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The 1st information exchange meeting on Radioactive Waste Disposal Research Network
was held in Nuclear Science Research Institute of Japan Atomic Energy Agency on August
4, 2006. Radioactive Waste Disposal Research Network was established Hy under
Interorganization Atomic Energy Research Program of Japan Atomic Energy Agency, and
the objective is to bring both research infrastructures and human expertise in Japan to an adequate
performance level, thereby contributing to the development of the fundamental research area in the field ‘
of radioactive waste disposal. This lecture material is a collection of research presentations

and discussions during the information exchange meeting.

Keywords: Researcher’s Network Community, Radioactive Waste, Disposal, Research
Infrastructures, Human Expertise
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Is it important to consider the interaction kinetics to
predict Np(V) migration in the presence of colloids ?

N,-glove box

s i |NpO," ions

2 Np-HA complexes

3 X 102 mL/h

pum];: INp] =1 X 10°M
| pressure [HA] = 10 mg/L
gauge i column
5 mm? x 300 mm*
8 pm Quarzt

eluting solution

pH=6.0
[NaClO,] =1 x 10! M
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Breakthrough curves of HA, NpO,™ in the presence
and absence of HA
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Jon — Colloid -~ Rock interactions
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ko +A+k, ke+ Ak,
Jc c £ : porosity
ds"’ =—k, ag JS"’ C.i |- ARC,, J : feed rate of actinides
! 1+—C,, v : flow rate
v
kg
Sorption kinetics &=
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combined with

Advection/Dispersion model

NpO,* — HA
0.2 P — NpO,* — SiO,

’ Intensity at 981 nm vs time 10
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We assumed that humic acids instantaneously
interacted with SiO,.
—+ Instantaneous & Reversible
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Filtration coefficient (m'l)

Breakthrough curves of latex particles

concentration
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%ﬁ\;\j@
g

(]

Filtration coefficient A was determined
as a function of particle size.

Diameter = 50 nm, 100 nm, 0.45 pm, 1 pm

time

Filtration coefficient depends on particle size.

Minimum value is for 0.45 pm in this study.

We understand that
() size and structure are different,
(i) interaction is not identical.

- Latex size (um)

S.Nagasaki, J. Nucl. Fuel Cycle Environ., 9 (2002).

FHEUSVIRIFEYORTORYG

S mEA

Size distribution of Np-HA in input solution

size Fractionation (%) Filtration coefficient
(m™)
< 0.1 pm 10 7 52
0.1 pm ~ 0.2 pm 56
0.2 pm ~ 0.8 pm 29
> (0.8 Jemm 12

As the 0th approximation:

Filtration coefficient (m ")

0.05 ) 0.1 ) 0.45 1

Latex size (um)
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‘Breakthrough curves by model calculation ~
- We Gt :
oo @ Breakthrough of HA
I o8l @ Breakthrough of Np
ool in the presence of HA
Ty @: Breakthrough of Np
% 0.6 in the ab_sencejof HA
& — : kinetic reactions
5 04 «sexr ¢ equilibrium reactions
g 02F
= |
=3
o X
0.0 P
0.1 1 10 100
Effluent volume / Effective pore volume [-]

- Np in the presence of HA migrates faster than that in the absence of HA through columns.
» Calculation results seem to agree relatively well with experimental results. :

+ Tt suggests that kinetics of interactions should be considered in the present systems:

« Someé fractions of Np wete considered to be retained in the columns by filtration of HA.

. S Ao
Using the data and assumptions in “Project to Establish the Scientific and Technical Basis for HLW Dis-
posal in Japan (2000)”, the impacts of filtration, sorption of ions on colloids, flow velocity of colloids

and colloid concentration on the migration of ions in the presence of groundwater colloids are evalu~
ated.

Filtration factor: 0.1 ~ 100 m!

Sorption distribution ratio: 0.5 ~ 50 m¥/kg

Ratio of colloid velocity to groundwater velocity: 1.0 ~ 1.4
Colloid concentration: 0 ~ 1020 particles/m®

Tpact of coltoids (4

i : T 10 ﬂ';: g
T e in i B === == 5= S an
[ o st Sy B e
==t == S0
25 i e o R ==t SR
R " " > % I o ?b T §s§
e ) "' 10! H;"@ urf A
Ut 10 5 . - R
z S M{Q» §®&@

— 112 —



JAEA-Conf 2007-003

1.0
Nuclear Power Plant (PWR)

b ast Breeder Reactor

2 08 Conversd -
3 e Spent Fuel i Disposal ofHigh-levet
ft: Pond g Radioactive Waste
% 0.6 Ermicbment
2
g
5 0.4 3=
]
B ,
=] 0 &=  Reprovessing Reprocessing of
& - of Spent Nuclear Fuel  MOX Spent Nuclear Fuel
Q.O PR s 1 5 2 5 3 B & PRy 1 B PRy
0.1 1 10 1060 1000
Period after naining (years)
awA R

AT TE

- LRI, ERSEoy, RiEERb
< Bk, BOSHE R

© AT

o HRAEGHR B DAL SIS

ik

RELEGY A o
c B A KA
sy
canA KRB~ E IR ORI

- RIS OF OIS
C REIREE, 7T, RI-WI9EFT%IE0, GNEPRE

EIPISMC D DTS O

— 113 —



JAEA—Conf 2007-003

HREGE

MR AICRBIT B an 4 RER e U v 7] CREKRT: - BIREH) i[ZBE LT,
LT OB ESENTT T,

Q: =4 RRERRICIET B L4500 T Th EREBATION 5 B E &2
T B FTREMEIC OV T,

A BFEELTWADONED L H 7pamf FULEMR L) R LIETREREZNENONEZEFEL,
O LTI ~DOEEBOFEZOWTOHR 2T & LEZXD,

Q: FHEOFE KA EFAEMATSH 2 L 0ROV, NS, FHBEIT S DT —H
B OHERRIUT DOV T,

A SHBFREITEERESL L TRV ) L EETIEZPETOD LT HMERD S
bEX D, k. BHEOETT ML LEERBETDH D, ‘

Q: ENOHMmFLTIEaa A ROFEENRD Lo TN D, ZD LI RRPUCE RN & U
TEZDLNDERITONT,

A oA FEEZOLOOITEFEE V0, ZOFESF~OELBEEORBES NFELTND
T e LR,

Q: WHSHEITBITHarA REE-HA. BEINDHEHOHEHEITONT,

A JERERR. K. SRERLY . PAEWENEZOND, BL, TBWE ZATHREDA S 5D
LW BT, AR TIEH4 TR,

Q =uA ROBRICHT AIENRRENT L Z2EZE L TH EEBITICH L Coaa s Fo
BB EETE HFEREMEIC OV,

Al FEFIME L W mINED SN, T4 R L— g RS LI, TRHEDAT U ANE
EThoT, —HICHERDHD LMIETHZ LILTERN,

— 114 —



JAEA-Conf 2007-003

4. BbYIZ

[BERERFEDALSRAR Yy NU—7 | 5 1 RIERAHAIT, 200648 A 4 A, AXET
FIHTFEBR FEAEAE D R F AR FRFTIC BV TR S -, SEOFREHREIC BV TIL,
MAEZEDT 10 HFOERBH o7z, KEBEREZIZILD & LT, FEFIEHELNN L OB
F bR 40 £IZ0IEY . AR, Fn. BRASHBEITO LN TEE,

SRR 9 B 2EE - MERRF A OFE & 9 — FEILESESAEOSIETE L bh
DOBBN, PNOIWOBETIE, Aoz REEMIFEL LD L HITHED TV DDE
RMLERLEETHY, Xy NTV—2 L3 F DD THAH,

L EIF RS TR STl 2 DRFFEIz L, FIaReT 7 a —F O O FRat 21t
MBI TH oI, ZHIEBMEPRRERBR L VW IRERTH D, TN OOEMITR
RUIEFAEIZLE o TORETHRED -T2 b D o= bEniR ., LhL, X2y hU—2 2%
WTHZ Lo T, ENAROERFZHEFENREDOENTF—Z 52 H L THSOBRET 75
AT 42 ETBZEIXLBAADI L, MIERELZB2 TELXR UL TAIE - A LD
STHXIXY LBERETHEoNTIIHELZTHS S,

2B, BESER L Ro TV A EETMOMERRIIR Y VI LT, SBFZICZ 00Xy b
U= TEZTRLNWEDRER S o 72, HEHRFMD -0 DF —F OIRNEITHOVTIL,
BT 7 IR DO TR ERENOBHBNLREDLY NEETHY ., T LTERE CHER
ENHZOXRY NUV—ZDHTHERL, BETERVNLORRE T2, ZhiZH 77—
TEBATBREICRD, SHMELTVERZY, £z, SEIXRZET Th o725, NUCEER
ENTRY, QUALITY (2 2 DIT-EEE - BRE72 EN— FOMPELZ VT EIRE < B L CiEH
TENCOWTEEHREVEEEZ TITETZ,

DR BTHR G, MEY, anA N, AlME T —~< & T58Y 7 7 —TBHERNT
SEFHEBEORFNEZED TS, Xy MU—2 LT, BTAHEREGELEWVIZENE LY
W, BEFA NN LTHAZELERVZCEZRR LMD Z L Thd, YHEIEID kX
RTBERERHERINTVEDIT TR, EREFH=IAX IS b E OB R LE
—. TN, BT IN—T L b 0%, FIRBEEDOEBE L BV DIEHROENEETH
DB, BT ITN—THOEEDOEEMIZLEL OERER-TEY., LV KoT-&iHL 7+
I R B EBRIFTE DL LD EE XD, HROERIHEBIVOT—2 gy FHB %
&L LT, BEZLOLEBHNPNBDTZEELRD L. Xy NU— 27 OREE B BR2IZEY
KO ENTEREZLEERTE S,

WENL, AW &6 U< oy OZ2FTMTORD BT BEE > TRV A RIZOWNT,
EFHIEBRTITETH S,

— 115 —



JAEA-Conf 2007-003

HEE
S OEVD THEHEEERLSHER v N T—2 | & 1 EESciS . WO EET 5558

iRt OHERR RS ORI DTV | RBORE, EERITHI LTIV T BEREY - BEILH
BRLTUEGE S N— T DS A, BLBHWZLET,

%3 3CHR

1) iy B—, Bl Tt TASIFEXR Y FU—27 ] ~OWERVY |, BARFEFFERES,
48(3), p202-203, (2006)

— 116 —



JAEA-Conf 2007-003

BAER TR MEREMLGIH DO DRy NT—7 ] A _—J X |k

efRE
il BH—  AARRETFOHIER SR (JAEA) R&Msiitr & —
BEZEY) - BEILHEB R 2Rl FES A — 7
R B HRRE KPR LERMZERRF I HX

YT IN—71  TREHEREDLSICB T D av A FER - keT Y v 7]

BT I N—T Y —

BE R JAEA ZEeWhkr ¥ — BEEY - RILEELZSMmNE S L —F
TN—TRERRA 27—

Eif Hth FERKY KERTIFRMAER FRFHER

JIE KA BEIRKRY KRERTZRWER FEHE%

HFHGAKES EHTRFERT  RERTIFERT

HE B2 Z#E<T VTN =RV F—FE R FZ— IRE= KLY —BREAT
K BN ERKT KERTERAHER HFHEEBEERK

B B ERKY RERIERWRER HFHEEREXK

i BT REKRE KERTLERIFRR AT ABETTEHERK

YT ITN—T 2 THTFKFIZEBITDan A FAOBENERERALINETT Y 7]
YT IN—=T Y —F—
HE 21 FHEKRY RFERILEZRMER VAT AEFIFEK
TN—THERRA 78—
AF BiE JAEA JRFIEBETEEMIEEHY 72 F ) A4 RoBHbEmE s v—7
BAE B EREKY KERIZERFAER AT AREFITEHERK
K HE ERKY XERIZERHER VA7 LABRFIFHK
Giuseppe Palladino IR RFERFRITERHSER JHF1EK
AH OEH HEREKE KERLERMER VA7 LAETTHEEHERK
A% W EEKRE KFERIZERMER VA7 LAEFIEHERK
g HZ RERKRYE KERTLERNAER FHTEHER

YT IN—T8 [HWEBREDOBEMEEINYEBITIC KT TRENMmOET Y v /)
YT TN

BB ¥ RBERE® XERLAYERZDIER

TN—TRERRA 2 73—

HH E— AHEBEXE EUYE &R

KE #BE JAEA Ciniimrset s ¥ — .

FIEER T & O EERATIC LD EMEEXA T I v 7 ADHIN—7
=A HE&H JAEA HBASTFIEERREM  ERiRBEHB IR
B #  HHERErRET

— 117 —



BT IN—7"4

JAEA-Conf 2007-003 -

LAY BHI B HCRICRIT 5 S HAOWERBI & = n A FEB ORI

YT IN—T Y —F—

Wb & BALRE ZaaWERFENEET
T N—TRERRA V73—
AK E¥E JAEA FFHEBETZEICEHPM 727 F A RoBHEFEREIN—T
TR #% sk KEREEAZAR RERTEEXK
PR E— EILKRE KRERLEMER BT X —LFEHK
WE B EIEKR%E ZoEREEET
THWSEF BT UVTAERE =IAF—HEL ¥ — HMTREVAT AR
FAH FiE FILKRZE KRERLEFEN EFoAX—LFEER
INEZ A EILRE  KRERLFMER BT RXVX—LFHER
BT IN—F5 TRV T A D ORBIBRAKGECFERFEDET VL]
BT I N—T Y —F—
KIT B EERY IEB-RLX—T5%R
TN—TRERA V73—
MREEA FREKRFE BHETHEFER
Ak B (BHEEAEMFTMFZERT
N 52 AE¥BE R RFERELEER XX —REVATAEK
Il K BHEHFRFER R IBANFZCET
PejE 22 JWBERY KRERLIENER REFEIV AT ABER
ERE YRR JAEA HUBMTTZCBIZEERM  HEREE TREANBERR I —T
BL BB BHARRMER Ny FiRERF—
g EE ST UTARD —RAF—HERUF— HTREVATLE
WHE ES EERT LEHR-RIAX—-1FH
BT IN—F6 [<wA27a-F ) —s0HEMNE RO LFZREHETS LT

[RINL A AT I 35 < B MEAZ TR O 25 B AT A )

YT IN—T Y —H—

HE

RERFE KRERBEFHER HMERREI AT LFEHK

TN—TRERRA v 73—

Y-S
Bl ERR

JE B

A 36
g RRAT 1
I BE

IRBRY REREPEHRR HIRRE S AT AFHEK
JAEA SEiREmREEE ¥ —

HIKE F & OFESERBATIC XD EMSE ST A T v 7 AOFRIN—TF
IRBRE REFFHZHER HIRBRE S X7 AFEY
IEBRE RERHEHZHER HERBRE S AT LAFEER
JRBRFE RERHEHER HREEI AT LAFHEH
IRBRE  KREGFHEZEHER HERERE S AT LAFER

— 118 —



JAEA-Conf 2007-003

YT IN—=TFT IR A MNEEM ORI RSB 55

YT IN—=T ) —

g Exn ALHRERT KRFEBE TR = RAX—BREE Y 2T AHIK
TN—TRERRA 73—

MR 5E S AREERSE KRFERTPMEEE XX - AT AHY
“EABEE JEERE KRERTEMER XX AT AHK

ok O JbEERTE KEPBE TR RV F—REY R T LAEHK

BigE B JMEERT KER LR —IXAXF—RES 27 LAHK
2V T Vot JWREKRYE KREBRTEZEMEER =R AX—BREY AT AHIK
Efy R JbMEERE KERE TSR R X BB X T AHEIK

HY EiE JMBERT  KERE TR =X -8B X7 AHEY
ERNGE  dEERTE  KERTZEHERN =AY —REV AT 285K

Fwe M dEEKRE KFERLFEHEE XX —REEL X5 LHK

g FOE AEERT KERLFHAEN —RUX—REI 2T AHK

FW & AbRERY KERTIEMRR RV —BEVAT AEL

BE R AWE KT RERIZEMER =RV —BEY 2T AHER

KB #Z JAEA LmEHHEr ¥—

FIBR T & OMEERBITIC XD EMIGEST AT v 7 ADAITN—TF

B EX JAEA REKSBRIZo—v b BREBREHIESL—F

Hig B2 ZETUTAKRD) =RXAX—FEE L Z— IRE R —EHRRFEET

VT IN—78 T T RAEUCEROEIEME,TE OHERAL A O & &7 A
YT ITN—T Y = —
FRENABEL  JUNKE KB LHEHER 3 X—B 1 T
TN—THERRA 73—
HH BE] JAEA Z2emetr ¥ — BREY - BB ST v—T
B 1E# JAEA REMEE¥— FRHEREE
=V HHE—ES JAEA HUBMAOATFERHRER  BFSERtE 2 v —
B B UK KRERILEHER R X—BFIYHRK
IR B JAEA HiEASFFREIZERF Mgy BB =
e 3k JAEA HUBALLAFZERRSSIM  BEBITHIE S v —7
#wAR R JAEA HBAHFFRBHREEM HEBITMEI N —
BER . JAEA HUBALORFFRBIREM BREBITHE SN —T

YT ITN—F9  [ANOUSEREMEIZET AR5
YT IN—=T Y —H—
R B JAEA ZEeMEvU X — REEY - BB LATmBE S —
TN—THERRA v 73—
MENEIE JUNKE KERIZHER R A¥—BFIT2HM
5% {HE JAEA REVFHEE¥— WHEHERE=R

— 119 —



JAEA-Conf 2007-003

YT I N—F10 [7TrF= RnROBEMRECHETIBENFT—20RELET ) 7]
BT T N—T Y —H—

e Rz RERFE KRERLFEHER FRAZELFEER

TN—TRERRA V73—

Rl ot FEORE KRFRILFEHER EFELFEER

BEE @k JAEA HUBASBREBAREM BRI A—T

AR KE FERRE KRFRIEMER R LFER

EE OREE EEKE KERIEHER HIHIYEHER

YT N—F 11 THTRECRT AEEBTICRIETNY THERE L ZOET Y V]
BT IN—T ) —H—
g B JtRE R RER TR RRRBERER Y A7 ABH
T N—TRERRA V73—
Mt @Bk JAEA REeWMEv.¥Z— EEY - BRIEEEZEFEIIE I N —T
o s JAEA RAeWERL ¥ — REY - BLEERZEFTEME I N —T
/JNE Ve JAEA HUBLSYATSEBAREIFY  TRU BEEEMLLSF I N—T
Xm HE O ALEERY KRERTIFENER RERRI AT LAER
)l R 4AEBERT REFMAEETREFER
gk B (BHERAEMRS FEFMbFELFER S F—
B 25 BAHTRFES Nyrx=r FRECF—
EWE OEE (R IA VT o T
WA B HiERN) EE7uP=7 MEEARE JFRT7 - REFED
WA W BRKFEEaVPALE N VY a—Ta VEEER
FHE LG ()7 = I x TEERASHE  BET
FIEATE dtiEERE  KFER TR
Al HhEe  ALMEE R KRER LR
KA W AEEKRTE  KRERILENER
Bl ZER dbEE KT KEFRR TR
KHEmEE JMEERTE KFERLFEFRER
(E #Bf ST U TAMD =RAX—EERUH— IR LX —BAFEATIERT

FF I N—712  THTFARPEE D 0 OB EEEBITICRIE T 2T
BT IN—F Y —H—
ER b dtdmERTE  KREFEBRHIERRBER R
TN —TRERRA 73—
Wil & EIERFE SaWELFERRT
R T RERKRFE KERTERMFER R IER
s Ek RBRR RERHEZMER HREREC AT LAFHEY
Mt Bk JAEA REWZER L ¥— REY - BIHEEBLZEFTmWRE I V—T
BH O EFR JAEA HUBASHIEEARE  EmRERHEDTZEET
%  mR JAEA HBALSHIERBRRER #HEESHERENEIN—T

— 120 —



EBREAIR (SI)

#1. 81 AT s
FARBAL #2. BERBMAE AN TEINSSTHS B OF

EAp | Sl BARM ave | ST FAHIE x5 S1 B
L BN vics ' ik k) RU | B | f5 R | BERE | B
& Sfx—r n ] F= S e — = It E 7 v S A
* - [ 107 (7 v d
"’ Blxorsal k . N % [ A 4 4 10?2 [ 2
BE i) » Sg ;;&E s - # é* P A 108 |= 7 % E | 10% |3 e ? N
N — N 1 ° ~ mn
BIFREl v v K BE (EEBE) [¥nsgsEsgkl— o I il 7 e w* 1>/ n
= = I BEMIEA— MY ke/md w0 [ #H G 12 e
A A A o %éﬁiﬁ (AR [SriEA— M AEF 275 4] i O b L
J Elh ~F F| cd Woom ETRTEEFA= MM amd 3 M W2 |\ 7=bh f
MR o B 7R TEA— Y A/"' 102 * ok 107 |7 Mooa
%%Eﬁ@) BEET LS 2 — b oL/ 100 g~ 7 boh a0 7 R e
s - g’;g'f;ﬁﬂiﬁx-— | ed/n? 100 [ #) da | 0™ |s 2 M oy
1
#3. EHOAML T OME DR CHE S BSHLYH Ro. ERBALR & O S B ASEIBRALRIZIE & 0 Wifr
- ST S By , ZAN s ST B L B0E ~
A5 e | BOSIEMICE 5 | STEARMI L5 % “min |1 min=60s
12 iy flz o7 v @ rad ALl —1§(:/j5 " b 1Th =60 min=3600 s
- s 2757 @ @ mem =1 (; g 4 |1 d=24 h=86400 s
Gl i wW~ " Tyl e % B e
I 7 jj: 2= b N S 4 . i” =8§Zg; =Eﬂ:;10800) rad
R = = kg s ’ = =( = /648000
TRAVR—, {LF, BBV = z Pja Wl w'ekgs? Uy Rl L=l des10Te . ) e
’]; =, o |y v . ¥ N+enm mz'kg's_z *}:_‘/° t 1t=10° kg
EE]_‘_T%: , & S B2 — v | ¢ Vs w kg e s” ~ ;\ Rl e
2“  (@E) , BEAK A K v W/A A o - B [15=(1/2) n10 tip)
. e _ ckges3a!
" g & B> 7 5 N F v e klff. A
LRI 4 S v/ kg 0
" s : -
o oy = - A w m A #£7. EREAR L HH SRR S ROBET
Boow & E7 o2 7T VAT AL SIHAT TH SR D RMBEBIALNS bO
A A s I Wb/A grs A DU iy %5 | S| Bl ChODENLKE
v 2 B Eers P wokges A B F & A M eV = =t
s o R C - o L LeV=1. 60217733 (49) X 1077°J
s wr — A ¥ Im od» sr® " fg ﬁ%ﬁ\%ﬁ% U |1u=1. 6605402 (10) X 10 *'kg
g s x| 1 , n’ - - cd=cd X B 1] ua |iua-i. 49597870691 (30) X 10"
BEHERRED) S 2 v Al B Lm/m e m? e cd=m - cd m
WigHE, ERT x|, e ol
RS R, 0 R ke futes?
BEYE, BAOHKEY N T
B pEbaELE EHy — < ' #8. ERMALKIRS LV HEBRIEAR &
VN B
BB AR S v J/kg ) s BER &N B OO BN
@) 5 V7 VRUAT I VT VORI, FUHRE ‘ ; T | SR ChbbI LR
7 DR, FUKTET ] i g 1=
A5 & & OMITLORE LK & LCHLED b5 D avupE ot Lok 2 2 ) e
(b@giﬁ“ RS TING, o MSLEALZTEAED & E DN D0 - Z N b4 F—zl tﬁziﬂﬂ#=(1ssz/3600)m/s
{ZhE, BT ARECIEE Rop i . a |la=l dan’=10°’
o ;’,i‘ejﬁ « > m;ﬁg §§Lg§§%radﬁvsmmmané 72, BEE LCHEIEE LT ~7 2 oM e ke o gt
OIEECE. X5 % 7 b s — | bar |1bar=0. IMPa=100kPa= —10°
(d) Z DHALIE, HlE LTI Y ﬁ@ifﬁiﬁ%i%?sﬁ%gg%i IR LTS, AvyAba—al A 11A=0 lnm:jo.ggkl’a 1000hPa=10Pa
B CSTHETEEE A - CAWVT S BV, A - v b |1b=100fn’<10"%n’ '
° bt m
®4. BUEOPIEE DAL TOME OFF & A LeSTI Y3 Of]
FIERYA =3 A ST FHSTHAGT *
_ R R Ty 9. ﬁ‘@%,\ < B A
f‘f . \ T v Pa-’-is m_SII. %Z.E%ﬁkl 5ELEY T éﬂnﬁéﬁ.‘?}?(lfsﬁuﬂm
= 2 v MEac kv A— kAl Newm |ekgeo? s v {5 | SLMEChH b S s Bl
a [ Alea— vt —ta] W ;. "k s P J ‘& erg 1 erg=10" J
» , # [ E AR Y A B ¢ 4 Y| dm |1 dyn=107N
2 5 i # El5 U7 BEH B rad/s nont ot a T A P |1 P=1 dyn - s/cn’=0. 1Pa - s
oy é"g E:I: /WI\% B ETy MEEFA— Y| Wl ng ms‘a. 8 s 7 R ; 7 2| st 1St =len¥/s=10"n/s
Y s 2 —|Ya—n S : A G “107*
HENSE (LAEFR) , /JM,]},;—;Z/;;: J/K  Infekges?oK! T VAT vy B Oe i ge 1(210T00/4
HE=x v bo v —@rrey /g B u? - 52 K < 7 A Y oz M UG0/m )N/
g B o x oA X - % £ > 1 Mx "107%p
(= %2 0 5 —) Ta—AEXu ST A J/kg  |m?es?o? * h ;ﬁ i SE =1§ld/Cm2:104cd/m2
2 . s rEa— # ph=10"1x
= = $ﬂ/éyﬂ1 %% W |n-kg-s? oK Y i Gal [1 Gal =lem/s*=10%m/s®
k B = %X X _;]/::L‘—/Vﬁﬁji)‘*l\ S e .
o g m m ~kg+s
g R o B A rEA—bA| Vo |nekgesteoat ' .
& " p s—arBUHA— b #10. EERBEMIZEB I 2WZ OB D
A 0% . c/u® moes.A B0 kel SI BfrChHbH L
S = frchbbah
L = %= iz ﬁ/b‘u EEHA— b o/ = t :/:" N Yy T Ci |1 Ci=3.7x10"Bq S HdE
# % %75k N > 7w ROR=2.58%10 /g
o o 77 KBA— MM F/m [P ekelestea? 7 Ff rad |1 rad=1cGy=10"6
T A T F O ¥ %’;/ V—@A—rtA HWm  |n- kg% S-zs. A_;X ;(/ @ ﬁ rem |1 rem=1 cSv=10’%v
L A S A ‘:/:‘L_/‘/ﬁ/:];&fﬁ%&f J/mol  {n® - kg« s mol™ #H ‘/¥ {;J; X unit=1. O?QZXIO_AH“‘
; roBm R REY 13/ ol - K n - kg + s K« mol ™ Yoy ¥ R F - J? iw}:ilg"r;‘*\}lo T g
BARE (XHRUy#) [/ —mirnssa Ol 7 = a3 1 oemict o0
b3 IN% wm o' =7 v o4 #m B oy ‘ng' AL A= bVRHT v b 1 met:; ca:_io‘ [2no -4
W KTy MEATTUT ] Wer |ntem?ekg- st o P | Torr |1 e Gt oy e 10
B i H |7y MEEHA- R . g s -kgs B ¥ K K M| atm |1 atm =101 325 Pa
BARATFITT Wl sr)|m’ - m? kg s kg s 73 = Y —| cal
T 7 o wm v ow |1p=leslotn

(55 ThR, 19984E%ET)



