Proceeding of the Korean Radioactive Waste Society
Vol. 2(1), June 2004

Data Assimilation Techniques Applied to Estimate the Dispersion of the
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Abstract

The estimation of the diffusion coefficients of the Gaussian plume model and the
release rate by assimilation of tracer—gas measurements on Younggwang site was
tested. Diffusion coefficents were modified by linear programming of both the
measurements and the simulated using the Gaussian plume model. The application of the
modified diffusion coefficients improved the prediction ability of the Gaussian plume
model on both 3 km and 8 km arc lines. And, the release rate of tracer gas was
estimated using least squares method. The optimal source rate was estimated by
minimizing the errors between the measured concentrations and the computed ones by
the Gaussian plume model. The obtained release rate showed a good agreement with
the real release rate of the Younggwang experiment in 24%.
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IBRA 9 A7 BAAYAF) A2F5HE Foo] Gaussian plume EH) FAAAY 53
% #27 $EE YHE SRSAT BA FAY o2 AHelM BEW APAH] AFAAAL
Hgsto] aAgrtel QoA M EFAAC] ada ¢ &AAAE FAsG 924 vy
Al 27] A8t A He AR Ve M 2 EEAYE 23S A4 HEE FER =
BEYXZ2HE #3899 A8 FA 9 FHA $EFS 201 7HYs8t3 Gaussina plume 289

Z29 FAAY) ASAE o) §F FLASHE Aeae] B2EL FHAAT. TAARE 5
4% ¥ Gaussian plume 239 &8 $EHOZ 3km ¥ 8km EAARA THL F 3¢ ¥
27l Zow uegt AdeAe BEES pEUY APs T BEARY sRel Hads
He LT A 24%0I oA AA MEES FZdA FHEL ASE AT F AUk
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1.4 &

B4 7228 29EAY T2 FWE 59 2Y 4F 2HE EYE Jrrg £ Aok 2
Ho 54 A85E AFHFRE AgSE 21, B9 "ﬂ%" e AFEE FA TR HFEe 7 B
g44& xgatA vk 2 S ol &3l #AHYEE ]’3]“{:‘ A$ AA #59d A9 zolE
vetd = 9t ols AAEALY] 45 AN A £ AE BRI A9 BFY ¢gEA
8 g ZARIAL RAFEG ARLe] Z]Agth webA A S gE ol 83t B H4Fe] BF
AN E A3 A% A7 JA¥EH g LEEA dUF AT VAR E B9
FeA oz BAE A BEE o) g3t Fridoh vud Bt 7o) 11 Aol A
7}8 % Gaussian Plume 23] AMEEI Itk Atae] ZBgols AAZE 37HE A8 AdTY
Al (time varying)/Zelg} AAIZF 71473E 1ejg T2 Y] AHgdT

B7tdd AGeA #FE ARE o83 EFY 4FES T/ WYL BEAREE
2Y o2 F=9 (Feedback) 3l E¥o] 7IA 1 e EEAANE 97t ol 9}% F Ao
o]g1dt 714 & AE%53F (Data assimilation) @ 3 7|AEAY &S v FEdo FHUEFAHe H
7, A7] LEEAY AF A4 2 FEARY ﬂ’il 9 &7 Yute] gy ARolm Al‘:]' [1-2].
ARF3 Vede #S9HE 01%5}04 Al g AE A F B5@FH AF5Y AolE
ol &&te] A|AH WAAE HAs= °L—"’4%‘_ Z Tt E] ¥ (Kalman filtering) WS vl%
8to] [3—4], @3] #ZUH} AF %l«] e HAisEESE 2y dY@d #4E fEde F
A 2+%5H (least squares method) [5], 1= Azt &2 27 AF Ay BEA 9FL F
I Begdn JHgsted J1dAE 9 d71@79 d9Fe o]&E1 3= 4-DVAR Y4
dimensional variational method) [6] &©°] St

2 AFdME FFFA FAARGE AYRAEE o839 Gaussian plume ZF 9 FAAAE
FA8gt B8 o AN AZE FHA FES ol gt FAAEHY HE¥E 4 &
NE 7IES MEst] A FTFF 7 A5Fs 719 €847t S ARG

f“l

2. AzFI7le

2y 459 EHHAA4E Hage] A8 FAAEE 2 A5 wGste Ve XTBFHO=
AuEd 71ecld A8 & U ARFTHAe HaASH, Aol 53 VFAZE, 2L H
g 1831 §3x ¢28F F OEFH 71ec] FE&HT o & ATFdMe AxAsHs 2w
B st 88d8%E Lo
2.1 2254

HAaAs FAYRL HAEAFENY dFo2 FAAA sHEel &SR o o] WE
o o2 REF3 71hel va I FEe)l vzF golsitt. #5dE AREFH EFo| AT A
gtel A2 HAsHEE E39 QIYAE FAse AR ALY B 4 (Dely 4 (2)9]
2 EANE 5 o

_hn hy by by, W_xﬂ -ZJ
by by by - by, | X, Z,
by By by -y, X | = |2

- : : (D
_hn by hy "'hhu X, sz
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Hx = z . (2)

°]7]A He #BEA4 34, x= AHIYEE gudth 99 22 AA2" AN G
x9 FAXNE zn A FFexe FAYXE Hx—zolth ol#let #ZFLAE Euclidean
vector norm®] HEIQ |Hz— 219 2ol verd 4 Aot wex ex9 AFFE 2 Q)T Zol
24 7Hsdoh

e¥(x) = |Hx— 2
= 202 h;x—2] (3)
o714 e FFHEA ¥, X2, X, v, A2 ORI Feoldh ool AFTEL
ZeHdEFo g ust ol 02 UF3E T AE FIE LAE H4E e FHYEY

FRAANE €€ F 3ok

P 2
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o
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=2 30 bl 2 k%= 2] @

Mg
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A9 4 @elA k=1, 2 3, nd W 4 @2 FARE 4 (5)% Zol Y F Qe
o o] olgstel 4 (4F AW ol e I + Atk

2 hyxi—z={Hx— 2}, ®)

0 =2HT[Hx— 2]
=9HTHXx—2H 2z (6)

o714, HT= HY AA¥4S vehde 4 () o=27E 4 (& A d4.

H'Hx = H'z )
oA7\A HTH = 29 348 (Cramian matrix) & YER® FA489E %9 &= 2 8)H
o] A,
x= (HTH)"'H"z (8)

2.2 2UWHY
54 Axde met JBE 3AAE o4dd A7) AW £u4Y =72, FAYA ol
Z 2047 713 9@ PR IR PPolh. FARCEREH YAE FF5 LA B
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ARE FELEE XY Fslaz st He x9 HEF FHolgk xS oY AELE £#83
o d& 4 Ut
EA3% 99 A x 9 estimate : 9)
Variance of the error in X F=P(D2'*‘Q (10)
237 Wt ¥ x 9 estimate : X =X+K[y(1)-y]=X+K[y(1)-MXx] 11
variance of the error in X : P=F(1—KM)2 +RK? (12)

K = MP(PM’ +R)™ (13)

4714 O} M 47 x9 H g A3z y Zd AMEEHE A, Q8 RS 47 x9 H
Zvaks 232 v 2319 BAF a8]3 K¥E Kalman gaing vebdth
2.3 959 L&A

st A4 A 7 FAMIERL diF A4 HEedEd BEE A7E RARIYY.
22 FAAG AEA T HAASHE F 83 84 4y GAY FE2 A BHEE
< BrbstRth AA BR QARA A £3Pd SIESTA A3 F343F 5 KmolA 30km A}
ol8] 6719 arc Q1Y) 1057) #BEAEE o] Ldte] MY FAHS Axd A7 A WEY 7
< 2v) ojuellA AAS} AR RAeZ YERHTHT].

u] =¢8] LLNL el & Savannah River Lab.olA AAIS 3z A@A 3 AYHE 3 L35
o MY FEEL F7Peldg. FAYES 2d AHHEFE A BFAA HY QoA W
FAA 7MEAN ERFTH dF T Aol AAE HAFAASH FrrEY F3E FHA $E
S dutE oz 2v] ojuoX AAF dAse Ao vErktH(5].

FHETEANMNE 402 YAlso] FEHE A BY AE5A5g WAM/F AAAE
FEAZ Aol AAE B3 E&F UsH Y Y& FHFo2 ZrdEHE FLE AT E
FRAT. A7 FEALZ ZEFI JleNEE I ¥ FAFEEAA AL RODOSY o
Z & A7) foltH[8].

3. 9BFA FH2 A¥EHY A8 F

E A7 E FFAAHAFLNA AAT T AAER G FAZ AR J1edH F32
FEEYI) AFEES 7FF FAFS 19963 AAE 3R APFAE H Lo AP g4
F3R 7tAZE AFES SF69] WEFHFE 115.2kg/hr 1 FHEFS 172.8kgoldth. BA TS
1

AP A7 A5%3E Z3t9] Gaussian Plume EHQ FAAls¢ H71ek, 384 7129 H&E
< EEF ZASE P EE HUHE AT, Fig. 10 93534 AN3dEe A48 94 =
A71E ARE FHA £33 EXE Jebiich
3.1 AFAHAYE o] 4% Gaussian plume 2 Az 3

Gaussian B3-S o] &3t XA FEE A7 fste] wHEds T4
o R 0.1kmFH 20kmTHE 10mACRE FEEI, FIHEA y= =
10km® F7+& 10mZ FE3F] 1,990%x1,000x12 A=} (grid) & T4t} =gl FA=7)
FEZH 10m X 10mEH 2 AMHAEE dgiet. AZHANA o] B z& MES EHH AR
Hel AE ZAHste] ARE TEEA ¢1 e EFoE T
AFQI 2} sigma y © sigma zE A (14) ¢ (15) 28]3 Table 19 AAZ AFgoz AAbst

[

1
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Artt[9]. R E A4 MATLAB 6.52 o|l&3te] M3adz ZAstg o, 1,990%1,000%x 1A}
(grid) @] X gto] $Huie] Aars E3lo o|FoXEF gt

b+ cl
o,=ax’" " (14)
— e+ finx
o,=dx (15)
{  BEeREs ¥
w W ONGRN CEN e
) 7 egal ot i
A P SR
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Fig. 1. Sampling Points around Younggwang Site

Table 1. Variables used in evaluating the horizontal dispersion parameter, 0y, and vertical

dispersion paramecter, 0., for atmospheric Gaussian plume modeling

Sigma y Sigma 2z
Stability class a b c d e f
B 1564.7 0.8932 -0.006271 109.8 1.064 0.01163
B! 154.6987 0.6622 -0.003135 109.7996 1.015 0.00581
B? 109.74407 0.59660 0.01739

B : Parameters for P—G equation

Bl : Modified parameters for P~G equation(Sigma y applied at Okm<x<10km, Sigma z
applied at Okm<x<3km)

B2 : Modified parameters for P—G equation(Sigma z applied at 3km<x<10km)

Gaussian 282 A xWe Adde] @FA3t(homogeneous) XFEL Loz 3sht 2 Ay
o] o]Fo|z AJARPALL EX|o]fo] #AF Aoz BI|qE FErt Adut. detd A4
TEAE BE S o] 43 AET FEASS HME BAES AP PSS 9’ P-GHY
of SJEIIRTGE AEFE HolHE o] 43 AYEYS wYdE Aoz HEsty 2y 44
Am Rt FAAAE £ A3 HAF P BESH ASY Aol FE HAE )
t BAFESE AT 53T A xeld] Adigts e fEedt AR dez
BAIF AL BE53 AN Aol #e] Fo) <k T 29 F}e AHE AF AAZ Aol
7 Fel= EFSdn 07 o Z3sE £73E HAHI] dFolnt. Tl Ho) wiko =z o]
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77 FIJAAR]  sigma y& FolWFOER F3A FAJAAR sigma z9 #ol HS
(non—negative) 21 & UFAIIEE T RS o= 7% tr|FANA FHAQ SF6UA A
AstA F3 APtk Mg Rolo, A, FSAIRE By Ak AT U s FAs
+ sigma y ¥ sigma z& FAFHOZ Host= P-GAY dHEv|Eel a, b, ¢ ¥ d, e, f= P-G
Aol A d7IRAA T FFol wat Azt g HHdA A 50%E 23ER @ A
AR ole FE3 FetrlEd 2FCE A FYNFoer DA% gt s MdS I
A #7] Hdoitt.

Min. Z=|C1_P1,+|Cl"P2|+"'+|C,,"‘Pn| (16)
subject to
sigmay > O
sigma z > 0
bounded to
0.5XP—G value <{ a, b, ¢ < 1.5XP-G value
0.5XP—-G value < d, e, f { 1.5XP-G value

e 7 BAFr,Y HIFHE AT JE Aste e Jepvte £9E A (Karmarkar's
projective scalmg algorlthm), AEYAY (simplex method) ¥ EX &4 (graphical method)
ol AHEE T IvH10,11]. EX&HYL 240 A E TEE Tl E43t= o7 9
AR S £ Y ALt AMgItEste W] £k Al o] dd wes HEAE Aok
2747 FolARE JERZ] &0 A Hg5d AgzRAY 7 §E do= durgoez 3
FEE o] &3 AEHAYo] AHEHEY 2 AFAME HAEFHAHE o439 FHE T3
(Table 19 B1, B2). o|& o] &% Z} x|¥™¥ sigma y ¥ sigma zZ Table 2°] Jehiuc}.

Table 2 Dispersion range of the sigma y and sigma z for the P—G and modified P-G

sigma y sigma z
x#HE yHE P-G Modified P-G Modified
3732 314 496.1639 368.0542 454.8018 4226714
3,669 410 4888124 363.9783 446.4943 4153163
3510 570 4701808 353.5795 4253751 396.7775
Aclin 3,402 634 4574596 346.4205 411.0921 384.2049
€ 3831 91 507.6818 374.4100 468.1210 434.2400
2,680 1,899 370.8972 296.2848 316.9905 3005987
2,032 2,432 2905083 2470214 234.8401 226.2990
3,243 8% 4386301 3357321 390.1584 365.7256
7620 2% 9247424 2,026.9923 999.6141 396.0286
7,528 -834 9150457 1,808.9634 986.2135 392.8326
6,807 1,779 838.4323 1,131.5998 881.9561 367.3804
B 6,429 2,029 7977992 859.1550 827.8587 353.7464
1ne 5,469 -3,100 692.9904 423.3658 692.3373 3180083
779 84 943.1400 2,293.6017 1,025.1632 402.0783
7,394 1,866 900.8911 1,726.2238 966.7339 3881579
6,373 5,082 7917505 824.6371 819.8784 351.7060

2go] A #H FAHAA FALAIS Tt doi #E viud 2d TEHNA 3kmI
of 91x|3 %A o) HJ%X*O]]N] AdAoez Azt d 8km 2Rt P-GHE, AFAHY o)
239 p-GY 2% 53 o8 Uiz 9L o £ ot A ke E2nw
o A% %9 @E} e WEHAA JH7HE A-lineo] $AE Aoz wddn. FHE FAAA
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g F&% 73—?- 3km, 8km EF R oFgo] FIetRon 2l JH7kE 3km 2L
A AT R FBAFIE AY 1o 2HEE A 4 YA (Table 3). 28U 8km =W
HES £ FAAAE ALY B P-GIYRGE dARAT, ZEAFTol FotstL H
AFGeas Fasdod, P-GYY 2 AZA A 3 =48 P-G3YH EF &AM
g7t St wet A58 ZAsn YSE g9 & UUyTH

Fig. 2& 7b¢AIQE 239 §AQAAE ZAse AFHA A P-GHHoE AR F3Le
o ARFEY AFAIHE ol &3] AT FAJAAE o]&F FHAY FEE YT
g FEsE A vwsy] HAste] y¥F o2 FAk2 wiAldt EASIATE A EA 9

Moyl

Table 3 Coefficients of the forecasting ability for the P—G and the modified P—-G.

A-line B-line
P-G Modified P-G Modified
Al 0.8839 0.9772 0.6223 0.7556
r 0.8877 0.9656 0.5818 0.6882
RMSE 7.7793 4.0281 45876 3.9278

%

Fig. 2. Concentration of downwind according to the atmospheric stability

AFEL 400m TWelA BRI Qlom P-GRHSE AME FEE 819u/m3elH,
£38 FUAAE A§W AL 684.5,/m3T YehiTh ol FHSAY BFo] FehRol 9
E BEE AP AT R FHE BAARAE AA AFHA GG o FAE4e =

XA As7t BgE RCeE @gygdr.
3.2 HA2:A5E g A4 =3

THEAIE B0 E AL FAR] wE3I AA BEY
F3o] olEZY 2AE HAE = AYF xE ANSES Fig. 39 o] ut
g 2 dFdME FHRRE AN 59 TS FE dF5FoR pEIFonE xPHL A
Ztell BAIQlo] 5L Foz 7FeAt 2y oz lgdnt dYE (column vector)?) z9 y9
QulE]= Table 42 A9} Bell dIHE Yol

# ANEE £HE 2AzHY vag
BAME AR

“
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Least squares of errors

Fhll hy by - hy, ] —xl 1 -Zl W —)’1 T
hy hy by - by, || X, 2, Y2
h31 h32 h33 ) h3n

X5 = Z, <~ Vs

_hn hy by hy, 1%

{ |

[/teration for tuning of transfer matrix

L% ] Vu

Fig. 3. Schematic diagram of least squares method.

Table 4 Gaussian—calculated and measured concentrations for selected coordinates to estimate
source term

x(m) y(m) predicted; A(ug/m®) measured; B(ug/m®)
3,732 314 21.9209 26.9764
3,669 410 19.4775 15.3130
3,510 570 14.4814 10.4902
3,402 634 12.2855 10.8210
3,831 91 25.0369 45.3440
2,680 -1,899 0.0001 1.4500
2,032 -2,432 5.2720E-14 0.0469
3,243 826 5.9845 3.0361
7,620 -295 6.2443 7.4361
7,528 -834 4.4425 16.2586
6,807 -1,779 0.8644 42117
6,429 -2,029 0.3620 0.0693
5,469 -3,100 0.0006 0.0038
7,795 84 6.2571 2.3331
7,394 1,866 0.8162 0.0284
6,373 5,082 1.0579E-08 0.1493

2R FEolu WAV EAY AtnA], di71F3AF BE ] 4EARI 7] AL H &}
A AR g AU goung B QP 7] AAEES Atart RS gtte AA
slofl 022 7Hsty 29 JATNE 5] AL¥A FedE e} dZYHo| 2PHEF W E
At A5 BAZAH Gt pg/m30lBE EH UFHAXA HAFo] ug/secd] @9
E NAEE stgct ok, AA $E2E 115.2 kg/hrd 32,000,000 pg/secol sZEct %
7] A9EE 007 7IARS e ZF #EA AN 249 AFES 3599.61° )

Table 42] A 9 BE o] &3} HiAsHe A& F43 A4S 39,783,163 pe/secolL
o ojmol X9 AFF2 535.232F YT oA AHA WEE FAA 1.24u)] AP
3t 2oz HAaxsH 3 AAE FAo] A ¢35 e AdFHE UEES THE Eo

4. 99 Q0 FE
2 A3 E dF8A FHA gAY FdHE o] 439 Gaussian Plume EH 2 FAklzt
E HAYAAHE ol&3t] AP oH, nA g HAdTE HaAASHS ol &3t FA&AT. 7t
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A 2P GuE Frhe IR Ee) BE FAEE AP P-GPUS BEROE
B "od5E P-Gol 9% HuAAY FHYo] WolA: oz ° 1
ol BEUT AR Aol H2RAV: THYFE LRhD o)F
F.PGAE £ AHEAL RAE $UT BN A3 J9 YA 2
o T FAAG AULIY 4R A2ATYE A8 BAVE 2AHR, +4

SRL
A% % A% LN BE 220 ARE Ao UBLAA A% 249 BolE A2
dom 27 2ae HUTE 0 0% AP BEARY FAY FEE 0|88 4LY
of #95E% Bzaug AL 229 GAFE Tl AVE ML AA LAY
A48 gut 24 $AE 2 GO Uit wad A AARE 4R Yx Roz @
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