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Post Irradiation Examination of JOY0O MK-I Blanket Fuel
(NFJI11, NFJO4K, NFJO64, and NFJOSL)

- Destructive Examination of Fuel Elements -

T. Namekawa*, K. Yoshikawa*, K. Inoue*¥*,
Y. Kondo*, K. Usui*, Y. Tani¥,
S. Nagai* and S. Yamanouchi*

Abstract

The JOYO MK-I blanket fuel subassemblies; NFJI11, NFJO4K,
NFJ064, and NFJOSL were irradiated in the core location of
5D1, 6b1, 7D1, and 8D1 respectively. One of four subasse-
mblies NFJI11 was irradiated from the 50MW 1st cycle to the
end cycle of MK-I core, and the others from the 50MW low
power test to the end cycle.

One or two fuel pins were selected from each subassembly
and the destructive post irradiation examinations that were
metallographic examination and burnup measurement, were per-
formed in AGF.

The foilowing results were obtained;

(1) Fuel restructurings were not found for all subassemblies
under microstructure observation.

(2) FCCI was not observed for all subassemblies.

(3) Axial distribution of normalized measured burnups had

a good agreement with calculated profile by JYHIST code

for all subassemblies.

(4) Radial distribution curve of measured burnups toward

the core center had more gentle slope than the calculat-

ed one.

(5) Plutonium content which was generated by the neutron
capture of U-238, varied with burnup, and the distri-
bution curve had more gentle slope than the burnup

curve.,

* Alpha-Gamma Section, Fuel and Materials Division, O-arai
Engineering Center, PNC

** Quality Control Section, Plutonium Fuel Division, Tokai
Works, PNC
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Table 1—1

Fabrication parameters of NFJI11, NF JO4K,

NFJO64, and NFJO5SL blanket pin

Blanket fuel

Pellet diameter (mm)

13.6

Pellet length (mm)

20

Composition

Depleted UOQO:

0/U ratio 2.00~202
Pellet density (% T.D) 940
Cladding
Material SUS316
Quter/inner diameter (mm) 150138
NEJOL 5988 NEJGLK: 5933

Pin length (mm) 1915
Pin outer diameter (mm) 150
Blanket fuel stack length (mm) 1400
Fuel ~Cladding dia, gap (mm) 0.1
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Table 2-1 Irradiation condition of NFJI11, NFJO4K,
NFJ0O64, and NFJO5L subassembly

Irradiation Max. Linear" Burnup ¥
AN L tio
S/A e ocation cycle Heat Rate{EOQOL) MWD /MTM
W/ cm

NFJI11 D1 5 0(1)~ 17 51{6) 108 1890
NFJO4K 6DI1 5 0{0)~ 7 5(6) 45 981
NFJO64 TD1 5 0{0}~ 7 5(6) 22 486
NFJOS5L 8§D1 5 0(0)~ 7 51{6) 10 225

*# Calculated by JYHIST code ( at a axial cente point

of a center pin)
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NFJOSL subassembly in JOYO MK-I core
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core center

Location S5/A ]g'-‘ficgmNiunated
5D1 | NFJI1ll 5710
6D1 | NFJO4K ggig
7D1 | NFJOG64 ggig
8D1 | NFJOS5L Ziig

Fig. 1-2 Examinated pins of NFJI11, NFJO4K, NFJO64,
and NFJObL subassembly
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Photo, —1 Postirradiation ceramography of JOYO MK-—1
blanket fuel, NFJI11
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1Imm

Photo, — 2 Postirradiation ceramography of JOYO MK-—1
blanket fuel , NFJO4K
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etched o

Photo. —3 Postirradiation ceramography of JOYO MK-1
blanket fuel , NFJO064
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etched .

Photo, —4 Postirradiation ceramography of JOYO MK-—1
blanket fuel, NFJOS5L
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Table, 3—1  Summary of burnup measurement of NFJI11, NFJO4K,
NFJO64, and NFJO5L

- Samp) ing ¥ Pu content .Burnuplatomg)
in M| S le Mo
S/A Mo | Pin ampTe M| position (mm) | (atom@yka %3 ¥4
Calculated Measured
571022 407.0~412.0 0566 0.074 0.086
NFJIilt1l 5710 571043 656.5~661.5 0.808 0.138 0.174
571062 968.0~973.0 0.551 0.072 0.091
581022 50.0~ 55.0 0.114 0.004 0.005
581042 420.5~425.0 0.463 0.049 0.045
5810 581063 670.0~675.0 0611 0.081 0.077
NF JO4K
581082 980.5~885.0 0.426 0.041 0.040
5810A2 1345.5~1350.0 0.090 0.002 0.004
5819 581923 670.0~6750 0.724 0.136 0.106
561022 407.5~4125 0.298 0.021 0019
5610 561043 657.0~662.0 0.431 00386 00353
NFJO64
561062 967.0~072.0 , 0.306 0.021 0.021
5619 561923 657.0~662.0 0527 0055 0.046
541022 407.0~412.0 0.195 0.009 0.010
5410 541043 656.5~661.5 0.279 0.015 0.016
NFJOSL
541062 968.0~973.0 0.192 0.009 0.010
h419 541023 657.0~662.0 0.338 0.020 0.022

*1 Distance from fuel bottom

*2  Pu/(Pu+U)x100

*3 Measured by Nd—148 monitor method

*#4 Calculated by JYHIST code{ corrected)

— 28—
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Table. 3—2 Calculation of effective fission vield

for blanket fuel {examplie)

c Hd—14B ey~ 14€& Md=-145
Compositicn|Fizslon _
Hucl1ds | CAtom Crozs
Fraction) Cectign IF1EstonfFractionz|FizsztonfractionalFisstonfractional
(EF 3 (CSy Yield Figsion|Vielid Fizzion | Yield Fizzion
: b (Fva % Yield} (FVY X ¥ield [CFY) % Yleid
1) 23 23 22
1 —233 G . QB0 8GR - i_14 - 3.2d - 4.10 -
' 1 2 22 23
U —-234 . GRARGY - 1._44 - 3.88 - 4. B0 -
1} <2 EY 47
I —235 B.B81B32 2.171 i1.6% o, 183 Z.94 g. 121 2. 78 g.244
1} 22 23 27
u =z3ie 5. o0dds ] B. B35 1.21 e, apa Z.Ee . BaE 377 B.2943
13 ) ch) 2
U —-2ae p.3p%3887 B2 2.688 1,383 3.40 2.287 3.5h 2.35+4
1) 22 22 22
Fu—238 B.onaEEE ] - 1.76 - 2.749 - 3.24 -
' 13 3 3 33
Pu—-233 B.oRzALE 2.E27 1.E5 &, 432 2.6 3, 644 .81 B.7&S
11 27 23 272
Pu—-245 B, @0dEq ] B.a22 1.84 o, 8681 £.83 g. Bl .34 Sy
13 27 21 22
Pu—241 B, BREE RS 2.861 1.94 B. na 3.8 . pag .52 g. 500
11 22 22 22
Pu—242 B, B0GEE B G.2v3a 2. a4 o, apa 3.14 d. BAE 3.78 B. 08
Effective Fizgion Vield
. 1.54 .12 T, 38
74

MHotejFractional FY=(AFXCCSX(FY X S CRF2(CS)
Effective FY=Z (Fractional FY2
13EMART code
23TRG-2143-R
3XICP-16%58-~1
4 YAERE-R-8752
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Table. 3—3
2 3 4.3914E+18
AZ42 ;3  T.96P4E+17
ASH §  T.174GE+15
C42-58 | 4, 524980
C45-58 ; 1,472156
C45/568 §  S.656536
C4E,58 ; 1.821325
4253 §  &,DES92T
54550 8. 084338
S4E/58 3 B.QO9122
48568 53 B.80704¢
4% 3 @.014108
53 ¢ 0.060451
S83 ;  B.065410
%2 7  ©8.8813@9
62 ; @, 013698
812 1 B.0080559

Input data to burnup calculation code

U233 in zpike Catoms ml)
Puz42 in spike <atonz-ml)
Hd1S8 in spike (atomz- ml)

Hd142-Hd1S8 of natural Hd
Hd145/Hd 156
Hdldse Hd150
Hdi4&8-Hd1589

Nd142/Hd156 of =zpike
Hdi45-Hd156
Hdi4& HD1TH
Hd1dg- Hd15m

H224-U232 of zpike
Uzas-uzas
U2z U223

Fu222a-Pu242 of zpike

Fuzd4a- -Fuz4z
Fuz4il Pu24z

( common)
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Table. 3—4—1 Result of isotope analysis and burnup
calculation for NFJI11 571022 sample

S/A HO.(FARED
SANPLE NO,

we we

MFJI1l1 FIM MG.(FIEY y 5718
Srig2z SAMPLE POSITION ; 487.0%412.89 (mals

VOLUNE RATIO OF SPIKE SOLMTIOM TO SAMPLE SOLUTION : 6.235

]

ISOTOPIC RATIN OF U, Pu.Hd IH (=2SAMPLE AMD (bYSAMPLE-SPIKE MIXTURE ;

[ U233-,2381 [ UZ34-2331 [ U23S5-232] [ U22E-2381
g9, 95065049 B.09a593 ,.8601915 g, 069851 —-{a

B.907313 B, 30968895 6.8991221 g, 868858 —-(b>
[Pu232-,2391 [(Pu248-239] [Fu241-2391 [PuL242-239]
8. 8980534 8.387215 B.E965324 G, 908058 -(a)
o, 398534 B.814548 B. 96252 G.248961 —-(b?
[Hd142-158]1 [HI143-158] [Md144-1583 [Md145-158] [Hdi4£-150] [Md142-1501]
8, Ga00ea 3.8777e3 3.738374 2.026736 2778275 1.694338 =(al
B, 890080 1.741240 1.5840359 t.381227 1.,248535 B.7e6¥74 ~-<b>

IZQTOPIC COMPOSITION OF M, Pu,Hd IH SARPLE {(atomi)

L uUzszl £ U2za1l [ uz331] L Uz3s1 [ U238l
2. 3569 @.868s @.1211 B.0ES1 93,3020

[Pu238] LPu2391 [Pu246] [Fu241] [Pu2421
a8,89%54 9%, 26549 d.7262 B.0034 g,8a080

[Hd1423 [Hd14321] [Hd144] CHd145] [Hd1451] [Hd1423 [Hd1361]
g.pE98 23.8933 23,3585 19,8235 17.1228 19.4424 6.1829

PFu COMNTEHT (atom¥)~CwsightX) ;7 8,568 » 6,388

MUMEER OF TOTAL HEAYY ELEMEMT <atoms<sampled 1.4728E+22

CHd143] [Hd145] [Hd145]
MUMEBER OF HMd HUCLIDE {atomnsz-zample? ;0 2.4916E+17  4,E814E+17  4.469IE+1T

EFFECTIYE FISSION YIELD 7y 1.9FE-@2 3.13E-12 3.42E-82

HUMBER OF FISSIOHNS (fizsionz zanpled#s; 1.2648E+19 1.2583E+1% 1.30709E+19

EURMUP catomi># HE P 5 =1 B8.9385 9.32%
SFPECIFIC BURNHUP CHWD-<MTHM> ## H -1 FR3 7oz

MOTE 3 # Disztancs from fusl bottom( DFFB 2
#% FISSIONS=HUMBER OF MJ- EFFECTIVE FISSION YIELD
# PBURMUP=108=FISSIONS-¢TOTAL HEAYY ELEMENT+FISSIONS)
## 1.12 atomX B.U=10953 MWD-sMTM B.U
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Table. 3—4—2 Result of isotope analysis and burnup calculation
for NFJI11 571043 sample
S<A HO.CFAEY ; HMFIILL PIM HO.<{FIE) ;. 5718
SAMFLE Hi. P STi843 SAMPLE POSITION § £S5.54861.5 (mm)#

VOLUME RATIO OF SPIKE SOLUTIOW TO SAMPLE SOLUTIAH 3

ISOTOPIC RATIO OF U, Pu,Md TH {arSAMPLE AME (b»SAMPLE-SPIKE HMIKTURE ;

B.2398

$

[ U233-,238] [ U234-.232] [ V2332381 [ U235-2381
B, daaaus H.aaaaay d.081371 8, 990862 -<a?
9. 886397 G.EB8094 0, 8815328 H.988968 ~ib2

[Fu228-229]1 [Pu24B-229]1 [PuZ41-2291 [Fu2d42-.23%]
B.0a511a B, 302355 g, 8988357 0, 308888 -{ad
B.Ba0114 §.3ilogs O, 8881355 @, 13583231 -(b>

[Hd142-158] [Hd143-156] [HMd144-158] [HA145-158] [Hdlde-15R]1 [H4d143-1383

Q, Badaag
@, 089596

3. 770020
2.4375%8

4, 218524
2, 492294

2.923032
i,7283881 1

IS0TOPIC COMPOSITION OF W, Pu,Hd IN SAMPLE (atemX)

[ U233] [ uzz4] [ 02351 [ Uzzeld € uzssl

Q. 0908 8,808y @. 1257 8,89082 23,5054

[Fuz238] [Pu2zsl [Puz4d] [Fuz241] [Puz4azl

@.81489 99.183% 8.3215 g, BAzT7 8. 0ea3

[Hdl421] [Hd142] [Hd1441] [Hd1431] [Hd14E1]

B, 000 22,2048 2&e.3112 17. 7671 15,9728
Pu EOHTEHT fatomXd-fuwsight¥) 3 B.388 -~ 6.812

HUHMEBER OF TOTAL HEAYY ELEMEHT (atoms-zampled 3

[Hd142]

: H
HUMEBER OF Hd HUCLIDE Catems-~sampls? i S.387YSE+L?

EFFECTIYE FISSIOM YIELD ;  l.94E-82

HUMBER OF FISSIOHS (fiszzions-ssamplslss;

2.719522

THITET

[Hd14%2]
?.8636

1.3843E+22

CEMdi4e]
8.6829E+17

3.12E-82

BURHUP tatom¥)# 7y B.174 B.173
SPECIFIC EURHUF (MHD-MTHM>## : 1558 1578
HOTE 3 # Disztance from fusl bottomd DFFE 2

¥% FISSIOHS=HUMEER OF HJ-EFFECTIME FISSION YIELD

# BURMUP=1A8+FISSIOHS-(TOTAL HEAYY ELEMENT+FISSIOMS)

## 1.12 atomX B.U=10809 MWI-MTH B.U

1.&7E757
1.877324 =C(bJ

=-(&

[Hd15a1]
5.5755

[Hd1431]
9,.5272E+1Y

)
[E]

QE-B2

2.8184E+12
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Table. 3—4-3 Result of

for NFJI11 571062 sample

isotope analysis and burnup calculation

SR HMO.IFRE)
SAMPLE HO.

HEJI11
SY1Hs82

PIMN HO.{PIE?
SAMPLE POSITIOH

. .
’ s
. .
H H

5718
S53. 8vaT 3,

B Cmmd#*

YOLUME RATIO OF SPIKE SOLUTIOH TO SAMFPLE SOLUTION

IS0TOFIC RATIO OF U,Pu,Md IH (arSAMPLE AND

2

8. 258

(E)SAMPLE~SPIKE HMIKTURE

1

[ U222-,2221 [ U234-.232) [ U235-222]1 [ U228-2881]
d. 209398 A, g9903132 9.831927 . BERA55 -<ar
@.283305 B, 096974 9.091925 9., 098854 —-<bi

(Pu232-,239] [Pyu240-,239] [PUZ241-230] [PuZd42-239]
G, aEavy B, 8867248 o, aRansd H,9088098 —Ca)
G,800877 B, @33335 g.908162 B,19414%5 —-(bo

[HE142-1591 [Md143-1501 [Mdl44-1

41561 [Hd145-1581
L 5 L u g T.B32905 F.898475 3, 855697 2
B, 9Raan 2.827319 1.2966739 1.561158%9 1

[SOTOPIC COMPOSITION OF U, Pu,Md IH SAMPLE tatomiy

[ Uz33] [ U234l [ Ugz31 [ V238l [ U238]

9.58024 B,8819 8. 1923 H.5855 - pcltltc

{Puz33l CPuZ39] TPu2481 [Puz411] [Pu242]

B.a8vs QUL 3220 H.8674 9.oE24 B, 09608

[Hd142] CHd142] [Hd144] [Hd145] [Hd14E]

9. 0080 23,9291 22.a839%2 13,8831 17.16487
Fu COMTENT catomxi<(weighty? 5  ©.931 ~ @.354

HUMEBER 0OF TOTRL HEAYY ELEMEHT <(atoms- sampls) 1

[Hd143]
HUMBER OF Hd MUCLIDE f{atoms-samplel y  3.3512E+1I7

EFFECTIVE FISSZION YIELD y  l.3FE-82

HUMBER OF FISSIOHS dfizzsionz-samplei®s] 1.7911E+19

BURHUP Catom=d#

.
H

SPECIFIC EBURHUF (HMWD-MTHI##

.
H

# Diztance from fusl bottemd{ DFFE >

LTHETEL
CA4FELE

[Hd142]
16,5442

L

1.3732E+22

[Hd1dE]
5.4616E+1V

3.18E-92

1.7175E+19

#% FISSI0OMS=HUMEER OF MJ-EFFECTIVE FISSIOW YIELD

BURHUP=180#F IS5 I0N3/(TOTAL HEAWY ELEMEMT+F
atoms B.U=160858 MMD-HTHM EB.U

#
## 1.12

ISSIOHSS

[Hdi4E-158] [Hd143-1352]

1.6388953 ~{a’
B.399335 -Cho

o !

Hd1561
5.2431

[Md145]
. @PSZE+LT

3. 42E-82

1.7825E+19
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Table, 3—5—1 Result of isotope analysis and burnup calculation
for NFJO4K 581022 sample

570 HO. CFAB?
SAMPLE MO.

HEJO4K PIN MO, C(PIE>
DE1922 SAMPLE POSITION

S318
SE.8%55.8 C(mmd#

-
TR

YOLUME RATIO OF SPIKE SOLUTIOHM TO SAMPLE SOLUTIOW ; ©.250

ISOTOPIC RATIO OF U,Pu,Md IH <a3SAMFLE AHD (bYSAMFLE~SPIKE MIXTURE ;

[ UE233-,238]1 [ w234-.238]1 [ uU233-2381 [ U23&- 2357

9. BA8005 B.A6A017 B, 0902821 . 980847 -(ad
B.887RL4 9. 98a0:29 4. 081329 g.agae42 ~b?
[PU222-2291 [Pu249-239] [Pu241-232]1 [Pu24z2-239]
., 088087 B, 3aTgts G, 090039 9,808818 -Cad
9. HEREaY B.913432 3.801409 1.1158418 —-C(b?
[Hd142-158] [HS143-,158] [HA144-1593 EHd145-1506] EMI142-150] [HA148-154]
o, 980860 S.434B22 4,752021 2.927858 2. 2T4TAE 1.94R362 ~<al
b r =g g g 2. 198862 B.2475182 8,.142718 A, tEse22 H.97630@ -1b>

[SOTOPIC COMPOSITION OF U,Fu,.Md IH SAMPLE (atomi?

[ U2331 [ Uz2341 [ Uz3s] [ uzssl L uz381]
2.0320 B.B917 B,2917 a.8647 99.791%
[Pu233] [RPU23%] {Fuz461] [PuzZ4l] EPu242]
8.00487 93, 2939 8,999 g.0839 B.001s5
[Hd1421] [Hd1421 [Hd1447 [Hd143] THd1481 CHd14i2] EHd138]
B, 8088 25.7273 23,2025 12.31%6 15,1871 . 5439 4.9185

Puy COMTENT C(atomX)«sCweight¥%y § A.114 » 8,113

WUMEER 0OF TOTAL HEAYY ELEMEHT Yatoms-sample) 3 1.SFQZE+22

[Hd143] [Hd14&1 [Hd145]
HUMEBER QOF Hd HUCLIRE catoms-<sample) : 1.3258E+15 2.3319E+18 2.5213E+1%8

EFFECTIVE FISSIOM VIELD 5 1.7BE-B2 2.94E-82 3. 54E-82

HUMEBER OF FISSIOMS (fizsionsssamplel#$; T.44TIE+I7 7.9216E+17 7,48%94E+17

EURHUP C(atomi)# HE - g - 1 ) B. 093 5. 885
SPECIFIC BURHUP CHHD-MTHY## H 42 435 13

NOTE ;3 # Diztance freoem fusl bottom{ DFFE
#% FISSI0OHS=HUMEER OF Md-EFFECTIVE FISSION YIELR
4 EBURHUFP=190%FISSIONS-(TOTAL HEAYY ELEMEHT+FISSIOMS?
##% 1,12 atomi B.U=199080 MWD<sMTH EB.U
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Table. 3—5—2 Result of isotope analysis and burnup calculation

for NFJO4K 581042 sample

240 HO.CFRE> | HFJO4K PIM MO.CPIED

HER=1-0 87
SAMPLE HO. 7 =E1e42 SAMPLE POSITION ; 4

426, 54425

Sl L) #

MOLURE RATIO OF SPIKE SOLUTICN TO SAMPLE SOLUTIOW 3 0 @.259

1Z0TOPIC RATIC OF U, Pu,Hd IH (xX5AMPLE RHD (brSAMPLE-SPIKE MIXT

URE 3

L w233-,2321 € U224-2381 [ UEZR5-2881 [ U236-238)

g, ORRaGa5 A.006812 9.891954 G.2080980 -{a
R, 887La2 B, 905337 B.801944 B.5008858 —(bo
[FUz233-,232) [Fu248-239] L[Puzdl- 239] [Puz42-239]
B, 398624 B,BEve49 0, 9003z B,Pp08804 -~ al
B, aER0za B, 918325 B, 998285 B,228321 =-Cb:
[HA142-158) [Hd143-1509) [Md144-150] [Hd143-133] [Nd148-1561 [(HA1423-155]
g, 884812 4.1276889 I.ETI2RES 3. 26 35" 2.824774 1.722839 —-{al
9. GHH856 1.2152%5 1.242139%9 0§, 34623 B, 243188 G.512124 —=<bo
IS0OTOPIC COMPOSITION OF W,Pu,Hd IH SAMPLE <atom=y j
[ U2331] [ Uz2341 [ U2E351 [ u23gl t U233l
B.B699 9.80912 3. 195G O. 8858 Q. TOVE
[Fu2321] [Puz22%] (PuZz4a] [FPuz41] [Fuzdz]
B.0828 99,2044 B.5999 B.8833 §.8064
[Hd142] CHd1421 (Hd1443 EMd145] [Hd14&] CHd1421 {Hd1S9]
B.3298 24,9974 22.18292 19,2334 17. 1857 18,4272 &, 8342
Fu COHTEHT Catom¥)~tweight®) ; S,483 » B,465
HUMEBER OF TOTAL HEAMY ELEMENT Jatomz<szamnplsl | 1. 59452E+22
CHd1481] [HAd1451] [Hd1451
HUMEER DF Md HUCLIDE (atoms-sample? H 1.3113E+17 2.,1397E+1I7 Z.48186E+17
EFFECTIVE FISSION YIELD i 1.29E-82 Z.B4E-B2 3.38E-82
HUMBER OF FISSIOHS rfizsionzrssamnpled®s; £,9351E+18 T7.0338E+H1S8 1a52E+12
BEURHUP < atom¥i# ;3 B.8485 8,648 G.848
SFECIFIC BURHUP <HWDB-MTH>&# . 451 487 41&

MOTE ; % Distance from fusl botrtom DFFE &
%% FISSIOMS=MUMBER OF MJ~-EFFECTIVE FISSION YWIELD
# RURHUP=102=FISSIONS-(TOTRL HEAYY ELEMEMT+FISEIONS)
## 1.12 atomX B.U=10999 MUD-MTH B.U



PNC-TN9410 85-137

Table. 3—5—3 Result of isotope analysis and burnup calculation

for NFJO4K 581063 sample

E/A HO.LFAED
SAMPLE MD.

HFJOIK PIM HO.CFIED y @ela
S81953 SAMPLE POSITION ; E7A.B%873.8 fmm>#*

auaw

YOLUME RATIO OF SPIKE SOLUTION T& SAMPLE SOLUTION ; w.2350

ISOTORILC RATIO OF U,Pu,HNd IM <a)SAMPLE AMD (bISAMPLE-~SPIKE MIATURE 3

[ U233-,2281 [ U224-,252]1 [ U2235-222] [ U238-2381]

8, B5aE59 B, 888010 B.891903 3.3REA5Y —{ad

B,8938849 2. 998963 H@.891%11 B,808853 ~I{b)
[PU238-232] [Pu24B-239]1 [PuZ4l-239]1 [Puz242,222]

9. 8E8833435 B, 893351 g, 090843 9, 008588 =(22

B, BaEa45 @,a10352 8. 9aR1os . 142883 -(bd

EHd142-159] [Md142-1591 CHd144-158] [HJ145-15681 [Hd146-159]1 [Hd142-15&]
. 290999 T.FA0228 L 254833 2.8925375 2.758381 1.82268% -<al
B.B09433 2.518881 1.35952z2 1.557778 1.29411% B, 252236 —(b>

ISOTORPIC COMPOSITION OF U,Pu,Hd IH SAHMPLE (atomxl

£ U2331 [ U2341 [ U233] L uzzel £ uzz21
9.088439 #.0018 B.13%9% B.a8937 99,3024

LFPu23g] [Pu22d] [Pu248] [FLu241] [Fuz421
B.8845 99,1148 B.8773 8, 5043 g, 8058

CHd1421 [Hd143] EMdL44] [Hd1431] [Hd14&] [Hd1421] [Hd1581
&, 8808 23,5498 25.55179 13,4628 16,4482 16,8912 S.9644

Pu COHTEMT (atomXi-twsightX) ¢ 8,511 ~» Q.&814

HUMBER QF TOTAL HERAYY ELEMEHT ¢atoms-ssampler ; 2.2117E+22

CH31431 [Md14&] [Hd1451]
MUMEER OF Hd MUCLIDE {atomz-zamplel 7 3.1722E+17  S.G13BE+17  5.FO1GE+LT

EFFECTIYE FISSIOHN YIELD y 1l.87E-B2 2.93E-82 - 3,35E-82

HUMEER OF FISSIONS {fizsionz-sampledss; 1.7881E+19 1,6224E+19 1.7912E+19

ELURHUP <atomi# 7 B.8Fv B.ave B.877¢

SZPECIFIC BURMUP CMUHD-/MTHI #4#

T
oF
=1
o
=
A
Vi1
o]
=J

MOTE ; % Diztance from fusl bottomd DFFE O
#% FISSIONS=HUMEER 0OF HJ~/EFFECTIVE FISSIOM YIELD
# PBURHMUP=1@9*FISSIOHMS (TOTAL HEAYY ELEMENT+FISSIONS)
## 1.12 atom® B.U=10988 MWD-HTH EB.U

—36—
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Table, 3—5—4

Result of

isotope analysis and burnup calcﬁlation
for NFJO4K 581082 sample

370 HO,CFABY | HFJO4K PIM HO.CFIED HER=1-3 8¢
SAMFLE HO. y S21es2 SAMPLE FOSITIOHW ; 920.S5S9E85.8 (mm)®
MOLUME RATIO OF SPIKE SQLUTICH T0 SAMPLE SOLUTIOH 5 &,259

Ca)SARFPLE AMD C(bISAMPLE-SPIKE RIXTUREE ;

ISOTOFIC RATID OF U,Pu,Nd IH

[ U233-,.238) [ U234 21 [ U235-23581 [ U238-238]
TRl nkafsle; G, B = B.EH1961 B, 908854 ~(al
9.,883224 9, B8aR55 SB.00R1344 B.a0eE4s -(hba
EPUCS?:C“QJ [Pu24D.-2%9] [PH741/23q] (Pu242-2391
0, QRREs A.0pez2s4 LBaga1e 5. 000988 —-Cal
9. @@BE-- a,00340% B.BBBIS? 9.22223V3 —ib2
EHA142-158] [HJ143-159] [Hd144-159] [Hd145-153] EHI148-1581 [Hd143-1581]
B.500990 4,844933 3.3551889 3.152542 2.281913 1.716541 —dan
0. Be8u9n 1.484390 1.5830395 1.691859 B.97185% @, 99287V3 ~(ba
ISOTQRIC COMPOSITION OF U, Py, Hd TH ZAMFLE (stomXy |
L U2231 [ U2341 L 4233513 [ uzzel [ Uz2331
g,90a88 9.80813 3. 1957 9, 9054 39,7371
[PuZ38] [Puz29] fRPuz4a] EPu2411] [Pu24z2]
B.3032 99, 2545 B.562432 . 3319 f.868%
[Hd142] [Hd143] {Hd144] [Hd143] [Hd1451 [Hdi43] [Hd15a]
B, 30648 24,4599 23. 26494 12,0241 16,9024 ig, 3535 . &,0348
Fu COMTEHT (atom¥Xi-sCwsight¥d 3 8,428 ~ B,.422
HUMEER F TOTAL HEAYY ELEMEHT fatoms~zamnpls) 5 2.1143E+22
CHd143] [Hdt451] [Nd145]
MUMBER OF Hd HUCLIDE (atams~-zampls) i 1.6188E+17 2,.6534E+17  2.98T8E+17
EFFECTIVE FISSION YIELD H 1.839€E-12 3.83E-82 3.39E-82

HUMBER OF FISSIONS (fizsionsssampler#sy S.5214E+18

EURHUP <(atomy)# ;7 B.048
SPECIFIC BURHUP CHMHUD-MTH## H 368

HOTE § # Diztancs bottom¢ DFFE >

#x FIS

from fusl

#4# 1,12 atom¥ B.U=10969 MWD/MWTH B.U

ZIOW3=HUMEER OF HNO~-EFFECTIYE FISSION YIELD
#  BURMUF=100xFISSI0ME-<TOTAL HEAYY ELEMENT+FISSIOHS?

g.20534E+18
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Table, 3—5—5 Result of isotope analysis and burnup calculation
for NFJO4K 5810A2 sample

A MO.C(FREY ; HFEJO4K FIH HDO.CPIED H)
MPLE MG, P OS3LBAZ SAMPLE FOSITION § 1

S
-
=

1
34

R

5.
SA

LSm1388.9 Cmmi¥

VOLUME RATIO OF SPIKE SOLUTIOH FO SAMPLE SOLUTION 3 6.256

ISOTOPIC RATIO OF U,Pu,Md IM CasSAMFLE AHD (b)SAMFLE-SFIKE MIXTURE ;

[ U233,2228] [ U234-,2387 [ U235-2381 [ U236-2381
(i [ T e ) A, 580011 . EEivFg 8. HORBZY —(al
A.Ba7aEs

g, Ba81at 9. 982018 9, 8806835 -(b>

[Fu233,239] [Pu248-239) [Pud4l-2321 [Pu242-22391

8, 080839 B.BE22ES 9, 0889335 A.060808 -Cal
i3, 38833 B. 323345 B, Ra23aF3 1,52233 ~(b>

[HA142-1533 [HdI42-1583 [Hd144-159] [H4145-150] [Hd146-15G]1 [Hdl42-13@1
S.911942 S.2Ea194 4.714839 2.25839%% Z.2e53140 1.923583 —~(a2
o]zl belt g g, 134855 B.131823 A.82336861 B.B3F24E H.83532389 -cb2

1SOVORIC COMPOSITION OF U, Pu,Md IN SAMPLE Catomi) ;

[ 2231 [ LE234] L uz3Es] [ u2zel L Uz2231] -
9. 8909 a.8811 B, 19293 8.9823 29.7974

[Pu238] CPu232] [PuzZ4al [Fuz411] EPu24z]
B.8833 FR.THE1 H, 2289 9.0835 B, 88048

[Hd1421 CHd143] THdi44] [Hd1431] [Hd145] CHd1421] [Md154]
9.83594 25,4723 23,4557 12,1398 15,2836 *.OFES 4.9759

Pu COMTENT fatomiisfwsight®) 5 B.8%3 - @,590

NUMEER OF TOTAL HEAYY ELEMEHT fatoms~sampled 3 1.4839E+E2

[Hd14a] [Hdi45] [Hd14351]
HUMBERE OF Nd MUCLIDE {atoms<samplel 1 9.,2252E+15 1.5V48E+1€6  1.TRIZE+1E
EFFECTIYE FISSION YIELD 7y 1.31E-92 3.81E-B2 3. 53E~62

HUMBER OF FISSIQHS (fizzion=-sample)#s; S.Q965E+IF  5.2320E+17F 5. P459E+LT

BURHUP (atamkd# ¢ B.9a4 . 084 B.804

SPECIFIC BURHUP CMED<FTHY## H 32 2z 32

HOTE § # Diztances from fusl bottomd DFFE D
#% FISSIOWS=MUMEER OF Hd4-EFFECTIVE FISSION YIELD
# EBURMUP=19Q%FISSIOHS-(TOTAL HEARWYY ELEMEHT+FISSIOHS
## 1.12 aton® E.U=18808 MND<MTH B.U
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Table., 3—5—6 Result of isotope analysis and burnup calculation
for NFJO4K 581923 sample

/R WO, CFRE) § HFJO4K PIH HO.(PIED H

H

a3
SAMFLE HO, ; SB19E3 SAMPLE POSITION | S7E,.@-EV3.8 (mmls

=

YOLUME RATIO OF SPIKE SOLUTION T9 SAMPLE SOLUTIOH ;3 0 B.2%8

ISOTOPIC RATIO OF L,Pu,Hd IM (=2SAMPLE AND <bXSAMPLE-SFPIKE WMIKTURE ;

[ UZ33-,222] [ U234-,.2321 [ UZB5-2321 [ U23s8-23221]
B, 885800 . 9aaE23 0. 581221 B.B8BEF] —-0ad
B.883922 G, 9098075 B.0019688 B, B060887T -Cb
CFRu238-,239] [PuzdB- 2321 [Pul4l-239]1 [(Puzd42-233]
(SRR L e 5 O, 009328 u DEBass B.B80A83 -Ja)
G, oeBE5a B.E11529 LOBa1E2 9, 143485 -Cb2
EMd142-155] [Hd143-159]1 [HA144-1561 [Hd14W21361 (Hd148.-1581 [Md142-1354]
g.0o088e - 2.73ESLA 30592851 2.231711 2.735872 1.89B7E3 ~0al
B.B1386% 2.&9b14u 2.820437 1.545n?“ 1.317417 B, 728813 ~<b?
[SOTOFPIC COMFOSITION OF U,Pu,Hd IH SAMPFLE <atomil ;
£ U233l L Uz34] [ 2351 E Uzzel [ u2zs1]
9.0008 B.8923 8. 13927 B.80871 Q9. 7ove
EFPu2331] [Pu2321] [PuzZail LFuz4il EPuz4zl
B.255@ 99,8456 g, 9429 B, a3s2 ppniclchc
EHd142] CHd14323 [Hd14<] {Hd143] [Hd145] [Hdt43] IN1=RR=1:0]
2.860a9 23,8688 22.%38) 15,7735 17,3937 g, 7337 B.3582
Fu COHTEMT (atomXi - (weightX: ; O.724 ~» B.FI7
HUMEER OF TOTHL HEAYY ELEMENT Catoms-szample? § 1.8711E+22
[Hd142] CHd14£] CHd145]

MUMBER OF Hd MUCLIDE catoms.samplsl 5 3.8658E+1TV 6.3485E+1? 5. B0E2E+I7

EFFECTIYE FISSION YIELD 1.85E-82 2.933E-82 3. 32E-82

-

HUMEER OF FISSIONS (fizzions-sampled®#; 1.9511E+19 Z.0TE3E+13 1.9930E+19

EURHUP (atonXl# 7 B.ipe 8. 169 . 187
SPECIFIC BURMHUFP (MMD-MTHI&# H Q44 X asz

HOTE ; % Distance from fusl bottom DFFE O
#% FISSIONS=HUMEER OF Hd-EFFECTIYE FISSION YIELD
# EBURHUF=193*FISSICH5-{TOTAL HERYY ELEMEMT+FISSIOQHS?
##% 1.12 atom¥ E,U=10899 MWD-MTHM B.U
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Table. 3—6—1 Result of isotope analysis and burnup calculation
for NFJO64 561022 sample

SR HOLCFREY § HFJOE4 FIMN MO.CFIED
SAMPLE MO. 7 Selezz SAMPLE POSITIOH

a1

15
} 497.54412,5 (mm)#

WOLUME RATIC OF SPIKE SOLUTIOHW TO SAMPLE SOLUTIQH ;3 6.254

ISOTOPIC RATIO OF W, Pu,Nd TH <a)SAMFLE AMD <b)SAMPLE-SPIKE MIXTURE ;

[ UEIHA233) [ HE34-238] [ UE35-.2381 [ U238e-2381]
9. 9886884 g, 9a0a0 ] 8, 081587 B.88E02F —Cad
Q.BBEC’Q B, B80873 B, 891931 9.998852 ~-{b)
[Fu23E 239) [Fu2d40.-232]1 [PUSSE-233] [PuZ42-2371]
9. 8938327 9.085472 8, 9Raez3 9. 8009008 =(a)
g aYnls Loy d. 0814518 8, 0221 3. 369694 —-(b2
[H3142-150] [MHd143-/15@] [HJI144<150] [HE145-1983 (Hd142-136]1 [Md1435-13587
B, Baeeeg 4. 4 TEEd 4, 2535992 T.3%0232 2.935351 1.789914 -(=)
5. 03080 8, 754327 §.7HIG17 B, 372328 9. TA1188 9.384433 ~dbo

1SQTOPTC COWFOSITION OF U,Pu,Md TH SRMPLE fatamis

[ Uz232] [ u2341 { uzas5] [ Uz23e61] [ U221
39,8809 9.@931 B,1983 9.,06837 99,7979
[PL233] EPu229] [Puz4a] [Puz<411l EPu2421
B.0837 S, 4498 B.5442 B,0023 A. 0898
CHd1421] CHA143] [HdLi44] [Hd1451] [HA1451] CHd14%31] [Nd1582]
B, H98n 29.68743 23.8225 12,2933 1e.5212 18.686810 5.95587V4

Py COHTEHT catomi) s Cusighti) 3 B,.2923 ~ 0,299

HUMEER OF TOTAL HEAYY ELEMEHT fatoms/sampls)r i 1.317FE+2Z

[Hdig2] CHd146] [Hd145]
HUMEBER OF Hd HUCLIDE <atomsssamplel ;7 S.4S8TFE+16  1.BF28E+I7  1.2285E+17

EFFECTIVE FISSION YIELD y l.S8FE-B2 3.04E-82 3.41E-82

HUMEER OF FISSIOHS (fizsions samplels%; 3.4528E+13 3.0282E+1% 3.602FE+1S

BURMUP fatoma# 5 B.81%9 3.819 B.3828
SFECIFIC EURMUP (HHI-MTHI#3# H 1vs 17z 177

HOTE ; # Distancs from fusl bottoms DFFE D
#% FISSIOQHS=NUMBER 0OF HJA-EFFECTIVE FISSIOH YIELD
# BURHUP=18Q@*FI3310HS-7TOTAL HEARYY ELEMENT+FISSIONS?
## 1,12 atom® B,U=190908 HWD-HTH B.U
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Table, 3-6—2 Result of isotope analysis and burnup calculation

for NFJO64 561043 sample

SR HOLCFABY ¢ HFJOSY FIH HO.¢PIEY : SE1D
SAMFLE HO. v SE1843 SAMPLE POSITIAOW ; &37.0%852.8 (mmd#
YOLUME RATIO OF SPIKE SOLUTION 70 SAMPLE SOLUTION ; &,2509

ISOTVOPIC RATIOD OF U,Pu,Md IM <a>SAMPLE AHD (bISAMPLE-SFIKE MISTURE §

[ UE33-,2381 [ U2340.2221 [ U235-.2281 [ U236-.2321
O, DEREaY Bomaanlz B.5a1232 B, 093849 -{ad
B, 082517 G, a0a113 G,881954 @, 088455 (b

(Pu225-239] (Pu248-232]1 EPu241-233]1 [Pu242-239]
B, BRaRdd B, 807101 e ssicla B B, 909088 ~{a)
o, Asesndd g, @1zaE% B, 086802568 B, 383230 —-<b?

[HI142-150] [HA143-159] fHI144-158] [Hd145-1581 [H4148-158] [Hdl43-150]
B, 309089 4,341512 4, 2523L7 3.318197 Z,990432 1. FPEFTR5E ~Cad
Q. Hagasg B.37aE34 B, 304348 B.5694271 5. 5335573 9,3373948 -cbo
120TOPIC COMPOSITIOW OF U,Pu,Md IM SAMPLE (atomi? 1§
L U232l L 2241 [ Uz351] [ U2z&d [ U2381
8. G88a B.86812 H.1943 9.0049 99,7991
[Fu232] CPu239] [Pu24@i [Fu24113 CPu242]
g, 6044 99,2888 8, 7e3a 9. 06848 a3, 3889
[Hd1421 [Hd1431 [Hd1443] [Hd1451] [Hd148] CHd145] [Hd15B]
0. Bk 24,5354 24.5170 123.7Ve83 15,4857 Q.395% S.6582
Pu COHTEMT Catom®> CwsightXd ; ©.431 < @.432
HUMEER OF TOTAL HERYY ELEMEHT (atomsz~samplsr ; 1.2821E+22
{Hdi42] EHd145] [Hd1451]
HUMEBER OF Md HUCLIDE C(atoms<zample) 7 T.982TFE+1e LIESEEHIT 1L AHBEEE+LY

EFFECTIYE FISSION YIELD 1.85E-82

2. 97E-82

HUMBER OF FISSIOHS <(fiszzicns-zamplelss; 4, 2FIFE+12  4.3961E+1S

BEURNHUP <atomid# y  B.823 €.0324 9. 834
SFECIFIC BURNUF cMHD-MTH) &4 H 237 feia i 3o5

HOTE ; # Distancs from fusl bottomd DFFER 2
#% FISSIOMS=HUMBER DF HJ-EFFECTIVE FISSIOH YIELD
#  BURNUP=18@:FISSIONS-(TOTAL HERVY ELEMEHMT+FISSIONEX
## 1.12 atom ER,U=19888 MWD-MTH EB.U
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Table, 3—6—3 Result of isotope analysis and burnup calculation
for NFJO64 561062 sample

SsA NO, (FABY § WFJOE4 PIM HO.(PIE>

1
SAMPLE HO. y Setlasz SAMPLE POSITION 7.0%272.8 (mmd%

YOLUME RATIO OF SPIKE SOLUTION TO SAMPLE SOLUTIOH ;3 8,258

o]

I13070PIC RATIO OF U,Fu,Nd IH Ca)SAMPLE AMD <bYSAMPLE-SPIKE MIXTURE ;

H

0 U233-238) [ U234-22327 [ L2235-.22281 [ U238-2383
g, 8560009 9.865612 B, 852373 §.088844 -{a)
B,888974 9, BBBGEET B.a02354 9.0880844 -ch)
(Pu235,239] [Pu248-2391 [Pu241-229] [(Fuz42.,2331
0. 098009 B.995248 B, 5086515 O,0080088 -Cad
8.0930a9 9. 918323 B, @08319 B.412FFD —Cba
[Hd142-158] [MI143-150] [Hd144-158] [Hd145-1561 [Hd146-1501 [Hd148-156]
B, BBE6a0 4,.575281 4, 322441 FeadBneR 2,397334 1.883483 ~0C&a0
G, 003080 B, 722578 B.681718 8. 043393 B, 479238 A.,291595 -ibl

IZOTORIC COMPOISETION OF U,Pu,Hd IH SAMPLE {atonk)

-a

{ vz2szl L U224 [ uz
B, 030 B.9912 9.2

[Pu232] [Pu2393 [Puz4B] [Fuz41] [PuL242]
9, 5aE3 FR. 4708 B.5224 9.0815 B, 5859

[Hd142] [HI142] [Hd1441] LHd145] CHd14&1 [Hd143] CMd15a]
a.064a8 25.2143 22.8182 19,8823 16,5154 3.9378 S.3194

Fuu COMTEMT Catam¥r~cwsighti) 3 B,.%85 ~»  6.3688

3

HUMEBER OF TOTAL HEAYY ELEMENT {atoms-samplsd 3 1,5328E+22

EHd1431 [Hd14&] [Hd1451]
NUMEBER OF HMd HUCLIDE (atoms.zample) 3 B.1168E+18  1.8133E+17 1.163%E+1T

EFFECTIYE FISSION YIELD

Iy
L]
=4
m
!
=
(53

3.83E-32 2.42E-B2

HUMEBER OF FISSIONS (fizsions-zamplsd®s; 2,2F09E+1S  2.3462E+18  Z2.40822E+13-

BURHUF caton¥)# T B.821 G.821 8,822
SPECIFIC BURHUP CMHD-MEMD ## H 124 152 192

HOTE ; # Distancs from fusl bottend DFFE O
#% FISSIONS=HMUMEBER 0OF MA/EFFECTIVE FISSIOH YIELD
#  BURHUP=109#FISSIONS-(TOTAL HERYY ELEMENT+FISSIONME?
B 1.12 atom® RB.U=16089 MHD-MTH B.U
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Table. 3—6—4 Result of isotope analysis and burnup calculation
for NFJO64 561923 sample

S HO.CFABY 5 HNFJOE4 FIN MO.<CPIE?

; 5619
SAMPLE HO.  ; Se1922 SAMPLE POSITION j £57.9%582.8 C(mud#

YOLUME RATIO OF SPIKE SOLUTIOHW TO SAMPLE SOLUTION § &5.239

ISOTOPIC RATIO OF U,Pu,Md IH ¢a)SAMPLE AND (bYSAMPLE-SPIKE MIXTURE

[ B233-,2331 [ U234-238) [ U235-2381 [ M236-23381]

s sl fuj=Tole] 9., 0eER20 B,881954 9.900885 —Cad
B, ARESED 9., 888539 a.8601961 B.8080872 ~<b>
(Pu238,239] [Fu24B-2391 [PU241-2391 [Puld42-239]
g, BURREE B.BE7E47 5. EEAZY 0.00860808 -(al
0. 399826 B.8919978 B, 080212 B.222676 —-(b>
[Hd142,1587 [MHd143-158) [Hd144-158) (H4145-1533 [Nd148-156] CHd148-1350]
. BEanea 4.2372e7 3.952541 3.25440c 2.282574 1.7452388 —{al
9,89609008 1.21582a 1.228595 1.0916733 g, 8393318 5. 548897 —<b?

ISOTOFIC COMPASITION OF U,Fu,Hd IH SAMPLE (atomid 3

L u23zl [ U2241 L Uzzsl [ L2381 L uzs3sl
B, 5808 0.0828 g. 1368 H.0966 29,7954

[Pu238] [Pu232] [FLz49] [Puz411] CPu2421
g9.86025 99,2156 8.vv33 B.8832 9.0808

CHd1423 CHd143] CHdi144] [Hd145] [Hd146] CHd14&1 [Hd1Z9]
3. 89998 24,8479 23.1782 13,0845 15.7383 16,2388 S.3641

Fiy COMTENT (atamXi-sC(weight®> § A.527 ~» 0,529

HUMBER OF TOTRL HEAYY ELEHMENT (atoms zampledr 3 1.57@SE+22

[Hd148] LHd1481 [Hd1451]
HNUMEBER OF Hd MUCLIDE <atomsssamplel P 1.4121E+17 2.3158E+17 Z.86203E+1T

EFFECTIVE FISSION YIELE ; 1l.@3ZE-B2 2.92E-82 3.34E-92

HUMBER OF FISSIONS ¢fizsionz- zauplel##; 7.T165E+18 7.9830E+13 7.2452E+18

BURHUP catomid# s H.B46 0. 047 @947
SPECIFIC BURMUP (MWID-MTH>#% H 412 422 4173

NOTE

it ol

# Distance from fuel bottomt IFFE 2

£% FISSIOHS=MHUMEBEER OF HJ-EFFECTIVE FISSIOMN WIELD

# PBURHUP=120%FISSI0HS~(TOTAL HEAYY ELEMEMT+FISSIONS)
## 1.12 atom: EB.U=10688 MHUD-MTH B.U
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Table. 3—7—1 Result of isotope analysis and burnup calculation
for NFJOSL 541022 sample

SoA MO, CFAB> MFJQSL FIW MO.CPIE)

; =
’
SHMPLE HO. 3 Sdlm2z SAMPLE POSITIOHN

1
F.8u412.8 (nmrs

YOLUME RATIO OF SPIKE SOLUTIOH TO SAMFLE SOLUTION §3  @.259

ISOTORPIC RATIO QF U, Pu,Hd IH C(a)SAMPLE AWMD {bXSANFLE-SFIKE MIMTURE ;

]

[ U233-228) € U2324-233] 0 2352321 [ U236-2321

B, Baan3a 9, BEPEES H.ER2E12 B.a09541 ~Ccal
B, 595442 B, 309853 H.902618 H.EEAE3S ~Cha
EPLUZ233-239] [Pu24B-233] [(PuI4i-2229] EFuzZ4z2.-239]
s sis b ) 9. Fa4359 @, 900522 9, 0E09E8 ~(ad
(s S5 H@.811465 &, 9ee329 B.585644 -Cb2
CHd142-150] [Hd143-159] (HA144-150]1 [Hd145-158] [(Hdi48-1583 [HH145-1501
g, GaREHEa 4. 838065 4, 3RISEE 3.928998 Z.9R4855 1.72E325 -dal
B.5312853 H, 4353339 9. 443339 A, 353254 H,3211994 S, 138872 —-<ba
ISOTOPIC COMPOSITION OF U,Pu,Hd IW SAMFLE C(atam®} j
L u233] £ uz3241 £ 23251 L Uz3el L U3zl
B, 8058 8. 086885 B.2902 B. 86841 39,7945
[Pu238] [Pu239] CPuZ4dl [Puz413 [Puz421
9., 08534 99,5415 0. 4539 a.en22 B, Baen
[HI142] CHd14321] [Hd1441] [Hd145] [Hd14&3 [Hd142] [Hd158]
9. 8908 24,7977 25,3751 13,3333 1. 854% 9.5828 S.2408
Pu COHTENT CatomX)<{ueight¥) 3 @,19%5% » 8,198
HUMEER DF TOTHL HEAYY ELEMEHT {(atoms<zampi=s) § 2.9232E+22
[Hd14337 [HA14E] EHd1451
HUMEBER QF Hd NUCLIDE Catoms- sanpls) : ZL.E112E+16 6.21083E+186 7.0SBIE+1E
EFFECTIYE FISSION YIELD sy 1.7?E-B2 2.92E-B2 3.43E-82

HUMEER OF FISSIOHS {fiszions-sanpler##; 2.08172E+18 2.0084E+13 2.9642E+18

BURMUP Catom?)#

L]
i)
—
L]
o
o
—
=
i)
[}
-
Al

SPECIFIC BURHMUP <HHDSMTH) ##

-e
o
0
i
o
=
—

HOTE &3 % Diztance from fusl bottomi DFFE D
#% FISSIOHS=HUMEBER OQF WJ-EFFECTIWE FISSIOH YIELD
# EBURHUP=1R8+#FISSIONS-<TOATAL HEAYY ELEMEHT+FISSIONS?
#4 1,12 atom® E.U=1009% MUD-MTH B.U
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Table., 3—7—2 Result of isotope analysis and burnup calculation
for NFJO5SL 541043 sample

&sA HO.CFAREZ

HF.TOSL PIHN MO.(FIEX HER-L
SAMPLE MO, £

41
S41843 SAMPLE POSITIONH ; £5&,3%881.5 tmnd#

s

VYOLUME RATIO 0OF SPIKE SOLUTIOW TO SAMFLE SOLUTION v B.238

ISOTOPIC RATIC OF W,Pu,Md IM (a)SAMFLE AHD ¢bISAMPLE-SFIKE MIWTURE |

£ U233-,2287 [ U234.2381 L U235/ 381 [ U236-238]
B, a0 g.aaaall L BE1335 B, 8968841 —-Ca
3.885188 9, BEe93t 9.962354 8, 8968849 - (k>

[PU23E5-222] [FPU248-23%31 [Pu241-232] [PuZ«s2- 239]
B, 9a3a11 5,933 B, 309841 0.09a508 —da
g.0e8811 B.A1E8385 3.5@6281 B,333145 -(b>

[HA142-156] [Hd143-150] [Hd144-1581 [HD145-15A1 [Hd145aluﬁ] EHd143-154]
5. R 4., 4285248 4,332828 F, 339154 2.925358 1. 759391 —-7an

B.0918974 B, 7354828 H.591293 B.551452 -.40-949 B.224721 —0bo

I1SGTOFIC COMPOSITION OF W, Pu,Hd IM SAMPLE {(atami) ;

E U 33 L Uz34] L 02331 L zzel U2
. 9ED v

] r 3
5 g,8011 B, 1931 9. 5841 49,79

Ty
=)

{PL23R] [Puz2%] [Fu249] (FPu2411 [FPuz421
F.8811 99,4076 9,.2273 B.08041 2, BE8E

[Hd1423 CHd143] [Hd1441 [Hd145] CHA1481 [Hd143] CHa1581]
B, Basa 25.854% 24,1847 12,6383 16,6547 L8753 S.5817

Pu COMTEHT f{atomi)~dwesight®d § ©.279 ~« @.281

HUMEER OF TOTAL HEAYY ELEMEMT C(atomz-sample) 3 2. 1520E+22

CHd145] CHd14e1] CHd143]
HUMEER OF Hd HUCLIDE catoms~sanplel 1 5. 1FPRE+1E  1,821€E+17 1,1994E+17

EFFECTIYE FISSIOH YIELD 1.7FE-82 2,8eE-82 3.33E~82

am

NUHBER OF FISSIONS <fizzions-sanpled##; 3,489%E+18 3.572Z0E+18 3,3436E+18

BURHUP CatomX)#

&
]
—
L}
D]
]
-
|
=
o
—-
-4

SPECIFIL BURHUP CHMMD-MTH:#4

-
o
n
-
fa
[x]
-
g
2

HOTE ; % Distance from fuel bottom( DFFE D
#% FISSINHS=HUMEBER OF HJ-EFFECTIYE FISSION YIELD
& DURHUP=100:FISSI0ONS-(TOTAL HEARYY ELEMEMT+FISSIONS)
## 1.12 atonk B.U=19998 MHD-<WTH EB.U
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Table, 3—7-3 Result of isotope analysis and burnup calculation
for NFJO5L 541062 sample

S/A HO. CFAEBD
SAMPLE MO,

HFJOSL PIM HD.(PIED ;
S418e2 SAMPFLE POSITION 3

e we

54189
FES, 8973, 8 nml®

YOLUME RATIO OF SFIKE SOLUTIOH TO SAMPLE SOLUTIOH ;3 8.259

ISOTORIC RATIO OF U.Pu,Hd IN <a3SAMFLE AND (brSAMFLE-~-SPIKE MIHTURE

£ U233-,22281 [ UE34-238]1 [ V23523381 [ U236-2381

B, 90008 B.098813 G, 8082093 B, 8EBEES -Cad
g, 894972 H.890059 B.801387 9, 80099233 (b
[PL238,239] [PUZ4@-237] [FPu24l-23%] (Pu24dl- 239)
B, 890867 - D.904455 . 0EEAST B, BEEHRE —Cal)
g, Ba0a67 B.a1a2e9 @, eEEsd] B, 483217V =d(b)
(Hd142-158]1 [HMA1432~,158]1 [Hd14 1 THd145-1583] [Hd14&-1568]1 [HA142-158]
B, Ba080D 4.719551 .2 1 3.494240 2. B77842 1.,224983 ~<za)
B, 8R5858 B.5237eT 9.4 9, 332988 8.237V4EE W, Zu29Es —db

ISOTOPIC COMPOSITION OF U,Pu,Hd IH SAMPLE <(atom%)

[ uzzel L uzzel

L Uzzzl [ Ug34] L uz2a1
1993 9., BE35 99,7953

o = 1 g B.8013 g,

[RPu23&] [Puz23%

2% fFuz4al [FPu241] [Puz4z}
G, 89087 T, 542

B, 4465 9. 0837 5. 0909

[Hd1421] [Hdi42] CHdl441] [Hd145] [Hd1461] [Hd145] [Hd156]
d. 3888 24,3379 EF. 2823 12,8203 15,3287 P, 4113 S.1571

Fu COMTEHT ¢atomilsfweight®) ; 8,192 » 8,133

s

HUMEER OF TOTHL HEAYY ELEMEHNT (atomz-szample) § Z2.2183E+22

3 .

[Ndigz] CHdl4&] [Hd143]
HUMBER OF Hd HUELIDE {atomsz-samnpled ; 2.9EITE+1E A B441E+16 TF.FTREE+1S

EFFECTIYE FISSION YIELD

s
]
0
m
1
=
34

2.22E-82 Z.43E-92

HUMEER OF FISSIOHS (fizzionmzssamplsld##; Z.2132E+18 2.2754E+12 2.2561E+18

BURHUP ¢atom’ii# y B.a18 B.5139 a,.619

SPECIFIC EBURHUP <HMHD-MTHI##

&2
Y]
L)
3]
]
&

HOUTE 3 # Distancs from fusl bottomd DFFE )
#% FISSIOHMS=HUMEER OF MJ-EFFECTIVE FISSIOH YIELD
# PBURHUP=s1RE+FISSIONS<CTOTAL HEAYY ELEMEMT+FISSIONSY
B# 1.12 atom¥ B.U=10688 MHD-MTHM E.U
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Table, 3—7-4 Result of isotope analysis and burnup calculation
for NFJOSLL 541923 sample

S-A HO.<FABY ; MNFJOSL PIM MO.(FIEZ HER-L 3 )
SAMFLE HOD. § 941923 SAMPLE POSITION | ES7.0%882.8 (mmi#

MOLUME RATIO OF SFIKE SOLUTION TO SAMPLE SOLUTION ; ©.259

ISO0TOPIZ RPATIO OF LU,Pu,Md IH <aySAMPLE AND (b SAMPLE-SPIKE MISTURE

L uas3z-.238]) ( U”34/=?8] [ u235-.2281 [ UE36-2321
B, B06R8 » BOBRG5 B, 831252 B.000044 —Cao
0., 365236 G.BHGJEE B.a819%4 f.a8093s —Cbd

(PuZ38-2321 [Pu240-229) [PU241,229] [FuZ42-23%]

. 0ueR1Y B.0B5322 B.3888355 g, 80008%9 —C(ad
§.000913 A,010145 9. B08249 B,231854 ~Cb)

[HA142-1593 [H3133-1501 [Hd144-1587 [(Hd145-158] [Hd145-158] EMd143-1581
H,385343 4, 58850 4,189289% 3. 442292 2,9371874 471 —al
9.3l 1e0s D, 305924 B,23ragie B.E3FFFR B.e11774 S WIC i

PSOTORIC COWPOSITION OF U, Pu,Md IH SAMPLE datomsd 3
[ U223 [ uz2z4al [ w233l L uzszel L uz2zs1
9. 9988 B.aB9s @, 1372 0.0944 23,7971
[Pu2381 [FPu2329] [PuZ4a] [Puz4i] [Pu24z]
G, 8914 F9,2544 B.6283 2.883535 [ap=siaic
[Md1421 [Hal142] “CHd144] [Hd145] [Hd14a] [HA142] [H4158]
B, 5298 25,4037 23,2345 19.132¢ 16,3841 19,817 Z.o7E5
Fuu COMTEMT <atomXd-fweightX) ; ©.3382 ~ B,248
HUMEBER OF TOTAL HEAYY ELEMEHT fatems-sample) ;2. 1824E+23
CHd143] [Hd148] [Hd145]

HUMEBER OF HMd HUCLIDE (atomz-zampled } S.9898E+16  1.3T42E+1V 1.3575E+17

EFFECTIVE FISSIAM YIELD : ;i L.TFEE-B2 2., 83E-B2 T.35E-A2

HUMEER OF FISSIONS (Fizsionsszanplelss; ¢.5958E+18 4.7352E+18 4,8491E+182

BURHUP (atomkr# HE N - e 8,823 0,822

SPECIFIC BURMUP (MMD-MTM»## H 135 203 197

MRTE 3 # Distance from fuz) bottomd DFFE 2
#% FISSIONS=HUMBER OF HJ4-EFFECTIVE FISSION YIELD
# EBURHUP=10G+FISSIDNS-CTOTAL HERYY ELEMEHT+FISSIONSH
## 1,12 atowmk E.U=10800 MWD-MTH B.U



Table 3-8 Comparison between measured and calculated amount s
of PuO; in blanket fuel subassemblies
Amount of PuQ; (g) Errod®
S/A No Location :
Calculated Measured | Meas. vs calc.
NFJI11 5D1 164 159 -3.0
NFJO4K 6D1 135 132 —2.2
NFJO64 7D 1 92.3 90.1 —2.4
NFJOSL 8D1I 56.8 6 0.4 +6.3

LET-98 OTIV6NL-ONd
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Fig 3—-1 Process for burnup measurement in AGS



Burnup, atom %

Fig, 4—1-1
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Axial distribution of burnup on NFJI11 5710 pin (absolute value comparing)
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~ Burnup, atom &%

Fig 4-1-2 Axial distribution of burnup on NFJO4K 5810 pin(absolute value comparing)
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————; Calculated burnup {(corrected)

O : Measured burnup
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Fig. 4—-1-3 Axial distribution of burnup on NFJ0O64 5610 pin(absolute vailue comparing)
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Burnnp, atom ¢

—~———; Calculated burnup(corrected)
QO ; Measured burnup

@)
-
- ~
s ~
// A
Vd \\
/ \
O v O
// N
/ \
AN
AN
AN
N
N
\
~
™~
\\\
I I b
400 1000 1400

Distance from Fuel Bottom, mm

Fig. 4-1-4 Axial distribution of burnup on NFJO5L 5410 pin(absolute value comparing)
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; Calculated burnup (corrected)
; r—scanning(gross

|
ool!

: Measured burnup
;s Pu content (measured value)
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Fig.4-2—-1 Axial distribution of burnup, Pu content and r—scanning on

NFJI11 5710 pin(normalized value comparing)
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—== 3 Calculated purnup{corrected)
; r—scanning(gross

®) 5 Measured burnup
a

; Pu content (measured value)
—-— ; Pu content fitting curve{flz)=exp{—az?))

104

Normalized Value
o]
&
T

|
400 1000 1400
Distance from Fuel Bottom, mm

Fig. 4-2-2 Axial distribution of burnup, Pu content and r—scanning on

NFJO4K 5810 pin (normalized value comparing)

LET-G8 OTVENL-IONd



“““ ; Calculated burnup(corrected)
——— ; r—scanning{gross)
O : Measured burnup

O : Pu content{measured value)
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Fig.4-2-3 Axial distribution of burnup, Pu content and 7-scanning on

NFJO64 5610 pin (normalized value comparing)
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-== 3 calculated burmup(corrected)
-— ; r—scanning{gross
O ; Measured burnup
O : Pu content(measured value)
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Fig, 4-2—4 Axial distribution of burnup, Pu content and 7—scanning on NFJOSL

5410 pin (normaliged value comparing)
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PIE Pin No.
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Radial distribution of burnup and Pu content in NFJI11, NFJO4K, NFJO64, and
NFJO5L subassembly{absolute value comparing)

Pu content, atom %
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Fig, 4-4-1 Radial distribution of burnup, Pu content and y—ray
intensity in NFJO4K subassembly '

{(normalized value comparing)
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X ; r—ray Intensity(®™Zr)
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1.6 l
1
14 /
A2
P
P
12 /’D
. 1.0
L8]
o
= -
s 0 -
o g‘(// /
o
E /
(=}
Z 06
N
{on (05) (10) {15) (19)

PIN Pin No core center — o=

Fig 4—4-2 Radial distribution of burnup and,Pu content and y—ray
intensity in NFJO64 Subassembly
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Y ; y—ray Intensity(%zr)
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O ; Pu Content
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Fig, 44-3 Radial distribution of burnup, Pu content and y—ray intensity
in NFJO5L subassembly (normalized value comparing)
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In (Pu content)
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Fig 4-5-1 Axial distribution of Pu content of NFJO4K
5810 pin represented by the function exp(—az?
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Fig, 4—5—-2 Radial distribution of Pu content represented
by the function exp(—ar)





