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BAT R 36 AT 3k 6 M4 A B R i
ETY S EE LT

"R At SRR
B PRKBAEFBR

(FERBNA+TZEABZAKNE PERENA+TZE/A\B EER)

H =

AXHENBITRAFEAT O MERERPEMEBPAORERER » AIF—EEa=PERLTEH
HH P REBERARETEEESHE  BEERER B BOGRYERERRET ALK »
K- BREERTWAEASILRZN  MEROBERYUKTNDRHERTSEA SR
Ho FERTTRABGAR » EASILARNE—  ZRIFRY » @RFNE SRR S EEFTIL
B ETES ~ T/ PS5 Rtk B R 1% st - L7450 St Y I U Pk S 400 95 R P+ 9>
Z— o HEXMEMBERT » ARERFRERR » BINES KRR - R E T F 4
BT — c BEFRAEI MM NBEBIT » & 3k 2 IR K i T 85 B 7T E 75 BRI E
M—%  ZREBFRT » KOG RVUHEMNBERSBRTERANEE - ETRELM
[EHER  EHERYERMESMARESEESAEE  FHRTEAFRERR  DHRR
ZHERIEE/E RN AR o HEBILEREME M S » i@ 3 ( Froude number ) 3451 5 f&
BERRMWERYWHEHZE > R AKTTRABRE TRENSMOM o BEFOHRTERTR
E o Rt RL S SR A R e IR A/ N ERRRK ©

B S REBEEN » BRY > Bl

BEEEHBEXFETRIEEEA  BRERERORABEZGREFR/ » ALRBERNERG
BRAEE - WRTHMEHBTRREEDEEERREER - £ (1987) gHAEILHHMER
SR RBEAEIT > FFERIFEBB ALK (ML EL) MIEEFRREERER > K
WEEAS (KEURES IR ) #AGILEM » SO F 78 2 ALK EE Rl e B iR
AKAE (REIUIREET IR ) EAQIL MR A EmE AN ~ FiTEHATE | 2
RAERESI LR BRI CRME & » 75 5 LRI LB 2 5T Y & b 2 i e v v
o i FEIRF BB ABILARK T A EEBEEARE » ME SRR RS IRERERRE - Jitt
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NORTH TAIWAN ISLAND

65
64

62+
60+
58—

56 - 3
i LCO KLO

54
R TYU M

52

48
o ¢?§§
45 T T 1 T T ¢ l/@\lfl

30 34 38 42 46 50

X-GRID

CONTOUR FROM 0.000 TO 3800.000 WITH CONTOUR INTERVAL 200.000

Y-GRID

-

Bl SEIEERHEREHERENENACE  SESERIHEBE200LR (
HP I8 —RYMLE . 2NV E | 4S%URNIEHEE | KLO
BEEME ; TPESAItat ; LCOBMKO AN ; TYU SHkEME ;
HCURHit& | ELARERNME ; MISAEIUR: M2REE L%
s MBRE AR | CMREHRIUAK) ©

» LIRS FE TS | HERT R VR R E R OARE » L IR U5 P K 38 B 7 oK o L Ak B 52 B T 9 75 e el 15
et WA ERNEER

HF&Ze (40Pasquill, 1974 ; Hanna, 1982 ) #HH » FFECLE EAREE ( quasi - steady state
) RFHEMBHHRET  GRECERBEEIEZERERSMI AN c BETRRERRK - 78949
BLIR ~ RAFHEMP R > 5 R EEBIER CIE G E AR T SRR A R R B R U R RE
iR o F AN SRR ok S E AR 5 AR EEEE o PREBEBEAXANZEET
BRIRE > ERZEMREMA T RSN RYEECEF o Segal et al. (1982) LUt R EHEE
KA T HFEA BT HREE > BB IER M RE S RIS EHORTE © Spangler (11986 )
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WERBENTHEHMEIEAET » —EHEREERTEMANERN » TR IERBRES Y
HHRBCRTE -

EH S 22 5175 B 1 5% B B 0044 15 2 U S SR BRVE R sl > Rt 5 | S h R RV E K
RETERFIREAFMLAREREER T o FF th R B BUER R S B AL SR e
THERYREBGRE ) AR S —H M BRI T2 7 ik o ARSOR DUBHE 75 55 2K BRET AL R RE B IR
SHRBEEE 15 RY) CREBGRTE » XHEZGH MR REEAABREBET % | 5 =65t
BEERLEMNRG ) EENEPHREEOER | RR—ETREEZAEEHE R EE SR

o]

— -~ BEENRTGA

HFIATRA 2 Huang (1990 ) #yrh REEBEIRSE o M E A T# 0 » FE M » K Boussi-
nesq FL R MREX © 554 - BT RE T @MY » WA EERERDGE R 2 AR o b — T E B
ERR

yo 27 E(z,y)
B H—E(m,y)

#Heh E(xy) SHBESROSE RSB L SREE o
HAREBEEREEE W KEEBHER o EACHEEFEE > TRZRBIES
o F > B~ KENBAREERBERS c BEENMEER > ROGEHERRLEY
BT o
N EoWE i Ngsh b

(1)

ou_ v Ou_ 0w ,on . 0B 0 . o
ot Oz Uay do Y ox

7] ou 1 o(—v'w')
+3—y( fe oy’ "H-E oo

Ov v ov ov
bk A A A S 0.2 ol — o)+ — -
ot u@a: Uay e fu=b6 Ay 9(1—a) dy + Bx( Kn ox )

0 ov 1 9(—v'w')
— — - 3
o Ky Y ECE o )
00 o0 o0 96 L. dgs 0, ., 06 o, . 06
— = —U— —V— —W— — 6 — —( Ky — —( Ky —
ot Yo v@y Y0 ’ 7w dt * 8:6( " oz )+ 6y( 7 8y )
1 9(—w'd)
- - 4
+H & 50 + QcL — Qev + QraD (4)
@ _ dq @ . Jdq dqs lo} Jq 0 dq

——Uay wé—;+6 dt+%(AHﬂ)+8_y(KHa_y)

ot~ ‘oz
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+HiE a(_g‘m + My + Mac + Mpy — Mgy (7)
oC oC oc _oC 0 oC 0 oC
E:—uﬁ—va@-—w%+%(l{ﬂa)+a—( Ha—y)

= i = 8(_87“:0’) + S, (8)
g% _ _Q(Hev— E) (9)

opu(H — E) N dpv(H — E) . dpw(H — E)
oz oy Jo
Hod (2) & (3) BxkyHENEBEAER | (4) BAEO ( potential temperature ) 7
HE S (5) » (6) » (7) » R (8) fAIFKEA ( water vapor ) » K ( cloud water )
» 7K (rain water ) » RIFFRVIBERGEN ; (9) BFHHERX | RE®R (10) SIEENME
TR EE AR o Hp pREX KT TEBELUR Ky REFKFH IR IAE -
Etpr S AN E LR ( scaled pressure ) T f§ Exner function 78

=0 (10)

p K
m=Ch(—) , K= — 11
/(L) c ()

HPREBREHEE  C,REBRERLM - 5 L PRUBEERS
0, = 0(1+0.61g — gc — gr) (12)

T 0 58w BB S o
oE oF
%-’r’uay

£ (4) » (5) » (6) » R (7) &R (sink ) R ( source ) HPHIE
Qer:  HPBRMER AR EERE AT AT I #ER -
QRQev: HPW/KARATEAENSAE
Qrap:  BE W ANBINEL »
Mcy:  HRRBHEFKREERKDERE -

w=w(H—E)— (¢ —1)(u ) (13)
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Mgpy:  FIKEFHKDEER
Myr: B G E BE 5 [SRAVTREBFE S »
Mac: BAKEBENHEERSE
Mpy: ZARBITHBENKOERE
Ser PREERTFER KR ©
L H AR RD 2 EALRRER Kessler (11969 ) o #5512 X J1 & primed B E
EIAS K BRHBTRSIERE » LATIUS2EIL - £XRE/E > H 1/ Businger et al. (1971
) BIMEMIEERR ( similarity theory ) K2 BULALMAIER | ERRE/EIUL > RIGEARLREHE (
TKE ) ®HRHKSEAK 2L - H2 L BN TKERB A EXTRE

0FE o —_Ou —9 —
5 = -V .VE + [—u’w’é—g—v’w’a—z + G%w’ev ]
AR B RERI TR TR0 > BLIRENREVEAETH () THESHEEWNR ( & Duynkerke and

Driedonks » 1987 )

_Ow(E 4P /p)

0z (14)

Oe S5 o e, —0u —0v g———7 g? 0 Oe
A AN v/ [~ e — D o + Lw'0,] — s kg &
o | ww' o= = v'w 8z+90w9 ] C4E+Csaz( M o5

Hrhes s cq > Fros B8 (Duynkerke » 1988 ) o 7E408 TKE%% » B 957 LA Mellor and Yamada
(1982) fylevel 2.5 575k 2 Bk Ky LA

) (15)

Ko =P ' Ky (16)

Hep P BRLURHYE ARS8 ( Prandtl number ) o AXRE A MR BE & IEKER » K4
FIK-E5 ( K-theory ) » JREI—w'¢/ = K9¢/0z (¢ BB E MBI ) U AIEH 512
K —EHHARR o Xh Ku ARERESRBY » Ko AN BBREBE o AJ5FRME
R REBE B 7 a9 8L - AR A T I8 R R o I BE RS A A IR ZRRE

Qe — pCpusb, — pLeurg, — Rs — R =0 (17)

HPb Qe RMRELAEE | RsRMERHKENE | R RMEBRRNENE o TR L

HEROUEBE oT
QG = pscsksa— | (18)
zZ G

Hip, BRLEE > o BRRIAFTE » DIk B8 LA BIEERE ( soil thermal diffusivity )

o]

HPS I TE R RO VR G R » BAME A — B Ry R/R ( Huang and Raman, 1989 ) >

oT, 27 27 — )
VL A R (19)
ot psCsds Ts

Heh T, SR - = 5 HERGEE (24/08) » TR —RKitt TR BT EEE > U
BKd BT ZEOHERERBRNOE LB  d, 2R} Carlson et al. (1981) WER

ds = Csoil V ksTs (20)
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HpCopuRB—HB » XHPERLO o

AR KT P HIEZRA MR Crowley 2513 » MEE A AAIHE ZBEHERK - A L2
AR HEBCRE AR /770 (implicit scheme ) 8 o ZPHEA SR BRGREE > 7£ SR MR
E¢ Klemp and Durran ( 1983 ) HJ#EETR{E ; 75 (8 00 BREX Orlanski A $E 5465 #F ( Orlanski,
1976 ) KHimE LiFE ( forward-upstream scheme, Miller and Thorpe, 1981 ) » DA RS R X &
B o FEMEBRIERERE S <H > BRAER —#AEABEREXEZHEESHEH - AR
BN A Bl A %7 2 B Huang and Raman ( 1989 ) #1Huang ( 1990 ) o

= EREE

AN EREFEV B EHELS 800 km x 800 km » FRE—/KFMEHER Ax = Ay = 10 km
o MAEERHE AMRAIBI EFREMKE » BEEEESAE0 » 50 » 100 » 250 » 500 » 750 » 1000
» 2000 > 3000 » 4000 5 5000 > 6000 > 7000 > 8000 s> 9000 K 10000/ R o 53447 7 45 B9 {8 S 74
EET > PR ERFHESRME (At) BS540 o« EMAREHBEERILS

R—  REHERES

i 2 NE1 NE2 NE3 NE4

# iR B CrANE AN LA B KRR
s IR B i =20°C | fg{f = 20°C | K& = 20°C SR i

B 17 &, Ug=-5m/s |U=-25m/s |U, =-25m/s | U, =-5m/s

Vo=-5m/s |V, =-25m/s |V, =-25m/s | V, =-5m/s

FEEMIREEE 4°K /km 1°K/km 4°K /km 4°K/km
RS RFRY 8 /N 10 /)N B 10 /N 10 /N
B i 5 3 /NEF B3 /NEF B3 NEF AN

AX—HEFOEERE (RE—) » EEEERESFISIHEE - K _ROALECEHFE T
PIRR o BffERZ— (BFrl BE1) R (Fr2> BH1) & 3EMEESHIRERE
BI0BEMHERF (I00E X I0AEXS0AR) » BEREEMEFERET » IHERTER2H
REEENFTIEH] o BREREE (NE4) IAKEKH BB - HAE RSt R EEE
20 CHBEBERZAR - EEETEMFIEES S » A HIBRRMEE 10 km HEFH0 % - 18
HBERMEREAEER20 °C o WBHBREHYESFEH —REEEBEA P LHKE
BHATRER o FEFE T BEF > WERE AR E L 20 °C » 17 REE R A H R ERE R K S %
HENRE o BABRESKEBNIEEGSHIRB ERY c fEEERES4°C/km » HE
BN ~0.01 » NEEHHEE ( Brunt Vaisalla frequency ) ; 341 °C/km (fHERN ~ 0.005) o
B NE48 B KB EA AR —15.3° » HSIERRHTT 12 B W8 FER o

BMBREHAAEERMS » £ES AN/ N BRI GE B R EE SR o Bt > K
FI7E5E 3/ NPT B (B 2 NE4TESE 4/)\KF » BJ0800 LST ) i fERE & HUTHE /3 3@ 8 5 %
WITE/K - A% B L A9 IR B B LASEAR M ¥ EA ( nonlinear smoothing) o /MR B2 RE T K
Ry EEERBRAEE (puff) 2K > HEBRE R EEH - LR EEBEERL > BT
BREPEFSEME o AENEMIH BRI /N R E S E A K8 2 E BB E D 4R
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T s REEER T REEAFEL o SAEBENG » RM/AHBAHEEE ( Lagrangian
method ) FZiBHETT FLbLATHLES ©

TR S P 2 B 2R T R 5 2 W (B B AS R BE A D7 308 > U 2253 05 Bk AT R MR ATT A AR o
B—RME » 20 HEHER (WRR/PAERER-E) ORTERENOBERE  BiEA
P E R EE G S E EEE > ERHE L EERS RERR o FELEFRERS
Wl BRI 4t S (E R T 5 BR P > SR A iR BB M A0 “cone™ BRI > (I RA KB4 - A x#y
B o

- WEREET R

(—)fE3ENE1 - NE2 » R NE3 iz — R RRY R &

EZE NEl BFBmARBITRIE (RR—) o IAEEERENEAERKGIUIEMS » &%
B Fr 755088 ( Fr KIS B BT RAG C BhAEH K o] FMIRERY L » BEEER /NS » RESRER
IR ) o 7£ Smolarkiewicz and Rotunno ( 1989 ) ByF#ed » Fr = 0.66FF » R HIE KD
Teiligysr & > MAeEEEERIZEE BRI (lee vortex ) ZEE o Bl 2aBEENELEE 4/NFE
5 R EE G EIE o BB 2a ] 5175 RIRM — MO B EBEM AR Ry W ES L&t (TPE
CEL) > A AIEERAOSRE  c ERBERAESES/NF (E2b) EEHB - E
ERGUIRNERER —SWE » EHFLERAEENAERMEE ( Hunt and Snyder, 1980;
Smolarkiewicz et al., 1988; Smolarkiewicz and Rotunno, 1989 ) o K& EHNENELE 55
LR HARTE YA BB B AN o TR 6/ (B 2c) » BRYSFERIEEE ( peak ) >
—fEEdtAM > B—BEEMAOEN o FEF/NE (E2d) » SRR EMERGL
ARy BV > TS 8E 7E & AL 2 Hu A9 75 ) B A 5540 1 25 e 8 5 L > MAEM D &b s Ko fh75
YMES > W HIEHFEHITE S o

{ %€ NE2 82 NE1 # A [F 7E /> NE2 89 3 17 B35 K S E AR € B % LENEL 2648/) » {H e {E 8 5 Fr
BRI FRAEE o B 3af3 NE27ESE 4/ N HYIBTE » BE[E] 2a LL i » AT IRAE NE2 rh 5 e 52 A 1 LR
HIREHE/E A LE NEL K o s BB SR BORTESS 6 /Ny ([B 3b ) HERSWIET  #£ Long ( 1955 ) K9
MEARMEHER S > WEABEE —ERHE > he = h(1 - Fr) > SRYERZER L —FE > MEALYH
ROBIREF U@L o X EFBAARRS SR YEREESE (BREWE) » HlHunt and
Snyder (1980 ) AFEE&Y (T] /& » VS RWELEHIB B TR S A R AR EEE - TERbBAIL ° B
QBT 15 e AT A@E h - Frig gyl —4¢ o

EHS/NEF (H3c) - FIBBEREESREMBETL > —BEEEA LKL »
—WE Bt > 55— ER KB AL ILIKHE R ER 7SR Rl RmZ 280 Gk

FILEIRERT R o BT 10/ (E3d) » EWESILEMANERY) » BT 2ENRA
) L AR 9 R 8 T 1 P RS Q@ B | L 41 > KER U045 B TR IR Mt o 7R K | L R S T Y e fiE
B 55 0 17 v AR IR RS BRI B o TAEAMR O S IRV IEERR B R EIEE G » HATREZL FE
B> M HEAEKE G ERER T LRes RYEK —BHEE o

{8 F NE3 R B S i/ N Fr il > HAESB4/0E (B 4a) 75 1P TRI S NE2 A -
KA LARE PRI E A E S - HF S EREMRTH (MHunt et al., 1979) » EXBRE
MIARRS » B Frig/ e > RITMEABIERF AREES > HIRRER o FEHE6/hK (E4b )
» V5 R i A NEL £ B (B el > — {5 S8 R RS LU ARAY S RUE - — RIS L Lfkey BEL 7
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5

CASE=NE1, HOUR

CASE=NE1, HOUR=4

10.897 M/S

— MAX

10.468 M/S

— MAX
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—
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|
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-GRID

X

GRID

TO 60.000 WITH CONTQUR INTERVAL

X

TO 40.000 WITH CONTOUR INTERVAL 5.000

CONTOUR FROM  0.000

10.000

CONTOUR FROM 0.000

8

CASE=NE!, HOUR

6

CASE=NE1, HOUR

12.703 M/S

— MAX

11.886 M/S

— MAX
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o
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o
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hd o (=] @ w il o o o] w N
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GRID

TO 30.000 WITH CONTOUR INTERVAL 5.000

X

15.000 WITH CONTOUR INTERVAL 2.500

CONTOUR FROM 0.000 TO

CONTOUR FROM 0.000

B2 EENEIEIZHENE 7> N JUNFES GRSl (&) °

7290 BT » BRI TS5 RV BHIETE

=
RAEARRTRI BB NEL SENE2 B S B E o [ 4c 75 NE3ZESE 8/ NRFRYIE TR » FE R (L ARH &\ T

BB B I BR e 22 S0 B » HATR U T EEMRD A3 ~ BkEE M o HEENGE > AMEREHR

EFHAEREN A o EEER LR EE I EE > ZRAE
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N+ ZFENRA

CASE=NEZ, HOUR=6

CASE=NE2, HOUR=4

5.0109 M/S

— MAX

4.1339 M/S

— MAX
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-GRID

CONTOUR FAROM 0.000 TO 60.000 WITH CONTOUR INTERVAL

X

-GRID

X

10.000

10.000

TO 90.000 WITH CONTOUR INTERVAL

CONTOUR FROM  0.000

CASE=NEZ, HOUR=10

CASE=NEZ2, HOUR=8

5.7320 M/S

— MAX

5.3791 M/S

— MAX
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X-GRID

X-GRID

CONTOUR FAOM 0.000

T0 25.000 WITH CONTOUR INTERVAL 5,000

CONTOUR FROM  0.000

TO 35.000 WITH CONTOUA INTERVAL 5.000

B3 EENE2HSZHEME » A /U HNRESE RS RY) il (% k) o

PR EH Y > KAt c ERFRGRYAREZEER (return flow ) KIREE o

 —EBIERYERFREECILAM » T H BTG R EEERT

SRS o EETES 10/ N F LR ARBE 4D BAL » JRANTS RAIFREEPHRREIRE

FEIB L0/ (E4d)
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CASE=NE3, HOUR=6
5.5917 M/S

— MAX

REFL 2

CASE=NE3, HOUR=4
6.2922 M/S

— MAX
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A Numerical Study of Dispersion of Pollutants near Nuclear Power
Plants over Northern Taiwan under Northeast Monsoon

Ching-Yuang Huang and Ming-Tung Chuang

Department of Atmospheric Sciences
National Central University

ABSTRACT

This study investigates diffusion processes of surface pollutant sources over complex terrain of
northern Taiwan under prevailing northeast monsoon. Numerical simulations were performed by a
mesoscale numerical model which employs high-order subgrid turbulence closure. Model simulation
results show that pollutants from Station 1 of nuclear power plants tend to split and move around Da-
Tun Mountain Range, and then enter Taipei Basin through Kee-Long River, while most of pollutants
from Station 2 enter mainly through Kee-Long River. For stronger prevailing winds, pollutants from
both stations can be transported over Lin-Kou Tableland and contaminate Tao-Yuan and Hsin-Chu
areas by 3-4 hours, with the maximum ground-level pollutant concentration about one-tenth of the
original source concentration. With the diurnal surface heating included, the concentration can be
further reduced to about one-hundredth. The maximum near-surface concentration over Taipei Basin
could retain more than one-half of the source intensity for weaker winds under stable conditions. It
was also found that Station 4 has stronger influence on I-Lan area and eastern Taiwan.

In the case with diurnal heating, pollutants from near-surface area sources can be promptly
transfered upto the boundary-layer top and then are conveyed by the prevailing wind. The case
results indicate that Froude number is an effective physical parameter in describing the stably-
stratified mountain flow in northern Taiwan and thus horizontal advection largely determines the
geometric distributions of the concentration. As the near-surface flow becomes unstable, vertical

turbulent diffusion appears to be a dominant factor for concentration intensity.

Key Words: Mesoscale Numerical Model, Pollutants, Diffusion.



