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Fig. 2.5 Streamline simulating terrain boundary.
The chained and dotted semicircles denote
two-dimensional doublets.
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Fig. 2.7 Streamline over numerous three-dimensional doublets:
(a) ascent of streamline and distribution of doublets
(vertical plane), and (b)distribution of doublets (plane).
Note that the dotted circles denote three-dimensional
doublets.
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Fig. 2.10 Map of topography of Ojika district.
Contour intervals = 100m and solid contour line denotes

coastline.
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Fig. 2.11 Comparison of simulated terrain and real terrain.
The correction factor cijis set to 1.0 at each grid point.

Contour line of real terrain ;——, contour line of
simulated terrain ; :----- = elevation of 50m,
—---—=¢glevation of 150 m, —-— = elevation of 250 m,
— « —=elevation of 350 m.
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Fig. 2.12 Values of correction factor ¢;;.
The correction factors at grid points without
numerical values are set to 1.0.
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Fig. 2.13 Comparison of simulated terrain and real terrain.
The correction factor Ci; at each grid point is
shown 1n Fig. 2.12,

Contour line of real terrain ; —, contour line of
simulated terrain ; -+ = elevation of 50m.
—---—=elevation of 150 m, —-—=elévation of 250 m,
— +—=c¢elevation of 350 m.
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Fig. 2.14 Comparison of simulated terrain and real terrain and
vertical vectors of calculated winds.
The real terrain is denoted by solid lines while the
simulated terrain is denoted by chained lines.
Arrows denote the vertical vectors of calculated winds.
The wind direction is 6 =90 deg.
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Fig. 2.15 Calculated streamlines.
The elevation of the calculated streamlines at the

inflow boundary is 100 m.
The wind direction is 8 =90 deg.
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Fig. 2.16 Calculated streamlines.
The elevation of the calculated streamlines at the

inflow boundary is 200 m.
The wind direction is 6 =90 deg.
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Fig. 2.17 Changes of the vertical plane simulated at various
wind directions.
The real terrain is denoted by solid lines while the
simulated terrain is denoted by dotted and chained
lines.

Table 2.3 The deviation of the elevation of the simulated terrain
from that of the real terrain.

6 (deg) |90(60|30|0 |—45 |—90 |- 135|—180| —225

I (m) 271281823 24 23 25 35 217
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Fig. 2.18 Comparison of simulated terrain and real terrain when

0 =0 deg. Contour line of real terrain ; —, contour
line of simulated terrain ;------ = elevation of 50m.
—---—=r¢levation of 150 m, —--— = elevation of 250 m,

— +—=r¢elevation of 350 m.
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Fig. 2.19 Comparison of simulated terrain and real terrain
when € =-90 deg.

Contour line of real terrain ; ——, contour line of
simulated terrain ; -+ = elevation of 50m,
—...—=glevation of 150 m, —: —=elevation of 250 m,
— + —=elevation of 350 m.



Fig. 2.20 Comparison of simulated terrain and real terrain and

vertical vectors of calculated winds.

The real terrain is denoted by solid lines while the
simulated terrain is denoted by chained lines.

Arrows denote the vertical vectors of calculated winds.
The wind direction is 6 = — 90 deg.
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Fig. 2.21 Calculated streamlines.

The elevation of the calculated streamlines at the
inflow boundary is 100 m.
The wind direction is # = — 90 deg.
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Fig. 2.22 Inflow boundary conditions.
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Fig. 2.23 Changes of the vertical plane simulated at various
inflow boundary conditions.
The real terrain is denoted by solid lines while the
simulated terrains in cases (a) and (b) in Fig . 2.22
are denoted by chained lines and dotted lines,
respectively.



Fig. 2.24 Ascent of streamline in presence of a three-dimensional
doublet.

[ Q 2a KLY 4a sa
R

Fig. 2.25 The area of influence of a three-dimensional doublet.
Notations are shown in Fig. 2.24.

Table 2.4 Estimates on computer time and memory.

“Number of calculated
points for obtaining
streamlines
(xX yx zdirections) 400 % 20 X 6
Number of doublets

(xx y directions) 22 x 20
Computer time About a few minutes
(FACOM M-200 computer)
Computer memory ~ 300 kbytes
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Fig. 2.26 Topographic configuration and coordinate systems.
(a) Two-dimensional triangular hill (elevation).
(b) Double Gaussian form models (upper ; elevation,
lower ; plan).
(¢) Real terrain form model (heavy solid contour line

denotes coastline and contour intervals =50m).



Fig. 2.27 Photograph of double Gaussian form models.

6em

Fig. 2.28 Arrow with feather for measuring wind direction.

2.3.2 EHEEFN
22HITHREEZIT> LA F vy v VIKET VI, HIEL EDOERENAiE-4 45
BEER TV v v VB G 2R, (2.1) R SEEBERNEAERDZLDTH S,



ARXTE, TOHEE (2.3) ATRENE 575 2 HFEAL KRBT Hik s
XAld B 7HIPFM 0835, Chid, (2.1) KA SEE (immediate) BB A
RoNbRF v v e ifieT v (potential flow model) &5 BHTH 3,
IPFMiT & » TRDIBZZFHET Bicid, TTEEET v ¥ » LEAKAERD LT HUE
BoIE0e BERT V¥ v VBRI, ZOFERT v Y v VBKIC K - TR E 38
2518 BHIED 1 DAMRHTE AT 2 & 5 ICiRDd B 480 d 5, S n 7
BHMEMEE L CEUL TOHE, SR EZOROBEEEmE LEo x5 v v
v VIRDRNG» SRKDB T ENTE S, LITIK, Fig. 226 Rl HIEE S RICHE
ERF VYo VEARORDHic DTN B,

(a) 2 Kot 3 A M E T
2RTHIEDIZAITE, —Bifis 2 RoTHEBZ AR L2 EER 7 v v v VBT &
> THIERRBR O LR ORDEHIHEE TE 5, Fig. 2.26(a) DREA W R & 118
BGOEEXRT v v v VK S BIRRTERDE 3,

(x—z;) a*

¢:L%{x+(x—xJM{z—zS7 (2.30)
zeT,
U D WEOREEZF IV EEO— RO RE
a : HR s

(Xi, 2;) : HFEAE
a=0.15, (%, z;) = (1.0, —0.1) D&, WEOEEAZTIFHO FRBRT
2= 0%@85RBIEIUEME & <L 7, SR A Fig. 2.29a)ic5Ed,

(b} 221 BAK3ILH Y R AT

Fig. 2.26(b)D & 5 IC Biflits 3 oTIEAS 2 Db AL, —BRE 2 5D 3 RT
RIEEZEGR L ICEER T v v v VBT & » THITC SRR R O F 20 BB HEE
TEb, HEXRT Y Y+ VB 13, RITRT X—Y — 2 BBEZATKRRATEDE S,

2 (X—-X;i) a?
2 { (X=X (Y= YY)+ (z— z,)2 )¢

] 23D

CIT, U, a3 (230 REMMUESTHS, (Xi, Yi, 21) BEEMET, T
Ndxr—y— 2 BEZXTOERME (2., ¥i, 2.) ERKROMEIH 3,



(Xi, Yi, 2i)=(—xisinb0—-"Yicos 0, xicos 0—y;sin 8, 2;) (232
CCTORRETHS, a=20, (x1, Y1, 2,)=(0, 0, —1.25), (%2, ¥.,
2;)=(-17.2,0, —1.25) OL%, WMEOEBAZIFLVEFERTz=0%8
B FREREE ORI A K B L 1o, MBS R 2 Fig. 2.29b)icRd,

(c) FEHfpR

Fig. 2.26(c)DRIMFZI, Fig. 2.10TRE NS HIBO—E2TH %, Fig. 2.10T
R~ UICHIEOS &I, MERRAEEL, LEORDIGAHET 2 HiEiK D20 TR,
2. 2.2 BRICEHICORENT WV B, 2D 1%, T TR REERERT T A Fig. 2.

29(c)itRd,

fa)

z
(m)
04

02 F

real terrain

/\\&mlned terrain
0 x

(m)

\ strength of doublet

simulated terrain

real terrsin

[
\ / \__-strength of
o doublet

[}
-



(e}

Fig. 2.29 Comparison of real terrain and simulated terrain.
In Fig. (c), heavy solid contour line denotes coastline,
light solid contour lines denote real terrain, and
dashed and chained contour lines denote simulated terrain.
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Fig. 230 Comparison of calculated and measured wind directions
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Fig. 2.32 Conceptual representation of the determination of 4¢
(difference between calculated wind direction and
measured one).
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Fig. 2.33 Calculated and measured horizontal wind profiles over a
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----IPFM, @ IQPFM, — wind tunnel experiment.

3IRITH Y ZMEIMIE FZEDRIED IPFMic & 53T EER & EBRE RO L&k %
Fig. 2.34(a), (b)icRd, 3FMii3, Fig. 2.26(b) Ty = 0 m D E K EIC D\ T - 7,
Kb, BEEMNIPFMick 231 EER, WEDSRIE@EERT, [PFMIiC X 33 EORE



15 Fx=4m
Z
(m)
1.0
05
00 . X 0 , .
U (m/%s) 3 U m/s) 3
{b)
x=4m x=2m
1.5 15 |
Z
(m)
1.0
05 | .
i
1]
i
]
[}
]
0 HE—— 0 :
O Ume 3 ® Yymw

1.5

Z
(m)

1.0

0.5

x=Qm

O yYmy 3

1.5

(m)

1.0

0.5

15
Z
(m)

1.0

0.5

—

0 uU(mss) 3

x= 3m

-]

o]

———
% Ume 3

Fig. 2.34 Calculated and measured mean horizontal wind profiles

over double Gaussian form models.
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Fig. 2.35 Comparison of wind velocities calculated by IPFM
with field experiment data in presence of double
Gaussian form models.
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{is the height above the ground.
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Fig. 2.36 Comparison of numerical calculations of wind
velocities with field experiment data in presence
of double Gaussian form models.
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{ is the height above the ground.
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Fig. 2.39 Comparison of numerical calculations of wind velocities
with field experiment data in presence of a real terrain
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Fig. 2.40 Wind observation points.



(a)

c—7
40 T T T T
30r :
[do|
20+ .
(deg) , ® ®
10 © 5 -
®
®
0 I@O d L 19
60 70 80 90 100 110
9 (deg)
(b) E—5
40 T T L] T
®
30f .
| de| ®
L ® ® i
(deg) 20 ®
® ®
10 - o " : -
0 ®I© 1 L |
60 70 80 90 100 110
9 (deg)
(c) G—5
90 T T - T
® @
|de| 80F 7
o}
(deg)
30" @ @ -
®
- ®_ - —_— —]
0 l@@ 1 1 L
60 70 80 90 100 110
8 (deg)

Fig. 2.41 Difference between calculated wind direction
by MATHEW and measured one (1).
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Fig. 2.42 Difference between calculated wind direction
by MATHEW and measured one (2).
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Fig. 2.43 Conceptual representation of IQPFM calculation of wind
velocities (@ : Velocity profile calculated by IPFM,
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Table 3.1 Eddy diffusivities
(gentle hill).

Region Case 1 Case 2
I 1.5 Ky 1.5 Kyr
I Kye Kye
] 5 Kye 5 Kge
v Ky 5 Kyr

(Kye is the eddy diffusivity for flat terrain.)
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the classification of diffusion regions (steep hill).

Table 3.2 Eddy diffusivities
(steep hill).

Region K, Ky
I K, e 1.5 Kyr
I Kre Kyr
1] K;» 5 Kye
v Kre 5 Ky
\Y 102 K;e 102K ye

(Kyr and Kyr are the eddy
diffusivities for flat terrain.)
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Fig.3.7 Calculated downwind concentration distributions over a steep hill.
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with field experimental data in presence of the real terrain
form model (Case 3).
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Fig. 3.23 Comparison of calculation result of centerline surface
concentrations with field experimental data in presence
of the real terrain form model (Stack height=125m).
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Fig. 3.24 Comparison of calculation result of centerline
surface concentrations with field experimental
data in presence of the real terrain form model
(Stack height =200m).
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Fig. 3.25 Comparison of FDM model with Gaussian plume
model (downwind direction).
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Fig. 3.26 Comparison of FDM model with Gaussian plume
model (crosswind direction).
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Fig. 3.27 Comparison of Gaussian plume trajectory model with
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to¥h, HEEHSEDOBANY P VDKRESRDBEFNVDBLELNL S, TDLDELEDE
EFNEGEBET VOB A, BMMIEZAWRIC LIEDE € 7T VO R SFN
7o
ROBEFVOHER, 2B TRLIZ2 DB LAK IRITH v R MBI 5%
T > 1, Table 4. 113, EEFVTHEAEITT 5 DICHERERFPRH{ONS HAN

(4.9)

Table 4.1 Comparison of the wind field calculations
for double Gaussian form models.
CPU* Region Output of Calculation Conditions
Model Type Time Size Wind Caloalati Estimati
o alculation stimation
(s) (M B) Velocities Points Time
Smagorinsky- ] ) ]
Navier-Stokes ab 30 ab 1.7 grid points 20, 944 s
Deardorff
MATHEW |Objective Analysis|ab 3 ab 0.6 grid points 3,927 1 Time
. grid points .
IPFM Potential Flow ab 3 < 0.3 - . ab 9,000 1 Time
arbitrary points|
Quasi-Potential grid points )
IQPFM ab 3 < 0.3 i . ab 300 1 Time
Flow arbitrary points|

* on Fujitsu FACOM M-=200
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EILHOWTELDIEDTH S, SFEIFELE FACOM M-200 L LD ITHbN TV %,
58, KA EEMSOFMISFHCHOLOIRD COFERICEDITI.

REFNEGRTEDBNI PUDHETE 5710, ADPICRERESHEDET
WEREBTBIENTES, L, BEHICHAVLIGEH IV LHEPSELD L
HFLOEDLH B ERVRIEY, RTFNREFD OFEIOmZE 2N REH LT
% &, KEHEITIF20kn x 20knDFTEGAE S & B LENH B SMEHMICIE 1 kmEE
%5, TOLDEHEBTHEMFMAET D IE, £ v v aPfRREE L TKFES)IC250~
500 m, SREAAENC 50 ~ 100 mAETH 5B, CDFE, HFREE L TRIEI~108
FANEEL S, wFafstEndil, FAERMEZAIE S >THMT %, £
DG AT TR VML TS, 5EMIEMNT 57255 Bl Fig. 4. 2V 8R),

15 T NS R S I O { T T 1 T 717
| Grid points |
=60 x 60
i Time=Il.8 i
foR o ]
® L ]
E
= 5 -
S5 =
~ 20 x 20 b
0 | 1o Lt L Ll
102 103 104

Number of grid points

Fig.4.2 Relation between number of
grid points and computer
time required.®
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7z, Tabled. 1 TS—-D EF VORI OMIIEIR 1s M0 IOV TIT->TH
L5, fhoEFNICEDOE BICRRE0ERE MREBOR T HHOHES % FET
BRL7E) 260868 NBHS, COLHICEZDES-DEFAP IQPFMTHL#ETE
ICHBISEFRDBENY P VvAET 3103, Hmin~10min D4 — ¥ — OB
LB LD BREN TV, MATHEW € 502 IPFM T3 10s~1 min 2B o 5 B
Tl — 253D ENTE 5,

IPFM & IQPFM 37t X 1 ATHHEBDOEDENS bV ERD BT EMNTE,
HYABBHEFNVEEEGTIORGHEL TV D, #Y AMHEBKEF VOHEICKHE
BR~NT b VOFEAEIE, £ THADPIC REREDED € FVICKLELL SO
KD 1iITRIE510WIEAS, CDEE, IPFMTIR10s LITF, IQPFMTiE10
SDA— 45— THENAEELE S,

UL OBRAERD» S, BOBEF L EHHEFVOBYEHMAEDE I Table 4.2
KRG 6 DD — RiT13 B,

Table4.2 Comparison of practicalities of concentration
estimation methods.

Wind Field | Diffusion |CPU*|Region|Meteorological Calculation Conditions
Time |Size - -
Region (km) {Mesh Sizes (m)| Estimation
Model Model (s) (MB) [Data T Xy |z | ArxAyxaz | Time
Gaussian 100 min after
IPFM Traiecto <10 1<0.6 1 20 %20 ; — - release
ra ry : 10 min interval
Gaussian _ _
IQPFM Trajectory <90 | <0.6 1 :
IPFM FDM 210 1.7 1 10X 10 i 1 | 250%250x100 lh.
5 1 Time step
IPFM ADPIC 90 | 2.0 1 i " ”
MATHEW | FDM 260 | 2.6 Many . ” ”
MATHEW | ADPIC 150 2.9 Many ” il ” ”

*  on Fujitsu FACOM M-200
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(b) EtE L4
Table 4. 2 ILRTHEMAEBHEI DV T Fig. 4.3 IGRTHIE AR, RO, %

20

y (km)

Fig.4.3 The modeling region.

MO—Hi B %17 - oo HEZHRIRIORENT VS, H#E F LICADPIC AR
Z0 (FDM) € 7 VvEROWIES, JEEITEO ) — Vs v 9 4 ZEEGKT 5710,
Fig.4.3 DR THALEBILZGENRE L, 203, REE2—EE L THEST

ST SHBET H » 7oA, KIBREER Y 27 o TAVWAESICE, REASEEREI
ZALT B 1D REBEFE T F MICHAAE LG AT S50,

Table 4.2 IZIFERICKHELRHE, FEMRINTHWS, HEBBMRIRAKOEE
LS HDPS, FEFRITEETFTVOFEVE SV I, SCEETH S, TEE
MoBZEELTE, RHETHOZ FACOM M-200 AHERINE RO KR EBTH
0T, K1 BEOFEICHLTImin INET 5, bE5A4, BETH DM
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BLOEEDR—/N—2vEa—4—HPEAINTED, FFEEEOEMIFLLS
DOHH B, Lrl, BEBICKBONERL LT LOMETEELERST, EED
HRAIY - TREADIZaVYEa2—F9 PR —N—I=2avEa—y-BERIN
BT licibalfetids K&V, Z L TROEEA-EOHZ LT S, FEAELHE
DRELBBEHBEEFTNVEBENDOLNS, I=a3VvPR—N—=avy~NERT
52E6EL5L 1 MBUANEYTHS LEDONS,

FDM ® 749 ADPIC ®F VAR VIFE TR, MREENEBEDOTH 555,
2B AMRE LSS I3 ERE, AR Tabled. 2 1ORLED 4 f5F TR
DR T 2B DMBITIZ 5755, IPFM, IQPFM ARV foifke 7 vid,
FHER 1 B2 O E LT ERRE | min A, HEAE1MBLUTTEITTE %,

(c) [RT—%

Table 4.2 1213, BHBRMELRRT—7OEKORINTN S, FHICLRE
[RBF— 513, BUBOAEEY, #Hiy, BEALEAEZ S LDBTNEDEVTTRI N,
MATHEW € 7V I35 REURA T 10 ~ 20 SEE ORI 7 — 5 2B LT 50, EE
ML L TEDEIREROF— 9 BB TE AL LV OREND B, 1, tLX
HET&/ELTH, KRABEERV AT LTRERLT -/ EEET HXLENDH D,
FHICREEHR, ERETARELAHES»» S, IPFM EREZIHAORM, EHED
F—%, IQPFM 3R&Z 1 A DBEDHESH & ARID T — 5 itk DO EE
BAKBOEBESFHETE S, 1 HIASORRT -9 THOI, RBEHOKRK
BTREINTVW S bDOMBFATE 5,

YU o @~ (c)DFER» S, BoeFvic IPFM £/ IQPFM, L&k
TFNMICH I ZABIFEBE F o2 RO CBEFGFER, ot EE T vOMAsEHE
KHANTIREY, OSSR EERBICET T EBDD S,

4.2.3 BEFEFE

RIfIORIHEERICH EDVT, BEFMICE, B0 7 VicIPFME 723 IQPFM,
TEETFVICH Y ARG EF VAR WS, COMAEDREICK HREFMFEICD
WTIR3ETH~NI, Lrl, 3EDFERIEFRBLOVTIT-HbDTHS, &K
T, AGBEERYXFAIKERTSEVI NGNS, [REGOEEEREE
Y B HEICONTRN B,
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() 7 ov— sdulh
EERRIEEEICENT 258427V ERH 2RBRHBRIC OV TEERREZK
EFELTEDe COBE, 7NV— L3 Fig. 4 4IRTEINBTIw— L7 2 v MTHE|

Plume segment at t =t,

Plume at t = t,

Fig.4.4 Trajectory of plume segments.

INd, F—suiiE T v— st A v b ORLHOEI R DEBED ST X 5,
A DOEERIRATERE %,

Tig = Ti-i,-1 t Ui-1,g D
Vit = Yi-im + Vi + DY (4.10)
2iy = Ziyeym T Wi o DR

ZTT, Xy, 2B TNt XY OHROBE, wu, v, wdEESRS, At &
EEIREAE T ARG, REi,! BEFhFhTv—2ow 7 2 Y bOFHIEBLY
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BIEROTIEETH 5, Fig. 44137 v— s OBBEEHNREINTW S, BERM
BELT, RFAIREHUETHEONEI[ER T — 5 D AR 10minf2EARE T
b, AEOHE TR I0minEOKEDOEERERETAMBAt ELTRZEDO YD

2.5 min Z#E AT,

(b) FEDILH D i@

EDPLA VW& 0y, 0, & R[LZEEORHIZE ICHIL S8 TFM S 5 i3, Ramsdell
SURBB W FEND B, AETE, BOLHBDIBICRIZTHENELEBYT 20E
23 %1%, Ramsdell 5DHEERRORMERICOEWMETE S LHiCT 5,

3ED (3.14) X TEHL IMEDILA D IRICSTd 2 HEE EAKAE LS ERICD0NT
kb, HETEERE x LR 60 OBKTE A%, ik ky (x,0), k. (z,0)TEDT,
HIESHRESAITEDOIASDIRIZ (3.15) REFBBICKL[EXEE s CLitRRTE X
5h 3,

[Uy<x’ﬁ9s)]t :ky(xya)' O'y(xys)
(4.1D)
[Uz (I,H,S)]! :kz (1‘,0)‘ oz(x,s)

L LT, oy, 0z(3 Pasquill-Gifford # + — b (P-GEK) DS I b, KRIELE
B, JEEORRZEEICHIE U A D I@DRD A % Fig. 4.5 KR T HO—~mA—
HBOIRICESHE L 2 BEEFICE > THRNZ, HARBO 2HEHMREEL L0
EOWMBVIBE o (xa,5:) THEXONS, z) BHADORTIERE s, (IAKKEE%
KT, MEMREZE L EOEMA VIR (4.11) R oRE 3, HIb,

[U(xA’ﬁi’sl)]t :k(zA,ei)'U(xA,Sl> (412)

TCT, 6 3AMEERDLT, KRIC, BRI G H D i i, KIEEED s; 5 s IC
ZL, AADENHBICEELIBEE2EL S, 37, ARKEE sm DEE (o
(za,0i,5,)) AN T ZATHRES P-GERRIORDSZ, COESE ©) &7 5,
BA»SEBOBEN#LY ALE LT ABRIKESE AHIHRAEEZL LV SBOED
WA DIEE P-GRE»SKRD B, T, o (2i+AL,sn) TEOE B, HEOELH
DIRICRIFTHIEDRE, EOBBF (HA—AB) 2E5EL TRDBLENH S, L
L, thEeFMLT Z20EEEICHEL L SIS0, AHETRIECABOD
SRTHRAT %, ABICBD 2HIEOMRAZRE L 1 EOHLMVIBRIKRKXTEDYE B,
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Wind direction | i

Wwind direction @ | + |

/
// sly
/ A ,Wind direction :
/ "
Stability : S, —| ! //7 e Stability . Sm
/ 7
I/ e
Y45 e
] = x‘ X.

Fig.4.5 Conceptual representation of plume
width calculation.

[0 (xB’eiﬂ,Sm)]t = a'o(xA, + AL,S,,;)

LT

k(stﬁiﬂ )

% K (TarOin )

(4.13)

(4.1

i+ 2

LI EARRMICRT & Fig. 4.6 D& 5icti b, OA [, AB FIDEDILAS D IEIZEHIA
O, A, BRBUBZE»ILRELTERD S, Kb, KELFMESNZEDHLADIET

»H %o
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Ou

T T T T LIS

T T TTTTT

T

(m)

Plume width

XA

X’A AL""‘
Downwind distance (km)
Fig.4.6 Growth of the plume width

during a period with changes
in stability and wind direction.

(¢) 7nv— o EdEdE

7Y ZBIREE F VTR, Tv— adulili o OKRFEBEERD BT v — 4
HEEMDSNEL T & 3ETRNI, EEFREBICET 57— AEEHIEIRDOL S
TR 5,

i) At BioBRMICH~NT, ARZELDS0° PHRDEE (Fig. 4.7(@)12H)
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(a) (b)

Plume standard
axis

Plume standard
axis

Rlume oxis Plume axis

Plume standard axis

Fig.4.7 Determination of plume standard axes.

n _ Zul
Yo, x0DEE f=tan™ -
i=1
2, v (4.15)
Yo=00LE 9=
=1

LT, BT n— b BEHOBEE, w, v, 37 v—5at 72 b BRENE
B:zloFEFR (RE) KBS AR, yhHREOEEK.

i) At BIOBRMICHANT, BRZED90° UEos x (Fig.4.7 bIEHR)

At FIETOT V= LE7 Ay MCH LT, At BITKRDICT v — L 2EE# T
Wb, JEAMZEILD 90° YA EdH » kBRIt S hic T v —aw A v MITH LT
&, - sduldid 7 v— LB ST 5, Dk, BmELA90° LT Thhid,
FNLEO T Vv — bt 7 A v it L TRNDERRRIC T v — L BB A RD 5,

4.3 REBRERIREETILONRR

BEFHEEFR» OB SN BETEIC L 8B, RNEEBICOVWTRILEGTE

TEOLNAIABEHEIBEREREART I LIt > TIN5, ATHEREICOWL
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T, FMEOELY OBRNUENFETED, TNoEERBTXAHEE TN
WELEILD, ARITHE, Hy~RICX 30 TEREBAZFM T 2tEE T vico>0T
BB,

4.3.1 BETFNOZHED

KoRAKRE T T VOIERICEL - T, HBHAREETVORBEIC OV TORE %17
Yo AREITIE, FFNREEFOEFEREZRNRIC, RIEME S & ITHE SN BHE
HESOBHBBRIBGEBRIEEFNVICE > TEONAEREOLEAIT- 12

@ #EEs

Hy<Rick 3 BHEEROFER—MickRicL s b,

(e} OO,y OO —ur
D:K&@f j'j 4irzeru(xzyzfymun5 (4.16)
- 0

zZT,

D : BHEGEE (mR/h)

K : AREEAOHRBANK 1.8 x 100 (LmmR)

E:#Hv=ROFHLZVF— (MeV /dis)

e @ BRICKT B4 v < BROERIRE (m™)

o EKICHT B A 2 ROLEBPFRE (m™)

r CHERHEDDS (2',y,2") EFMEHADOEH (m)

B(pr) : ZRITHT B0V v BOBAEFREK (—)

B(ur)= 1+a(ur)+p8(ur)+r(ur)? (4.1

x(z'y'2")  BERHEPOR (x',y"2") KB HRE (Ci/m®)
BE, ue v,d, for BAVZEBO T2 VE—ITKET %,

Ky BBHEREMAEINTHEE=S ) YRR M, B, REFROHM
BRBIUVZ I OHmOMIKRBEINT NS, €24 ) V7 RR P TRIES NS5
BROKBHHIARBEROFTES T, BEHEOLEICL2EHHHE L TE, —
BC108min 2 5 I0min REOHRER ERVBAH SN B, TOK S EHEBROERH
E#E[REM, PHHEAEOBMESH ENESETHMET S L, BEMHOHE
EEFETINV— LEFIVTITOBFOBRBRE TV (FIA TR, (1) TR TS,
T, [REM, HHEHOEETEHICHIESH THHHESSERBAMMT 51
W, N7 EFNVEMABRAAIZBRERE FVEIERL 1,
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NTEFNMCE BN Y7 RBEHRBRIAE OB S E Fig. 4.8I1TRT, N7 EF VL
i3, BRI S @B IC I S 5 U R Z 510 s A S B min FEE ORI T

Exposure contribution at time i

W

-I—]- Manitoring post

Fig.4.8 Conceptual scheme of exposure rate calculation
with puff model.

BHENEZEM 37 E&EN05) &AL, SRITMITIHBLUESHSEICE > TH
MENB 7 2lHE & BICERTEHBETVTH D, B/¥7 1, HHEMMBRT
EDEICK > TFig. 4. 8hDRHID L H icHBEIT 5, L D>V TASB L,
Pijy roeeeee . Pijar, Pij e , Pin EOSNTDANBRKRONS, Bl icBIF 5
FHEROBREREI, BNTLLORBROMERDLEICL->TEHEING, Th
N7 ORBBHBRA t TEICRDIET T &Itk > TRREM, PEHEHOIEEF I
G LB R AT ETE B,

BX7 o OBBERIE, ROBESRAERE (4.16) RICRALTRD B T &
T&5,
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Qerp{—( _xpy} p{- (y= ybf}[ »{- (z' 2»2}+_ e (z+zpf}]

(27E)20,ayoz

x(zZ,y2')=
(4.18)

TZT, QI 7 DBEHERE, (x5, yp, 2p) 3757 ODFLDERE, o, 0y, 0. 320,
yHE, 2 5EOEDERVIETH bo /X7 DI DIRE, KT 1E]L BB
Ty TN E L TERObOA T v— LDIBEERED, 28 (1X) OR-FRO
FEOEEHEEZLS, VWHOWAHEMEBOMES L THROEWE VTS, Smith
& Hay® 3, SHERENDOET I O FOMMEHEEZT, /ST7DESDIEZE
R BN EREL T,

Nao

— *2
= 3i (4.19)
LT ‘
6=0, =0dy, =0, (4.20)

Thbo 1, i BEKBE @D/ % T, THILEMICREOEERE,=(0")
(radians) iIKF LW, XHETIR ORHODITe, ZRHOTEFET 5, 4B, v'id
BWAROBEES, « 3EE 0 RAEY, £— - -5 EEHEEEDT,
N7 DI OIBOYBEE LT, FHETRIESEHOTo=0m%5Z %, ¢ O¥]
PEIHSBEONE, KHEELBEA2ZEREL THETXETHBH, ZOHEICDOL
THED L AEABHRIEOSNATHE Y, L L, BFEEOYIHOKE SRR
BAREEAREORKESTHD, ZOLINEHDOS L TRERFHHOTo=0m&L
Th, BONXTORESOHEFEICKENEES LT ELREV, $h, AFHETR
oD FRELTI00 mAEHEE LI, Chid, YT7DEMSDIBRIZDOBICEENS/ YT
DAREXILEREDORY — vORICKESNERICKE LS LICEERB LN
52 &, FHBRRELLIZREFOBUMBER., T LHUOLHIE,LS 1 ~2mDEAT
o 3100 m LA I 75 B I3 ELFRREE 4 £50. 13~0. 18 LI L TRFET 24BN H BT &,
Hogstrom OB 7 — 4 WA 2T HHKE D 5 2~3kn O T 100 m AL TV
WZEREITK S,

18, BERFTERDNFHIRO MDY, (i) 5KREH ORI TO—#E
RE LTIT» 12,
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(b) XWEH 4 b BLURAIER

By RBEHRRROFBEREAESEROLER, KRENEES | RTARE
P ARICIT » 120 TOH A MiTIE 6 HD BWR GEBKRETFF) hib 5, LoL,
PR E L1978F 4 H~6 Bicid, 1+ 25 (A kKB DL S OHF G
BEAERD ST, ZD7®, BERFMIT25HKAB L oRB S NS BEHEL
FEMRIC LI, 154, 25BoBESRHAREZThZh 460, 784 MW (electric) TH
b, 138, BIREMICEATHIR+Fr—a— ek -V FT v T YRTLMPKES
Hn, BE¥RPEERHSED O RPN RIE SN BFIICREEN S,
REFALOE=5) v I RRX P BLXOEKIEOAME % Fig. 4.9, Tabled. 31TRT,

Y

2000 m

Mpg®| °MPS
oMP3
°MP4  oMmp2

°MP7
MP8 . Nos. 1and 2 MP1,2000 m .

i Q
s g gt e |

Meteorological tower
Pacific Ocean

Fig.4.9 Positions of the stack and monitoring posts(MP).

Table 4.3 Positions of the Stack and Monitoring Posts.

x Yy z
Name (m) (m) (m)

Nos. 1 and 2 stack 0 0 100
MP 1 1995 75 2
MP 2 1750 775 10
MP 3 1350 900 8
MP 4 825 775 5
MP 5 375 1250 9
MP 6 —150 1200 11
MP 7 —1750 500 6
MP 8 —1100 50 4

FRRHRFOETOMERE T 5, BREHEORKBERI, S SICED LR
EEAMACHMT BLEHH B, LREIAHORE IZRD Briggs DR D ic £ v
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Exposure rate (uR/h)

790

AH= 3%11 (4.21)

1-25BESECTIEIREHB LEE V = 18m/s, BEXBENE R=3m Th 3, b, U
FEHRETH 5, [RATEIHTRL OKRHETITON, ABR3#HELAE L Z280m
DONEICEL DT oNTW S, Al, BEORIER 3RABEFRERG « FdEitickDd
BENte, MEDOBERZEDL, FELEME10s, 4 v 7 ) v 78 5 min & U TE
&b, Smith & Hay i3 (4.19) RoilFE#EELAZNFN1 s, 3min THEL
T3, LR, v 7)) v 7BER E BICRS BNUE R 3 B EELGERE K S
K518 (BIAEXERCRD) , KRB RABTHV 2ELHEBEE IR Smith & Hay 28
M L7cbDLDI0~20% K& 5> T BEHEME S B,

R SR SN A BRTR T 2 OBEERERI Nal (T v vy FLr—va v s
4TI ERUBLETHERY v 7 =S ICLDREEN, BONIRRT b ADLA
YEREEH I ANF-DHEING, BEOKRSERREA v r L ¥ — IkEH
AZMET % 3inchZ x 3inch&D Na I (TO&HRHPic L v RIES i, 1538, Nal
(T¢) $EITI3 100 £Ci D ***Ra BERFELAAVTRIEL, BREBMEOEZEII+68%
VNTHBZEBHERINTH S,

(c) MERHELBLIUVATEHER EDEK

Y < RBEHRB RO EE R & AER RO LEH % Fig. 4.10i0R T, RIFEHIZ30
s filfm, FTHEMIZ0sBRIZB OO TV S, Kb, RIEHELEY2BEE X CERI
BRBERICE BNy 7759V FLxutkbLT0E, EEESIZ, FEERE

5.0¢ T z

L /Measured exposure rate A4 jaackground I|evel 11200 -:‘

4 [vAV] 31000 <

,Lf\ PRSI Ao AN MN\-"-’\-_,%-\-;«-J 800 ;i

D

4 600 3

lCaIcuIated exposure rate 1 400 §

200 ¢

1 / 1 | %0 &
1130 1200 1230 1300 1330

Time (h)

Fig.4.10 Example of exposure rate calculation : measured exposure rate
and calculated exposure rate, June 7, 1978.
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Wind direction

Saurce intensity
(uCi/s)

LTO.1xR/h ULDBREBRBIFGOSNAHMERL TS, N9 2759 FL~w
DHETE IS Ohba 5B OFHEIC LD IT - e TOHBEE, BEPHEBROMMEEH %
(FHERE) BELOSHFANEFEOERELHML, F50h 5 PR ORIROBREER
Bl oZ2DHRICTE Ny 7759 Y FREBAED DL EDTH b, Fig. 410D EIC
MBISKRRANEN % Fig. 4.11IKR T, AMESHEZHEY) 5 —88iRiie =5 ) v /R
2+ DFEERT, Fig. 412 3 MEBUNERE OBMEBHEZRL T b, Y RO

Direction of monitoring post

V)Iind direction /\/
s
/ e A RVAVAAVaASNINE
N
N ; , .
Horizontal wind velocity
va 60 T
£
eV A A AARAR AAVAYLAL W
v \J\/ \/\/ \A/\ 2o 3
Vemcal wind veIocxtv 2
00 2
. . L -20 3
1130 1200 1230 1300 1330
Time (h)
Fig.4.11 Example of exposure rate calculation ; input data of
meteorological conditions, June 7, 1978.
T L T ,50 ?
1000} g2
500 e~ e A N N AN— N %5 g a
g
0 ! L 1 05—
1130 1200 1230 1300 1330 3
Time (h)
Fig.4.12 Example of exposure rate calculation ; input data of
source intensity, June 7, 1978.
Table 4.4 Coefficients for gamma exposure rate calculation (1).
True Linear Total Linear
Coefficients for Buildup Absorption Absorption
Average Atmospheric Factor? Coefficient Coefficient
Gamma Energy | Temperature for Air, u? for Air,u®
(MeV) O a I r (m™) (m™)
0.79 15 0.984 | 0.254 | —0.0022 3.74x107%| 8.65x107

a Health Phys., 21 (3), 471 (1971)
b Reactor physics constants, ANL-5800 (2nd ed.) (1963)
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Y A NF -, HV=BRTrvF —KEORFE% Table 4.4 IC/RF, Figs. 4.10,
41105, =8 ) YRR b OHEICEAPRL HEICHEBORER LRSS,
Z DHICHIG L THEERBE O T3 0H b5,

Fig. 41313, FHEiCk » TH O N RMBEEREEE & QIEHED» SHE Sh 5 a

& / 1 80
L 12 9
0.3 5 o/ 0

Time integral of measured exposure rate
minus backyround (uR)

2
80 S
0.2 a
40
0.1
20
0 o]

0 0.1 0.2 03 04 0.5

Time integral of exposure rate
caiculated by puff model (uR)

Fig.4.13 Comparisons of time integral of measured
exposure rate less the background and that
of exposure rate calculated by puff model.

Table 4.5 Comparisons of time integral of calculated exposure rates
with that of measured exposure rates less background.

Measured exposure Three-dimensional Simplified puff

Fxample Date Time Monitoring rate less background  integration puff model
No. post (uR) model (uR)  (uR)
1 1978.6. 6 17:20~18:00 1 0.12 0.25 0.23
2 6. 6 16:30~18:00 2 0.11 0.21 0.20
3 6. 6 16:30~17:30 3 0.13 0.11 0.11
4 6. 6 13:40~14:40 4 0.07 0.14 0.12
5 6. 6 14:40~15:30 4 0.17 0.24 0.27
6 6. 6 16:00~17:30 4 0.29 0.23 0.12
7 6. 7 12:10~13:10 3 0.39 0. 25 0.19
8 6. 8 6:30~ 7:30 7 0.37 0.08 0.10
9 4.14 11:00~12:00 4 0.28 0.44 0.44
10 4.14 12:00~13:00 4 0.19 0.12 0.18
11 4.14 10:10~11:00 5 0.21 0.22 0.13
12 4.14 9:40~10:30 6 0.28 0.19 0.21
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HEXEHBOMB AT 6D TH S, Kh, 1 AEHEREEED 131 ICHIET S
BEETHY, 2OHAOFERIMENYLBLIV20ERTHS, 70y FHROAGRED
¥F13 Table 4.5 DFIBS EFHEL TV B, ZDET, 3HEEH/ Y7 EFTNVBAEO
HEBEEFLTHbB, Fig.4.13, Tabled.5 »o, TEERIAEMEL, SHESNLE
LiIE7 724 - 208HNT—HRLTWE I LD 5,

432 RapmAnBErLY

(a) & F LD
FiEioHEEFVE, (4.16) ROELS bbh b LI ICEeD X 7ILDOOTRE
DA IEFRHLEAOTNAEBHE L, BLZORBOTHSH, 1 HiL 1 KD O}
x4 201 15min (ELEFACOM 230 — 60 ) Db, TN TRRIHDY
Ty A LEGREFMHICHBATERV, EFHRID B, A HISRGHR O 70 RS
FATRBESET, N7 O VIEE 7 Oduld O MR FE TOMRBIC L - TH
BEICREHEBRAFMS A7 T F UV EERL 2o COETVOABRERIBREE
A% 3ERENT B 7 EFNVEFUCFRAGES b, FEREIZL/30LIT ICHE S
N, Tabled. 5 OAHOMIIEIE 7 € FVOHBERERL TV 5,
AHTHFEATO FaBRKRET T VvORANLBEZSE, B 77 VEELU
THbo 1ot2L, KEFNIEHFICH NS T EA2EZ T Tabled. 6 ITRT L HER

Table4.6 Comparison of attributes of the simplified puff
model and the model proposed in this section.

The model proposed

Attribute Simplified puff model in this section

Within a perimeter about Within a perimeter

Modeling domain 2 to 3km from a nuclear about 10km from a
power plant nuclear power plant

T f ial iati . .

' rea.trnen_t of spatial variation Uniform Variable

in wind field

Time variation in meteorological | 30 s~several mins(for an 10 mins ~ 1 h

conditions and release rate increase in exposure rate (over a several hours~

required of the order of 10 min) days release period )

T f heri . . . . . .
reatment ot atmospheric Gaussian, isotropic Gaussian, anisotropic

diffusion
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KDOWTHBEIT-» oo Bl Y7 = F VI PEBORTAREROBRHMERLD TO
HEIMEENICHERE I NI, 207, WRHBIIFREBEFREL 2~ 3T, 20
FATRKIREHEI—HTHE LEZ TRBHELIT- 1. —F, RAKAREREF L
(3, BHEFICH SR ERCER L L3 REFAALI0knE N RICT 5, COHPATI
MELSEDEENHD, JBREHE—RERNLTILEBTEROIY, [EEXGEDOZE
MEBHEZEETE DL KT 5, B 57 T 70 TR0 min~$K10min FEEE O KU
HEXSOMRBR FHAAFMT 5720, 30s ~HEmin DRREMH, SHHEHEORMZE
BEEAL I, BRIOBRE, SBEMTIREM, FHEGHOEHLEZ S LIEHE
OHP OB LM S1I0min~1 hEBEOE#HEEZ 5, LD EHHED
WX 7LD bR AV M T u— DI, TEAEFMT 54 Y 2B € 7
WEREBTE o MEMMZEDHBIRERMEE Y7 € F Vv TREAUTERNGE L
w, REFNVTRIFESUOERSMET B,

(b) FHEFIE

Fig. 4143 7 v — LdubiE ORI DORENTH 54°, Thx b L IiICBHERE
ROFELEICDNTEND, FEHGBEDO/ ) 2RITTITS. £, 4.2 3H TR
KHETHERMRO 7 v— athuldl, 7v— L BEHELRD S, FHEAD» ST
— L EMEICEREA B AL, 2D Tv— aduldh & 33 - 7oA C Ao R HEIC T

Plume axis

Fig.4.14 Conceptual scheme of exposure rate calculation
with plume segment model (“x” indicates the
position of the center of the puff).
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5o MCH 57 v— athldlicify - TEE, BTRICHEHTERBE SEHAL R,
ZDOEI% tmax & T 5, tmaxEHEODICHEIL, TOhE (XHITRY) it/¥7
DOHLEH B ET B, BNTPODEBRDpIE, Hry<HOL Rz vF—K—FEDE
&, 7 OduEFREAOEREE ST DI IBICEIKET 5. EOILA D IR 4.
2. 3EITHANIFETT v — s thLHDHI R TOMEAKE - T B, 2D7c%H, A
FXRA Ly, L ICHELET 3757 QIEHS O IBIZHIA L, L i1 BEOILASDEH 5
HiE L TRD B,

6 = 0,
(4.22)
A = o,/o;

Ll E, RDBENEBEEIR Dplo,B,7) TEROE S, TTT, 05, 0,i3KESL
B/ 7 DI DG, o, (IMEFE D/ X7 DLV G, 7 1357 Oduls & FFIH DR
MTHD, TBDa,, f, r ICHTEHEREIL, FHORMEEND0,Ef Gom, fn &
ZHT) KOVWTROBTEBWIBERE » OBZKD SFHET 5, Fig. 41514 B
FCr=y=z, Hlbo=3"0&%, FEANELLE—7250BEERES
ROMAESOHIT DN TRD I,

o:m = 5,40, 70, 100, 200, 300, 500, 700, 1000 m

Bs =0.1,05,10,20,30,50,10.0, 20.0

z

=

Evaluation
point \o 44

45

Fig.4.15 Coordinate system for the calculation
of exposure rate from a Gaussian puff.
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B~ hs0BEEERIE, (4.16), (4.18) RickvitEENE, AFETREY
VoD A NE—% E=0.5MeV, /N7 OBEEEREEZQ=1Ci& LI, THNF
— K EDRFEE A Table 4. 7 1T/RT,

Table4.7 Coefficients for gamma exposure rate calculation (2).

True Linear | Total Linear
Coefficients for Buildup Absorption Absorption
Average Atmospheric Factor? Coefficient Coefficient
Gamma Energy | Temperature for Air, ud for Air, uP
(MeV) “C o I r (m™) (m™)
0.5 15 1.000 |0.4492 | 0.0038 3.84X10"® 1.05%x107?

a Health Phys., 21 (3}, 471 (1971)
b Reactor physics constants, ANL-5800 (2nd ed.) (1963)

B~ 7560 BEHRBROFEKRAE Fig. 4. 16107, LoD EERE S
Lt Dp &r OBEFRERIXTEML 72,0
D, = 10 /o871’ +btiogri+ctiogr)+d (4.23)
TZT, D, 3HALKSHE®EY L DBRHFHRER (mR/h-Ci)TH 5, H¥a,b,cd
Br<200m&r>200micd TRD o & 0ems An ODHICKHT 5 N OHREHOMEE
Table4.81C7R"d, Fig.4.17TIEMBERAIEZRL T3, ELEHEIAHIRERTRL
170 B, r<10mTIiE (4. REAVTHEBREARDSLLD r=10m & LTHEL

—
Tyzi00™

T
0, = 1000m

Exposure rate (mR / h.Cil
Exposure rate (0C/kg.h.Bq)

Exposure rate (0C/kg.h.Bq)
Exposure rate {mR / h.Ci)
Exposure rote (mR/ h.Ci)

H{i¢

A ¥
03

i3 NIy

i
10 102 103

Distance between on evaluation point Distance belween an evaluation poini Distance between an evoluation point
ond the center of puff (m) and the center of puff {(m) ond the center of puff (m}

Fig.4.16 Exposure rate due to a Gaussian puff.
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Table4.8 Coefficients for approximate polynominal equations.
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Note 1) Table4.8 is made in sets consisting of nine lines, as
Shown in the following figure;

g, -—‘—dummy { E i ; :r
L L
L ' L]
e a | b {-c I d
L — |__l _J .1__L |—___—_L—L—L_L_L_4-._(
f= .(ZL Coefﬁaents of approximate Coefficients of approximat
e am e —_— e _ I
0, polynomma.l equations | polynominal equations 7
| _L_l_lfor_r<200m __ |_| _| for rz200m n
T
I t
|
O N N U U Y N N O O U U N S I
AR NNERRAR)
| ]
.-____.._...:_ _._'_.‘__1__\_._.__.__1_ .__1____{'._.4__.
! [ l I 1

Note 2) Approximate polynominal equations
pD=1ge(log r)' +b(log r)* +clogr+d
[mR/h]

teAEMEN LV, 72, r>3000m TREBRESHES/NEVDT D, =0
mR/h-Cilcd %,
G, HENTOHLEPIIBY 2MBEAROEDHD VG, & % 6.5, Br L,

Oem = Ozp < Ozmt » AnSFp<fan £EF 5, Tabled. 8 b &iC (4.23) KXh o

(i) Dp (Gems Brr7)

(i) Dp GemersBns?)

(i) Dp (Gzms Brers?)

(V) Dp (Gzmeis Bneis?)
ZTR T %o (1)&(i)2 S &I Dy (025, farr )%, EWVIES EIT D, (0255 frsirr)
ZRELTRDZ, BEHERBBICOVWTIINEE & > THREIC, 6, IKDWTIZF
DF FHRAICE S, BB,

(02p=0:m)10g Dpmei + (0zme1 —025)10g Dpm

Dy (02p,Bn»7) =10 Tzm+1 ~Ozm (4.24)
LT, DyDERFl o, LT EEDTH B, IRIT Dy (02py fns7):Dp (Gapy Brers )
b EILD, (0, fp, 7) ZREL TRD B, WIEHER (4.24) REBULZELZSATH
5o FHERICKIZTTLREREZ NI HLOBEBREL G LICRATHESL S,

E & Q’-Ag,‘-d Q-A E,‘-(l _d)
D= -
E, 5 { 4L’ * 4L } Di (4.25)
4t 4t
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(a) (b)
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C oz =ico™ Oz=100™
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~ g - g
0 , < 9) £
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~ 8k = ~7 N
@ E N @ 8 o
o Q 4 3=10¢ Q
E - o E :B o
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2 s 2 o | 2
1ié 3
e o e
3 10 3 o 10 2
o - (o] o - [o]
Q o o o - a
> - » > - *
W - B=i0.0 Wi w [ i
F B i
-3 B
110 4|b5
-4
10 1 L1y il 2 - Tt L
1 1 ! ] 3
0 0? 2xt0 Sio 10 3015
Distance between an evaluation point Distance between an evaluation point
and the center of puff (m) and the center of puff (m)

Fig.4.17 Comparison of exposure rate calculated by approximate
polynominal equations and three-dimensional integration
of the distribution of cdncentration.

—————— : approximate polynominal equations method,
: three-dimensional integration method.

T,
Ml R BT BB HEE D S OBREE (mR/h)
E A VTRBO TR LF- (MeV)
E, BELULZHV/<HEOIZzLF- 0.5 (MeV)
Q, Q7 DHOAENSFILT 5 MEHENF B & U2 OREEN O ik
SHeessRE (Ci/s)
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AL AL ;7 OO BSFET 5 BT EN 8 L 2 0BEN T O K S(m)

4¢; 7RIS HXMEERE (m)

a 1 44; DD BBERGHER BT 5EE (&)

4t D B EN R OB (s)

D, :»37»50KREE (mR/h-Ci)

n R EF BT OEEK
HY<BO I3 VF—~OLFIMREEICEIED Ic/ii0d, Eq=0.5MeVD L &,
i FBEEREICOVTIZ0.3~2MeV OEFHATEY THB D,

PLEDOFNFIc L 0 RBROFELTRETH 505, EA LEFHEOF 5EHPM ¢ maxid
WMIRICE B EIRTERY, £max /NS NN ZEORBRE S %8/ NF
THEIKNB, 2Dt (4.25) XAELUTOLSIC L THILET 5, Fig.4.14T/N7
P, i3HCIKELEW YT, PR 2x max DR TEHR S Lififllicdh 5.7, P,d&s
THENCH B/ X7 ThHb, ENODNTMODOKREBREZNTN Dy, Dy s Dpn TH
bLIRAEHET 5,

___17 D91+Dp”>
¢ = ( D (4.26)

e DIEIIGELT (4.25) ATRKEADDEAFIET 5,

(¢) EFVOKIE

(D THANL THBERBEFNVEROTHARENEE 7V — LOHEGOKRERES
Bli, REFHEDIHOT Vv— D5EE Fig. 4.18IZ7RF £ 9 I £ max=600m
il D, #OMAFESD FHRRA, THAE &6 KoL 71, /¥ 7 ORKKEEER

RadioqcrivV/
41, 4, 4y Ny —+———————— 4,
Stack Imax Imax
=g00m H
\
Ve
Evaluation
Point

Fig.4.18 Division of a continuous plume for the
calculation of exposure rate.
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B OEW 6 XM (46~ 44y, 46,0~ 44,,) 12180 m, FFMSITIEL 6 X (44,
~40,)1320m & L1 {max BEHUZORBEFSHBICHXTNEVHEED
SREMEEKERD B, max =600mD & XDHBRE fmaxEFTHAEL
Lol XnBEROLLE (4.26) KTKE 5 ORAFRERDI, Fig. 4.19 3FARE

100 S L I R B R '
» ~
X T 1.5
8 [ o
= 50 E
> 2 8|3
B 2.5 +| 4l
8 g I 3 0|0
$| oL
[a)fa]
S A NN WU NN IR N B |
%6 50 100

€ (%)

Fig.4.19 Examination of the domain
of integration for the exposure
rate calculation.

EENADEEZDLDT, ZOMAE D EICRBEMEMREE L TTabled. 9 IT/RT A
5z 1,

Table 4.9 Correcting factor for exposure
rate calculation.

e @ Correcting factor
~10 1.0

10~50 1.25

50~70 1.5

70~80 1.75

80~90 2.0

90~ 2.5
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PlEOZRBETHEE I m/s, BHEE 1Ci/s D& %, HiEE FOKBBRALHEL /-
BEE, EET V- EFANEHRIRAALBEET WV GAMMA- CLOUD 22— (1
KL B AR LB L TFig. 4.201TRd, KEFNICL BEERERE, ROEDK

fo) Swbitity = A tb} Slabitity : D (c) Stablity © F
10 v Y
Ty 1o T TT
10* 10°
8k
~ = _ F -
S Tied ~ ~ o = c
~ = s x ~ -
x e ~ « g
E x @ Q E ~
- ~ E =4 — (8]
@ 154 - - » 'OF c
H £ e » 5 E -
= 2 o : 2 = &
<4 o 2 10 @ [
2 2 4 H L @
& e { i 3
-1 3

w 2 5 (X} 3 i W §

g o w 3 :

2 E w
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,'%I .......: s —T .‘50' " ...m.: T .'o'o' L .““.: ' “HmIo
Downwind i i i
ind distonce (km) Downwind distance (km ) Downwind distance (km}

Fig.4.20 Comparison of exposure rate calculated by the model proposed
in this section and GAMMA-CLOUD code (1).
(——GAMMA-CLOUD, ———— The proposed model )

1L LAHTH GAMMA-CLOUD 2 — FIR X ZHBEHEREDVINICINE - T 3,
ARALEEND TERESHE H=0,100 m PAKKEENFTH=0 m D& %, ETE
MO BmABL TREUBICONT, FEFVICK BiHERERIZ GAMMA-CLO
UD 72— FIZL 25t EERICHRTRAICEL 185, 2, »~7 Ol & S AD
PRt S HBROBRAERD S & EFig. 4.15T/RL- e D, I 7DMBICL >T
MEBRNPEBEENERRREEZLI SN D, Fig.4.21130,=100m, » =200m O
EEDP DEICLEZHBROENAARL TS, H=0mDEXxid ¢=0"ICH4 L,
AHEITROIARBR L BEHOBIRIT ¢ ~35°Th 310, FERSEMES (F 2 13
H=0m), > 1.0 (KRLXEELMDPLF TR TFE# KA B2 1:&ATIRES
BAH)DEXCRIAREFNVIIREBRLEFFMT 5 LILi5, L L. EREEHE
BT EERE D i 2 2 NITHIRMDADBE T — L A58 30T, b LEEFUCK
L5t BREROEPEBRTELLENL, 77— a VEFMEIZIESERR) 2 ERT L
Ko #TT—Ya vEFLE, FHEAOBEICRERERKARE U TADRKREE
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RhHHNVIBHREBEERDLIFAEEFNVTH S, Fig. 42234 Tv—Ya vEFL
KX Z2EHERE GAMMA-CLOUD2 — FiIZ X AHEERORBEAT LTS, C

% (deq)

Fig.4.21 Changes of exposure rate
with the position of puff
(6,=100m, »=200m).

DFERIFT, BOLEKREOSHBIEOBE AT, FEFHAREN» SHmAEBI 5
Y T2 —Va vEFUNERCHEZLSL I EERL TS, Fig. 4.2313E FFES£1000
mic B 3 RaRKAKEEET L E GAMMA-CLOUD = — KO EERO B AR L
T3, MEDHERERIIII-HL TS,

PEoZ Eh»o, KETHELLRIRAREBET VE, 77— VavresFuh
2758V E Mk~ 10k IR OB TIIERE C L b h 5, 1ih, BEHREERLS
LEBRER~OBER, BEHEDA L RIS B4E0.7 rem/RPABWTIT 5,
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4.4 BEHRWEEFREULCERE, S$RTEFE
BHHE A URE LIBE, REFMTFEL Fig. 424ttt Db, COHELE
FTHOREROBR2EEE, BEIM X7 2 CBHETACEAEET 3,

Wind field

Potential flow model
(IPFM)

or
Quasi-potential flow
odel
(IQPFM)

Diffusion field

Gaussian trajectory
model

—

Gamma exposure rate

{Plume segment modelJ

1

Concentration

and

dose estimation

Wind direction
and

velocity data at
the representative

point

Atmospheric
diffusivity

Wind tunnel experiment

considering
terrain effects

Fig.4.24 Concentration and dose estimation method

for complex terrain.
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e F VI3 A ABElREF VARV, Zhid, ADPIC RERESEDE
TNVERWEERBR YR T LELTRIEEHDOBOLDILEE DS TH B, HLEE
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FTE L TREBEDROBERAPHETELb00L 0, ZOLDEADEEFT VE
LT, 7 vy v 7 v (IPFM) 703 BURT v v » vifie 70 (IQPFM)
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BERETEIC A3 2HTHRELL V-2 A Vv b EFLES EICLEE T LN
RT3,

AFHIC L > TREEHDPEAT 2 HEOBE, BEBIAEAT->-OTHERME L
TRY o REMIT Table 4.1010R T, &L 1Ci/s, HEKBIE SR 125 mEF 5,

Table 4.10 Meteorological data.

Time Wind Wind Atmospheric
Velocity Direction Stability
0 min 3 m/s NE D
10 3 NE | D
20 2 ENE B
30 2 ENE B
40 2.5 E B
50 2.5 E B
60 2.5 ENE B
70 1.5 NE B
80 2 NNE C
90 2 N C

SRS Fig. 4. 3ITREN TV B, TEEER% Figs. 4.25, 4.2610R7,
— 135 —



{a) (b)
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~10 o 2 -0 o
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Fig.4.25 An example of concentration and dose
estimation (1).
(a) (b
2 T T T T T 2 Y — - T T
of— { of E
o Plume oxls | Plume axis ]
’é —_
b 1 £l ]
= - /
L ] L /
L Caiculation of wind . IQPFM 4 _ Calculation of wind : IQPFM
Time = |00 min 6 Time =100 min
Concentration @ x 10 Ci/m? Dose rote : mren/h
_ s 1 i - |
“2'0 1 1 ° 2 Iglo i 1 1 '3 5 3
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Fig.4.26 An example of concentration and dose

estimation (2).
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Table 4.11 Comparison of attributes of the concentration and dose
estimation method proposed in this chapter and existing
methods.

Model Proposed Method SPEEDI of JAERI | ARAC of the U. S. A.
Potential Flow Model
or Objective Analysis Objective Analysis
Wind Field . .
Quasi-Potential Flow | Method Method
Model
Gaussian Trajectory | Particle Diffusion
Atmospheric Model(Plume width Method(Combination | pgriicle-in-Cell
) ] considering terrain of particle-in-cell
Diffusion effects) model and similar Model
random walk model)
Dose Cell Model
(A model for making
Dose Rate dose calculation on
Plume Segment Model | the basis of the _—
(External Exposure) results obtained by
the particle diffusion
method)

Table 4. 11 (3 A, HEFMF S BARTFAPEFRO SPEEDI (Ba%d) &,
KEDo—v v R Y xe7EYHEHRO ARAC THO O 2 EBEMELIRE L
FEE, SRIMFEOHEETRL TS, ERO Y25 41k ARAC & EAICEF
ENTDABTEHMEU» L > T B, BB, BKOMOBBIIFMAENRE Lich
U ZBIDFHPRE FNEFEHEICHO TN S,

AHEOBRAERSH L TV A2REH YR 7 LORE, REFMESEICESARUTO
B/ Th b,

1. FFELEEFCEEENS L, 10min BEOKREORMEH =55 Ik %,
2. HELBIRF—5EREZIHACEY 2EE, &SI TEL,
3. IERBICHIE IR A ER T X 5,
TROBHM I BRERELVCOSELSEETH S, £OHBHlITH LT, AHFETIERE
DIFE FNIC IPFM 20184 Ts, IQPFM 2RV 154 88s DatEBMAEL
1z (FACOM M-200 ), 2 iz EHERICH U TEI05D 1 LU THREM AR C

LERLTVS, 58, EETHROY -V a vy A X 0.6 MBTH 5, R 2
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L, BOEZEFVICAWSREBEAOKIM~ 1 HED AR, BaEicid, ¥10kmE 7213
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logical Data Acquisition System) OEAUMEHSFIHTE, F— 7 ABROEE (375 <
Bb, 7, BRR YR T LOEMABOINTESLBbN1 5,

45 ¥ & &

FH/XTE, 2BV THENE FOROEBAHETERF vy v VIREF L
(IPFM), 8BAR 57 v ¥ ¢ Vil 7w (IQPFM), 3 Bic kW THEHEME A MRICL 12
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ik, EHMEEZNRE LCBE, SBFGEFELRERE LI ATFHQ, BRol
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BE, QEFEFELBRT 284 0B 7 VO FRIKER, BoEesvico
WTR2ET, EET VIOV TEIBETERERB LU0 EF VO EEREL L
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