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Temperature Effect on Radiation Shielding for HTTR Primary Upper Shield
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A primary upper shield, which 1s composed of concrete (grout) and carbon steel, is
installed in the High Temperature Engineering Test Reactor (HTTR). The function of the
primary upper shield is to attenuate neutrons and gamma rays generated in the core to
satisfy dose rate criterion for the operating floor. According to the analytical simulation, the
maximum temperature inside of the primary upper shield was estimated to be about 75C.
Since water content in the primary upper shield concrete depends on its temperature,
shielding performance of the primary upper shield was investigated. The result showed
that a water content of 78 kg/cm3, which was used in the shielding design, was satisfied
about 110°C. A remarkable increase in the dose rate does not occur down to half of the

design water content.

Keywords : HTTR, Primary Upper Shield, Shielding Design, Concrete, Water Content
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S/P No. fHELRE*
1 1.3
2~17 0.79
8~13 1.3
14~16 0.69
17~19 0.69
20~22 0.68
24, 26 0.68
23, 25 0.68
27~29 0.66
30, 31 0.72
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Table2.5 A& K34 oy bth FRELER

B{ : pSv/h
ER A NI RSy A2 M) =TS & &
(BULK26) (S/P No.1~31)
1 6.06E3 7.85E5 7.91E5
2 3.87E3 447E4 4.86E4
3 5.06E2 3.01E3 3.52E3
4 1.88 1.29E1 1.48E1
5 9.38E4 — 9.38E4
6 2.96E3 1.46E4 1.76E4
7 4.37E-2 1.12E-1 1.56E-1
8 8.43E-2 2.66 2.74
9 1.37E-2 1.39E-1 1.53E-1

* FHEALE No.ik Fig.2.14 (R T FHEAL Bz xS T 5,

Table2.6 ZAZ > R 2NA4 FREY o ~HBEYEE
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3 8.35 5.75E1 6.59E1

4 7.98 ~0 8

5 1.88E5 - 1.88E5

6 7.39E1 2.34E2 3.08E2

7 4.15E-2 2.88E-2 7.03E-2

8 2.64 5.74E1 6.00E1

9 5.16E-1 1.16E1 1.21E1
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Table2.7 RZ 2 KA 7@y LEE YRR

BfT : 4 Sv/h
R AL kTR H o~ # & @t
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5 9.38E4 1.88E5 2.82E5
6 1.76E4 3.08E2 1.79E4
7 1.56E-1 7.03E-2 2.27E-1
8 2.74 6.00E1 6.28E1
9 1.53E-1 1.21E1 1.23E1
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Table 3.3 ANEHEENDa L7V — FDBEFHREE

(1/barn * cm)

KaaaR (who)

aF(ET &) 3.7 1.8 1.0 0.0 6.0

H 101 5.219E-3 2.545E-3 1.364E-3 0.000E+0 8.620E-3
0] 16 4.011E-2 3.877E-2 3.818E-2 3.750E-2 4.182E-2
Mg 24.32 5.984E-5 5.984E-5 5.984E-5 5.984E-5 5.984E-5
Al 26.98 2.090E-4 2.090E-4 2.090E-4 2.090E-4 2.090E-4
Si  28.09 1.738E-2 1.738E-2 1.738E-2 1.738E-2 1.738E-2
Ca  40.08 2.167E-3 2.167E-3 2.167E-3 2.167E-3 2.167E-3
Fe 55.85 6.201E-4 6.201E-4 6.201E-4 6.201E-4 6.201E-4
L& (glee) 2.10 2.06 2.04 2.02 2.15
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Table 3.6 BXEER 7 7 7 EOFREY BEOFERER
(1 R EEBE~NEZ R D p5)

(BAfL : 1 Sv/h)

AKOGEHE (who)

3.7 (KatfE) 6.00 1.85 1.00 0.00
2NV RSy 1.13E-01 6.28E-02 4.39E-01 1.14E+00 9.04E+00
AN =307 R Gy 4.35E-01 4.35E-01 4.35E-01 4.35E-01 4.35E-01
a—~UHES | 6.32E-02 6.32E-02 7.45E-02 1.02E-01 1.28E-01
& & 6.11E-01 5.61E-01 9.49E-01 1.68E+00 9.61E+00
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FLUTFHANOHBICLAZAZ L XA TEY AN —I VT ®

(I.Murata, et.al "Reactor Shielding Design of the High Temperature Engineering

Test Reactor — Application of Radiation Streaming through the Standpipes by
Monte Carlo Code MCNP — “O#FR)

1. IU®HIZ

HTTR TOEELE~WEIEHRAE, FLEHBRTI IR A BHVPAT VLV A#, R
FIEEHES RPV), ROEFEI 2 YV — b ThH5D, Fig A1IIRT LI, EEE7a7 ETO
BEYBRICHELE X DTER 2 DOBNBRER SABFET D, 1 21 RPVNRLHD LS
MIZay 27 Y — FEAWEEFRTE A THY. b D 121X RPV EHD 1 K EEE~W L E
BL, RZ L RRL TEEERTHRRATHD, AIED/ATIE, EHE#ITI= 7 ) — FE~D
EIZXVESRET D, —FH. BEO A TII1IKREBEAVEIZA R — IV T RARFET
%, 1REBEAVEIZIZA S RS TEFENZ TA FEBRBEBLTWD, PHEFA Y —
IUTREEE LTAS Y K3, FTORNE L AMICHBE~VEERITTOER, EFOXvr v
REEY . ZIhOORFRBRAEAT S LPRHEIND, RF 2 R TEZLRBRKE 70T k
DBREYUERVEMTE D LEBRENDZENE, AFV R TEEXRATIHHEROES
£ L T RPV EORIH D2 LRIRE L T 57O, #ka RARBTONIZ,

HTTR D#E~VEEF T, A M) —I VIR ROBREL BT 5720, 2KRc@wE=T—F
DOT3.5 # v = RPV EEOE~WEITE#ERm L=, Zhicl, £ 7 /o a— K MCNP
FROWEFARETF MM B2 ERT S Z & T, DOT3.5 ZRAWVIE~VRIOZUEERE
Ak L 7=,

2. HEEHRAA

HTTR EFHFAREO LEFEROEE % Fig. A1I1ZRT, RZ 2 P23/ 7EORREICIE. 1K
A E, BEASEEASE, JIERY VS EASNED 3 0D FEREAVERFET D, 1
R ESEA~VEIE X 90cm DEEZ 7 U — hEEE 30cm DRBHENLRD, EEREGE~
WAL, B X 25em ORBFEHLE RV F LI VBRERLTVA, JIERY » 7EA~WEL, E
& 30cm DREME FOMULZBFHDEE 50em D3> 7 ) — MI X VIS, 1K ETHE~
WAL, BRK 30~60cm DA F 2 KA IHEE 31 ABML TWD, AF » RAA il
HREEREEECRARABREE R EBMEINATWNS, 2F Y R ZTONEITITREROE A~
FERFITONTVALOO, FLEICIIHEEREEZR-DOTA Y—BEETLIBENT
BY., AT RS T L ZFOMUDRFEFRBEE~OE L ORICITRROX ¥ v 7HFET S,
2B R TOMUNE, FHFRR) =I5 E LT T 0 ME~WE GHEE~WE)
LIRBREA~NEL IO ATy MEEN L LN TWBH, EDRX Yy 7B FET S, Fig
A21ZAZ v F2%4 7 No.l B 1R EFME~NEEZEBRL TWEHHHOMEZ T LTS,
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3. EBUTHNafEN
MG E X EREIZATE T A DI L TWVWD 3WRTE T A m a— K MCNP Z W T, 4
72 PEAT 2 i L7,

ARV —=I VT T 70 F— 2T DD, AX L RRXALTEEFLY DAL IESBLIRAR B
U— I IR E O 2 7 — 2 & FEhE L7z, FHMBE7 V% Fig. A3, Fig. A4 IZE TR
T 2SI GEHER MCNP SHEET VT 2 RTHEOB DO LRI TH S, 3KILDA Y —3
2 RS EHE MCNP #HEEFNUIZ. R TDRE » K23, T L FONADHE~VENE T AL
ENTWD, 20X, AN —I U IEGFHERET VI, ETDRAZ Y RS TFIZED
BELORILZ: EOMNBENEBEND, EHLDEF LS MCNP N CORYAEKEAHEHHT L0, &
TNVOERERINEHE L300 EOBEETNAVEER Lic, EBEOR ¥ v K341 TRBIXZER
FAERPRICIT RS> TWRNWOT, AN —I VU THEZETFHICTIEDICRZ » R TO$%
D—FLWEEEET L, SV BLORA R —3I 7y MCNP GHE TIiE. 1k
EEEAMETREOAFHREZ BRSNS Lz, MCNP IZ X 5EHE#R % Fig. A5~Fig. A8
R,

*AR=I T T E— HLFTHERIIBIT D EREYEE L SV TR DOHRORBRE

MERO(EREYBRE= LI EDICIIBRBUBREX AN =TT 77 5 —)

2 WItEREEE (DOT3.5) & 3KRIEELTHAEHE (MCNP) (22T, &4 DHERE
MORDONTZRA M) =TT 77 Z—D#k#% Fig. A9 IIRT, AZ 2 KA TEOXRHR
HEANEOETOFMEAIZBNT, 2KRIEHBEDOA N —I 0777 7 ¥ — I3 RTHEDO LD
IR LT 3~4fERELSRoTWD, THIT, 2RITRFHFHEDORZ » KA TEBRET VAR
By RRAT1IEREZGF R OCBRBELEET L THLIOICF L, SKTELT L aETIX

WCEEBDAZ L RS TFEETAET D EICEY ., RE 2 R, ZHEOESNNHENRE
BEnTWE50ThHD, REZ Y R TEDIMUOKREYERIZH L THIZIEFRBREDE A~
DRBRHDHLDEEZ LGNS,

4. fEim

DOT3.5 DFHBEIZL > THONIRAZ U P FEORF LABNEICBITHA MY —I 7
7778 =3, MCNPIZXBbDELH_RTHI~AFRELS R o7, EAVEHBLEWVWOIBAND
RI2BE, ZORRBIIRTEOLRLOL LTRITAND ZENTE, BRETE 707 LORELE
Rz BRIL LR Z VA TEBEROBE~OREABT T EIRETHDL L 2R LTV D,
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HTTR @ 1 K _EEE~VMEIL, 8P IOE~WMETH D 7 T 0 MH(EICE A b EKERHL
EHENEHALEZ LD TH D, 7T 7 hOMKT —F % TableB.1 "¢, £/, a7 U—1h
DT —#Z X Table3. 21 R Lz, a7 V— MIE~RB L 7T 7 MIFe BREIEENTEY,
Fe T CD2RN LV~ BRORBEILL O T~ BRBIOT v HRBRLUBRNPRES QDT L1
AXnl, 32 BT --HREBEYEROEEIT, ¥RE2EHI L7V —PELIEBLOTHLDT,
STy U — FOMEE, 1 KESE~WVELELS T Y MMICLIEBaORBYERE
B L7, RBFHEERRIIIAIHO Fig.2.2 Wi,

FigB.1. Fig.B.2 8L O FigB.3 2, 1 K EEE~EEEIZRIT 28 KE L Flux B L UHRE
WRROERZ R LT, £7-. TableB.2 (2 1 & EE#E~VE EE O Flux 8 X UORELEROME
RELDE, a7 Y— b OMKEZ T M E LIEBAO Flux B LORES BRI, M1
BOILZ ) — MO LSS L0 EDICEME SN, Zhix, 77V MAOEEN 2.35g/cm3 &
ROV —FEVEWED, SKREMEDICRTZDTHD, LhL, a7 ) —roO
HER TS Y M ThoTHLEROIL 7 Y — b ThoTh, FAEMILENVERICITENS 2V
TS motz, £7- FigB2 8LV FigB3 LV, HUvHBRBLIUN v HBELEROK
& REIMTRD SRR, LER-T, a7 V—hOMRES 7Y MICLIEBED 2 RT
v DRECLDZHBIIRVEHBTE S,
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Table B.1 77 v MoK T —%

T F RT3 %E (1/barn/cm)
H 5.950E-03
O 3.845E-02
Mg 4.596E-05
Al 1.605E-04
Si 1.335E-02
Ca 1.664E-03
Fe 6.201E-03

Table B.2 #MEN7 77 bMOBEOT—FDELD

HA B 1 K _EEBEEA~E E i O
Al PR 5.21E+02
g 7R (n/em2/sec) 6.91E+02
bR 1.17E+00
2P 1.21E+03
Ho < BER (v lem2/sec) 1.71E+03
PHFRENESE 7.86E+02
Ao <HBREYEE (u Sv/h) 6.01E+01
PHREYER 8.31E+02




JAERI-Tech 2000-020

—e— fast
—r—TT7| -8— intermedium
— — thermal .
O fast (75
O intermedium(% 57
o thermal (T5%
~—
.\
. S
I —~ =
o ——
E —_———
[$]
<
E
<
= T e
r. —~ -
— \.s _
0 - \ — - —
10_]IIll]llllllllilllllllllllllll
0 1 2 3 4 5 6
& KB (wt%)
Fig.B.1 &7/K&& neutron flux OB
6
10 1 ] L T T I T 1 T T l L L ¥ | I 1 1] L] T I T 1 L} 1 l T 1 L '5
—&— total neutron ;
--®--total gamma . . ]
105 & O total neutron(Z 57 FEM) | =
. 2 O total gamma (57 k%) 3
> . ]
=] SN i
N 4 | RN
= 10 3 _ .
:>§ = “-~~~?:.\{___>
L] s k\\\-_.” ————————— - - - - -
R -
102 1 1 1 1 1 1 1 1 1 l L 1 L L l 1 1l i L l A 1 1 1 l 1 1 1 1
0 1 2 3 4 5 6
& KE (wt%)

Fig.B.2 &/K&& Total flux DEFR



Dose rate(  sv/hr)

JAERI-Tech 2000-020

10°

T ¥ 1 1 ] T 1 ¥ T ] T LN | Ll l T L] ) T l T T ) ] I T ] T T

—®— neutron
-B— gamma

10° --#--total dose _ ] 3
O neutron (¥ T FAR) ] 3
7 gamma (7272 bR | ]
10° ©  total dose(V T ki EK) 4
10° T
\\‘\__:;
102 o e
10‘ 1 1 I 1 A 1 il i 1 1 L 1 l 1 A 1 A l 1 L L 1
0 1 2 3 4 5 6
& K& (%)

FigB.3 &KkELHRELEROMNE



JAERTI-Tech 2000-020

e C

i%bu‘m\f\l/ \ﬂ% a)*ﬁ%;ﬁ_

L KEOETFIEOE LT B~ R T A7, BIE~V (=2 —br A by
FBIOH <R kv A% 1K EBE~OE LEICEBT 2546, A% v P TEAIRICKE
+HBAE LUBREER 7 0 7 EEICRET 2B ONT, A Y R TEEY LRBHRE
TuTEbh) OEEHELTV. REBR 707 b OBRELEREY, FKE 3 TwthDORE
W (E~VERIEM) LR L RBEAVERES ZEKE 0.0 BL U 1.85wt%IC OV TRET
L7, TableC.lit=a—FraY R Ry 7BIVH V<R by TOMET —F 277,

1. 1R EEE~OE EEICRET 256

Fig.C.1 iCBRMEF A ETT, 1R ERE~OE LS TIEPHEFORMABKRE < A wROH
AN T & W< BOBAT EEHY o Z#E~VEIC X > TREIBER 7 0 7 ~OR B2/ S
_TEBI ML, AVEEZ==2—ta A My TOHRE LT,

kR 1.85wth D, —=2— X by 7EN 2.5cm 3LV 5.0cm D737 A — 7 —5tE%
L. BREER 7 07 FEOREYBEEY Fig.C2 IR Lz, £z, BAKFE0.0wtpoDRf, ==
—hay ARy PER 10em & LT T A—F—iEErERL, REBE 77 LEOKRENE
%% Fig.C.3 1R Lz, AZ Y K34 7RO LRI, 3.2 %, Table3.6 DfEZ HVTLULFOMIC
RE LT,

EKE 1.85wt% D LIRfE
=(1.13X101+6.32 X 10'2)-7.45X 102=0.10 1 Sv/h
G KE 0.0wt% D LRE
=(1.13 X 10'1+6.32 X 102)-1.28 X 10'1=4.82 X 102 u Sv/h

FRMERBRT A =a— FrY R by 7OEE I, 1.85wt% T 3cm. 0.0wt% T llem TH D,

2. REY RS TEQEICRET 556

T DBREDOKRIEF AL Fig.Cd IT7T, GKERBL LIZHEAY v K3 TEUMEBO K
BT BT, VRO ELLMT S b, EAVKOMEIZ=a—trr A My T
BIOH =R Ny FREBEDE, GKE 1.85wt%IC DV TOFHERKRE TableC.2 BIT
Fig.C5~Fig.C.T Ik L i, £7z. BKE 0.0wt%DEFDOFHFER % TableC.3 5L U Fig.C.8
2 L, AKE 1.85wt%OBE, —a— A vy 12em, =2— FE YA by 7 2.5cm
+HYwA Ry 45em BEP=a—krr A by 7 sem+H v A by 7 3em THHUE, E
B EEAEET S, SAE 0.0Wt%OME, =a—ha X by ZELZEMLTHHETHRE
WA, IR Y R 0.048 1 Sv/h & EE D DT, AF v B3 FEAFTITE~N
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BERELTH, REFORBARRZWR TE R,

3. BB 7 e 7 LEICRET HHE

AITTE & RO 21T o 1, BKE 1.85wt%., 0.00wt% DRFDFEFER % T €4 TableC.4,
TableC.5. FigC.9 53 X O FigC.10 i2F & ¥z, 1.85wt%DHfE, —=a— kA My 7OEI %
WNEETh, BEYMEBERIIZEAEELR 2, ZOEBELT, BNy FEDLYOBREOEH
DHRR T 0 7 ~HERADERS P XENTHE EExOND, Lo T, BBk 7 a7 L
ICHEASNWVEZRBET2HEIDRO TR, RAFORBYBREERTE R, /-, KK
0.0wt% DB LMB U BRICKE RIS AF Y F L TE[MISHRE T 256 L EKRICT
DORFIZT T, BHFORBEUBRLHER TERVEEILND,

ULbzglwd e, TROZENE XD,

D1 REFE~NVEEIRICRET 5258, LREEXZHRE T2 =a2— bR My 7ORIIE,
1.85wt% T 3cm, 0.0wt% T llem,

Q@AREZ Y R TEREICHBE T HBE. GKE 1.85wt% DOy, EREE R T 2 E~WEDE
X, =a—br Ay 7 12m. =2a— b A by 7 25cm+ <A by 7 4.5em B
Fl=z=a—tpr A by 7 bem+H <A by 7 3em, BKE 0OW%DRFE, —==2— v
ANy TEEEMLTY, RARFOREYEELER TR,

L=do T, BIME~NVEEZREBET 581 1 KEBE~WVELEEICREL, ==2—tar2

hy ZOE X% 1lem LA EIZTIUITE AR 3.7wt% GE~NORERM) & RSO~V ERED FE(R
=B,
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Table C.1 #E~WEOMET —%

3L e (#2215 B
(w%) (glee)
YVa—r4dr%k |=m=a—hvrrRAhyF H:49 0:13.0
(SM) B:313 Si:22.7 1.3
C:281
Hor<A by H:08 Si: 3.7
(SA) (PBAY) C:32 Pb : 90.2 5
0:21

Table C.2 =227V — bhDOASEEED 1.85w/o BFDOHEE ~ VM EEORKRFT
(EE~NMER R &V R TRAFIZRE LZER)

br—2A EAVEDOESX (cm) | RBBER 7 o7 ORELEE* (uSv/h) B {E
za=bavaby7” | BTvRRbT | FHEER | V<R | SRENER | (uSvh)
M R 0 0 1.63E-01 | 1.95E-01 3.58E-01 —
1 2.5 0 6.99E-02 | 8.01E-02 1.50E-01
2 5 0 6.16E-02 | 7.16E-02 1.33E-01 1.00E-01
3 2.5 4 6.21E-02 | 3.95E-02 1.02E-01
4 5 2 5.99E-02 | 4.89E-02 1.09E-01

* LA FRIOME L (R=514.69cm, Z=534.0cm) DfE

Table C.3 =27 V— MHDASEREN 0.0w/o FFDFHEE~NEEORET
(FEE~NMEE R Z o R TEARICERE L7-HE)

Ar— & WAWEDEEX (ecm) REVER 7 0 7 OB BN EE* (uSvh) BAR{E
za—bavaby7” | B w7 | HHEFR | oo | 2REYER (u Sv/h)
TEA~V 0 0 2.97E+00 | 4.58E+00 7.55E+00 —_—
1 10 0 6.13E-01 | 1.30E+00 1.91E+00
4.80E-02
2 15 0 6.13E-01 | 1.10E+00 1.71E+00

* BB HLN v FRROSEK E (R=514.69cm. Z=534.0cm) D{E
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Table C4 =27V — FHDOKZEFED 1.85wlo REDFEE~VEEDORET
(EE~NEPRERE 707 ERICEREB LESES)

br—2 WAVVEDEX (cm) | REHERBE 7 v 7 OMELEFE* (uSvh) ZpA]
za—hvAby7T | W vRANTT | TR | AR | 2REUESE | (uSvh)
i SNV ¥ i3 0 0 1.63E-01 | 1.95E-01 3.58E-01 —
1 2.5 0 1.52E-01 | 1.85E-01 3.37E-01
2 5.0 0 1.49E-01 | 1.78E-01 3.27E-01 1.00E-01
3 10 0 1.47E-01 | 1.67E-01 3.14E-01
4 20 0 1.46E-01 | 1.54E-01 3.00E-01

* gkl ac# s FEAOMWAE L (R=514.69cm, Z=534.0cm) OfE

Table C.5 =7 U — MFOKGEFEN 0.0w/o B DFEE~VRE DR
(FAEE~VVE R R 70 7 LEICRE L-BE)

Ar—2 WAVEDE X (cm) REIRE 7 o 7 OKRBEYEE* (4 Svh) BHEE
Za=pevab 7 (W RAMT [ RETFR O | YR | ERENEE (u Sv/h)
T 0.0 0 2.97E+00 | 4.58E+00 7.55E+00  —
1 10.0 0 2.31E+00 | 3.71E+00 6.02E+00
4.80E-02
2 15.0 0 2.27E+00 | 3.47E+00 5.74E+00

* RN o FR O MK E (R=514.69cm. Z=534.0cm) DfH
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HERBALR (SI) & MR

* 1 SIHEAHAE L CHBIHAL &2 SIEfHsn b8 %5 SIEHE
& ¥ B i 5 % [ i 5 55 AR ic 5
ke E|A - b m %, B, B | min, h d 0% = 7 %| E
" BR|+o02735 4 kg B, 9, B o, e~ % p
b5 M 4 s ) o5 b oAl L 0% 7 5T
& wl7 v <7 A b vt 10° | F i G
BIPERE o ov € v K ELAELL | eV 10° | # 7 M
mom R v mol BAFERPL | u O IR B
* Blr v 7 3 ed 102 ] ~ 2 b h
"E ® m|5 v 7 v | rad 1eV=1.60218x 107'*J 0|57 #| da
vk B|RFIVTY | sT 1 u=1.66054x 10" kg 0| ¥ v d
1072 £ v F c
107 | 3 ) m
#£3 EHOLHE GO SHETLEE w0 | v40al .
F4  SIELICYEENNC _
. 1)) 10°° + 7 n
& 4w |es |RQSED M 0B A N A
B " B~ o v| Hz| s° % W Z 5 107 7= 4t f
h =a2—-bFv| N m-kg/s’ Avyzbo—. A L s Iy a
T hn ., I Ay =2 A | Pa N/m* N — Y b -
IxnE- (LB BB |V 2 — )| J N-m ’5 - w bar )
L%, Be®|lv o | W| J/s 7 v Gal 1L &1 513 TEEEBR] B R EE
BL B, EH|s - o v C A-s + 2 0y - Ci MR 198 FHTIc L 5, 72720, 1eV
&/, BT, ‘ﬁ_-’%/) Fov K1V W/A [ N R B&LU 1 uDffiiz CODATA D 1986 4 #E%E
% ® A ®|7 - 7 F|F C/V 5 K rad I & 7
® 4 & H|F - Al Q| V/A L 4| rem o
v s s s vr|v-xva| 8 A/V 2 RAREBE, /o b, T A8
w # o 2 — | Wb| Vs 1 A=0.1n0m=10-""m —AbEEATVIAOEOHILDTT
O ® K|l oz 7| T Wb/m? 1 b=100 fm?=10-2% m? CTIIHBLT,

. N . . N = 145 - ()
45 7 ; o e ) H Wb/A | bar—0.1 MPa=10°Pa 3. barid, JISTREEKDOHEH%EEDT S
vty ZBE |y REC | Gal=1 em/s® =10~ m/s? BEBYE20H 7Y —IKHEIATL
* gl — A4 v| Im cd-sr al=lcem/s s 2
A 2 1Ci=3.7x10""Bq °
v 7 A x| lm/m . 4 ECHMAFIBAISS T bar, barnbk
% P g1~ 2 L | B o 1 R=2.58x10"*C/kg e ]

! e a B U TMEOHAT | mmHg 2 %2047 3
W O & ®R|2 v 1| Gy J/kg lrad=1cGy=10"Gy T
B B 4 Blvy-~wnb| Sy J/kg 1 rem=1cSv=10 *Sv °
% -1 FS
51| N(=10°dyn) kgf 1bf [¥ | MPa(=10 bar) kgf/cm? atm mmHg(Torr){ Ibf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 | 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
K T 1Pa-s(N-s/m*)=10P(£7 X)(g/(cm-s)) 1.33322 x 107 | 1.35951 x 107 | 1.31579 x 10°* 1 1.93368 x 1072
B 1m¥/s=10'St(Z b — 2 2) (cm¥/s) 6.89476 x 10™* | 7.03070 x 10°2 | 6.80460 x 10°* 51.7149 1
x| J(=10"erg) kgfem kW-+h cal GtE#:) Btu ft » Ibf eV 1 cal = 4.18605 J (3T HE)
3
W 1 0.101972 | 2.77778 x 10°" 0.238889 | 9.47813x 107 0.737562 | 6.24150 x 10** =4.184J (BIL%E)
¥
1 9.80665 1 2.72407 x 10°° 2.34270 9.29487x 10°* 7.23301 6.12082x 10" =4.1855J (15°C)
1% 3.6 x10° 3.67098 x 10°® 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10 =4.1868 J (HBEE )
- 4.18605 0.426858 | 1.16279 x 10°* 1 3.96759 x 10? 3.08747 261272 10" {192 | PS (L&)
B 1055.06 107.586 2.93072 x 10°* 252.042 1 778.172 6.58515 x 102’ =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 10" 0.323890 | 1.28506 x 107 1 8.46233 x 10" =1735.499 W
1.60218 x 107" | 1.63377 x 10°%°| 4.45050 x 1072¢| 3.82743 x 102" | 151857 x 10" 22| 1.18171 x 10™** 1
e Bq Ci o Gy rad i3 C/kg R 8 Sv rem
8 IR 5 i
| 2.70270 x 107" & 1 100 & 1 3876 W 1 100
13 = 7 &7
3.7 x 100 1 0.01 1 2.58 x 1074 1 0.01 1

(86 % 12 A 26 ABITL)
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