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In response to new standards for regulating waste treatment facility (“new
regulatory standards” ; December 18, 2013 enforcement), it was carried out impact
assessment of forest fires on the Waste Treatment Facility existed in Oarai Research and
Development Center of Japan Atomic Energy Agency. At first, a fire spread scenario of
forest fires was assumed. The intensity of forest fires was evaluated from field surveys,
forest fire evaluation models and so on. As models of forest fire intensity evaluation,
Rothermel Model and Canadian Forest Fire Behavior Prediction (FBP) System were used.
Impact assessment of radiant heat to the facility was carried out, and temperature change
of outer walls for the assumed forest fires was estimated. The outer wall temperature of
facility was estimated around 160 ‘C at the maximum, it was revealed that it doesn’t
reach allowable temperature limit. Consequently, it doesn't influence the strength of
concrete. In addition, a probability of fire breach was estimated to be about 20 %. This
report illustrates an example of evaluation of forest fires for the new regulatory standards

through impact assessment of the forest fires on the Waste Treatment Facility.

Keywords: Forest Fires, New Regulatory Standards, Waste Treatment Facility, Rothermel
Model, Canadian Forest Fire Behavior Prediction (FBP) System
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YA —OANEIZIE, B (6~26m IFMHY) B D7, REMFIERRFE & & —4THA Lk
SATBHAN DOIRAFEBE LIZ< WV, 22T, ZTHH DR KKIZ L VA LI ROKD XN O
w EHLEE) ~EET 2 EBEL., TORREES Kb E WG EZ R KA E L TRE LT, O
FFIR WV ORIZ DN TR, BHIN O & OIZHE 25m DEREN & 5 728, ﬂi&ﬁ«ﬁi}&ﬁ‘éﬂﬁb
PEIFEV, @ TV THEMPORIZ DN T, BT 2N OMRBIHENERRIC L sBrEah T
WD, KD OFRITIERES 2 FTREMEITIR VY, — 7 T, @B%%%@E'Eﬁm Wﬂl@% ZoWn
TIE, MR O EEEL TRV ERET 5 /TRt b O A TO & X TEL, . BEREmE M
B ~OEFERM bR b EVEND LD Z2MESBE L T, @@%%%’%kﬁk LCRE LT,
FREOFE K RITK U TAE LI KRGERES T U AT T 0@y Th 5,
a)  KUEHFZERRR & v 7 —FF CRAE LT KEBTROK L, @FHE O O ¥ H 3~ FERE S
Do

b) RBET D BIEN LA Z LD D

c) JEREDPFEEWE PR IR T DR BIERONIRIZE TN D, 7ok, PEIEWE BRIiRY
DJED ’i%k%m%’u@xU? (75m) Wb,

d)  KEIIBEFEME B O JE I B %, B A ERET 5,

3.2 ATk S ftiRk @ﬁmﬁ

PEIEW) B BRI R 121 20 88 DFEFE A B B2, S EIOHFHRAKKOEETIE, bSO T
Eﬁ%ﬂ%wﬁibwgéﬁma (Bik & AROBERREEREA e b FL< | IEFERIFEA e b K& WARITEE L
TWDEMN) 2®ET 5, Figd.3 [CHEEMEHEEH O FEEH 104289, FRIEYE I IC
BEEE T 2R T ~HKIVD 9 Bl b REWAIZH T ThH 5, -2 oskid, 3.1 kSKIERES TV
AL ARV THE LA (MO) 1oxt L TR b < SERET 5 alREMES BV, Z LT, 20D
& BT B MR Ot CRERRIEREN B b AV O IX EREREE S T 0 7.56m (A HLE) ThHT-
O, Z Offiak &Rkl S ek & L7,
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4. FHMEICHER LT L

AHREFICBWTIE, 124 BWKKOELEFMFIE] OO b, sk ~D A 21T 5 B
B 72 BN T A — 2 (REBEMREE , KFRRES) 2315 5415 FBP System & v 7z, 7272 L
K AT LORERLE LT, AARTOFMBINEEICRONDLZ L, VAT LHATHEDNNT
A—=BEFERALTWDZ EENL, M SN RORGE L ZU4EHERPAS TENZ LR H
Do I T, RVATLATHIEENDMROZ 4% MHERT 2 EM A E 2 T, FBP System
2. TNFETHARTOIHS] 8 1938 5 [Rothermel DL KGR | /M AEHE TRlfid
HZ kbl

B, FHEAT A F9TIE, FARSITE O ZH#E L T, LavL, AREFIZBW T

8.1 KSIEBES T U A TRUTCE D KR E REMERIE ¥ —ifFICREL TH Y .,
FARSITE (T & 2 KRHM 72 KKIERES TV A ORELZ AT 50BN 2N 4 EIOFEHE T
ILEEH L2y,

4.1 Rothermel OYLKFFEL

Rothermel DILR G 181%, HIFK K2 6f 5 & LI AREF KK O IEBEEE T HIE T /LT,
FARSITE (2B W T HHFR KOFHMICFEETT A NEARXE L THWSL TS, Rothermel ®
PR FREAT (1) KZ2EBEL TR OBINATH L, (1) RDNNT A —=FIZBWT,
EEAET S Z kifi;éﬁiﬁ%@ ZOoWnTIE, ERALVEHELZEZ TS, £L T, Z0OH

oy BRI S L7235 A1cid, BERRICE S T W) FRTETF VIR ST
W5h,
R = KR L0 &S o B — IRE(A+Pw+ds) (1)
AR D 75 KT BT B pngig

Rothermel DILK S FEA % Table 4.1 12, FHRICHKLEIR/NT XA — X % Table 4.2 IZZFhEN
~9, Table 4.2 ([Z/R LT AR OMIRIZBT 237 A=%D 55 h, py, 0, My, Se, XT* Sy
D 6 DL DIRBERFEZ TR TN T A —=F T H N ECOERLRETHRITELERDH D |
AR OFERZ L OFEEM L 725, AREFICBONTL, wokUMZEL 8 DD/RTF A —Z|T
DWT, %ED DOICHk 12 SEIZ L CAIMEZRE LTz, BRI AEICONTIE 5.1 A
VAR S & S haba s

*¢Rothermel OILKRKIFTFEIIL., CHEKIZ L > T Rothermel D IESEEFE T HIE T /L= Rothermel
BT IIVER L IO NS D08, AEETIXAMOIT A R 92252 [Rothermel O K 52
A TH—LTW5D,
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4.2 Canadian Forest Fire Behavior Prediction (FBP) System
FBP System (I, #REH, Kfk, HEFEOANEHRN D KRFMIHED 4 DO EERHEALE
FOEBEEEE ., PRBHHE &, AR O KBRRE R OV B RE (MR k - BiRik)) 2HT 5,
FBP System O % Fig.4.1 1Z:7, ANERTH DAL, 16 FEHDRELZ A 70685
BRA Lo THY, ENZFNICARDEZAE T 22D OMRANEZ N TND
Table 4.3 IZAFHIICH W2 AT LADOWEKAZ . Table 4.4 ([CEIRATRELAKL X 1 T2 TN T
MWRT, 723, Table4.3 TiE, MAEX A 7L LTT =Y (C5) ZXRLELTND, TOM
DREAEH A 7Tl AT & Eiﬁﬁfﬁ%@fmiﬁﬁéﬂﬁ‘éﬁﬁ%é0)’6“73‘5%‘\755"\%’6%60
FEREHRE 2 BT 2O EE/R/XT A —& L LT, Initial Spread Index (ISD» % 5,
(%, FEBEH L DAY R FEIE & 72 D 6 DT, FFMC K OVEGEIZBA T 5 /8T A — 5’7%%1‘%55237&
%, ISTOHHIE, (20) ~ (32) KDOFH AT A—F 2R H L% (33) ik ->TIT I,

FBP System D& /3T A — X RFUT DWW T, HARGERIC K HREEORMGLZ T2, JE5E
KioFE L LTV,
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5. ARARK K DIREEEDF H

5.1 A5t
M4, FHIICFEA L7270 ) TRUZEY . BARKEOFTHOBED E/R AT /8T A —H 1T,
MWET—%, KRBT —H ROMET —X Th D,

(1D HEET—X

KT 2 —12iX, T~y (Vva<wY), AFX, e /X%, a)F 7, 7 XXEOHK~X
IR AR LT D, RFHIIZ I W TIE, £ O T b EBESEE 23 53H < RSB, (KA 0E S 58 )
DR RELSRDLT A~V 2 REMAEL LTEE L, B, 7T~V 2 _EMAEL L TEE
L72BHIZoWTIE, Appendix 2 (ZFE#T 5,

2 K[BTF—#

Rothermel DL K FFEEF K O FBP System (ZBWC, FRICEERASET — X ZRETH D,
JEGEIZ DWW T, 7T A R 2B WT HBE 10 FHORRKEHEEZHET D, ] & LTS,
REEFFERREE o Z =T ORE B, KFHFREETH D, RefliziT - 7248 (2013
F£11 AE) 0 10 FEM O R RKEGEIL, 17.4m s (2013 4 10 ABLH) THHZ Enb, =
DiEEHNDZ & & LT,

=L, KRG RS A OBIIKEE, #iED 14.Tm OBFFFICHE SN TRY, miEDL &
ONETOETH D, MRETOREIT, HAREFEOEEYMORBCLIVES 2D ENTHRS
LD 120,20 RFHEIZF\VTiE, Rothermel (1983) 2023 & KRIEMZERE LY ¥ —0
AR HUE S I L T D EE IV B L 54245 0.3 2 /K F R[5 6 T O R EUE (17.4m
s1) 123 U CaHMmICAER L7,

3 HET—X

M7 — & & LRI, Rothermel OILK G R Y FBP System O L H 55 252
By 5, BRIV THERESE S IIIEINT 508, BEIEWE B 50 O MRITEH Th 2 He
B2 <. BEEEME P (S M2y > T B0 RHE 2SI KE < SGEIZAFIE L7V, Ko T, 3E
OB ICIE, EAAEZ 0 & LTRELT,

5.2 T NVHIFEMIZR AT IE
(1) Rothermel OYLK XD ATIHE

Rothermel OIERGEADOFMIZISVNTIL, Table 4.2 IZRT/NT A —FOFRENMLETH
Do ZONRTA=EDI G KAET =4 (h, py, 6, My, Se, Sp, woKUOM;) (DWW TIE, FEB
FIZL o TR () OBRBERMEZEHNE L TV S %D (2005) 170D/3T7 A —H fE%
SIH Ule, JEGE K OMEEA EEIZ W TIE, 151 AJISRME) T/RLEZEY ThbH, Table 5.1 12
AP TR E L 7= Rothermel D3RI O BARK 2 Al % 777,
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(2) Canadian Forest Fire Behavior Prediction (FBP) System ™ A JJ i

FBP System O A Jj/NT A —X X Table 4.5 O Y ThDH, 2 H/XTA—FDH b a, b, c,
q, BUIy,, CBHX% U'CFLIX Table 4.6 DRELZ A 7 (C-5) D/NT A —HfHEFHRE LT, FFMCK
QBUNZHDWTIEL, B FED ) NA 2T 4 TINDHERR LIZ ARSI D A K 2204 T,

FNEND/NT A—ZEADOGERIEZ 3L TER Y (Table 5.2) ARG TIIHEE TH 5 Extreme
EHWHZ L E Le, WSKkQalk, 151 ANEME) @Y L, 26T XA—F DA
(WAZK OSAZ) X 0° Ti Ebhouk%%ixf Table 5.3 |ZAFHH T E L 7= FBP
System @ BAKH) 72 ATIEZRT,

5.3 T DOMEHFIZER D T H
1) HETNVOMAEDEICLDEE
AFEAM T, FBP System (2 X 55RO %Y 2R T 5 EXZ B E 2 T, Rothermel Ok
RKIFBRREMAEDLETHMT2FL LT\ 5, FBP System (F 13 &k M O &k & |
Rothermel @Wj(jiﬁ'rfi IR KEZNENRRE L TWDD, BMICHET VORGSR %
B LabEGe, IRKOFMFSE RS WA LD, 2T, KFEHMIZHB W TiL, FBP System
ZRHE T HERIZ, (34) K. Surface Fuel Consumption (SFC)7>5 Rothermel M 4i K HFER
THRE LA & (wy = 0.5kgm=2 (Table 5.1)) Z#1L75|< Z & TSFC OEAFIEL T\
o

(2) BIAROEHEEDEE

P& SEW A PR RR 8 3L DRI DL B DS ELER RO N T2 oD L AR BV TR, AR Oi@E v
BIARDEEEZEET D720 D% (¢) ZHE L, (34) > Surface Fuel Consumption (SFC)
[RTD 2 LICEVHIEZIT > TV 5,

[(BIARDEELEELZZBET D720 DRI (¢) @kkil
BIROBEE ZBET D720 DR (¢) 1%, BIHFAEM R, LEFEE10FLMLH LT, &
BeT DG T OBIAR DBELERE B RO T2, Fig.5.1 ITHERIZEIET 5 KK O O PABEHIPH & 1
AR ORI R T DG 2 =3, AkHR CHEE AL 7 &P I XaPl B TR e S, - =
P (O~®) FHAROBIEHRZR L TWD, ks, il EORBERFHIZ OV T, 16, figg~
DFFH BN K 28] 22RO Z L,
« BRBET 2 A I
67.5m X 15m = 1010m?
« BRIGE 2 il A oD 48 ek i A U
D20.2m? ©@36.8m? (315.6m? @25.7m? ©25.7m? ©25.7m? (062.3m? (882.6m?
L2 ONHL@DOEFHEIX. FI300m? L 725,
- EREFECRE 5 I 850 O 3 1%
300m? + 1010m? = 0.3
LoT, BIARDBEEZEBET LD (¢p) 203 & LT,

,10,
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KT INVOMAEDE L OB AROBEEDEFE S (34) XD Surface Fuel Consumption
SFOZLTDEY ERT 5,
SFC = (5.0 X [1 — exp(—0.0149 x BUI)]?>*8 — wy) X ¢ (45)
¢-ﬁﬁ@%$ﬁ%%ﬁ¢ét@@%ﬁfo3%ﬁk
: Rothermel OJLRK G THRE LA E (wy, = 0.5kg m2)

(3) ML ’JZ\EE/\"? A —H OFHEA

FRMRKRNT K 2 2 BRI BR U S s B 1R B 55 DR A I KRR TR . SEREH S, B
J(T-ﬁ‘ﬂ]aa@*ﬁﬁﬁ TIEKBBEESEOE NN ENENLETH D, LiL, Rothermel DILK TR
WK HBRIEE DY, FBP System (S AREEHEENFH I N2, 22T, MR THESXEZH
WTC, HEETNLVDORET DT A—HEEETT D,

Iy = Ip 12(.st (46) 9
KRIRE [kW m1]
Ip + KRUEHTRIE [kW m2]
o RO FER AL [em1]
Ly = 0.077513* (47) 9
Ly : K&K E [m]
HA = IB% (48) 9)
Hy : BALERE Y 72 0 B [kd m2]
tr::§ﬂ (49) 29
R

5.4 KSR

FBP System K& ' Rothermel ®JEKFFENX THE L 72 AR AKK OIRE OB H R %
Teble 5.4 |Z77%, FBP System } U8 Rothermel OHL K S FERUTFMIC WD XT A —Z RN E
NENHE/2 572 (Table 4.2 }2 O Table 4.5 22, ) . HUIZ 538 OFEAMAE 4 Lk 42 Fi%
HURZR NS | Jii R~ D Bl =G ) 5 4 5F A 9~ 2 ZEBE R (2D Tid, Rothermel DHLK T HEA D
M (3.38m min'l) @ J5 7% FBP System Ol (2.54m minl) XV < 255K & o7,

R TIL, Table 5.4 TR L 72 5 J OVERE B D K 5803 BEFEW) & BLME % (BT L 72356 O FL
BTN 21T O .

,11,
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6. Jtipt ~DHEH BN K B AR

AT A R OTIR, KEEEE 2SBE%E L= FARSITE Offi 2 #5E L CT\5, LasL. #Ff
HA R OD7r7 FARSITE (2 X 2 7F4fivE T, A& (12km X 12km) (29 2 A2 25 0 HiER
WEANNTHHERH xﬁﬁfﬁﬂ%ﬁ@xﬁ%k@éifwﬁ%ﬁﬁm % ClR T E VD TN
HThbDH, I T, KEEETIE FARSITE 1ZAWTIC, HEABIR W ARE 7 Rothermel
DILRI7#E % O FBP System DFRIR I S (M@éyk‘“ ) R E 7L % O TR B 3l 2 1T 5 72,
RETIE, FE LIk S & ORI BT X 2 sk ~ OB BTN 41T 2 o

6.1 HEGIEAA it p% | BIE T D A

HE Lf:k‘“%%ém:&?“%%”xﬁﬁm (I{ZIK%%T%F@%H) O PG R A IR T D 72O I8
HIFR A 21T o oAb F ., KRBT & BEEM E B OMICIX/m B DBMFET 5 Z L DR I iz
(Fig.6.1), Tt~ T, AL AKIT, LopE—5 mﬁT@ﬂﬁ@IlE’C%ﬁqﬁ)@fiﬁm % JE31
DEHITVBIARNEIELET 2 FERTFRISND, TOE, KKITK O RELERHEZ, EoR
M CITHAENIE H LD LB R, REOERICE Bb 555 & RGBS R & i) 2 s (5
WEBRAA R - iR 6 76m) & L7z, PEEET R2ETE10%ICI VR L,

6.2 FsXICBIET 5 KEKOME (CKEKEIZEE)
KRRBIFEMIL, KR DNEESEABH A -S> & FEIEY & B % 1218 - TL DRI 108 FRF e L A
WER T NSNS D KB DR D 15m EF%E L1, BARH 2B E B iU\TOD

[k KB O FHE]

R T KR OEATH ANk L GEWRZRE L TW D728, AT H s LT m & o fus
X 0m s ERET D, A Om s, TSN D /T A — X% Table 5.1 X O Table 5.3 T
HE LGB ET VOELEHE L, FBP System 7% 0.136m min!, Rothermel ®
JERFTFEAN 0.118m min! THh 5,

KRDEESEABRAAH R (BiRx 22 & 76m) 7 Siist &L (7.6m) 3% £ TORHIX

75-7.5
2.54

FBP System : = 26.6min

75-7.5

Rothermel DL KGR : = 20.7min

Z ORNIHETT BN IR B KPR DIE I
FBP System : 0.136 X 26.6 X 2 = 7.24m
Rothermel O 5K FEZ : 0.118 X 20.7 X 2 = 4.89m
ULEofER XY A L7 RO KROIEITERK 7.24m Th H M, AEEEICHT HL4E
PEEEZEBLTBBLE 250 15m & KRBIEE L Lz,

,12,
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6.3 KITHEREHHE

REGET VTl BEIEWE BEMERR I RET LIm K RIE, T OHBBGIAICIERET 5 L RE L
TWD, TORERORET I~ KIIEREFRREIL, B R £ LMt liBicdh 2277 v ME
TOHBEE AR L2 HEE 290m & L7z (Fig.6.2),

6.4 ZEUL O RGE

B I B DIEF BT RS 5 HBEFHIC SOV T, FliT A R 92 KIcAE AR EZET L L
2% THRAKEKET V) 2HVD, BREKRET LTI KKORBERERICN LT, FEDF
BEEFFOMBKIOLEEREET Do AR TIIFFM T A B TS & 4 FRKEOREE
PREKRED 347D 1 & L, BEFEWE B ~D KRB D53 720 FE KK E T VD3R —
FNTAES D ET B,

(1) BREEEROFE
WORXDSRBEERZE N T 5, kKEIL Table 5.4 TR L72EEZH W5,

R=§ (50) 9

R : BRBE RS [m]
H: k%&KE [m]

(2 MFEREETAVHORM

KOXPOHBKRETNVEFeHHT 5, KRENERIT, FEFWE iR ~1E 25 KRz
WTIE 16.2 MigIZEIET KRR OME CKRBIER) | TR UCEZ., BEEDE BB O
FFASERET D KKIZOWTIE, 6.3 KRIEBERRAE CTrRLCEZ WD,

— )
F 2R (51) 9

W KKEBEE [m]
R : RBEEE [m]

(3) TEREMRE DHH
WORD B K MR KRET VORISR ZFHET 5,

_ 1 -1 m m (A-2n) -1 ’A(n—l) 1 -1 ’n_—l )
¢l o n'ntan ( n2—1) T T { nvAB tan [ B(n+1)l ntan n+1]} (52) *

7277L m=-s=3, n:%, A=(1+n)?>+m? B=(1-n)?+m?
L; - PERR R
R : RBEAE [m]
H: k&KE [m]
(52) HUTR LIZHEMFE AR ET VOIERESREG; & A5 LIS R BRI X7
FBIZOWTE R T NE BB, & 2D,

— X

m]

,13,
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de = (i + Piv1 + iz ) (53) 9
BB+ +E+2)+ -+ (+0)OHBAKRETNHOEGFIIFEE 0D, o, BE
L7=HfEk&kETL0ET VK% Fig.6.3 IZ7R7,

(4)  WESIREE DR
PEFED) & B R (T DR B IR K- THRA BN D,
E=Rs-¢; (54) 9
E : f@4t5RE [Wm2]
Ry : KREEHFEHE W m2]
¢, - TEREMREL []
KREESFERL TR R RE (BOSTRE) (120377 2R/ L7 bDTH D, Tid, KKRIE
SR (BOSTRED) O O HEEF OFIG 23 FE T, $HEERIE 0.377, HILHERNL 0.371 TH
%24, (RZA—=2D5 it : SFPE HANDBOOK OF Fire Protection Engineering??)

(56)  AIEESIC X D BEE R

SN O T, BT IRE RIS LT D 2 L 2B E LT —RonIHIE F BRI & Ak
ZiEE O THIER RS 2, —REOIFEFRAMREIZHONT, HERERZa, RELT, =
Y7 V= MRS EZxLT DL xFHO—RITIRESAMITRANTE SN D,

dr dzr
x Yoz (55)

ERIZONWTx = 00FFICHEM SN %2 5 2 T, AiEZESEEZ W CRHMIT 5, & OB O HERE L I
i D 43 B OB X % Fig.6.4 12”7,

Tiner = (ZTA:) (Tivsn = 2Tin + Ticyn) + T (56)

x = 0DRF DB A

E=-21%

dx (57)

x=0
7ok, AEIOFHHIZITHWCTW WS BRERE (BURHR) 2 —EOkeEa X, wlic
K BRIENG Z N5,
2
T=T0+2Em[\/%exp( a )—

2 sat

smerfe (57w (58)
Ty : FIHNEE [C]

DRGSR [W m2]

a: 27— MEELREE [m2s1]

SR

x:2r7 UV —MEZ [m]

w3

4

CHVE TITRIE LI B E BB M E TR K OBl S fF & Fig.6.51CF L D,

,14,



JAEA-Technology 2015-062

7. FRAmAR

7.1 m AN RETRRE OO R Aff i SR
RN K DOFREFEDR M RO 16, gk ~DRHN BT L 2 85N 2 5T, 54
& Za%%%ﬁfiﬁ@aﬁ@%ﬁ{mf@ﬁ%f{b% Fig.7.1 {Z/r9, KIZEBW T, Rothermel D
j(jﬁzﬁ & DML K DI il ak ~ BBl L 72 R O AMBEIR B2 1349 120°C, Canadian Forest Fire
Behavior Prediction System (Z & % #1372 &k S 3Asfief K 23 fe B2l U 72 R DR EE 1A 160°C Tdh -
Teo —MRIZTZ 7 Y — P ORREIZFENR RN E STV DFFARE™ (2000C) ([ZIFELRNT
EMHAOLMNI 0Tz, Fo, ARIRE L2227 U — MER (40cm) 1ZxFL T, V\]E*leﬁ?@J:
FIX01ICRETHY, WHRHEAICIAIEN~DIREEEBIIDOT N THLZ LR TE T,

7.2 B K S e 2 00 BT RS B

Wiz, 15.4 RHHER] 28I, FEEWE BRI OB KRS = U 7233 2 Bk 2e
=R % M9 5, 7eds. FHIA A R OTIE, FFFMaRICx3 2 BB AMEE LT, [k
R OB KE IR 1% D & BB RIRIR L E R KR E 75,0 L LTNWD,
Fig.7.2 (T KRR 5 B OB % 7~ 97, #Rpkk K 58 E O 5 H 5 R (Table 5.4)
IZ3B T, Rothermel OIEKFFEA D KEIMEIX 104kW m1, FBP System O KRR T
204kW mt T, &t L7 KER5EE 1T 308kW m't Th 5, FEFEME B O R 20m (21X A
WIFAET DT, KRR 308kW ml, P Y =Y 7iE 7.56m &35 &, Fig.7.2(B) LY
B s ZE M e SR 13K 20% & 7o o 7o, U RIERIC )T 2 BR Td B PO 28R 1% L0 b
BV TIE® D28, BIKEHY T Y 7 ORI AMEEZ T 28 TH D70, RITKkOBHM
iKY 72 L2 LTHREZZNE D EB 2T,

2B OB KHEEOZEMHESRIZ OV TIX, Wilson (1988) 2912 L 0 E &R HEENAIHET
HbD, UTICEORMEXETRT,

_ exp(b'x)
- 1+exp(b’'x) (59) 29
b'x = 1.36 + 0.36x; + (0.61x, — 0.99)x5 (60) 29

P : BkAR g 1]
KRR [MW m 1]
X, 0 20m NOBIROFE (FO%4 1, BOHA :0)
x3 @ Bk IE [m]
ERXERANT, SEIOFAMAE R OB R E BT 5 & 201% &b, ek, FHm
A KOO (Fig.7.2) O KRIco5|H i Wilson (1988) 29Th 5,

HFRIRE  THEEKRKD A D = XL L KRG (MEEAN AARERER X —) 2D (2
D&, a7V — NEMETREDSHEEF S D RSFIIZRIEE 200C 2 FRIBE LT 5,

it

,15,
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REFIL, RYEMFRRFE v ¥ —IZFTET 2 BESEW & PR R% 00 8 Bl SLUE ~ D 3 & & 34
T DTIDITAT o T2 2205, - MR D 5 B FEEEYE B (T 31T 2 AR KK D KT I 52w,
iR E2 R T EOTH D, WEFME LT, HIRAED O OEH B X 2 gk SMEE~D B K
ORRAR K S D BRIE 2> & BEFEW & B A% 8012 3% T TV D BAAHAMY = U 7 (7.5m) O 2R
Ze FEAm L 72

FEAM AT A R 92 HELE S5 FARSITE (2 & 2 #ffliiE(x. AP (12km X 12km) (T 5 FEA 5
DOHFMEREZ AN T DMERH Y | FllHIEEDOR SR L 72 2 2 TOJRF I hask % TR GikEx M
WHEIINEECTH D, £ 2T, AMEETIE FARSITE [ZHWIC, A B\ 28 @ {8 72
Rothermel Oz K HFEH K% O FBP System O FRM AN (BREFASE) FHANE T V&2 H W Cfdi 55T
i #=17- 7=,

FEAM ORGSR, BEFEWE B A% O it i AMEER L I3 K TR 160CTH Y . — ikl U — b
DIEFEIZEEN RN E STV DAL (2000) ITIFZEL2WZ & 2R L, E5IT,
BhKHFEY = U 7 D ZERERESRITH 20% & RA S vz, ZAUE, RPFERRICRT T2 2R TH D
B KA 2R 1% & 0 b AW Tldd 228, BiKEHY = U 7 O Jeidit k243 2 &)
ThHHTED, RICKOBHKEHAY =) 728 L LTHRER VLD EE X T,

FARSITE (T X % RIE 70 M EEAM A3 R 8 7 S 1 J7 e 3% 3 2 35 1T D AR K SR TAM 1% 2 W it
% BT, AFHMEITADICERCTE S EEZLND,

A

AWEELZREST DTG0 THHTEW - REEIR TR Y E B O TR TR & ORI
REFBREDAROBEHFRANRICHE LR T D,

,16,
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Table 4.1 Rothermel OGN 189 (1/2)
= BiLj =R vA A&
COKRE D S D B
MR D R KT L S B
TR DR BRI FIE I 3 m min’! (1)
_ IgE(1 + ¢y + ds)
pngig
PRBEIC X DB RIS 720 | kd min!
Ig = T'wyhnyns o o (2)
D R (K AR 50 ) m2
) ANy iR B (iR e
' =Thax (£> exp [A (1 - i)] Datra—ADORSRE | mint (3)
,Bop ﬂop
FE)
Lo = 168.28015(495
By RKENS iR T min-! (4)
+9.9956015)"1
BNy i S i 7.
Bop = 0.203955-08159 IREE N R E D & B )
DB
_ ! Sk - (6)
© 6.71870%1 — 7.27
M 2
=1-259 5+ 511 () ORI LSS ||
ey (M i 3o R AR 5K
352 (M_>
AR D TERE) (2 L D B
ns = 0.1745;019 — (8)
55 fiR 3R R R AR B
= (192 + 7.90960) "1 0.792
il o) expll BiE T % ATRAY O B 3
+3.75975%5) (B — (9)
B END HHAEOEIS
+0.1)]
—E
¢w = C(196.85U)"8 <ﬁﬁ > JRUZ & % EIEE LR — (10)
op
C = 7.47exp(—0.871080°5%) TEH — (11)
B = 0.159880 %54 TEE — (12)
E = 0.715exp(—0.0109420) TEH — (13)
W = T AR AR B kgm? | (14
T
¢s = 5.27587°3(tan(¢))? EAHT X 2B LARKK — (15)
Py = % T O HER B kgm? | (16)
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Table 4.1 Rothermel IR FTFE 18 (2/2)

= i HAANT XE =
—4.5276 RIZ L > THEKXIREE T
&= exp( ) ! - (17)
o X b ak oEE
HANEEY7-Y ORI
Qig = 581.42 + 2595.5M; kJ kg1l (18)
BFKTDHETICHERE
Pp AR DHERE R E L LEE D
b= " — (19)
D

Table 4.2 Rothermel DL K FFEXUZEIT H /3T A —4 19

IRTA—H B XA
h AR DARAL RS B = kd kg'!
P AR D B D FE kg m3
o AR O FTEAE — R FE b cm'!
M, PRI K & —
S, AR O 2 U 1 DA O SRS & -
St AR O SRS B -
Wo BN mAEYS 720 ORI & kg m2
M; AR D5 K= -
5 A BRI D HEFE 1 m

e 4 °
U P O H YL O i X O JRGH m sl
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Table 4.3 FBP System 15
(772 L. WEZ A 71T H~Y (C5) %xts,)

(1/2)

2V B HAZ &
147.2 x (101 — FEMC) Variable number in FFMC (20)
M= T 595 + FFMC function
f(F) =919 X exp(—0.1386 x m)
531 FFMC function in the ISI — (21)
X (14—
493 x 107
ISI, with zero wind on
ISZ = 0.208 x 1 x f(F) — (22)
level ground
Surface spread rate with
RSZ = a x [1 —exp(—b X ISZ)]¢ zero wind on level terrain | m min'! (23)
(C-1to C-5, and C-7)
%Ground slope = 100 X tan(a) Percent ground slope % (24)
GS 1.2
SF = exp [3.533 X (m) ] Slope factor, upslope — (25)
Surface spread rate with )
RSF = RSZ x SF . m min?! | (26)
zero wind, upslope
RSF\1c ISI, with zero wind
m[1- ()] - | @
ISF = - upslope
___ISF Slope equivalent wind
g o [0.208 <7 (F) pe < kmh' | (28)
~ 005039 speed
WSX = [WS X sin(WAZ)] Net vectored wind speed
' S km h! (29)
+ [WSE x sin(SAZ)] | in the x-direction
WSY = [WS X cos(WAZ)] Net vectored wind speed
) ] ) km ht (30)
+ [WSE X cos(SAZ)] | in the y-direction
WSV = \/(WSX2 + WSY?2) Net vectored wind speed km h! (31)
f(W) = exp(0.05039 x WSV) Wind function in the ISI - (32)
Final ISI, accounting for
ISI = 0.208 X f(W) x f(F) ) — (33)
wind and slope
SFC =5.0 X [1 —exp(—0.0149 _
Surface fuel consumption kg m2 (34)
x BUI)]*48
Initial spread rate )
RSI = a x [1 —exp(=b x ISD)]¢ m min! (35)

without BUI effect
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Table 4.3 FBP System 15 (2/2)
(7=72L., WAEX A 7 1IZT7 <> (C-5) Hxf%,)

2V B BAAL X
BE = exp| 50 x In(q) )
Buildup effect on spread
- (36)
1 1 rate
% (m - BUIO>
Rate of spread on surface )
ROS = RSI x BE . m min?t | (37)
ire

CSI = 0.001 X CBH*® o i
Critical surface fire
X (460 + 25.9 _ _ _ kW m'1 (38)
intensity for crowning

X FMC)'S
CcSI Critical spread rate for )
RSO = ——— . m min’! (39)
300 x SFC crowning
CFB =1 — exp(—0.23 .
Crown fraction burned — (40)
X (ROS — RS0))
Final spread rate, surface )
ROS = RSI X BE i m min’! (41)
or crown fire
CFC = CFL x CFB Crown fuel consumption kg m2 (42)
TFC = SFC + CFC Total fuel consumption kg m™2 (43)
FI =300 X TFC X ROS Fire intensity kW m'! (44)

1 (22) AKOD (23) Rk, T (33) XKD (85) ROEE TARMEEICB W TH
FICRELTZHDOTH S, FBP System O 3 19CTi, (22) XL (23) KoY T5H
ATz T, (83) LW (85) XKEHWD Z &IZhbN, ZIIEfW)=1, ISI=ISZ&
ERT D2V ENDH L, TOD, RFEETITHRMT H2EFORWERIZHZIC (22) KO

(23) KEHALT,

%2 (5.3 ZOMEBEIHRLIMETFEE] IZBWT, (349) XEZEF LEFIC (45) XxHA

LTCW5, RFHloECIE (45) Kz2HW5,
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Table 4.4 FBP System DXL & A 7 15

Group Identifier Descriptive name
C-1 Spruce-lichen woodland
C-2 Boreal spruce
C-3 Mature jack or lodgepole pine
Coniferous C-4 Immature jack or lodgepole pine
C-5 Red and white pine
C-6 Conifer plantation
C-7 Ponderosa pine-Douglas-fir
Deciduous D-1 Leafless aspen
M-1 Boreal mixedwood-leafless
Mizedwood M-2 Boreal mixedwood-green
M-3 Dead balsam fir mixedwood-leafless
M-4 Dead balsam fir mixedwood-green
S-1 Jack or lodgepole pine slash
Slash S-2 White spruce-balsam slash
S-3 Coastal cedar-hemlock-Douglas-fir slash
Open 0-1 Grass
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Table 4.5 FBP System O A Jj/XT A — X 15)

INT A—H B =XV
a _
, Rate of spread equation coefficients —
(WX A 71KV #7222 (Table 4.6 22 M,))
c _

FFMC (3%1) Fine Fuels Moisture Code —

a Angle of Slope
WAZ Wind azimuth °
SAZ Slope azimuth, upslope °
ws Observed wind speed km ht
CBH Height to live crown base m
CFL Crown fuel load kg m2
FMC Foliar moisture content %
BUI (3%2) Buildup Index —
BUI, Average BUI for the fuel type —

Proportion of maximum rate of spread at BUI —
q

equal to 50
1 Fine Fuels Moisture Code (FFMC) Range : 0-100
Fine Fuels Moisture Code (FFMC)i%, Ak} (MR DOEBEELE) OEKEEZR L, KL
DIKDLRLT IR ORZRT EORIEL 2D, 20— &, KR, FAxHmE, B, &
UORBEAKENSEHEEZHIND 19, A CIXEEME L TREL TWD,
32 Buildup Index (BUI) Range : 0-Unlimited
Buildup Index (BUDIZ, BRELD 5 HEREITRBET 2 BEAHMIICE LR TH DS, =
Aix. Duff Moisture Code (DMC) )2 O Drought Code (DC)/» 538 & H X415 2% 19, AFEf
TITEEME LTREL TS,

,25,



JAEA-Technology 2015-062

Table 4.6 FKBKEZ A TR B /8T A — X i 15

PREL CBH CFL
sa7 | ’ 1 PO ) | kg me
C-1 90 0.0649 4.5 0.90 72 2 0.75
C-2 110 0.0282 1.5 0.70 64 3 0.80
C-3 110 0.0444 3.0 0.75 62 8 1.15
C-4 110 0.0293 1.5 0.80 66 4 1.20
C-5 30 0.0697 4.0 0.80 56 18 1.20
C-6 30 0.0800 3.0 0.80 62 7 1.80
C-7 45 0.0305 2.0 0.85 106 10 0.50
D-1 30 0.0232 1.6 0.90 32 * *
M-1 * * * 0.80 50 6 0.80
M-2 * * * 0.80 50 6 0.80
M-3 * * * 0.80 50 6 0.80
M-4 * * * 0.80 50 6 0.80
S-1 75 0.0297 1.3 0.75 38 * *
S-2 40 0.0438 1.7 0.75 63 * *
S-3 55 0.0829 3.2 0.75 31 * *
O-1a 190 0.0310 1.4 1.00 01 * *
O-1b 250 0.0350 1.7 1.00 01 * *
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Table 5.1 Rothermel DL K GFEXTHRE LT /NT A —F 1A

INT A —H Gl NT A —HE HAAL S
h AR D ARAL FE BN B 19958 | kdJ kgt
Pb AR D B DI 516.19 | kgm3
o AR D F T RS — R b 70.44 cml
M, FR S K & 0.31 —
T D) B LA D )
Se ) 0.024 - %% 5 (2005)
RS A& D1 1 B
St AR R O G A 0.031 —
B HEIAE Y 72 0 O "k
Wo o 0.5 kgm?2
i==¢
Mg AR D K 0.01 —
) AR D HEFE TR 0.02 m
R 0 °
i — - 5.1 ANt
U RKOPFIERD F & O JEGE 5.22 m sl
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Table 5.2 /XA 27 ¢ TN D

INT A= ZEDIERIE 574 22

BIE LI AR I BT 2

Parameter Low Moderate High Extreme
FFMC 0.0 80.9 86.9 90.0
DMC 0.0 15.9 30.9 51.0
DC 0.0 140.0 240.0 341.0
0.0 2.2 5.0 10.0
BUI 0.0 20.2 36.0 61.0
FWI 0.0 3.0 10.0 23.0
Table 5.3 FBP System Ti/E L7237 A — &1l
IRTA—H A B INT A —HH A fii#
a ] 30 -
Rate of spread equation
o 0.0697 — Table 4.6
coefficients
c 4 —
Fine Fuels Moisture .
FFMC 90 — P
Code
a Angle of Slope 0 ° 5.1 N5t
WAZ Wind azimuth 0 ¢
SAZ Slope azimuth, upslope 0 ¢
WS Observed wind speed 18.8| kmht | 5.1 AJiGA:
Height to live crown
CBH 18 m Table 4.6
base
CFL Crown fuel load 1.2 | kgm? Table 4.6
FMC Foliar moisture content 85 % Table 4.6
BUI Buildup Index 61 — P
Average BUI for the
BUI, 56 — Table 4.6
fuel type
Proportion of maximum
q rate of spread at BUI 0.8 — Table 4.6
equal to 50
I SZ T 4 T IERDFRIRK TN T D A R 22 10 §&GE
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Table 5.4  FRAk UK 5 0D 58 B &5 oD 5L H b R

Rothermel O 5K HFEA FBP System
SIE f3 3 ) .
3.38 [m min-1] 2.54 [m min1]
(Rate of spread)
K IR I R
o . 172 [kW m2] 160 [kW m2]
(Reaction intensity)
KRR
o . 104 [kW m-1] 204 [kW m1]
(Fire intensity)
KKK
0.656 [m] 0.894 [m]
(Flame length)
HALEFE Y 72 0 2
' 1840 [kJ m2] 4810 [kJ m2]
(Low heat of combustion)
PR BEA o IRF .
e 10.7 [s] 30 [s]*
(Residence time)

% FBP System (&, KREEHNRED ) SRV O T, (49) A HWTHRRBERGERE I & O
BN TR Y 72 0 VR & KRB IR 2 R 3 5, FHELICER U T B AR Bk e e [ L2 D W
T, Scott (2012) 29X Y 30s TixXiE L7z, (Scott (2012) 230 p.103 (ZFV T, grass
OB O A DO BRBERKE R 1X 10s B2 woody % & Lol B D56 DI BEMk o REM X 30s
FREEIZ R 5 & DRI & 5, FBP System [FHEZIT TRBARBBRIEDOI G E L TNDHZ
LD, BRIBERKREIRE 2 80s TRRIE LT2,)
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Structure of the FBP System

Inputs

FBP System FFMC, ISI Percent Slope Elevation Elapsed Time

Fuel Type & BUI Upslope Direction Lat./Long. Point or Line

Wind Speed Date Ignition

& Direction

Foliar Type &
Fuels Weather Topography Moisture Duration of
Content Prediction

\\ 4
Canadian Forest Fire
Behavior Prediction
(FBP) System
Outputs

Head, Flank & Back Fire Spread Distances
Flank & Back Fire Rates of Spread
Flank & Back Fire Intensities
Elliptical Fire Area & Perimeter
Rate of Perimeter Growth
Length-to-Breadth Ratio

Rate of Spread
Fuel Consumption
Head Fire Intensity
Fire Description (Crown
Fraction Burned & Fire Type)

Fig.4.1 FBP System DOffpk 19
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Appendix 1

1.  [McArthur ® Fik ] OFHm ]

HOR I EA (Grass Curing) . % (Temperature) . fAXHEE (Relative Humidity) . J&l
H (Wind Speed) K OWAEIE & (Fuel Weight) Z AT 5 HIC LD, KRFEREL T v 7
A JEREEEE R OYREI O GKRER IS D, £ LT, ZRBEN S, Table A1.1 (T3 7
FERFEAID K2 T, RHIRIBICIT 288 U 7 OlifE, kK& IELZFHET D,

McArthur O FEITFR—LX—Y FCTEHINTEY, LTOSRELVERTENTE
o

Z W URL ; http//www.firebreak.com.au/grassmk5.html
il & LT, Table A1.2 T&iE L7 AMEIZ)T 2 FHERE R %2 Table A1.3 (2529,

2. [Alexander and Fogarty ® F:%] O aF5]

JEUH (Wind Speed) ZEXET 5 Z &2k, EHEEE (ROS : Rate of Spread) . K#RIREE

(Fire Intensity) . k%&£ (Flame Length)., k= VU 7 ®JHE (Fire Perimeter), k=
7 D KiE (Max Breadth) M OWH K O f/ME (Minimum Firebreak Width) #% ffi 50912
A5 Z 23 TE %, Table Al.4(Z [Alexander and Fogarty @ ik (Z81) 5 EaH & &8
7 A —4 OFAE (fire behavior pocket card!® X V {Eik,) %#/rT, FEOEZH O CHERS
10m DN LB D L~V 2 iRed EBROR D BIEFEEL « KRR 2 e i 5, fle L
T, JWE A 1, 2,5, 10 m s1IZRE L7254 ORI S 4 Table A1.5 (2727,
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Table A1.1 FHMRE et A HL D 3 12

and equipment.
Flanks must be held

at all costs.

MAXIMUM AREA AT AVERAGE
FLAME HEIGHT
RATE VARIOUS TIMES FROM | FINAL SIZE OF (m)
D};I;{(}}EE OF DIFFICULTY OF START FIRE I?I
SPREAD| SUPPRESSION (ha)* (ha)
R INDEX (km h'1) Sparse | Average | Heavy
1/2h 1h 2h 4h
Pasture| Pasture |Pasture
Low.
2 0.3 Headfire stopped by 3 20 80 320 3 0.3 1.0 3.0
road and tracks
Moderate.
5 0.6 Head attack easy 6 40 160 640 16 0.6 2.0 3.5
with water.
High.
10 1.3 Head attack 15 | 90 | 360 | 1440 65 1.0 | 30 | 55
generally successful
with water
Very High.
20 2.6 Head attack will | 5| 910 | 840 | 3360 450 2.0 3.5 7.0
generally succeed at
this Index
Very High.
Head attack may fail
except in favourable
40 5.2 circumstances and 80 480 | 2000 | 8000 2400 2.5 5.0 9.0
close back burning to
the head may be
necessary
50 6.4 Extreme. 105 | 630 | 2500 | 10000 4000 5.5 10.0
Direct attack will
70 9.0 generally fail. 170 | 1000 | 4000 | 16000 10000 6.0 11.0
Backburn from a
secure good line with
adequate manpower
100 12.8 300 | 1800 | 7000 |28000 32000 7.0 13.0

reduce these areas.

*Note: This assumes that the head fire burns unchecked. suppression action which is only partially successful will
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Table A1.2  [McArthur ® FiE ] 1281 5 AJMME ()
Ny gv=t 1 2 FE G B2 AR E JE AR R
a% C % km h'! t ha't
3.6 (Im s1)
7.2 (2m s1)
100 40 10 3.5
18 (5m s'1)
36 (10m s')
Table A1.3  [McArthur ®Fi%E] OFHME A #i7E L 7o 5 R
RIE K SERE | R OBE| ROR | Rk KK &S
JoEL T fakR WE |0 G| BB | FE
B K sy PRIE
kmht | £ | kmh? 7 =) m
T % ha T
e 1h ha | H# | BR4E | &
3.6 10 1.36 2.92 90 65 1 3 5.5
7.2 12 1.57 2.92 114 142 1.2 3.1 5.8
18 19 2.42 2.92 198 412 1.9 3.5 6.9
36 38 5.00 2.92 453 2205 2.5 4.9 8.8

% Table A1.3 IZHHA LARVMEIZOWTIL, A T v 7 AEERM & Bkl 5]
THRIE LMEE - 7=,
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(fire behavior pocket card!® L v 1E5L, )

[Alexander and Fogarty @ F{k] 1231 28 & & /3T A — X OFHE

A SIMPLE FIELD GUIDE FOR ESTIMATING THE BEHAVIOUR AND SUPPRESSION REQUIREMENTS OF

FIRES DRIVEN BY WIND COMING FROM A CONSTANT DIRECTION,

GRASSLANDS AT LOW FUEL MOISTURE.

IN OPEN, FULLY CURED

Beaufort . . . . Head fire | Minimum firebreak
X Forward spread distance/perimeter length/maximum | Head fire . K
Wind K . . . K flame width required to
breadth versus elapsed time since ignition intensity .
Force length stop head fire
-------------------------- kilometerg----------=------=-=------ -=-kW m1--[--metres--| ------- metres-------
Tr Tr
0.5h 1h 1.5h 2h ees ees
absent present
0-1 0.7/2.4/0.4 1.3/4.9/0.7 2.0/7.3/1.1 2.6/9.8/1.4 2300 2.7 5 12
2 1.0/2.7/0.4 2.0/5.5/0.7 2.9/8.2/1.1 | 3.9/10.9/1.5 3450 3.3 6 13
3 1.6/3.7/0.4 3.2/7.4/0.8 | 4.8/11.1/1.2 | 6.3/14.8/1.6 5550 4.1 7 15
4 2.7/5.7/0.6 | 5.3/11.5/1.1 | 8.0/17.2/1.7 |10.7/22.9/2.2 9350 5.2 8 30+
5 4.4/9.1/0.8 | 8.7/18.2/1.5 [13.1/27.3/2.3|17.5/36.4/3.1| 15300 6.5 10 30+
6 6.1/12.5/1.0 |12.2/25.0/1.9 [18.2/37.5/2.9|24.3/50.0/3.8| 21300 7.6 12 30+
7 7.2/14.8/1.0 |14.5/29.5/2.0|21.7/44.3/3.1 [ 28.9/59.1/4.1| 25300 8.2 13 30+
8 & higher | 7.5/15.2/1.0 |15.0/30.5/2.1|22.5/45.7/3.1|30.0/60.9/4.1 | 26200+ 8.4+ 14+ 30+

Beaufort Wind Scale for estimating 10 — m wind speed over land

Beaufort Descriptive 10 - m
Wind wind speed Observed wind effects
Force Term ---km h1---

0 Calm <1 Smoke rises vertically

1 Light air 1tob Direction of wind shown by smoke drift but not by wind vanes.

2 Light breeze 6to 11 Wind felt on face; leaves rustle; ordinary vanes moved by wind.

3 Gentle breeze 12 to 19 Leaves and small twigs in constant motion; wind extends light
flags.

4 Moderate 20 to 28 Wind raises dust and loose paper: small branches are moved.

breeze

5 Fresh breeze 29 to 38 Small trees in leaf begin to sway; crested wavelents form on
inland waters.

6 Strong breeze 39 to 49 Large branches in motion; whistling heard in telephone wires;
umbrellas used with difficulty.

7 Moderate 50 to 61 Whole trees in motion; inconvenience felt when walking against

gale wind.

8 Fresh gale 62 to 74 Breaks twigs off trees; generally impedes progress.

9 Strong gale 75 to 88 Slight structural damage occurs (e.g., TV antennas and tiles
blown off).

10 Whole gale 89 to 102 Seldom experienced inland; trees uprooted; considerable
structural damage.
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Table A1.5 [Alexander and Fogarty ® Fik| OEE ORI %9 5 FlAS 5
RE | BBRS | EBE | AORRIL | AEF | Rl | ATRRK | ATER B3 e 5 e
JEGH W | KEERE | & | FECK | MR | kKR
m g1 kmhtl| km km | P8 km [kW m! m m

1h BIARHE | BIARA
1 1 1.3 1.3 4.9 0.7 2300 2.7 5 12
2 2 2.0 2.0 5.5 0.7 3450 3.3 6 13
5 3 3.2 3.2 7.4 0.8 5550 4.1 7 15
10 5 8.7 8.7 18.2 1.5] 15300 6.5 10 30
X BIKHEIC BT DR O AT, A E 20m B ARE L0 )N ERLTWND,
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Appendix 2

1. REMEAEDRE

REMAELRET DICHTZY | ZOFFIRFE LT Rothermel OHEKFREAUIC L 5 KhlE D
JEJE T B %5 D LL#E 21T o 72, Rothermel OYELR G REAA~D AN X, W4T — & LUSME— D FAF:
& UTc, SRS DA, RIEIATER (28 1), HWRkAZEM (107), T h~Y, AFX KT
JXTHY, TNOHEET —ZITEREOOIGR 1D EGIH Lz, ZOM AT A =21 LLTO#@
DEXE L7z, Table A2.1 IR E L 7oA MEZFL T,

Fig.A2.1 XU Fig.A2.2 I[ZHAEANT I 1T D IERERH L & K RHRH TR O FeigsfE Rz~ 47,
HHONDHEY , EFEHE - KREEHNRELICT I~V RNRRER ST, LoT, XVELW
BE (BEMOBRE) LT~ e REMAEL L TRE L,

Table A2.1 FHHIHH O 72 DI E L 7= Rothermel O¥E K 704 A S1{E

W Tk
INT A —H R VA TSRS IRTERE | T~ A X v /¥
(28 f#) (10 7#)
h kd kgt 18524 18789 19958 20963 20467
Ob kg m3 406.11 438.52 516.19 411.38 321.40
o cm'! 149.48 74.94 70.44 60.51 32.79
M, — 0.25 0.20 0.31 0.32 0.28
Se — 0.049 0.040 0.024 0.046 0.032
St — 0.072 0.062 0.031 0.060 0.043
Mg — 0.01 0.01 0.01 0.01 0.01
1) m 0.02 0.02 0.02 0.02 0.02
Wo kg m2 0.5 0.5 0.5 0.5 0.5
® ° 0.0 0.0 0.0 0.0 0.0
U m s’! 1.5 1.5 1.5 1.5 1.5
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EBREAL R (SI)

F 1. ST FEAHL F 2. FARHALZ FV TR SN2 SIS BT O ] # 5. SI BEuHE
o | SUEAE . SIS R | b | mm | mm | 48 | me
i T = e ffp fies w0 2z ¥y | 0 |7 ] a
- i[~1~ — P/ N s
£ s[x =+ m s #;jjj'x~wu 23 102 [ % z 102 | >~ F ¢
W dxesTL ke HOx A hED mis [ i
53 o ® s n b JEE| A — bR D m/s’ 107 | Z P | 10° (w478 p
o o P I\ i3 A [ m’ 1027 7 T | 10°|F /| n
ahEEls v v | K B, HRE KSR T AL A= | kg 0° (¥ A G | (e = p
W B e 2 mol WO E EFRZTAEELA— V| kgim® 100 |2 # M |10 [z=sr]|
X* gl v 7 5| ed e % By A= brfg®a s b | mike 100 [ = k |w0®[r K a
B W B ETATEPEA-MV] Am 10> [~ 7 K h 102 |® 7 M =z
B OR o o os|[7rrmA—t A/m e o
- =l
BOEE©, BT EIAA— L | molm? O 7 A s |0 Z b v
Boo& R E[xersIamiliA—ba | kgm®
i BN T 7S A— RV | cd/m? .
o e i #6. SUCBE RN, SIE P S B Hif
b % B ok ® GFEo) 1 1 LR e ST Hifizic L % i
(a) i (amount concentration) (XRFRFRALAED 58 TIIEHEE Gy min |1 min=60 s
(substance concentration) & Lifh 5, — a4
(b) 2 Selikd HUNEITE 1 & b O Th M, 20T & & b [1h=60min=3600 s
B THHEFO 1 ITEFITRE LR, H d [1d=24 h=86 400 s
i 3 °  |1°=(#/180) rad
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T RAX— fEE BBV J Nm m’kg s2 #7. SUTB SRR, SIEPH S D HAL T, SIKALT
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& . @ = Moy C SA A o SI Bifir Tk S 5 Hfil
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Ttk R # i1 b T Wh/m* kg s?A?
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()SHEFFRAEA O & F & 7B 2 F ML L AR DET LA TE 5, Lo UEIEZ L7z 0T 1350 3 = 2 N o
2Ly b TR, . P st & oseiiso BRI
BT VT v AT T IT VEEFD LIS B A ORHRLHT, RSOV TON#E S 2 Hdiclibhs, - & RELEE D E RIS
FEBRIE, AT SRHCITRE Srad X CsrV AV 5523, B L L THIZEL L L TORES THHHFT0 1138 = > X | dB
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e . R I A el (a) 3ICROCGSHNLR & SITIRERLB TERVED, %5 [ &)
BAARARE, = o v —|Va—NErrey JIK m-kg s*K ERERERE R T HOTH S,
EBAER, oo bo v —|va—nfrnsssmrriey Jikg K)  |m2s?K!
K = x A ¥ —|Ya—n@mEIFeria Jlkg m?s?
# & i H| vy MEA— bEZALEY (W(mK)  |mkgs?K?! #10. SICJE S 72\ 2 Ofth o BAL O fil
B M = X v ¥ —|Pa—nEIHA—FV (Jm? m' kg s? EAa %3 SI BT S5 HE
& R o W S[ErMEA-Y V/m mkgs?A’ ¥ = U~ Ci |1Ci=3.7x10"Bg
& i # ey —w Az A— A |Cm? m?s A v v b 7 ¥ R [1R=258x10"Clke
* fiii} E fif| 7 —nwa UG A— RV [C/m? m?sA 5 F| rad |1 rad=1cGy=107Gy
O EE, B L MrermELA— Y [Cm? ZsA _ 102
# 5 #7575 A=t |Pm g o A2 - S| rem | rem=1 cSv=1078v
H v < 1 y=1nT=10°T
% Tk I~ —fFEA— Fb H/m mkgs?A”® > PR K 1;3:/:‘\—1 fm=10"m
T L T X N X —|Pa—UEEL SJ/mol m?kg s2mol® = 8 <=1 fm= .
— kL% > —MLFEAT Y h=02g=
E)T Y b a B FABER Y 2 — AV BEAES A E Y (I (mol K) |m?kg s2K ! mol?t A i 1 }_/EM] 4 //} ());g 2107ke
BHGE (XGERVy &) |7—orEXarssa Clkg kglsA B L /Y| Torr |1 Torr = (101 325/760) Pa
% o B & =riamwp Gyls m?s? #o# Kk & JE| atm |1 atm =101 325 Pa
% Lh bzt Elvy vaRTIoT v W/sr m'm?kg s*=m’kg s° B m Y —| cal |Veal=41858] (I15CIHmY f), 4.1868J
T i P EE|r v b= mx7 797 (Wim? sr) |m? m2ke sP=ke s° (MTIAE ) =), 4.184J (TBYLZE I m ) —)
B FOE M B ERE—AEEFA— L |kat/m?® m® s mol N 7 = S 1 p=1pm=10"m

(FF8HR, 20064F)






