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Abstract

During the decommission of graphite reflector in a research reactor,
the safety issue of residual radiative isotopes produced after a long time
operation is of importance, especially the long half-life isotopes such as
14C. The generation of those radioactive isotopes and mechanic strength
changed after irradiation is crucial factors for dismantling, storage and
disposal of radwaste. In this work, a nuclear grade graphite was studied to
understand the physics and chemistry properties and to compare with
literatures published. Regarding to the mechanic strength of irradiation
graphite as reflector in TRR reactor, it’s mechanic property does not
change much and it should not be a concerned problem in the
decommission of the graphite materials. Besides, the study result also
shows that the irradiated graphite in the TRR reactor produced significant
amount of '“C on the surface of graphite. According to experimental and
theoretical calculation data, the activity of the graphite reflector which is
far from the TRR reactor core maybe lower than 7.2 x 10* Bg/cm?®; the
graphite reflector close to the core will be higher than this value.
According to some international experience, the attached '*C on the
graphite surface can be removed by mediate temperature oxidization and

converted into CO; and collected. This study is the preliminary evaluation



result of unirradiated graphite samples in TRR. More accurate data still

needs sampling and analysis of irradiated graphite of TRR in the future.
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Element |Weights Asomich
CK 313 34.80
NK 68.61 6520
Totals 100.00

Elemont |Weighths  Asomich

CK 3163 35.05

NK 6837 6495

Totals 100.00
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Atomic ratio %

No. P C N o Total
1 0.0008 99.9992 0 0 100
2 0 99.8144 0 0.1856 100
3 0 99.7814 0 0.2186 100
4 0 100 0 0 100
5 0.001 99.999 0 0 100
6 0.0002 99.9316 0 0.0682 100
7 0 99.8879 0 0.1121 100
8 0.0006 99.911 0.0143 0.0741 100
9 0.0017 99.9383 0.0599 0 100
10 0 99.8157 0.1649 0.0194 100

Description: In 10 different positions, the distance of each point is larger
than 100 yminal cm x 1 cm x 1 cm graphite sample. There are 3 point
that may contain 0.02%~0.16% of N, it may cause by the uniformity of

the graphite sample.
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2 RLBEEPIEMLA LR

Radionuclide|Half-life y-ray (keV)

Sm-153 46.27h [46.68 [69.5 [173.48

Au-198 64.68 h [80.45 |1087.34

La-140 40.27h |131.16 (243.23 |266.99 |329.34 |433.34
487.97 (753.22 |817.47 1869.28 (921.43 [1599.94

Lu-177%* 6.734d |208.79

Np-239* 56.56h |228.47 |277.94

Xe-135% 9.63h |250.03

Kr-88* 2.84h |362.33

As-76 25.87h |560.15 |564.09 |575.53

Sr-91* 9.63h |620.78 [927.16

W-187 23.72h |687.18

[-134* 52.5m |848.55

Ta-182%* 1144d |1122.88

Cu-64 12.7h  |1346

Na-24 1496 h |1371.45

Kr-87* 763 m |1391.91

K-42* 1236 h |1527.78
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Intensity (counts)
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R EBET jfi B3 47 RoE r0ag o 0% - B (Nebulizer) #-#
RIPR SRR G T RIS o e f U F IR M g
A1~ & 2 5 % (Aeroso)#iz 1 R3¢ (Plasma)® » & il
B - kFIABA S AR R/ BF o R R
PLEARTAZ SIS PEEE Z R e BEe r THR
(Mass spectrometer) » # fic & # & 4 17 % (Mass-analyzer)#-
& #F T i vt (Mass—to-charge ratios)z &+ 4 M jEi7is » £ U

THFRHBLRR o REFI AL TP 2RI A AT

il Z 0 ICP-MS § mi2 B kR > % (~)E 5(4)

a2 R B (T AR B A T o

~F Aot RZgAATE0 1 AWmEA R RS ELE S NP

SEETH G AF AT @RS iR F F AR

AZNEREFT AN EZA RS R LM EI DA T A
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1 E[18] REEFITR > d § # 175 467+ § i+ (carrier gas) » &g
OB F T 4hE A TR 1150°CiR R g ¢ KA 2 AU
B 850°C » % 54 77 L B » tin-boat(4F 45 )" tin-capsule(# £ )7 -
R XL 33 Smg IS LR AR N p BB
FELY - REEFEY T Pl RO B oA o e
LB Kl @RS G AT RS g LR R ST R
B L REAITRSE e A FTnAE- B R d p BB A
AR > Py 0 F iRy &89y 85 = ¢
Me REF A RS TR B A4 1800~2000°CHE
B S g g PR ASEERR Y Y iR A REB RS Ny
i H,0 ~ COp 11 % SO, % § R i SO, ~ CO, » HaO i /5 4 8 &
| i 2 S s g 5 GC-column 4 3 0 B {2 38 3 i Jp] % v (TCD)

2E %

—

ey

m

F o~ ~EehE B A[18] e A E A enE R AL S
PAOEEF A FIRRSESRF ZRE R LR TR E
o E R AT RM L i S8 Rle REdI AN ST R 0 B AR
BV IR S00mg T ek & R E A E S ARET & 40
Al g 2R R MO R B R R R 0 RUE 2 D) A chiicdy
[18]c @ itiT§ ~ A A1TPF » 7 3 B A2 N EF[19] -
Higg @ REMSRER > FHR&EH o PAL T AE R

(1) Oxygenated sample + C — CO + CO, + H,O
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(2) H,0 + C — CO + H,
(3)CO,+C—2CO & » &~ 45 o, 5518 SodaLime = v '] #-
CO wvt» LA 17§ t6d TCD W iRl 7 & -

& A4 ki BRITI R & &2 1% ICP-MS 4582 CN,O ~ %
Bl 23F2 P @ S AZ AP RREFER P H? N2 Ohg
ERBREXFDIR > ZL LA REF L T 0 B E
PF R AKREEFRE X UFTERTDCAF G HREREF
oo KBRS EREL S C B - ¥ AN 5 1660x12/14=1423 ppma

17 £ % 0 5 140x12/16=120 ppma 77 & ©

Sample code Date Time  Weighttmg)  Grp N% C% S% H%  Repeat

acetanilide 09.11.2020 4,090 Standard 10360  71.090 0.000  6.710
standard JAH4E 09.11.2020 4.064 10.367  71.051 0.000  6.701
graphite-2 09.11.2020 1.722 mota®sE  0.000  99.271 1.288 1
graphite-2 09.11.2020 1400 =woE 0166 99.083 1.391 1

Bl L ~ 2L RTPIEEF BT E R0

Sample code Date Time  Weightmg)  Grp 0% Repeat
benzoic acid 10.11.2020 3.933 Standard 26.200
standard LB 10.11.2020 3.482 26.194
graphite-1 10.11.2020 2.840 0.014 1
graphite-1 10.11.2020 3.113 0.000 ]
graphite-1 10.11.2020 3.147 0.000 1

B L= ~EFZALPRTBIFEE ~FrLEREV B0
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(4 )= =3+ T a3 & (SIMS) # ikl

- Sy FHRSIMSOW® R ENRE ~Fh G g T T
ppm 4T 0§ FRE R AN keV it £ - A R EPE > e 3
B eh- J0A T EY o B - RS THRED TR A TE
B S o FHMA G AT SF T AT I FHRET F M
PR BRI R E > UE pinEfos F EA R L o s ihA

ERBEERERIIES (BBF > & R) & R {x

fip g WA R oG et o e 4ot 0 SIMS AREL G A
BFarehnEqclk F 4 5 4 4730 o SIMS Bk 50 bk
EoHETIE g AR LG tRE hgAR (FF AR
WRIFLMM D ppb %)) o EEAEEE (HALEET) B AU
M7 T T U ERFE 7 hiE PR A B R (8 %o
LEMW 2

%a»ﬁnw§§¢ﬁ§Mi$4’@%ﬁﬂﬁﬁ%W%%%
FRZBHRT A ST EERSY TARY FELLHF LA F (G
N,O,CCL...8)~ 2 2 S FA+ » T 1% Cs g3 eFmmy] > 5
R HREE2ZVEHNE AFHRP B AE Y OE B ITL K
o B RLE RS AR - BRAST B TR > Bl N RRT A
1800 nm s7/F R » O %2 Cld &~ <2 8t » a KFREFH L4

B L ¥ 00 20 F S5 ABE8Z 6 JF A 180nm ™ din & A 2
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Cl z z A stifd - 1% SIMS

TR

P

pe
=

1/10 -

B

B

[SHUNUI] AS UL

[siunaa] Apsusu

= = = = = =
— - - - = -
I T Ly L i

A | = h

|1._ - = H_ m
a2 L

oo oo L&

[ <=

Lo

&

L~

[ =

=]

o

L~

[ o

Lo

F

L~

[ o

Lo

=]

| ~

[o

.=

=

|~

g

g

[=]

<

T

g

LLELEs T o T T T ==
= E-] = = = =

Depth [rim]

B LN 7 EHESA 1800 nm ER T SRS T o
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Intensity [counts]

Intensity [counts]

| [ I ‘-Ez
10°3 o u fI°E
] C >
3 o 4 FF
) o [z
z
1054 L10®
10° L10*
:I o
10° " £10°
1| L
102—: 5102
1074 10
i ——————————————————————————— =’
] 20 40 80 80 100 120 140 160 180 200 2
Depth [am]
L e —\# N AN
Bl 41 7&K 5 i 180 nm JFR T NEgEIEA $T o
1 IR TN N N TN TN TN T AN TN T TN TN AN NN TN TN NN NN TN TN TN NN SN TN SO TN AN TN T NN TN AN TN TN WO TN NN TN TN SN TN N TN TN TN SN NN TR S T |
4 o
10° o u EI10°
E o W F
i oN- [
1074 E10%
10° L1p*
1033 5103
102—: ;102
10’3 =10
0 20 40 60 80 100 120 140 160 180 200 220
Depth [rim]

B -+ 7 EHES(C)R 180 nm SRR T SRGEA T o
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(L) F sk R A 4 (Xray CT)
X-Ray %74 #Frds o 1% sLpfihen= N R E 28 3 a5
Pip BASRBESHE W DX R E L Fhr B R

v

Bl - 2 B=- -+

i
k'

AR BRI R R T 2 TR B

sl

o RS L R Vg Ite 2EG £ 2 KR TS D * iR
2E oA SHR M 0IB R LR XM A LT LEFRE S

BBiEt > Hiem > X-Ray #74 fFffpd "R RS H T
TR GdR > kR 3ARESPHREL e REL F M T

MAheBZ L - > A Bl w2 Bo LT L RS20 8 B

ETIRS

DA 3AAALEE  CRMAT UEAH I EAY o o Lo T
«uF] "'*i\l LA F S —r7f Boendl ’12:&?7}@*7 itk &2 BET

ZBEApW o ZHBIFFREIT R LR RERIET TF

wd s v UNnp)“C 2 2§ -
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Bt B
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10 pm -
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Bl - L3~ R BE[20] 907 &3t B X-RAY %7k B

FHIGHTEE BET f&% 2 Ak HfEsrivZ g% OB
fE K 3] > Bk B 2k (openpore) 5 — & & e FlHA 540 B &
B T3 5 Sopen’ B ITILe¥cE 5 F crn3’ﬁ Nopen > & BET #7 {8 &t £
% #% 5 Seer’ F1* SopenX Nopen=Spereb 258 k&7 & - H B j 3
lpym~0.1ym-> & BSF %P5 0um> BEE7 47 (a) 7
FRAMILE £ 04ums §ATE 2% > fer BB AT B
EF R A RA03Ium~0lym2Z FeEt A iR 62 A E

Fliple siekk i Pl2 6 ity T I ot B 8%
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M3ECT kg Ak MF 95 8% HETIGE RS Bk
2o HTHG56 pmPih £ B4 02 ymo EEE 10
pum £ B oo AT (b)) AP ERE 2 £ oG ikl 2o ik
FFHL A5 Boa 2 FHMAFRERIEF L0 F 1595 24 ym’
Poi EEEARFELE 04 umo B A A 10 umE & o &) &9 - K
KZHA A Rdeo itk < - Ba®imEd 203 % K chbe R
BET «oc3|2 &> 2 CT 2 R JmEF K I A gl e
PRy TR SR ERiEMT0, RE B Ao XA = CTH
PHIEHP-F b AMPFERF 7 T2 973 ki Mm
PERF O EE N S Il 2 R B2 B R 2N R R TS K
BRZ ML CRFEARFLRFFR G X LRE - HWEipedt
F £ 5 self-similarity 2. #25 » S 2F 7 00 d o] & RECSHZFHKE AT

BEL AL ERLRL
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L) BN AR A

Ay £ R % m Lk RS BiF | Bk

(1m) (1 m) (1 m?) (cm?) BWE(B | H% | THF%
Jcm3)

1 10 32.97 7.85102 |8.01*10% |62 N/A

0.5 10 16.09 1.9610"2 | 1.64*10* |32 N/A

0.4 10 12.81 1.2510"2 | 2.06*10* |25 N/A

0.3 10 9.56 7.0610% | 2.76*10' |19 3

0.2 10 6.34 3.1410% | 4.16*10' |13 9

0.1 10 3.16 7.8510* |8.36*10' |6 16

2 2RI EGEGERELG, BREafFAA ) o

L - * o F4 Uk B ik BiF | Bk

(1m) (1 m) (1 m?) (cm?) WE(B | H% | THF%
Jcm?)

1 10 66 7.85102 | 4*10% 31 N/A

0.5 10 32 1.9610"2 | 0.8*10" |16 6

0.4 10 25.6 1.2510"2 | 1.0*10* |12.5 9.5

0.3 10 19 7.0610% |1.4*10'* |9.5 12.5

0.2 10 12.6 3.14108 |2.1*10 |6.5 15.5

0.1 10 6.3 7.8510 |4.2*10' |3 19

38




(t-) R4 aER=R
A4 MCop T M7 3R R

1. “N(n,p)*C

2. BC(ny)*C

3. 70O(n,m)'*C

HY NG HERIRDFZERIA DT RI R 2EHEA TR
kg E o gAFEBR A S UC B RRpERLG > T U

(12) g diire S T B > LAt omdy IR/5 02793

)

HEfrd WEREPER > Fw (N LD 242 MC RS R B
ERRFRFTHE A FHFENZGHMREDEHRZER  Homp o7
N=po¢ t (V1.1)

% Ja 3 # P Number of particle

jud

T
fe)
k'

¢ 3 # 5 Neutron cross-section

Q
i

¢ 5 ¢+ E Flux

t 5 F EEE

RS

RAEEPE 28,29 £ % XM R

Y

8.29*365*24*3600=2.6*10%s
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pfg |0l

¥ i+ :barn=10%**cm?

N 1.8

70 0.235
BC 0.00137
36C1 44.1

BET *7#® 2 4 & # .
pe PR (n 1 2)
ARG T2 G R

& & Activity = N*A (5% 1.3)
H P A& %W #c(decay constant)

)= 2 (+ 1.4)

L%

JLASEL D VUC S5 B LR YL 5700 & > JE L R

LB F N4 T AN

In(2)

= =3.85*10" 12571
5700%365%86400

Fe N (127 @ordz "C2iER s HmtE e
DEXF &L 63— A F R+ 7 Nop)iCF ey
BREPEZ25%%-kF A "NERFILEGE 14 pm> 7

85 144%1078 cm> MG A rriie 78 5 6.51%10%°cm?
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HBET Bcpm B 2o 4 5 15mAUQ %2 - B &Sa% A L 1.76
glem®> 7 @4 - cn’ 4 & % 5 1.5%1.76%10°=2.6%10% cm? > #-dic
BA w2 FhE B3 #p = 2.6%10%6.51*10° =3.99%10%
CM3E #-H 2% A w (30 11) @4 4C hF#kp 3 1.87%10Y i >
i EFd e (38 13) 0 R E DN E R Activity = N*A =
7.19%10° Bg/cm’

5 EFERRET) 0 F1E "Nnp)iC 7 T A+ “CHy[16]2
BONF a3 39 UCHy A+ 852 g e ® 5 4 6 0@ CN

I

PR AT R Aw Y [21) FIRFERT AT E 2

=K

I MC PR FFR I 10% o FF 02 10% %R F F3HE > fs @
7 B Activity = N*A*10% = 7.19*%10* Bg/em® »

Q) BEEE 4G5 K F BRI 1 TOM0)UC F it F3E
BRFEEGH-KF AT F RFLIEHL 152 4K (pm)
T E L 152*1078 cmo i fl e ff wriig (At 5 7.25%10% cm?
W BET #cthle (D27 57 @45 - on' 4 & B & 5 2.6510° cm?
BB oHoF o & (L2 o # M F R O #K P
=2.6%10%7.25%10%°=3.58*10%° /cm® - 3 + "0z & & & 0. 0383%, £
BEZEEFw GV1.DZE2 (GVN1.3) @ NFER . Activity =
N*\ =32 Bg/em® -

@)Xz EHMZF PCR=F DL PCy)*C F Bt 735

41



BC:d p AR e BCorib2Z ¥R 5 1.079% ket d - d B R

1.76 glem® & lem?’ ey BAE (7 &5 B 0 3Rhoih B9 BdeT

g9

BC R F R = k6,02 « 102 5 1.079% =9.5%1020 f fom’

ARALEEFw (58 11) Fd¥C h3#cp 5 3.38%100° @ » %

PR d w (Y 1.3) 0 &8 @ s A Activity = N*A = 1.3x10%
Bg/em’ e & £_7.3x10° Ba/ge ¢t — & & & 45 MC H 4 F 41§ 1x10*
Ba/g #p % 4517, e iR &Y 3 E L Ix108Bnem?st R &
SRS R B2 P B RH AT - o

@ E&E?2FHETF "Nop'Cr Bt 5:
BRPEZFIAARGE RFSF AU % FRT F 7 AN
EPZFH: Ml atm T oen’eht f kEFEY > FEK

o s 22% 1% 2§ %> 423 PV=nRT » # P=1 atm -

atm.L

V=0.001L*22% > R= 00821( ) » T=300K > ¥ # dienz 5 &+

Hcp =54*10" B A+ /om’> 1 F -14 R+ HP kg 3 8.6%100 B
§-17Th3+ 5823*1016 B A iz ~Atdd 385 029 34
BIrd m@mgpEr Fr L) 2E 04 2 ¥Cohh I KE
REFRFHEL FEE N latm T s § A 22% LKA & 1C
ER ok RS #kp i 8.6x10% B/emdgd v (11) v EE omd

7 MC 1 4.0%10%° B > - EF w (3¢ 1.3) 0 B i 17 S & Activity
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= N*)\ =1.5*10° Bg/cm? -

G)E&® 2 FH %5 "0Mma)C F ik At E

BRTE22 % 28BN -*FREF3ENEEY 51T R
F#p 5 8.23x10" B/cm’igd GV 11) ¥ iEE em’p MC:5*10%°
(B> #2254 e (X 13) 5@ A: Activity = N*A = 192

Bg/cm’ ¥ 14 A * ¥ g o
6)BxF F RFBAWTEFE "Nnp'CF &

WA E S RRIE RS 2 B3 h 02% 0 F - cm®F 1.8x10%° B §
o o #EEF v (Y 1.3) 0 i85 A Activity = N*A = 3x10°
Ba/cm*=3TBg/m® & BHE 4§ M~ > ° SREARE RHEDF A
B2 AR 10 B o A F A fT k2 B %4 2 SIMS EPMA, XPS 2 %
51340k s APEREF RS AIEGNEEEBZ L5 &
ArNBAY o d N AFLSIRZFIAEN0L% A X F k- T A
#wd o ¥ - Z 5 0.14 % (atom) 11 02%F FER TR L B3
T % cEPMAL0 R4 § A A% D 5L &5 0.165%
FrEmr R EY (R 2)Y LR - &R I EPMA Y XPS
1% SIMSZ 2R 3BZRHFELT A A3 ARAMENZF P 8

EiEF Wpurge M EF B hE m § F oSIMS KR £ PI(B] 18)CN

Ik

WIFUEPE ZEMNER 5L NIRERE S AR *Et;? 3 “/f
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Fem gz MCERE 2 P&
(MEXT FRFAEEDE "OM0)C F &

e 4% crst ,Fa,gj‘r/g{»ﬁ FRIBNEEZ?P U AZ LI RPIE RS Z

B35 0.02%- % - cm® 7 0.18x10%° B % /= 7~ 75 6.9x10°

e --)

B U0 R+ » #5253 (0 1.3) &8 55 A Activity=N*A =

13Bg/cm®, 7 1 2 * ¥ o
B)EF T & R+ B3 F &8 PCln, v )°Cl ¥ &

R ERI AN PR HEELFRIBNELZ 180 B
(SIMS &% ), £ A% At Gl EERT2 5 B3 2255 0.02%
plE - cm® 4 0.18x10% B F B3, F AP REE - omd 4
1.7x10Y" i *®Cl & + (Abundance 75.77%),#-# % % # w (3% 1.3) >
51318 4155 B« Activity = N*L = 1390 Bg/om® = 969 Bq/g » &t %

PP EE RT2HBLEFIE 1x10°Bg/g M B oS F oY
&
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2 = ‘14C€J_E:EL%’4+_7'\§IE;§'{%

b 78 R+ kR | #¢ F% | 14C P R
(cm?®) fod (atoms) Bg/cm?
(cm?)

UN-wsos R | 3.99%10 | 1.8*%10%* | 1.87*%10V7 | 7.2*10°

UN-mov B R | 3.99*%108 | 1.8*10°% 1.87*10% | 7.2*10*

"Owst B & | 1.37*10'% | 2.35%102° | 8.37*%10%2 32

BC s 9.5%10%° | 1.37*10% | 3.28*10%% | 1.3*10°

UN-FFHZ F | 8.6%10'8 1.8*¥102 4.0%10'° 1.5%10°

YO-F M.z # | 8.23*10% | 2.35%10% | 5.0*%10"3 192

UN-~ % & 47 | 1.8*%10% 1.8%1024 8.4*10Y 3.0%10°

% 0.2%

70-= % 47 | 6.9¥10% | 2.35*%102% | 4.2*10%2 13

% 0.02%

PERZET g REER 02%2 YN BRI AN T REHZ
o2 1.0%108nem?stz Y 2 E o2 MC KR < 5o B
W THRLEFIE R s R C L MOk o F
BR-kF RIS ERMZ LG 0 2 BAGE TS BL

FIR o FUFMARNE BAM L BHES LAE P B AP
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H]E o H = F M 13C —z‘;'\%jﬁ»ﬂ )J_-”: ‘L%’Lln\i&ﬁ"’ﬁlﬁfl‘*ﬁ %ﬁ‘}égu
FAIE 2K o FIM > FRRILW AT E A G F MC 124E > AIE
'%&?&W€MJ%%§£]%ﬁﬁwﬁ?u%iiﬁz.W:ﬁﬁﬁ

SHCES TEST S R

CEPE RS P

TRR 2. % S HB.¥ U & G iThhwap Bl U2 5 - Bl 5
Bk p BRY FHEEF N5 1x10Pneutronss'em? > % 1 B %
55K 5 85inch (21.59 cm) - TRR fuelrod £ % & & 3 6.42 inch
(16.3 cm)z. £ K I3 - D,O 2 £=0.509 ( £ 5 average gain in
lethargy per elastic collision) © & EK ® +d 1 MeV 331 leV T
g ok? g & 27 Apdg 0 R EBRATHE G (25°C) 0 EXs
=0.176 cm! » F]pt exp(-0.176 x16.3) = exp(-2.86)=0.057 » H E-#
F WFI 5T% e r F &S 0 E=0.158 EXs=0.06cm™ > % 1
Bl &% & & 5 8.5inch (21.59cm), exp(-0.06%¥21.59) = 0.274 > 3|:&
SoBEEP R IR RRL274% &5 - B SBRET

21472 ~> Wignerenergy 3 £°° 57 B K7 L3 3o

Z) REEF EPBRLIFA
S REES 2 F &% ° RE Nightingale #3527 - &+ 5 2577 2.
%% > % 4> Nuclear Graphite - 2 # [10] > H g &+4p 5 1 & &_

dpr I EY R AY - B ZRETHART
ot G T EREHN TR ML 2 5 ARE LB KA -
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TOHNELIF MBI E, FIREALY IR S R
Z B BT UL c R O MBS TELE MY K
BE BT 2 PRI RN 2 A F Y g
H i 2. Winger »of» &% DR RE o g 4opt > 11T AL
%0 TRR G SE 152 7 5 2 RS 6§ 2 T - 43
TRR 2. % S H.¥ U & 5 EiThhoap Bl 2 5 - Bl 7 & o

N

Bk p BEY T EE B Y5 1x10P neutronss’em? 0 % = B %
L E 3 5 5 0.7x10" neutrons s'cm? - TRR % + #% i 2557012
MWh (106542 MWd) » 53K #7§ hdh 55T fedg 513 1 £ 3448 %
% 33.1 T (5916 cm? area x 290 cm height x 19.3 g cm™?) » H 3 (7B
gt 5 3219 MWdA/At. (At % adjacent uranium ton) ° TRR * & ¥
72350 h (3014.6 d) » f Bk B iTh w2 £ & F B2 ¢ 38 F
% 1.0x10" neutron cm?s! - Rl % £ 2 ¢ 3 BB L 2.6x10%
neutron cm?, | MWD/At=8.1x10'" neutroncm™ > & §i& B iz 2+ 4
B FECFEA R I FL P EF LY T g
i 16.5cm 2 £-REfo WEK T F 5.7%2 -7 FHEEF
SR8 B AR T g o IR A 2 Tﬁ‘f’v » 3% 12 3219%0.057=183 MWd/At &
Bv ke RS E BB R RO

(a) HORLITA I T LTS X K ¥sT 1 £ H ¢ dh (001)
Lo adh® basal w2 BRI RPE LLT EHREE
% 3w BB R+ intercalate I F & K K ﬁé By -
AT R o (002) ) MERHE AT 6 LIS R A2 o 36
Fex €MERRETIRETIR  A E K SRS R S R H 40 0 cBhd
¥ ud RF e 0.67 nm % = 0.678 nm 3 4r X 6% (183

g

h¥
il
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MWd/At, 30°C) (%4 < fx[10]# ] 9.6) & 3§+ 3 7.27nm (3219
MWA/A( %5 = fL[10]7 B 94)% deofid 2 L 3 F% 1 & 183
MWdJ/At & & % X %t > 24 % 3219 MWdA/At Bl#-d 0.2 & 3
3 52 B(G219MWA/A)(1018 9.4)» L LE-¥ F fFoHF i 2 42
BN E BR2 AR MR EH SR SR B
LA G e

b) BRI 2%" L FHPABERS 227 ko
-] 0.02-0.4% (183 MWdA/AL) & &7 i 1-3.5 % (3219 MWd/At)
2RI (5T 2 E[10]7 0 §19.12,9.14,9.15) ¢ ikt < %
g e ST iR T ERRES RUGADE -

(c) #2884~ (Young’s Modules) @ &35 5~ é);% 10 ¢
Bl 111113 PRotiEfs H 47 5% TR B3 40 9 3 B (183 MWA/AL)-
A E 32518 (1600 MWA/At) o FIpt Bl L A > B¥ 5

7

Be2 B R S #+ A7 & A #(dislocation) 2. 45 &5 > 1g = 4 G 1k
B e B G E AZ REFAE R A > P REM G EET
o T R Ed NHGHI G AW g AL & e
SRR o d NP X B S AR S W 4 2-3 B
SR T SR A LR B % 2o A e et 6 ]
20% s R[], ¥ by 52 }EJ%E{F ¥ [12]Vicker shardness %
i 1.15x10%! neutron/cm? (% 1400 MWd/At)#-¥ =+ BB & Vicker s
A AEd 20kg/mm? #£ = 3 140kg/mm? - 554+ > 7 B R
B3 TRRE-? + R ET RAH FILOL 2578
(d) &t £ &% (Wigner energy & stored energy) : &4z %%

FE[10] W 122 5 B SHE 6 7 5 i B 685 2 0 B9 5 80 cal/g (183
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MWd/At) » & &_ 570 cal/g (3219 MWd/At):gdt sc £ £ ¥4 200°C
PR D ERFERRL L 2 BUEEY 5 F M2
T F BB R LR E Y R - B A bl 4 £
= NRX F BEEGE6#2 @7 f 7 81 cal/g 2 Wigner it £
#3120 100-240°C P FIE & H A 50°C (%4 = jr[10], 350
)

() 7 H¥ F2th s sz e §SAMAET & 10 kGy/h 12
4 oTRR *t 72350h 2. 388~ R A 0§ B S - F £ 421T%
w2 e B AR SR R0 R R o Z. Xu ¥ A [13],
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th- CH-LENPRBERE

P kR

14C 0.30 TBg/m?
UC (v 2 FR) 3.0 TBg/m3
ONi (ET £ BP) 8.1 TBg/m?
“Nb (i1 2N ) 0.0074 TBg/m?
¥Tc 0.11 TBg/m3
129] 0.0030 TBg/m?

TRU (X itgp+x5 &2 4

3.7 kBqg/g
$h 1P 5B )
241py 130 kBq/g
242Cm 740 kBa/g
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A B L PR

kR & (TBg/m3)
¥ fa

- 83 287 N
Lt gyt b2 P0G P fh

26 - -
e
3H 1.5 - -
80Co 26 - -
53N 0.13 2.6 26
SBNi (i &£FBR) 1.3 26 260
05y 0.0015 5.6 260
137Cs 0.037 1.6 170
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Co: % iBPAE 0 (0=ABC) &2 kA & -
n:ATE fifis gep o
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Vs =

S8 TIRMRB LT HIEE
ST SRR L)
1 2 3 1 2 3

a0 Tw | [P P G | e
£ 51-31 1.E+3 1LE+6
ol Ak &4 1LE+6 1.E+9 51-32 1.E+3 1.E+6
il 7L % 1LE+6 1. E+9 i
#E P-32 1.E+3 1.E+5
Be-7 1L.E+3 1.E+7 P-33 1.E+5 1.E+8
Be-10 1.E+4 1.E+6 i
i 5-35 1.E+5 1.E+8
C-11 1E+1 1 E+6 S-35(4 #) 1.E+5 1.E+8
C-11(3 #,.i40) [1LE+1 1.E+9 S-35(7# 5.) 1.E+6 1LE+9
C-11(% f.it4h) [LE*1 1.E+9 E
C-14 1.E+4 1.E+7 Cl1-36 1.E+4 1LE+6
C-14(# . 4t4dy) |1L.E+8 1.E+11 Cl1-38 1.E+1 1.E+5
C-14(# f4i4) (1LE=T 1 E+11 Cl-39 1.E+1 1.E+5
i &,
N-13 1.E+2 1.E+9 Ar-37 1.E+6 1.E+8
F Ar-39 1.E+7 1.E+4
0-15 1.E+2 1.E+9 Ar-41 1.E+2 1.E+9
B oF
F-18 1L.E+1 1.E+6 K-40 1.E+2 1LE+6
Al K42 1.E+2 1LE+G
Ne-19 1L.E+2 1L.E+9 K43 1.E+1 LE+6
&9 K-44 1.E+1 1.E+5
Na-22 1L.E+1 1.E+6 K45 1.E+1 1.E+5

-24 1LE+1 1L.E+5 &
% Ca-41 1.E+5 1E+7
Mg-28+ 1L.E+1 1L.E+5 Ca-45 1.E+4 1L.E+T
] Ca47 1E+1 1.E+6
Al-26 1.E+1 1L.E+5 $il.
oy Sc-43 1.E+1 1LE+6
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RE-EEE gay| @ o Ani) | (1)
Sec-44 1.E+1 1.E+5 Co-56 1.E+1 1 E+5
Se-44m 1.E+2 1.E+7 Co-57 1.E+2 1E+6
Sec-46 1.E+1 1.E+6 Co-58 1.E+1 1E+6
Se-47 1.E+2 1.E+6 Co-58m 1.E+4 1.E+7
Sc-48 1.E+1 1.E+5 Co-60 1.E+1 1E+5
Sec-40 1E+3 1.E+5 Co-60m 1.E+3 1E+6
£ Co-61 1.E+2 1E+6
Ti-44+ 1.E+1 1.E+5 Co-62m 1.E+1 1E+5
Ti-45 1.E+1 1.E+6 L]

A Ni-56 1.E+1 1E+6
V47 1.E+1 1E+5 Ni-57 1.E+1 1E+6
V48 1 E+1 1E+5 Ni-59 1 E+4 1E+8
V49 1. E+4 1E+7 Ni-63 1 E+5 1E+8
& MNi-65 1.E+1 1 E+6
Cr-48 1.E+2 1.E+6 MNi-66 1.E+4 1.E+7
Cr-49 1 E+1 1.E+6 4F|

Cr-51 1E+3 1.E+7 Cu-60 1.E+1 1 E+5
iE Cu-61 1.E+1 1E+6
Mn-51 1.E+1 1.E+5 Cu-64 1.E+2 1E+6
Mn-52 1.E+1 1.E+5 Cu-67 1.E+2 1E+6
Mn-52m 1.E+1 1.E+5 £

Mn-53 1E+4 1.E+0 n-62 1.E+2 1E+6
Mn-54 1.E+1 1.E+6 n-63 1.E+1 1E+5
Mn-56 1.E+1 1.E+5 n-65 1.E+1 1E+6
i Zn-69 1.E+4 1.E+6
Fe-52 1.E+1 1.E+6 In-60m 1.E+2 1E+6
Fe-55 1E+4 1.E+6 In-7Tlm 1.E+1 1E+6
Fe-50 1.E+1 1.E+6 Zn-72 1.E+2 1E+6
Fe-60+ 1.E+2 1E+5 %

£ Ga-65 1 E+1 1E+5
Co-35 1 E+1 1E+6 Ga-66 1 E+1 1E+5
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BB CFE 0y ey | @ BB FER | e | 8w
Ga-67 1.E+2 1.E+6 Se-81m 1.E+3 1E+7
Ga-68 1 E+1 1.E+5 Se-83 1.E+1 1E+5
Ga-70 1.E+3 1.E+6 iR
Ga-72 1 E+1 1.E+5 Br-74 1.E+1 1E+5
Ga-73 1E+2 1.E+6 Br-74m 1.E+1 1E+5
## Br-75 1.E+1 1E+6
Ge-66 1.E+1 1.E+5 Br-76 1.E+1 1E+5
Ge-67 1.E+1 1.E+5 Br-77 1.E+2 1E+6
Ge-08+ 1E+1 1.E+5 Br-30 1.E+2 1E+5
Ge-60 1E+1 1.E+5 Br-80m 1.E+3 1E+7
Ge-T71 1 E+4 1. E+8 Br-82 1.E+1 1E+6
Ge-75 1E+3 1.E+6 Br-83 1.E+3 1E+6
Ge-77 1 E+1 1.E+5 Br-84 1.E+1 1 E+5
Ge-T78 1. E+2 1.E+6 39
i Er-74 1.E+2 1E+9
Az 60 1.E+1 1.E=5 Er-76 1.E+2 1E+9
As-T0 1.E+1 1.E=5 KEr-77 1.E+2 1E+9
As-T1 1.E+1 1.E+6 K1-70 1.E+3 1E+5
As-72 1.E+1 1.E+5 Kr-81 1.E+4 1E+7
As-73 1E+3 1.E+7 Er-&lm 1.E+3 1 E+10
As-T4 1 E+1 1.E+6 Er-83m 1.E+5 1E+12
As-T6 1 E+2 1.E+5 Kr-85 1.E+5 1E+4
As-T7 1E+3 1.E+6 Er-85m 1.E+3 1E+10
As-T8 1E+1 1.E+5 K87 1.E+2 1E+9
o K188 1.E+2 1E+9
Se-T0 1.E+1 1.E+6 §iw
Se-73 1.E+1 1.E+5 Rb-70 1.E+1 1E+5
Se-Tim 1.E+2 1.E+5 Eb-81 1.E+1 1E+6
Se-75 1.E+2 1.E+5 Eb-81m 1.E+3 1E+7
Se-79 1E+4 1.E+7 Eb-82m 1.E+1 1E+6
Se-81 1E+3 1.E+6 Eb-83+ 1.E+2 1E+6
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RR-FEF) @ | @ AR CFEE ) qam | @
Rb-84 1. E+1 1E+6 Z1-86 1. E+2 1 E+7
Rb-86 1. E+2 1 E+5 Zr-88 1. E+2 1 E+6
Rb-87 1 E+4 1 E+7 Zr-80 1 E+1 1 E+6
Rb-83 1. E+1 1 E+5 Zr-93+ 1. E+3 1 E+7
Rb-80 1. E+1 1 E+5 Zr-05 1 E+1 1 E+6
£ Zr-07+ 1 E+1 1 E+5
Sr-80 1. E+3 1 E+7 4
5r-81 1. E+1 1 E+5 Nb-88 1 E+1 1 E+5
Sr-82+ 1. E+1 1 E+5 Nb-89 1 E+1 1 E+5
5r-83 1.E+1 1.E+6 (2.03 &5
5185 1. E+2 1E+6 Nb-89 1 E+1 1 E+5
51-85m 1.E+2 1.E+7 (1.01 &)
51-87m 1.E+2 1L.E+6 Nb-20 1 E+1 1 E+5
51-89 1 E+3 1 E+6 Nb-23m 1.E+4 1.E+7
S51-90~+ 1. E+2 1E+4 Nb-04 1.E+1 1E+6
51-91 1.E+1 1.E+5 Nb-95 1.E+1 1LE+6
51-92 1. E+1 1 E+6 Nb-25m 1 E+2 1 E+7
47, Nb-26 1.E+1 1E+5
Y-86 1. E+1 1 E+5 Nb-97 1 E+1 1 E+6
Y-86m 1. E+2 1 E+7 Nb-98 1 E+1 1 E+5
Y-87+ 1. E+1 1.E+6 i
Y-88 1. E+1 1 E+6 Mo-20 1 E+1 1E+6
Y-00 1. E+3 1 E+5 Mo-93 1. E+3 1 E+&
Y-00m 1.E+1 1.E+6 Mo-93m 1.E+1 1.E+6
Y-01 1E+3 1.E+6 Mo-09 1.E+2 1E+6
Y-0lm 1. E+2 1 E+6 Mo-101 1 E+1 1 E+6
Y-02 1. E+2 1 E+5 $E
Y-03 1. E+2 1.E+5 Te-93 1.E+1 1E+6
Y-04 1.E+1 1.E+5 Te-93m 1.E+1 1E+6
Y-05 1.E+1 1.E+5 Te-04 1.E+1 1E+6
EL Te-04m 1.E+1 1.E+5
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RS FRE i) | @ RRCEEE @ | @
Tc-95 1.E+1 1.E+6 Pd-101 1.E+2 1.E+6
Te-95m+ 1.E+1 1.E+6 Pd-103 1.E+3 1.E+8
Tc-96 1.E+1 1.E+6 Pd-107 1.E+5 1.E+8
Tc-96m 1.E+3 1.E+7 Pd-100 1.E+3 1.E+6
Tc-97 1.E+3 1.E+8 48
Te-97m 1.E+3 1.E+7 Apg-102 1.E+1 1.E+5
Tc-08 1.E+1 1.E+6 Ap-103 1.E+1 1.E+6
Tc-00 1.E+4 1.E+7 Ap-104 1.E+1 1.E+6
Tc-90m 1.E+2 1.E+7 Ap-104m 1.E+1 1.E+6
Te-101 1.E+2 1.E+6 Ap-105 1.E+2 1.E+6
Te-104 1.E+1 1.E+5 Ap-106 1.E+1 1.E+6
i Ag-106m 1E<1_ |LE+6
Ru-04 1E22  |1E6 Ag108m=  |LEsl  |LE+6
Ru-97 1LE2  |LE+7 Ag-110m 1E<1_ |LE+6
Ru-103 1E22  |LE< Ag111 1E:3  |LE+
Ru-103 1.E+1 1.E+6 Ag-112 1.E+1 1.E+5
Ru-106+ 1.E+2 1.E+5 Ag-115 1.E+1 1.E+5
st &

Rh-99 1.E+1 1.E+6 Cd-104 1.E+2 1.E+7
Eh-99m 1.E+1 1.E+6 Cd-107 1.E+3 1.E+7
Eh-100 1.E+1 1.E+6 Cd-100 1.E+4 1.E+6
Eh-101 1.E+2 1.E+7 Cd-113 1.E+3 1E+6
Eh-101m 1.E+2 1.E+7 Cd-113m 1.E+3 1.E+6
Eh-102 1.E+1 1.E+6 Cd-115 1.E+2 1.E+6
Eh-102m 1.E+2 1.E+6 Cd-115m 1.E+3 1.E+6
Eh-103m 1.E+4 1.E+8 Cd-117 1.E+1 1.E+6
Rh-105 1.E+2 1.E+7 Cd-117Tm 1.E+1 1.E+6
Eh-106m 1.E+1 1.E+5 48

Rh-107 1.E+2 1.E+6 In-109 1.E+1 1.E+6
e In-110 1E<1  |LE+6
Pd-100 1E+2  |1E+7 (49 85)
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RS FRE g | ) A I RCE TN NS
In-110 1. E+1 1E+5 Sb-117 1 E+2 1 F+7
(69.1 ) Sb-118m 1 E+1 1 F+6
In-111 1 E+2 1E+6 Sb-119 1 E+3 1 F+7
In-112 1.E+2 1E+6 Sb-120 1 E+1 1 F+6
In-113m 1.E+2 1E+6 (576 H)

In-114 1.E+3 1E+5 Sb-120 1 E+2 1 F+6
In-114m 1.E+2 1E+6 (15.80 )

In-115 1.E+3 1.E+5 Sb-122 1. E+2 1 F+4
In-115m 1.E+2 1L.E+6 Sb-124 1. E+1 1 F+6
In-116m 1.E+1 LE+5 Sb-124m 1.E+2 1E+6
In-117 1 E+1 1 E+6 Sb-125 1.E+2 1E+6
In-117m 1 E+2 1 E+6 Sb-126 1 E+1 1 F+5
In-119m 1 FE+2 1 E+5 Sb-126m 1 E+1 1 F+5
if S5b-127 1 E+1 1 F+6
Sn-110 1 FE+2 1 E+7 Sb-128 1 E+1 1 F+5
Sn-111 1.E+2 1.E+6 (9.01 &)

Sn-113 1.E+3 1.E=7 Sb-128 1.E+1 1.E+5
Sn-117m 1. E+2 1 E+6 (10.4 5)

Sn-119m 1.E+3 1 E+7 Sb-129 1 E+1 1 F+6
5n-121 1.E+5 1.E=7 Sb-130 1.E+1 1.E+5
50-121m+ 1.E+3 1.E=7 Sb-131 1.E+1 1.E+6
Sn-123 1.E+3 1E+6 i

Sn-123m 1.E+2 1.E+6 Te-116 1. E+2 1 E+7
Sn-125 1.E+2 1.E+5 Te-121 1.E+1 1 E+6
Sn-126+ 1.E+1 1.E+5 Te-121m 1. E+2 1E+6
Sn-127 1.E+1 1.E+6 Te-123 1.E+3 1 E+6
Sn-128 1.E+1 1.E+6 Te-123m 1. E+2 1 E+7
& Te-125m 1 E+3 1 F+7
Sb-115 1.E+1 1.E=6 Te-127 1.E+3 1.E+6
Sb-116 1.E+1 1.E=6 Te-127m 1.E+3 1.E+7
Sb-116m 1 E+1 1E+5 Te-120 1.E+2 1E+6
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RBCFEE | gemy | @ BT mam) | @
Te-120m 1E+3 1.E-6 ¥e-120m 1.E+3 1E+4
Te-131 1.E+2 1.E+5 Xe-131m 1.E+4 1E+4
Te-131m 1.E+1 1.E<6 He-133 1.E+3 1E+4
Te-132 1.E+2 1.E+7 ¥e-133m 1.E+3 1E+4
Te-133 1.E+1 1.E+5 He-135 1.E+3 1.E+10
Te-133m 1.E+1 1.E+5 Xe-135m 1.E+2 1.E+9
Te-134 1.E+1 1.E<6 He-138 1.E+2 1.E+9
# i
I-120 1.E+1 1.E+5 Cs-125 1.E+1 1E+4
I-120m 1.E+1 1.E+5 Cs-127 1.E+2 1.E+5
I-121 1.E+2 1.E<6 Cs-120 1.E+2 1.E+5
I-123 1.E+2 1.E+7 Cs-130 1.E+2 1.E+G
I-124 1.E+1 1.E-6 Cs-131 1.E+3 1.E+6
I-125 1E+3 1.E-6 Cs-132 1.E+1 1.E+5
I-126 1.E+2 1.E<6 Cs-134 1.E+1 1E+4
I-128 1.E+2 1.E+5 Cs-134m 1.E+3 1.E+5
1120 1B« |1E<s Cs-135 1E4  |1E+7
I-130 1.E+1 1.E-6 Cs-135m 1.E+1 1.E+6
I-131 1.E+2 1.E-6 Cs-136 1.E+1 1.E+5
[-132 1.E+1 1.E+5 Cs-137+ 1. E+1 1E+4
[-132m 1.E+2 1.E<6 Cs-138 1.E+1 1E+4
[-133 1.E+1 1.E-6 £H
I-134 1.E+1 1.E+5 Ba-126 1.E+2 1.E+7
I-135 1.E+1 1.E<6 Ba-128 1.E+2 1.E+7
i, Ba-131 1.E+2 1.E+G
Xe-120 1E+2 1.E+0 Ba-131m 1.E+2 1.E+7
Ne-121 1.E+2 1.E+0 Ba-133 1.E+2 1.E+6
We-122+ 1.E+2 1.E+0 Ba-133m 1.E+2 1.E+G
He-123 1.E+2 1.E+9 Ba-135m 1.E+2 1.E+G
He-125 1E+3 1.E+9 Ba-137m 1.E+1 1.E+G
We-127 1E+3 1.E+5 Ba-130 1.E+2 1.E+5
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Ba-140+ 1 E+1 1.E+5 Pr-145 1.E+3 1 E+5
Ba-141 1.E+1 1.E+5 Pr-147 1.E+1 1.E+5
Ba-142 1.E+1 1.E+6 £

4% Nd-136 1.E+2 1E+6
La-131 1.E+1 1.E+6 Nd-138 1.E+3 1.E+7
La-132 1.E+1 1.E+6 Nd-139 1.E+2 1E+6
La-135 1.E+3 1.E+7 Nd-139m 1.E+1 1E+6
La-137 1.E+3 1.E+7 Nd-141 1.E+2 1.E+7
La-138 1.E+1 1.E+6 Nd-147 1.E+2 1E+6
La-140 1.E+1 1.E+5 Nd-149 1.E+2 1E+6
La-141 1.E+2 1.E+5 Nd-151 1.E+1 1E+5
La-142 1.E+1 1.E+5 4B

La-143 1.E+2 1E+5 Pm-141 1.E+1 1E+5
i Pm-143 1.E+2 1E+6
Ce-134 1.E+3 1.E+7 Pm-144 1.E+1 1E+6
Ce-135 1.E+1 1.E+6 Pm-145 1.E+3 1.E+7
Ce-137 1.E+3 1.E+7 Pm-146 1.E+1 1E+6
Ce-137m 1.E+3 1.E+6 Pm-147 1.E+4 1.E+7
Ce-130 1.E+2 1.E+6 Pm-148 1.E+1 1 E+5
Ce-141 1.E+2 1.E+7 Pm-143m+ 1.E+1 1E+6
Ce-143 1.E+2 1.E+6 Pm-149 1.E+3 1E+6
Ce-144+ 1.E+2 1.E+5 Pm-150 1.E+1 1.E+5
5 Pm-151 1.E+2 1E+6
P1-136 1.E+1 1.E+5 £2

Pr-137 1.E+2 1.E+6 Sm-141 1.E+1 1.E+5
Pr-138m 1.E+1 1.E+6 Sm-141m 1.E+1 1E+6
Pr-139 1.E+2 1.E+7 Sm-142 1.E+2 1.E+7
Pr-142 1.E+2 1.E+5 Sm-145 1.E+2 1E+7
Pr-142m 1.E+7 1.E+0 Sm-146 1.E+1 1E+5
Pr-143 1.E+4 1.E+5 Sm-147 1.E+1 1E+4
Pr-144 1.E+2 1E+5 Sm-151 1.E+4 1E+8
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Sm-153 1E+2 1.E+6 Tb-147 1.E+1 1.E+6
Sm-155 1LE+2 1. E+6 Tb-149 1.E+1 1LE+6
Sm-156 1L.E+2 1.E+6 Tb-150 1.E+1 1.E+6
i Tb-151 1.E+1 1L.E+6
Eu-145 1.E+1 1.E+6 Tb-153 1.E+2 1.E+7
Eu-146 1LE+1 1.E+6 Tb-154 1.E+1 1.E+6
Eu-147 1.E+2 1. E+6 Tb-155 1.E+2 1.E+7
Eu-148 1.E+1 1.E+6 Tb-156 1.E+1 1.E+6
Eu-149 1.E+2 1. E+7 Tb-156m 1.E+3 1.E+7
Eu-150 1.E+1 1 E+6 (244 ¥§)

(342 ) Tb-156m 1. E+4 1.E+7
Eu-150 1E+3 1.E+6 (5 w5)

(12.6 &) Tb-157 1.E+4 1.E+7
Eu-152 1.E+1 1. E+6 Tb-158 1. E+1 1.E+6
Eu-152m 1LE+2 1.E+6 Tb-160 1.E+1 1.E+6
Eu-154 LE+1 1.E+6 Tb-161 1.E+3 1LE+6
Eu-155 1.E+2 1.E+7 &

Eu-156 1.E+1 1.E+6 Dy-155 1. E+1 1L.E+6
Eu-157 1.E+2 1.E+6 Dy-157 1.E+2 1.E+6
Eu-158 1LE+1 1LE+5 Dy-159 1.E+3 1.E+7
4L Dy-165 1.E+3 1.E+6
Gd-145 1L.E+1 1LE+5 Dy-166 1.E+3 1L.E+6
Gd-146+ 1.E+1 1.E+6 X

Gd-147 1.E+1 1. E+6 Ho-155 1.E+2 1.E+6
Gd-148 LE+1 1.E+4 Ho-157 1.E+2 1LE+6
Gd-140 1.E+2 1.E+6 Ho-159 1.E+2 1.E+6
Gd-151 1.E+2 1.E+7 Ho-161 1.E+2 1.E+7
Gd-152 1.E+1 1.E+4 Ho-162 1.E+2 1.E+7
Gd-153 1LE+2 1.E+7 Ho-162m 1.E+1 1LE+6
Gd-159 1LE+3 1.E+6 Ho-164 1.E+3 1.E+6
&, Ho-164m 1.E+3 1.E+7
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Ho-166 1E+3 1.E+5 Lu-173 1.E+2 1 E+7
Ho-166m 1.E+1 1.E+6 Lu-174 1.E+2 1 E+7
Ho-167 1. E+2 1.E+6 Lu-174m 1.E+2 1 E+7
45 Lu-176 1.E+2 1 E+6
Er-161 1.E+1 1.E+6 Lu-176m 1.E+3 1E+6
Er-165 1E+3 1.E+7 Lu-177 1.E+3 1E+7
Er-160 1E+4 1.E+7 Lu-177m 1.E+1 1E+6
Er-171 1 E+2 1.E+6 Lu-178 1.E+2 1E+5
Er-172 1E+2 1.E+6 Lu-178m 1.E+1 1E+5
i Lu-170 1.E+3 1E+6
Tm-162 1.E+1 1.E+5 %

Tm-166 1.E+1 1.E+6 HE-170 1.E+2 1E+6
Tm-167 1.E+2 1.E+6 HEf-172+ 1.E+1 1E+6
Tm-170 1E+3 1.E+5 Hf-173 1.E+2 1E+6
Tm-171 1 E+4 1. E+8 Hf-175 1.E+2 1E+6
Tm-172 1. E+2 1.E+6 Hf-177m 1.E+1 1 E+5
Tm-173 1. E+2 1.E+6 Hf-178m 1.E+1 1E+6
Tm-175 1 E+1 1.E+6 Hf-17%m 1.E+1 1E+6
& Hf-180m 1.E+1 1E+6
T h-162 1. E+2 1.E+7 Hf-131 1.E+1 1E+6
Y h-166 1. E+2 1.E=7 Hf-182 1.E+2 1 E+6
Y h-167 1. E+2 1.E+6 Hf-182m 1.E+1 1 E+6
T h-160 1.E+2 1.E+7 Hf-133 1.E+1 1E+6
Y h-175 1E+3 1.E+7 Hf-134 1.E+2 1E+6
Y h-177 1. E+2 1.E+5 £

¥h-178 1E+3 1.E+6 Ta-172 1.E+1 1E+6
F Ta-173 1.E+1 1E+6
Lu-160 1E+1 1.E+6 Ta-174 1.E+1 1E+6
Lu-170 1E+1 1.E+6 Ta-175 1.E+1 1E+5
Lu-171 1.E+1 1.E+6 Ta-176 1.E+1 1E+6
Lu-172 1.E+1 1.E+6 Ta-177 1.E+2 1 E+7
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Ta-178 1.E+1 1LE+6 Re-187 1.E+6 1 E+9
Ta-179 1.E+3 1 E+7 Re-188 1.E+2 1E+5
Ta-180 1.E+1 1LE+6 Re-188m 1.E+2 1 E+7
Ta-180m 1.E+3 1E+7 Re-180+ 1.E+2 1 E+6
Ta-182 1.E+1 1.E+4 55
Ta-182m 1.E+2 1LE+6 0s-180 1.E+2 1 E+7
Ta-183 1.E+2 1.E+6 0s-181 1.E+1 1E+6
Ta-184 1.E+1 1.E+6 0s-182 1.E+2 1E+6
Ta-185 1. E+2 1.E+5 0s-185 1 E+1 1 E+6
Ta-186 1.E+1 1LE+5 0s-18%m 1 E+4 1 E+7
35 0s-191 1.E+2 1 E+7
W-176 1.E+2 1.E+6 0s-191m 1 E+3 1 E+7
W-177 1.E+1 1LE+6 0s-193 1.E+2 1 E+6
W-178+ 1.E+1 1.E+6 0s-194+ 1 E+2 1 E+5
W-179 1.E+2 1.E+7 ik
W-181 1.E+3 1 E+7 Ir-182 1.E+1 1E+5
W-185 1.E+4 1.E+7 Ir-184 1.E+1 1 E+6
W-187 1.E+2 1.E+6 Ir-185 1. E+1 1 E+6
W-188+ 1.E+2 1.E+5 Ir-186 1. E+1 1 E+6
& (15.8 )

Re-177 1.E+1 1E+6 Ir-186 1. E+1 1 E+6
Re-178 1E+1 1LE+6 (1.75 &)

Re-181 1.E+1 1E+6 Ir-187 1.E+2 1 E+6
Re-182 1.E+1 1E+6 Ir-188 1.E+1 1 E+6
(64 &) Ir-180+ 1.E+2 1LE+7
Re-182 1.E+1 1LE+6 Ir-190 1.E+1 1 E+6
(12.7 &5) Ir-120m 1.E+1 1E+6
Re-184 1.E+1 1.E+6 (3.1 85)

Re-184m 1.E+2 1.E+6 Ir-190m 1 E+4 1 E+7
Re-186 1.E+3 1LE+6 (1.2 8%)

Re-186m 1.E+3 1 E+7 Ir-192 1.E+1 1E+4
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Ir-192m 1.E+2 1.E+7 Hg-194+ 1.E+1 1E+6
Ir-193m 1E+4 1.E+7 Hg-195 1.E+2 1E+6
Ir-194 1 E+2 1.E+5 Hg-195m+(# #)|1.E+2 1E+6
Ir-194m 1.E+1 1.E+6 Hg-195m+( & %) |1 E+2 1E+6
Ir-195 1.E+2 1.E+6 Hg-197 1.E+2 1.E+7
Ir-195m 1.E+2 1.E+6 Hg-197Tm(# #) [1.E+2 1E+6
46 He-197m( & #) |1.E+2 1 E+6
Pt-186 1.E+1 1.E+6 Hg-199m 1.E+2 1E+6
Pt-188+ 1.E+1 1.E+6 Hg-203 1.E+2 1E+5
Pt-180 1. E+2 1.E+6 122

Pt-191 1.E+2 1.E+6 T1-104 1.E+1 1E+6
Pt-103 1.E+4 1E+7 Ti-194m 1E+1 1E+6
Pt-103m 1.E+3 1E+7 TI-195 1E+1 1E+6
Pt-195m 1.E+2 1E+6 TI-197 1E+2 1 E+6
Pt-197 1E+3 1E+6 TI-198 1 E+1 1 E+6
Pt-197m 1.E+2 1.E+6 TI1-198m 1.E+1 1E+6
Pt-199 1.E+2 1.E+6 T1-199 1.E+2 1E+6
Pt-200 1.E+2 1.E+6 T1-200 1.E+1 1E+6
iy T1-201 1.E+2 1E+6
An-193 1.E+2 1.E+7 T-202 1.E+2 1E+6
Au-194 1.E+1 1.E+6 T1-204 1.E+4 1E+4
An-195 1 E+2 1.E+7 £5

Au-198 1.E+2 1.E+6 Pb-195m 1.E+1 1E+6
Au-198m 1.E+1 1.E+6 Pb-108 1.E+2 1E+6
Au-190 1.E+2 1.E+6 Pb-100 1.E+1 1E+6
Au-200 1.E+2 1.E+5 Pb-200 1.E+2 1E+6
Au-200m 1.E+1 1.E+6 Pb-201 1.E+1 1E+6
Au-201 1.E+2 1.E+6 Pb-202 1.E+3 1E+6
e Pb-202m 1.E+1 1E+6
Hg-103 1.E+2 1E+6 Pb-203 1.E+2 1E+6
Hg-193m 1.E+1 1E+6 Pb-205 1.E+4 1E+7
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Pb-209 1E+5 1.E+6 Fr-223 1 E+2 1E+6
Pb-210+ 1 E+1 1.E+4 5

Pb-211 1.E+2 1.E+6 Rn-220+ 1 E+4 1E+7
Pb-212+ 1 E+1 1.E+5 Rn-222+ 1 E+1 1E+8
Pb-214 1.E+2 1.E<6 5&

5 Ra-223+ 1 E+2 1E+5
Bi-200 1E+1 1.E+6 Ra-204+ 1 E+1 1E+5
Bi-201 1E+1 1.E+6 Ra-225 1 E+2 1E+5
Bi-202 1E+1 1.E+6 Ra-226+ 1 E+1 1 E+4
Bi-203 1E+1 1.E+6 Ra-227 1 E+2 1E+6
Bi-205 1E+1 1.E+6 Ra-228+ 1 E+1 1E+5
Bi-206 1E+1 1.E+5 il

Bi-207 1E+1 1.E+6 Ac-224 1 E+2 1E+6
Bi-210 1E+3 1.E+6 Ac-225+ 1 E+1 1 E+4
Bi-210m+ 1E+1 1.E+5 Ac-226 1 E+2 1E+5
Bi-212+ 1E+1 1.E+5 Ac-227+ 1.E-1 1 E+3
Bi-213 1E+2 1.E+6 Ac-228 1 E+1 1E+6
Bi-214 1E+1 1.E+5 5t

5 Th-226+ 1 E+3 1E+7
Po-203 1E+1 1.E+6 Th-227 1 E+1 1 E-+4
Po-205 1 E+1 1.E+6 Th-228+ 1 E+0 1E+4
Po-206 1 E+1 1.E+6 Th-220+ 1 E+0 1E+3
Po-207 1E+1 1.E+6 Th-230 1 E+0 1E+4
Po-208 1E+1 1.E+4 Th-231 1 E+3 1E+7
Po-200 1E+1 1.E+4 Th-232 1 E+1 1 E+4
Po-210 1 E+1] 1.E+4 Th- % # 1 E+0 1E+3
% Th-234+ 1 E+3 1 E+5
At-207 1E+1 1.E+6 it

At211 1E+3 1.E+7 Pa-227 1 E+3 1E+6
& Pa-228 1.E+1 1E+6
Fr-222 1.E+3 1.E+5 Pa-230 1 E+1 1E+6
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Pa-231 1.E+0 1.E+3 e

Pa-232 1.E+1 1.E+6 Pu-234 1.E+2 1.E+7
Pa-233 1.E+2 1.E+7 Pu-235 1.E+2 1.E+7
Pa-234 1.E+1 1.E+6 Pu-236 1.E+1 1E+4
5 Pu-237 1.E+3 1.E+7
1-230+ 1.E+1 1.E+5 Pu-238 1.E+0 1E+4
7-231 1.E+2 1.E+7 Pu-230 1.E+0 1.E+4
U-232+ 1.E+0 1.E+3 Pu-240 1.E+0 1.E+3
1U-233 1.E+1 1.E+4 Pu-241 1.E+2 1.E+5
1U-234 1.E+1 1.E+4 Pu-242 1.E+0 1E+4
U-235+ 1.E+1 1.E+4 Pu-243 1.E+3 1.E+7
1J-236 1.E+1 1.E+4 Pu-244 1.E+0 1E+4
1U-237 1.E+2 1.E+6 Pu-245 1.E+2 1E+6G
1J-238= 1.E+1 1.E+4 Pu-246 1.E+2 1.E+6G
- 1.E+0 1.E+3 i

1-2390 1.E+2 1.E+6 Am-237 1.E+2 1.E+G
17-240 1.E+3 1.E+7 Am-238 1.E+1 1.E+G
-240+ 1.E+1 1.E+6 Am-230 1.E+2 1.E+6
= Am-240 1.E+1 1.E+6
Np-232 1.E+1 1.E+6 Am-241 1.E+0 1E+4
Np-233 1.E+2 1.E+7 Am-242 1.E+3 1E+6
Np-234 1.E+1 1.E+6 Am-24m+ 1.E+0 1E+4
Np-233 1.E+3 1.E+7 Am-243+ 1.E+0 1E+3
Np-236 1.E+2 1.E+5 Am-244 1.E+1 1E+6
(1.15E+5 J8) Am-244m 1.E+4 1.E+7
Np-236 1.E+3 1.E+7 Am-245 1.E+3 1.E+6
(225 i) Am-246 1 E+1 1E+5
Np-237+ 1.E+0 1.E+3 Am-246m 1.E+1 1.E+6
Np-238 1E+2 1E+6 .

Np-239 1.E+2 1.E+7 Cm-238 1.E+2 1.E+7
Np-240 1.E+1 1.E+6 Cm-240 1.E+2 1.E+5
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Cm-241 1.E+2 1.E+6 Es-254m 1.E+2 1.E+6
Cm-242 1.E+2 1.E+5 i

Cm-243 1.E+0 1.E+4 Fm-252 1.E+3 1.E+6
Cm-244 1.E+1 1.E+4 Fm-253 1.E+2 1.E+6
Cm-245 1.E+0 1.E+3 Fm-254 1.E+4 1.E+7
Cm-246 1.E+0 1.E+3 Fm-255 1.E+3 1.E+6
Cm-247 1.E+0 1.E+4 Fm-257 1.E+1 1.E+5
Cm-248 1.E+0 1.E+3 !

Cm-240 1.E+3 1.E+6 Md-257 1.E+2 1.E+7
Cm-250 1.E-1 1.E+3 Md-258 1.E+2 1.E+5

#k B B2 B |1 E-1 1E+3
Bk-245 1.E+2 1.E+6 MEE(E )

Bk-246 1.E+1 1LE+6 w]AAAP T HMHEEHZBETE
Bk-247 1.E+0 1.E+4 RN R YR AR
Bk-240 1.E+3 1L.E+6 IV S ERF-F

Bk-250 1.E+1 1.E+6 B2 ARPHAETERT T+, L TR
$t BoE KA ERTHAN T
Cf-244 1.E+4 1.E+7 W ko FRAT] - T AR AR
C£-246 1.E+3 1 E+6 SRS FEREREE M
Cf-248 1.E+1 1.E+4 ¥oHFT A -

C£-249 1.E+0 1.E+3

C£-250 1.E+1 1.E+4

Cf251 1.E+0 1.E+3

Cf252 1.E+1 1.E+4

Cf253 1.E+2 1.E+5

Cf254 1.E+0 1.E+3

&

Es-250 1.E+2 1.E+6

Es-251 1.E+2 1.E+7

Es-253 1.E+2 1.E+5

Es-254 1.E+1 1.E+4
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