies of occurring land and sea breeze are
relatively high. Becausc land and seca breeze and local air eireulation along the coast have been considered a major factor
influencing local ar.mospheric diffusion and pollutam transport , lhuy should be taken inlo account for estimating the
environmental impact of nuclear power plant, especially for nuclear accident condition.

Table 1 The numbers and frequencies of the “event day of tand and ses hreeze” and other types of wind field { The other types

include typhoon oceurring during the summer and autumn, and transition of systematic wind; the values in brackets are frequencies
in terms of percentage)

Date Land and sea breeze Wind by north Wind by south Others
1095 4.16 — 30 7(47) 5(33) 3(20) ()
1995.5.1- 15 7(47) 6(40) o) 2(13)
1995.7 11(36) 0{0) 15(48) 5(16)
1995.8 15(48) 2(7) 10(32) 4(13)
1995.10 2(7) 29(93) o{c) 0(0)
199511 4(13) 26(87) )] 0(0)
1996.1 5(29} 22{71) 0{0} o0}
1996.4.1 - 15 2(13) 13(87) 0(0) 0{0)

3 The new model of the annual mean atmospheric dispersion factor for coastal site of
NPP

3.1 Current equations of estimating the annual mean atmospheric dispersion factor under mixing release

In the cases where the release point is higher than height but less than the twice height of adjacent salid structures, a
wixing released mode should be assumed, in which the plume is considered as an elevated release during part of time [ {1-
Et)% ] and as a ground level release during the remainder of the vime { £¢% ). In this case the annual mean atmospheric

dispersion factor in i wind direction { 3/ ¢); could be calculated as follows:
5

(.X!O)i = Z[ gs‘,'.lfxf()).‘.g + §;.,-.z(xf0);,:. + (i - Eein — g..,‘z)Ecs.j(X-"Q}ng

i=1

+ (1~ Lig — ;i,j,‘))(l_ Eti,;)(xf'QJ:.u], (n
where,{ ¢/ @), and {¥/Q), . is annual mean aimospheric dispersion factor respectively for elevaled release and ground-
level release. They could be estimated by following equation,

20?2 Cf a whiy.
¥ le;‘,ifrlfw!a expl - ;ﬁl} T o= X
(X'IO)I'.;. = ,, . h (23
< Y owdiik
nxufﬂf’ fwﬁ(u—g‘*' ?;'{EJ&_) x = 2x,,

where x, < x < 2, , the value of (X/Q), , could be obtained by liner interpolation of values given by « = x, and x = 2x, .

2.032 qu 1-4’;,&
X ?fn,fr;fw 2 *Z:l, M:k T o= Xy

anfr,fw, ( "’&) %= 2%, ,

Ui

(XIQ).,R =

where, fp ;fr; fy.; are the modificd factnrs rcspcchvely for dry deposmbn , wet deposition and radioactive decay; f, ., is the

i

joint frequsney for { wind ditection, § is the stability and % is the set of wind speed; f,; is the frequency for ¢ wind

2
direction, j is the stability and calm; E . = &% + aly . here 6, is an initial diffusion parameter caused by building, &,
-

and {;;; are defined as follows,

Cign = mpadng; Lipa = myadng, (4)
where, ,; is the number of hours for ¢ wind direction, j is the stability in 1 year 5 a,,, and n, ;, are numbers of hours for
i wind direction, j stability and with Wo/n, ;. < [.0 or Wo/u. ;. > 5.0 respectively in 1 year; W, is exil velocity of
effluents from stack .

The value of Ei; ; is given by [ollowing Fqualious [USNRC,1977]:

"}

Et,, = 2.58 _ | Y‘(wzu ] Wl (Wolu,,) < 1.5,

if
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=0.3-0. %[—\‘(W A 0] ifl5g (W, u,,) <50 (5

3.2 New model to calculate the annual atmnspherlc dispersion factor for coast site of NPP.
3.2.1 For offshore wind
3.2.1.1 The diffusion mode for offshore wind

Inthis case anly the effect of mixing release and mixed layer but no internal boundary layer should be taken into
account. It is assumed that: for the A, B, C, D stability, when x <1, 5%, the plume will be free diffused; when x >
1.5%;, te plume will be evenly mixed under the mixed layer. Here x, ; expresses the downwind distance at which the upper
edge of plume arrives the height of the mixed layer in the j stability . The value of diffusion paramelers is dependent on the
condition of terrain and named offshore diffusion parameter o, meantime the initial diffusion parameter 5, and o, cavsed by
disturbance of buildings should be considered.
3.2.1.2 The equations of the annual mean atmospheric dispersion factor for offshore wind

The equations to calculate the atmospheric dispersion factor for offshore is as same as the Equation {1) but { 2@ Vi
and (y/Q),, in Equatien (1} are given by

2.0%2 H o s
f”‘f“fw’ Oy pr(_ 26zz.j.qr)k0'5 * ; Biu )
when =56or'= 1,2,3,4and x < 1.5%, ;
(x/Q)ijin = ) 030 Fn; S t (6)
i R
fu,fr,fw,—j\OS’ Z}—)
when j = 1,2,3,4 and x = 1. ﬁx,j;
2.032 W
Tofrifrs 5 2 whiky
k=1
) when]:5601‘]:1234:md:b(5:_J
(x/@)iye = ’ M

2. 032fn Sosfvs

whenj = 1,2,3,4and x = 1.5,

m.}‘:) Zuf:;k

where j=1,2,3,4,5 and 6 means A, B, €, D, E and F stability respectively; 3, ., is a total diffusion parameter
corresponding to j stability and offshore wind and given by following equation,
S = b0k g+ 0u )2 (8)

3.2.2 For onshore wind

In this case all following effects must be considered: mixed layer, mixing release, internal boundary layer, the variation
of diffusion parameters from the oceanic diffusion parameter ¢, which is not subjected to the disturbance of terrain to the
terrestrial diffusion parameter ¢, and the additional diffusion parameter caused by the disturbance from buildings .
3.2.2.1 The diffusion mode for elevated release

For E or F stability the variation of diffusion parameters from o, lo o, is the only factor to be considered . Fig.4 shows
the scheme of transport and diffusion of radicactive plume for A, B, C, D stability. When downwind distance x < x_, the
plume transfers and diffuses with diffusion parameter o, . Here x, is the downwind distance at which the axis of plume crosses
the internal boundary layer. When x > x., there are twa possibilities: (1) If the internal houndary layer happens (its
frequency is assumed as F, for m-th mouth, m =1, 2, .12, the fumigation phenomenon is assumed to cccur and will
cause the vertical evenly mixing of plumne under the internal boundary laver; (2) If the internal boundary layer doesn’t
happen [its frequency is (1-F, ) ] the wansport and diffusion of plume with oceanic diffusion parameter ¢,, will be continued
untit % = 5. ;. The x;; expresses such a downwind distance on both sides of which, i.e., for the vegions of 0 < x < , ; and
x> %, , the different diffusion parameter 7, and ¢,; become characteristic respectively. In view of the sudden variation of
diffision parameter at x,,, in ealeulating, the diffusion parameter suitable for the region x > x,,, could be estimated hy using
a “false source™ model (Fig. 4, z5). This new diffusion parameter is here named the terrestrial diffusion parameter g, . In
the region between x,; ; and 1.5x%, ;, the plume will continue to transfer and diffuse with terrestrial diffusion parameter o, .
When z:=1.5%, ; the plume will be evenly mixed vertically under mixed layer.
3.2.2.2 The diffusion mode for ground-level release

Far the ground-level release the offshore diffusion parameter which reflects the effect of terrain should be adopted but the
additional diffusion parameter from disturbance of buildings must be considered.

For £ or F stability the situation is as same as elevated release.

The scheme of transport and diffusion of radicactive plume tor A, B, C and D stability condition are shown in Fig. 5a
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Fig.4 The scheme of tansport and diffusion of the radicsctive released from the elevater point source on the site of coastal NPP for stability
category A, B, C, D and for enshore wind

2.0 i M

A= P So.ifr5.ifv %ﬁi 4 222 B = 4 - expl _z -}

Bj & 6%

und Fig. 5h.

o
e R
St )
<1 He 4 Nz o
tisting Iyer L //v@j H "L, N @
d é@’k N
s 15§
< dﬁ‘ H 4 =
= E- a-r s Bla_ a2
zl-l E
wailer EN and X X, 5%, 35,

Fig.5 The scheme of transport and diffusion of the radioactive plume released [rum the gound: level source on the sile of coastal NPP
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i
(a. when x, ; » xb,,);z)“ = (o% 4 + 0% b, whenxy ; > x ;)

In Fig.5a it is assumed that the down wind Jdistance x, ;, ot whick the upper edge of plume for ground-level rejease
crosses the internal bound layer, is less than x;, i.e., %, > %, ;, snd that in the region of 0 < x < 1.5x,,; the plume

released frum ground-level saurce freely transfers and diffuses with the diffusion parameter Z: . In the region of 1.5x, ; 5
i

x < 1.5x,; the plume will be evenly mixed under the intemal boundary layer during part of time [ F,, ) or continue to transfer
and diffuse with X, during the remainder of the time (1-F, ). When x21.5x, ; the latter part of plume is assumed 1o be
evenly distnbuted vertically ander the mixed layer.

The analysis of transport and diffusion process shown in Fig.5h is the same as sbove. The difference is only x, ; > =, -
3.2.2.3 The equatiens of the annual mean atmospheric dispersion factor for onshore wind

The equation 1o estimate the annual mean atmespheric dispersion factor for onshore wind is still given by Equation (1.
Meantime the (/@) ; and {3/ @), in BEquation(1} will be estimated by
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when j = 1,2,3,4and x > max(l.ﬁxbvj,l.ix,_d),
where o, ; . is the diffusion parameter corresponding to j stability and onshore wind and given by
Srp = {a”'““ s an
Tz, 0 X = X

4 Measuring of relative parameters
4.1 Three-dimension joint frequency .f, ; , and .f, , at different height

Three-dimension joint frequency .f; | . and f, ; were chtained in the light of hourly observation of wind direction, wind
speed and temperature at 4 heights of 100m meteorological tower during the period of from [5 April, 1995 10 15 April, 1996,
4.2 Dilfusion parameter(Thomas, 1985; Hu, 1998)

Based on 336 sets of observing data of wrbulence characteristies at 27m and 102m of the tower in the summer {from 4
July, 1995 to 19 July, 1995) and 183 sets of data at 27m of the tower in the winter (from 3 June, 1996 to 11 June, 1996),
the diffusion paramelers are estimaled by using Draxler’ s method. Meantime, 26 sets of wind tunnel simulation tests were
conducted for the D stability in order to modify the effect from buildings on the diffusion parameter. The results are shown as
follows .

4.2.1 Offshore diffusion parameter off o,

In caloulation the fullowing wind directions are assumed 1o be onshore wind direction: ENE, E, ESE, SE, SSE, S,
35W and 5W, i.e., i =4,5,6,7,8,9,10,11. Other wind directions are assursed to be offshore direction. 1able 2 shows the
values of offshore diffusion parameter ¢, for the coastal sile where a NPP will be built. Fig.6 shows the comparison hetween
the values of 7.4 mentioned above (solid line) and Brookhaven diffusion parameter( dashed line) .

4,2,2 Onshore wind diffusion parameter
4.2.2.1 Oceanic diffusion parameter &,
In some coast region the dillusion parameter is not subjecied to the disturbance of terrain and mainly reflects the

characteristic of oceanic turbulence. These diffusion parameter are named oceanic diffusion parameter o, and are given in

Table 3, where the downwind distance x; less than which the oceanic diffusion parameter o, is suitable is also given.
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Fig. 6 Comparisan of the nfishore diffusion parameter a,;(solid line) and Brookhaven diffusion parameter (dashed line)

Table 2 Offshore diffusion parameter o, .5 = P, 2% %7, Table 3 Oceanic diffusion parameter @, ,; = P, , ¥%. o . &, ..

&, og = Pk o = P, eX%i0c
Stahility P o Q. o P L Stability P.. 0. P C.. X.m
B(A) 0.351 0.87 0.260 0.85 Y 0.158 0.9  0.120 0.9 < 200
[} G.305 0.86 (1.240 0.8i

c 0.140 .91 0.105 0.7 <500

0.271 .85 +.220 a.78 D 0.120 0.87  0.090  0.82 <1000

0.239 0.83 0.320 0.65 E 0.088 0.8 0.115 0.66 <5000
F

0.5 07 040 0.5 0.076 079  0.115  0.56 <5000

= m 2

4.2.2.2 Terrestrial diffusion parameter o,
Where x > x, the oceanic diffusion parameter will be changed to terrestrial diffusion parameter, which could be estimated

by following equations bascd on the “false source” model {Fig. 4):

Oye = Pr.kxq"‘” = P‘HO‘U[(x - “i) + xo:,«]q""’ﬂ, (12)
T = Phux"x.re = P.—.qﬁ’[(x - I,) + xm]q""ﬂ9 (13)
where,
P ey o
= | e 14
Koy (Py_,ﬂx' ) . (14)
P Ve, g
= AL ) 3
n = (e ) T (13)

4.3 Heiphit of the internal boundary leyer

Based on the analysis of data from the low-level radiosonde observing of atmospheric boundary layer, a realistic formula
to estimate the height of the internal boundary layer which suitable tor this site of NPP is proposed as follows:

H}j = 2551 — exp(- ='*/50)1. (18)

5 Result and preliminary analysis

Teble 4 and 5 show the values of the annual mean alnwspheric dispersion factor for offshore and onshore wind respectively
for Huian site of NPP on the basis of the new-model mentioned above. It vould be seen (rowm Table 4 and 5 that the maximumn
of the annual mean atmospheric dispersion factor is 5.69E-6 s/m’ and occurs at downwind distance 500m in the NE wind
direction. The value of 2. 11E-6 s/xa* which occurs at downwind distance 500m in the S3W wind direction is chosen as a final
annwal mean atmospheric dispersion factor ta evaluate the dose in the environment impact report for siting of Huian NPP
because there is no resident in those region that is located downwind for offshare wind. The comparison between Table 4 and
5 also shows that the maximum of the annual mean atmospheric dispersion factor [or offshore wind is about 2.7 times of that for
enshore wind. [t could be mainly attributed 1o the fact that the values of annual wind frequencies of NE (29.4% ,27.5%) at
70m and 10m height are about 4.8 and 4.1 times of aunual wind frequencies of SSW (6.10% , 6.75% ) respectively. But for
onshore wind the plume released from ground-level is evenly mixed under the internal buund tayer at downwind distance 500m
for by A, B stahility because x, ; =260 m for A, B stability. It panly compensates the effect caused the above difference of
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anaual wind frequency.

Table 4 Annual mean atmospheric dispersion factor for offshere wind on the Huian sife of NPP

Wind Downwind distance, m

drecion 500 1500 2500 4000 7500 15000 25000 35000 45000 55000 65000 75000
N T.94E-07 2.25E-07 1.15E-07 6.07E-08 2.48E-08 1.16E-08 6.37E-09 4,29E-09 3.21E-09 2.55F-09 2.10E-09 1.79E-09
NNE 3.83E-06 7.77E-07 3.52E-07 1.67E-07 6.02E-08 2.97E-08 t.72E-08 1.20E-08 9.23E-09 7.47E-09 6.27E-09 5,40E-09
NE  5.69E-06 1.0IE-06 4.35E-07 1.98E-07 6.91F-08 3.32E-08 1.94E-08 1.37E-08 1.0SE-D8 8.53E-00 7. 17E.00 6. 18F-08
WEW  3.28E-07 |.36E-07 7.48L-08 4, 1SE-08 1.85E-08 9.57E-09 5.356-00 3.61E-00 2.7IF-09 2. 15E09 | 78E.09 1.51E-09
w 2.30E-07 1,02E-07 5.67E-08 3.34F-08 1.57E-08 8.07E-09 4.50E-09 3.04E-09 2.27E-09 1.79E-09 1.48E-09 1.25E-09
WNW 2.01E-07 §.60E-08 4.84E-08 2.73E-08 1.19E-08 5.66E-0% 3.08E-09 2.06E-09 1.54E-09 1.21E-09 1.00F-09 8,48E-10
NW 4.17E-07 1.27E-07 6.43E-08 3.47E-08 1.50E-08 7.30E-0% 4 .06F-09 2. 76E-00 | .08E-0Y 1.65E-09 1.37E-00 1. 17E-09
NNW  5.81E-07 1.58E-07 7.77E-08 4.12E-08 1.61E-08 7.48E-08 4, 10E-09 2.77E-09 2.08E-09 1.65E-09 1.37K-09 1.17E-09

Table 5§ Annnual mean atmospheric dispersion factor for onshore wind on the Huian site of NPP

Wind Downwind distance, m

direction 5oq 1500 2500 4000 7500 L5000 25000 35000 45000 55000 65000 75000

ENE  1.01E-06 2.78E-07 1.38E-08 6.8E-08 3.07E-08 1.05E-08 6.26E-09 3.90E-09 3.36E-09 2.65E-09 2.1£-09 1.85E-09
E  4.46E-07 1.61E-07 §.34F-08 4.21E-08 1,86E-08 6.57E-09 3.98F-09 2.57F-09 2. 10F-00 |.67F-00 1 38E-00 1_17R-08
ESE  7.86E-07 2.27E-07 1.12F-07 5.75E 08 2.75F 08 1.05E-08 5.96F-03 3.83E-00 3.016-09 2.365-09 1.94E-09 1.63F-09
SE 8.59E-07 2.88E-07 1.44E-07 7.30E-08 3.62E-08 1.43E-08 8.20E-09 5.35E-09 4.21E-09 3.33E-09 2.74F-09 2. 3304
SSE 6.38K-U7 2.21E-07 1. 11E-07 5.70E-08 2.78E-08 1.11E-08 6.28E-09 4. 11E-00 3.17E-09 2.50F-0¢ 2.06E-09 1,75E-09
S 1.09E-06 3.13E-07 1.54E-07 7.70E-08 3.75E-08 1.d3F-08 8,22E-09 5.26E-09 4.21F-09 3.31E-09 2.7IF-09 2.79E-09
SSW  2.11E-06 4.80E-07 2.34E-07 1.17E-07 5.90E-08 2.265-08 1.29E-08 7.88E-09 6.41E-09 4.04F09 3.99E-09 3.33F-09
SW  1.90F-06 4.31F-07 2. 10E-07 I .08E-07 5.64E-08 2.09F-08 1.20E-08 7.24F-09 6.21E-09 4.81E-09 3,50E-09 3.27E-09

Table 6 Annual mean atmospheric dispersion factor ont the Huian site of NPP ( The effect of internal bound layer is not considerad )

Wind Downwind distance, m

direction 504 1500 2500 400¢ 7500 13000 25000 35(KKE 45000 53000 65000 75000

N 7.99E-07 2.25E-07 1.15E-07 6. 10E-08 2.48E-08 9.37E-09 6.37E-0% 4,29E-09 3.21E-09 2.55E-09 2. 1(_)E09 1.79E-09
NNE 3.86E-06 7,78E-07 3.53E-07 1.68E-07 6.05E-08 1.28F-08 1.72K-08 1.20E-09 9.23E.09 7.47E-0% 6.27E-09 5.40E-00
NE 5.73E-06 .02E-06 4.36E-07 |.99E-07 7.24E-08 7.54E-09 1,94E-08 1.37E-08 1.05E-08 B.53E-09 7.17E-09 6. ISE-09
ENE 7.37E-07 1.89E-07 9.29F-08 4.90E-08 2.29E-08 7.58E-09 5.88E-09 4 05E-09 3.07E-09 2.46E-09 2.04E-09 1.75F-09

E 2.74E-U7 9.99E-08 5.64E-08 3.43E-08 1.74E-08 8 .16E-09 5.03E-09 3.39E-09 2.51E-09 1.98E-09 1.62E-09 1.37E-09
ESE 3.07E-07 9.91E-08 5.27E-08 3.08E-08 1.28E-08 5.82F-08 3.71E-09 2.56E-09 1.95E-09 1.56E-09 1.30F-09 1.11E-09
S5k 3.18E-07 1.09E-07 6.03E-08 3.59E-08 | .46E-08 6.55F-09 4.11E-09 2.83F-00 2, 14E-09 1.72E-09 1.43E-09 1.23F-09

8 7.32E-07 1. B1E-07 8.63E-08 4.64E-08 1.94E-08 7.36E-09 5.66E 09 3.95E-00 3,01E-09 2.43E-09 2.03K-09 1.75E-09
SSW 1.21F-06 2.67E-07 1.28E-07 6.63F-08 2.75E-08 8.72F-09 7.47E-09 5.11E-09 3.85E-09 3.07E-09 2.55E-09 2,17E-09
W 1.21E-06 2.68E-07 1.29E-07 6.83E-U8 2.Y9E-08 Y_94E-09 8.06E-09 5.47E-09 4.09E-09 3.25E-09 2.685-09 2.28F-09
WSW  3.29E-07 [.37E-07 7.49E-08 4.16E-08 1.89F-08 8.90E-09 5.35E-09 3.63E-09 2.71E-09 2. I5E-09 1,78E-09 1,51E-09
1
1

[

w 2.30E-07 1.02E-07 5.68E-08 3.36E-08 1.58E-08 7.85E-09 4,50E-09 3.04E-0% 2.27E-09 1.79E-09 1.48E-09 1.25E-09
WNW  2.01E-07 9.63E-08 4.85E-08 2.75F08 1. 19F-0R 5.51F-09 3.08E-00 2 07E-03 1.54E-09 1.2/E-09 1.00F-09 8.48E-10
NW 4.19E-07 1.27E-07 6.44E-08 3,53E-08 1.52E-08 6.57E-09 4.06E-09 2,.76E-0% 2.08E-09 1.65E-09 1.37E-09 1.17E-09
NNW 5.85E-07 1.59E-07 7.79K-08 4,00E-08 1.59K-08 6.26E-09 4.08E-04 2,77E-09 2.08E-09 1.65E-09 1.37E-02 1.17E-09

6 Comparison between results of the current model and new model
Buring past about 20 years equations (1) 1o (5) are often adopted to estimate the annual atmospheric dispersion factor

anrder normal operation condition in the environment impact report for siting of NFP in China. In order to compare Lhe

difference between rosults gained by the current madel and our new model, a calculation of annual mean atmospheric

dispersion factor with using equations (1) to (5) was done. Table 6 shows the results. The comparison between Table 4 and
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6 shows that:

The values of the annual mean atmospheric dispersion [actor fur vnshore wind given by the new model for each direction
are afmost 2.0 times of values of the current model, the range of the ratio is from 1.38 for ENE wind direction 10 2.56 for
ESE wind direction.

The maximum of the annual mean atmospheric dispersion factor given by the new model is 2. 11E-6 s/ m' and located of
500m downwind in SSW wind direction, but that given by the current model is 1.21E-6 s/m” and located of 500m downwind
of SSW or SW wind direction; Hence it is not conservative if the latter is adopted to estimate the annual effective dose for

eritical resident group in the environment impact report for siting of NPP.

7 Conclusion

The cceurring frequency of the internal boundary layer on site of Huian NPP is quite high.

A new model to estimate the annual mean atmospheric dispersion faclor under normal operation condition for siting of
coaslal NPP in which the comprehensive effects caused by the internal bound layer and other factors is developed and
established.

It is proved from the comparison between results obtained by the new model and cirrent model that the ratio of value of
annual mean atmospherie dispersion factor gained by the new model and the current model in which the effect of internal bound
layer is not considered is about 2.0.

It is not conservative and suitable that the maximum of annual mean atmospheric dispersion factor gained by the current
model is adopled te estimate the annual effective dose for critical resident on siting of a coastal NPP site as usual where the
frequency of internal boundary layer is no able to be neglected.
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