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Halden Boiling Water Reactor(HBWR) in Norway, which is operated by IFE, is the one of the best
research reactor for nuclear fuel and material testing in the world. The irradiation test in nuclear fuel
and materials has been carried out since the first criticality in 1959. Recent joint program tests are
summarized based on open literatures in order to improve irradiation techniques deeply in JMTR

Recent irradiation test has been carried out in 3 areas which are fuel, material and water chemistry.

Regarding fuel test, not only integral test for fuel behavior also transient test, for instance LOCA test and
lift off test, and basic property test, for instance cladding creep test are conducted. Concerning material
and water chemistry test, integrity test against aging are conducted for the cladding and the materials
used in reactor. Regarding instrumentation, developed instrumentations enable on-line measurement
under reactor operation condition. Moreover, instrumentation development has been forwarded in order
to use instrumentation under more high temperature and pressure conditions.

Summarized information in this report is useful to improve irradiation techniques deeply in IMTR.
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Table 1 HBWR #47C
SRR WA 2 v 7 B (GEERIET ) 3.33MPa(33.3bar)  240°C)
EIRS - BOER K
B 20MW
PSR K
il A 30% A RITA 0% B OAE (REIT304A)
EpE1 3 (Max.) 1.50E+14 cm™s™
R R (Max.) 0.80E+14 cm™s™

Table 2 7 4 A2 @B U — XpkBRdeyas Y
IFA Fuel Instrumentat | Disc diameter x thickness (mm) Diametral gap
rogram Variantants ion m
(program) Fuel Mo (um)
IFA-569 UO,, Gd-doped NDs, TFs|10x1 10.32x 3 350
(NFIR) and GFs
IFA-563 UO,, Gd-doped NDs, TFs|99x1 10.35x 2 300
(HPG) and GFs
IFA-601 UO0,, NDs, TFs|5x1 (7.76-8.26) 100-200-350-600
(HBRP) Gd-,Ce-,Mg-doped | and GFs X
(1.2-3.0)
IFA-649 UO0,, NDs, TFs|82x1 (10.37-10.57) 100-150-200-250-300
(NFIR) Cr-doped, MOX, and PFs X
soft-pellets, and (1.7-2.3)
ZrB,coated
IFA-655 UO; and MOX NDs, TFs, |82x1 10.55x 1 100 and 250
(HPG) PFs, EFs, 1040 x 1
and GFs
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Table 3 LOCA #Bhs U — R4t Y
vPe | mwakg |29 | ment | um | G | bar | “hen
1| PWR 0 commissioning test 1100 1
2| PWR 0 commissioning test 850 40
3| PWR 82 Zry-4 | SRA | 24-27| 850 40
4 | PWR 92 Zry-4 |SRA [10-11| 850 40
5| PWR 83 Zry-4 | SRA | 65-80(1100| 40
6| VVER 55 E110 =5 850 30 4/2007
7 | BWR 44 LK3/L <10 | 1150 6 4/2008
8| PWR 0 commissioning test 1100 1 12/2008
9 PWR 90 Zry-4 | SRA 7-8 |1100| 40 4/2009
10 | PWR 61 Zry-4 | SRA [20-30| 850| 40 5/2010
11| VVER 55 E110 1000| 30 |10/2010
12 | BWR 72 LK3/L <800 | low 2011
13 | BWR 72 LK3/L <800 | low 2012
Table 4 & ZOERERERSM:
= N N N
T T I HA (L2 TR
6~ 7ppmO, 0.07uS/kem AR |25~ 30 X 10"
BWR 02uS/ecm HH n/cm’s
o 280°C 90bar 500/h
R ~2ppmH, 0.07uS/em A1 | >1MeV)
0.1uS/em HH
2~3ppm H,
PWR 2ppmLi/1200ppmB 3 Slem
o 335°C | 165bar | 150 0/h
AR 2~3ppm H,
~26 1 S/cm
3ppmLi/1000ppmB
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Table

5

B2

Table I Instrumented sample test matrix.

Material Unit* | Sample Type | Stress (MPa) | T (°C) Test Type
CW 31688 1 Rod 275 330 Stress Relaxation
CW 316 SS 2 Rod 205 330 Stress Relaxation
CW 316LN SS 3 Tube 345 330 Creep
CW 316 SS 6 Rod 28 330 Qualification
SA 304L SS 7 Tube 110 290 Creep
SA 304L S8 8 Tube 92 290 Creep
CW 316 SS N lot 9 Tube 345 370 Stress Relaxation
CW 316 S8 11 Rod 345 330 Creep
CW 316 S8 12 Rod 345 330 Creep
*The instrumentation for unit 10 malfunctioned.
Table 6 HAEHIERRBGME >
Table 1. Summary of thermal-hydraulics and water chemistry conditions
Parameter Test 1 Test 2 Test 3, Test 3, Test 4 Test 5
Phase 1 Phase 2
Time at power, days 1000 160 160 120 267 500
Void fraction 0-0.05 0.13 0.012 0.01 —0.022 0.05 0.12-0.19
Inlet temperature (°C) 305-310 322 290 294 317 310
Temperature rise (°C) 6-10 7 24 30-35 13 10
ALHR (kW/m) 15-34 30-40 16-34 30 26-34 40 (mean)
Heat flux (kW/nr’) 500-1140 890-1180 455 - 855 980 870-1180 1180 (mean)
LiOH. ppm 3.0 32/22% 3.15 3.15 23 23
B. ppm 1000 992 /290% 1400 1400 1170 1170
| PHaoo 7.1 7.1/74 7.0 7.0 6.93 6.93
Soluble Fe, ppb 5 0.1-27 3.5 15 3-15 3-15
Soluble Ni, ppb 0.15 0-14 0.3 2 < (0.5 <0.5
Soluble Zn, ppb =1 =1 =1 <1 50 50
Max crud thickness, 0 20 0 500 (2)** G5*F*
pm*

* Measured during PIE

#k
e

Crud formed in localised regions, not full surface coverage
Measured in-core, at power
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Table 7 MBS ERBRY A 7 LR Bs R 2

Table 1. Dwerview of irradiation

Cycla Mo 1 2 3 4 5 ] T ]
FRE: 52 65 15 A ] 105 157 54
InletiCutiet cookant 30 am 306 310 307 300 00 05
tamperaiure (*C) My 316 316 318 215 08 a0 a4
) ) 1 0.3 o7 (.49 0. 0.44 038 | 028
Vo fractian (%) at
cladding segment N F] .41 015 045 064 | 034 037 | 028
3 L ET] .04 02g 042 023 | 022 | D4
4 .13 0.00 0.00 000 oo | oopo | oo
Interim inspecians 1 2 3 4
Cycle No ] 10 1 1z 13 14
FPD 136 o7 AR a6 B 76
Iriberli Ot coislan 311 o a0
beser pesrastures [ *C) 36 36 a0
1 .00 000 000 ,0004 000 0.00
Woid fradtion (%) =t
daddirg segment K° 2 L0012 00018 0.0015 00018 0.0010 .00
3 0.0012 00018 0014 {08 0,0010 0,00
4 0.0 0.0 0.0 0o 0.00 oan
Inderioy inspeciions 5 3
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Table 8
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SNV T STV A R RN R

X

EBaS

Z =Rt

Turbine Flow Meter

HAOKIEZAT 9 7202 ) 7RO AR O EZFHIIT 5

Wil

LVDT

Linear Variable Differential Transformer

BEARE) 7R IERRIENL 2 BB AU 51T R D RIEEAEE

QE

Pressure Transducer

IREHBRNE 2 SR 5 25

PR PRBEDIR S 2 BHI9- 2 2418 AR & R o 2 FEFE S
Fuel Centerline Temperature H5H,
B E O o
) . WS DI IR DM % FHA 5 20
Cladding Elongation
PREHi OV

Fuel Elongation

PREF OB 18] DA N SN 5 25

D

Gamma Thermometer

T o= RN JE T D HEE

BT —

Diameter Gauge

PAEE OEEZ NET At E

ECP & o #—

Electrochemical Corrosion Potential U JINO BN Z 3 5

Sensors

SRR IF MEIO X ZEIZRET 2HEE,  BEIREMEEZHWT

Crack Growth Measurement

W5,
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. Emerpency oore cooling nozzie fube
@ Thermacoupies jor press gouge INF. ube)
. Wegarron shisid Dol

Fig. 32 Plan view of reactor top fid

Tuga Hinry ST U e Vel imaa |7 D [Sadady 4]

Fig.1 JADEER (R#Lv) Y
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Secondary Cooling System
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] < e
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To off 1
oo TS system ~*+— Gas flow path

Flow meter >< #

| 2
k i i i P215
Cold trap bank 1
| I I I 7| 18] 9| Hd Rods 7,8,9,10 UO;
11,12 MOX
Y Detector
— <
|~
;. Etm ‘ P216

e

Fig3 BREHEN 2 70— 25 AER]H Y
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Subcoolety
PUImR
-’

Buffer tank

Hydraulic
drive uni

®
B

0

L] -
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piston pumgp

} Purification
LM 150 ato

\f
6
A

Fuel pin

Pin diamete
gauge head

40 ato

Drain tank

Figd E&ES—IKNEEES 257 5
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Fuel elongation, mm
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From: 20080710
Too 20080208

r —1— EF2 —5— EF5

—
—— -

ALY U TIIAERERE EFHEL L TV D

swelling 0.5% dViV / 10 Mi¥dikgUO,, 1

Wex LED b5
T

D_
.

2

5 4 6

Average rod burnup, MWd/kg UO,

Fig.6 [RAEHIIICIT 5 Gd EAMEIOMEHRZ b OIRRIZA L
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Temperature, °c
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450 E

440 -

430 4

420 Measured temperature at 4.0 kW/m
FTEMP3 calcualted at 4.5 kW/m

410

400 ' —_
¥ ..--"'"'—_.__

390 : =

380 - - i

370 B : v N

360 =

350 4— : : , .
] 1 2 3 4 5

Rod burnup, MWd/kg oxide

Fig.7 JIEIREE K O FTEMP3 =t — REHEIC X 2 8RkHEFE *)

Fuel disk

Constraint

Mo disk

Fig8 BRIl D
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G o 20 30 4 50 50 70 80 8 100

" I } " }

-2 2

—#— Fod 12 (Hat, MOX) 700°C
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Fued rod
pressure transducar (N/£3H)

Fuel rod
elangation detector (SEHT O

Outiet flow tube

— Pressure flask (£ /17 7 2 2)
| Extia free volu e

- Coclant spray (#1271 —)
Upper cladding TC (TCC2&TCCI) (Liwma Bz

He-3 coll (He-3 =21 /L)

Electrical heater / Flow separatar(EX b — % — /25 HR)
Neutron detector {To) (dhi:7-KiH 52

Lower cladding TC (TCC1)) (F b B S R
™ Meutron detector (V) (fok 75 1152)

Ilet T N DR FERT)
Blow down/ Inket flow ube (7o —4 v %A 0%)

Fig.11 LOCA 7 % kU ZfithiE< 2

& 34 Flask Heater cable

Heater
TiIC

@265/
@ 20 heater

8 9.5 rod

Fig.12 7% NV 7w 2

_26_



JAEA-Review 2012-018

IFA-650.4 temperatures
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e A —t40
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| — 71— TG
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IFA-650.4 Cladding ballooning burst indications
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: 1§ 5 N 3
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MON40 : H v ~E=4
LIIJI:A'\'EST IFA-650.7: Cladding burst indications /
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0
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120 160 200 240 280 320
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Fig.17 LOCA #BR1E DA v~ A F v X K O G 1
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W) In-pile connector
Outlet thermocouple
Gas line

Fuel thermocouple

Shroud

Insulated flow separator
Booster fuel rod

Fuel rod

Pressure flask

Gas line
Cladding extensometer

e Inlet thermocouple

Fig18 U7 b4 7#BRM Y 7 #klx 'Y

_30_



-P- Rod overpressure, bar

Fuel T. °C

%

Pressure, bar
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AT at 15 kW/m per 1000 hours, °C
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! Outlet thermocouples
' Quter shroud
I Hydraulic drive unit
+ position indicator
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L ———  Pressure flask
_|1 —— Gas line for pressure conbrol
1. Neutron detector
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l ! —— Diameter gauge ==
L]
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Crack growth rate, mm/s
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Stress intensity (MPam'%)
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1. Always fixed

2. Always fixed —{» [

Step A

LVDT —»

X XX

JAEA-Review 2012-018

Step B Step C
Upper specimen breaks Lower specimen breaks

mMﬂﬁﬂﬁd

P
o=

ﬁm_

:
i

4. Moves up if
lower
specimen fails

oo
=

XX XX

X

|
il
|
|

Figd0 & Z43 3B R 1l OV i A 20 1)

_44_



JAEA-Review 2012-018

g From: 2004/09'19 00:00
E T 2004/10/02 23°59
-~ ' ' ‘ ' ' ‘ ' ' ' ' ' : . 300 O
O 207 Feeas I VI i o e U =
= Los0 =
E 104 IFA-660.1 Failure Unit 15 Upper Specimen (No. 30) g.
E 5
T o Lo 1=
1.8 ~100
"1 92.6% YS 4 | } I I |
£ 1.44 ” ﬁwwﬁ_ﬂ -
€ 12 E ( 0 O
B %YS | @
B b 5
.84 i ©
= o
g 6 ! 80 >
=V S
@) i "
I 24 I i
— o iuls -;- phtstyik)2003-Tailures-uhil-15.un
0 ; ; ; ; ; ; ; ' ; ; ; 4l 70
9480 9504 9528 9552 9576 9600 9624 9648 9672 9696 9720 9744 9768 9792 0816
Time,full power hours (gt 2 MW)
Fig4l sRBRAREIECRR (5 541 )
100 556 fph,—-;"?% ¥S '
X 7637 fph,~93%YS x x
| Level 5 8034 fph, 93%YS P
o eve I
—
o 801 r
c
u]
E
g b 7579 fph,~92%YS
Q . X .
& 100 :
c
o 4395 fph,~B3%YS H
@ 901 Level 4 i r
R | —
80 -
4 ) ey sy -y ey a e vy -a ey =y ey ey
0 1000 2000 3000 4000 5000 6000 7000 8000

Full power hours at load

Figd2 & ZU5A3B 515 2 506 1) & R 22

_45_



JAEA-Review 2012-018

m i b

1 ——— Layer after 160 Days
----- Layar after 45 Days

208

Loyer Thickness, pm
7]

=]

Axial a|:|:l|:|::lllI'-I:':I'I». mm
Fig43 HEREMIE &S JEHE R >

Fig44 HHEKGIEOENT K 2 HBEHAEY OB OB 5 )

_46_



Oxide layer thickness (um)

JAEA-Review 2012-018

60 e + ; ., T
5th interim inspection
| —-=-=-=- 1st- 4rd Interim Inspections
2 { || Segmentno. 3 ¥ RET Segmentho. 4 | ] I
- I .! -
- B 3 i 5
301 Pl ¥ L ¥ 2
0] = 3 | | '
[ B Mot s o VB i :
10_: F f ."l‘ I f ?-r'_“-v'v-'\.-..\_nJ--"""'“'ﬂ_l::h' . |
RN -
[ :f'-}df"’"';\""‘ ";:...- . sy T T R '
(# gL A ]
[ ’;fw ] (= i
0 40 3 %0 i bk & %0
Middle Axial position (erm) Bottom
. SHI == ¢, 24
Fig45 HERIE SAIE RS R )
. NERRTCIN {:t:ag + 25)
Fig46 ¥ —bE s
~Heousing
~Secondary Coll
rimary Cail
~Secon I
Core Holder~ ey oK
i y
/‘V\Blﬁeﬂ Cable Penetration

He leak-test nippl

Fig47 LVDT fizx >

_47_



JAEA-Review 2012-018

Test rig structure

\\ —— Fuel stack

Fuel rod upper end plug

Plenum Plenum spring

Bellows support

Fuel pellets (annular)

Bellows : i Tungsten rod (dia. 1,5mm)
End plug 1 Cladding
Support for core Blm

Fuel rod lower end plug

Ferritic core Core holder
Ferntic core
LvVDT

VDT
Test rig structure

Figd8 WIEGF (ZEK) KOBWRRIREG (HK) A >

_48_



JAEA-Review 2012-018

Cold junction

Differential TC
Inner Body
GT Housing
Hot junction
Xenon gas

Figd9 Hyr~H—F A —& —fER[Z >

a: Primary coil d: Ferritic armature
b: Secondary coil e: Cross spring suspension
c: Ferritic bobbin f: Feelers

g: Fuel rod

Fig.50 [HA7 —IRA X >

_49_



JAEA-Review 2012-018

Fig. 51 F{VIRE & GRS E A 20

Ceramic ube Jmecharical sea

t \ Shielded

electrical connection within

Pleylinder  ceramic tube betwesan sigreal cable
(supported by Pt cylinder and signal cable

secondany

seal inside)

Figs2 H&Em (AH=hr—nL) 2

Figs3 H&Em (555 —n) 2

_50_



JAEA-Review 2012-018

Figs4 SkILecERm (A =hnrv—n)

FigSs Skme{LekEms (5 5% —1) 2

_51_



This is a blank page.




EBREALR (SI)

F 1. ST EAHAT 2. KRBT mu\fﬁéhfﬁgﬁ%ﬁﬁwm
N ST FEAHAL P ST AL
R % [ew R i =E
= = [ — ifi BT A— P m?
- N o IZS A — m®
M e I s, A AR m/s
R [#) » s m B FE[ A — M VRS R m/s’
S w7 v ~7| A b3 A — bv m’
szl e o K W, E R E|x ey T amrlA— kv | kgim®
W B &E 2 mol W R % E|FesTAmTHA— L | kg/m?
5 il v 7 5| ed I ® F|Srh A—bviEFx e 75 5 | milkg
O ETITEESA-RL [ A/m?
B S o B S|TURTEA— R A/m
B E®, @ ElEAmLA— kL mol/m®
BB ErersIamugi—b [ kgm®
Hif A>T TG A= RV | edim?
Ji W x O FED) 1 1
% R e Y GrrEo) 1 1
(a) #L2EE (amount concentration) (ZRRIRAL D535 Tl B E
(substance concentration) & % XiEi 5,
(b) THBRIEATED S VIR L 2 HoRTHEM, €D
F T BN B Ch HHTO 1 ILBEIIEE LAV,
& 3. EADLFRE RS TR I D ST BT
ST AH7 AL
RV S — | MUOSTHATIC L % | SHEABATIC L 5
S il £L% %LU
R [T} fa|5 o7 ) rad 1P m/m
b % 27507 P o n ® m?m?
JA b3 o~y (@ Hz s
7 SEan=[¥ N m kg s*
E A, [ S-S Pa N/m? m’kgs?
TR X— L BRAECa— J N m m’kg s?
sk, TR, MR RTY R W Jis m?kgs?
& o, W K Hr-mv @ sA
WA (EE) , & E AL \ W/A m’kg s?A™
(3 = % ®777 K F (¢/AY mZkgs' A’
E e K A — 2 Q VIA m?kg s? A*?
CHI Y S SIS DES 53 S AV m?kg!s® A?
T g = — Wb Vs m?kg s2A"
T P = 1 b T Wh/m? kg sZAT
A4 v F B v RArU— H Wb/A m?kg s2A?
v ¥ v 2 R EerewrEe)| € K
5% wr—xo Im cd s cd
i v s = Ix Im/m? m?ed
o e (D s (@ Bq §l
”ff”ff’fﬂl’ Lol ) PV Gy Jikg m?s?
R
% # I e & — kat s mol

(a) STHEFHRE I E A D4 & Fe 5 & FF M HINL L Ml B DY T HHATE 5,
aIb—L ¥ hTERY,

BT T ERT T VT ATEFO 1K S B ORRIRAFT, BICOWTOHME S SDIEbh D,
EBRIT, AT 2RSS Tad R UstA VB E 20, B E L CHMEM E L TORB THHHFTO 1135
RERRY,

@QHHAFETIEAT T T v EVWI AL LTt BLOXK L DOHIC, TOEEHEHEL TS,

@~V ZEABBICONTOZ, X7 LV REOFEHERIC O W ToRER sh D,

@ BNV T REZTNE L DRRIRLATIT, AV AREEZRTOIERSND, AV TRELILELD
HALOKE SIER—ThH o, Lo T, REECRENFZZTHMITEL QMM TRLTHLRLTH S,
OHIHEEREOHRE (activity referred to a radionuclide) 1%, UiE LIEad - 7= 36 T radioactivity” & it S5,
(WAL —~UL | (PV,2002,70,205) (=5 TIXCIPM#E)2 (CI-2002) %2,

Uin UBEBRE & A4 L 72 BULIE b 13%0

# 4. BN ORI EA OLTR & G5 A S Te STHNT HAT 4]

ST A BEA

AN ik S e SI %74;31[/1;? £5
ki ISZ T VRS Pas m'kgs’
# Za— bk RA— kL Nm m’kg s?
# Za— brEA— L N/m kg s?
4 YT VR rad/s mm’sl=s?
£ 6|7 T AR rad/s® mm’s?=s?
# E|Uy MEEHA— PV (Wim? kgs?
# a— Mg e JIK m’kg s? K’
H#E Ya—nrfirusamrres (Jikg K |m?s?K?
H. Va—ngExus s |Jkg m*s?
# vy A= iy |[WmK)  [mkgs®K?
& Vo= VN A — v [Jm® m’kg s?
it AV MMEA— RV V/m mkgs®A’
& [| 7 —w AN A— RV |Cim?® m”® sA
# 7 —n 4 A— kv [C/m? m” sA
& 7| 7 —w P A — RV |Clm? m”*sA
7 2|7 7 RiEA— bV F/m m?kg’s'A®
% AU —fEA— RV H/m m kg s¥A*
E P a— EEL J/mol m”kg s mol ™
EATY haE—, ELAAER Y 2 —VEEAESAE Y [J/(mol K) |m? kg s?K ' mol!
1 S5 65 J—arExa s n Clkg kg sA
%3 &7 LA ) Gyls
K Uy MEAT VT v W/sr
% 7 MEP A= briix7 7 27\ WimP 1) |m® m® kg sP=kg s
B R N B —NAENE G A— bV |kat/m® m? s’ mol

R BeugRE | i | R BeuERE | s
10* |= 2 Y 10" |7 ol d
10% | sz 102 | » F| ¢
10 |= 7 ¥ E 10° |2 J| m
0% [ x| P 10° |wA 78l n
10 |7 Il T 107 |7 A
10° | 7l G 10" |& = p
10% | # J ™M 100% |Z7=2a K f
I ES vl k 10" |7 M a
10> [~ 27 K h 10% | € 7 b =z
10" |7 | da 10 |13 7 K vy
#£6. SUZEI 22, STE R S 2 BT
4 F R ST BT L B
5 min [1 min=60s
R h |1h =60 min=3600 s
A d |1d=24 h=86 400 s
Jis °  |1°=(n/180) rad
4y | 1=(1/60)°=(1/10800) rad
%9‘ 7 |17=(1/60y'=(r/648000) rad

~J F—)L ha [1ha=1hm?=10'm?

Uy kv L, 1|1L=11=1dm’=10%cm®*=10"m®
b t |1t=10° kg

F 7. SIT/E 2V, SIE A S D HAL T, SIHL T
FENDPIENRERNAGEND D

G208 GivEea SI B T&R S 55l
B AR v b eV |1eV=1.602 176 53(14)x107°J
4 v b | Da [1Da=1.660 538 86(28)x10*'kg
IR FEEEN u |lu=1Da
KX B {7 ua |1ua=1.495 978 706 91(6)x10"'m

#8. SHTBS 72 AS, STE PR S 5 2 Ofthod AL

g ke ST AL TR SN D EME
2 = /U bar |1bar=0.1MPa=100kPa=10"Pa
KEFE U A— kL lmmHg 1mmHg=133.322Pa
Fr 72 ku—2n A |1 A=0.1nm=100pm=10""m
it Bl M |1M=1852m
2 — b [1b=100fm*=(10"%cm)2=10*m"
J v M kn |1kn=(1852/3600)m/s
O Np}sltﬁ{\‘/,&mfﬂﬂﬂﬁf;&ﬁ%i.
S Mo SRR D EFRIT AR
T D% ~ /vl dB
#£9. BEADLFZE H OCGSHIN HAL
i Eokea ST HfL CF S 55
= v 7| erg [1erg=10"J
Vs E | dyn |1 dyn=10"N
R 7 Z| P |1P=1dynscm”=0.1Pas
2 b — 7 Z| St [1St=lem?s'=10"m?s"
2 F 7| sb |1sb=lcdcm®=10%d m?
7 *+ I ph |1 ph=lcd srem?10%x
Vil /M| Gal |1 Gal =lem s=102ms”
~ 7 A % z M Mx [1Mx=1Gcm’=10*Wb
H 7 Z[ G |1 G=1Mxem?=10"T
127y F )| Oe |10e2 10%4m)A m?
() 3IEHRDOCCGSHNIF & SITHEBIL TE R, %5 [ 2
BB 27T b 0T 5,
#10. SLICJR S 7202 Dt o> BT O i
B0 ik ST HhL TR Sh 55
¥ = U —| Ci |1Ci=3.7x10"Bq
L v b % | R |1R=258x10"C/kg
7 Rl rad |1 rad=1cGy=102Gy
1% L[ rem |1 rem=1 cSv=10?Sv
7 v ~| v |1v=1nT=10-9T
7 £ v S 17 =/ 3=1fm=10-15m
A—=RMIVRAT v b 1A— hV%RH 7 v b =200 mg = 2x10-4kg
k Ju| Torr |1 Torr = (101 325/760) Pa
£ # K X | atm |1 atm =101 325 Pa
5 my | cal [teal=418587 (5T = ut) , 4.1868J
(ITIA 7 ) —) 4.184] (MBYL 1w Y —)
3 7 = it 11 =1um=10"m

(8RR, 20064FEE4RT)

]



ZOHRIISEBEREERLTOERY



