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Influences on Reactor Core Characteristics with Respect to
the “ORIENT-Cycle” - Fast Reactor Recycle Concept
Based on Removal of Impedimental Elements

OHKI Shigeo

Abstract

“ORIENT-cycle” is a fast reactor recycle concept based on removal of impedimental elements.
With respect to the ORIENT-cycle examples developed in 2001, this report summarizes influences
on core characteristics caused by the remaining fission products (FPs) in recycled fuel such as Zr,
Mo, Pd, Cs, Ce, Nd, Sm, etc. In the case of one ORIENT-cycle example based on aqueous
reprocessing, burnup reactivity (fuel cycle excess reactivity) of a conventional large fast reactor
(sodium-cooled, MOX fueled) increases by about 0.7 %A k/kk’ after the first recycle. For another
kind of ORIENT-cycle example based on pyro-chemical reprocessing, burnup reactivity increases
by about 0.3 %A k/kk’ after the first recycle. Breeding ratio decreases by about 0.05 for the
agueous reprocessing case, and by about 0.02 for the pyro-chemical reprocessing case. Sodium
void reactivity and Doppler constant also deteriorate, but these influences are small compared
with burnup reactivity and breeding ratio.

Due to the accumulation of FPs by multiple recycle, influences on the core characteristics
become larger. Increment of burnup reactivity rises up to 2 %A k/kk’ for the aqueous reprocessing
case, while 1%A k/kk’' for the pyro-chemical reprocessing case. To reduce the above-mentioned

significant influences, we need more efforts on increase of FP extraction coefficients and so on.

Reactor Physics Group, System Technology Division, OEC, JNC
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ORIENT Optimization by Removing Impedimental Elements
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15 MWdit FP
ORIENT
FP 2
1400 1500 1000
Tc, Ru, Rh, Cs Sr, Mo
Zr, Mo
Se, Rh, Pd, Te, DC18C6 Rb, Sr, Ag, Ba
FP FP
Zr 04 Mo Pd 01 02 La Sm
03 05 Cs, Ba 0.1
FBR
3
Rb Te Tc Pd
| Cs
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0.03 006 Zr FP
2-2
FP 2 15 MWdit
FP 3 Kr, I, Xe 0.005
Ge, Y, Zr, Nb, Rh, Pd, Sn, Ba 1
FP

Mo, Tc,Te 0.2 Ru,Cs 0.1

* DC18C6: Dicyclohexyl-18-crown-6



1 ORIENT FP
BT |~ ap | EHET | HRD~OBITE
=0 THRA o/ AHM) YT v {in#&
34 Se 16 0.190 0.001
35 Br 50 0.005 0.001
36 Kr 1010 0.005 0.000
37 Rb 890 0.100 0.001 | £LF
38 Sr 1870 0.100 0.001 |FE 20
39 Y 1040 0.270 0.001 | £LF
40 Zr 11000 0.370 0.750
41 Nb 0 0.980 0.005
42 Mo 13600 0.100 0.005 |&£E
43 Tc 3310 0.190 0.005 |34 2t
44 Ru 12400 0.100 0.005 | % 5F
45 Rh 3650 0.190 0.005 | £LF
46 Pd 10900 0.190 0.005
47 Ag 1010 0.190 0.005
48 Cd 915 0.180 0.001
49 In 40 0.980 0.001
50 Sn 760 0.980 0.001
51 Sh 18 0.980 0.001
52 Te 2700 0.100 0.005 | £LFE
53 I 1450 0.005 0.001 |#%Z= #iE
54 Xe 18300 0.005 0.000 |&2FE
55 Cs 15600 0.100 0.001 |FEZA /L EE
56 Ba 6850 0.100 0.001 |E£LFE
57 La 4940 0.270 0.028 |#E=E
58 | Ce 8940 0.270 0.058 | £LF
59 Pr 4620 0.270 0.056 |#EZE
60 Nd 15100 0.270 0.058 [E£ZFE
61 Pm 235 0.470 0.058
62 Sm 4740 0.470 0.001
63 Eu 476 0.470 0.001
64 | Gd 563 0.270 0.029 | £LF
65 Tb 33 0.970 0.058
66 Dy 33 0.970 0.058
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32 Ge 1
33 As 0.2
34 Se 0.2
35 Br 0.005
36 Kr 0.005
37 Rb 0.2
38 Sr 0.2
39 Y 1
40 Zr 1
41 Nb 1
42 Mo 0.2
43 Tc 0.2
44 Ru 0.1
45 Rh 1
46 Pd 1
47 Ag 0.7
48 Cd 0.2
49 In 0.7
50 Sn 1
51 Sh 0.7
52 Te 0.2
53 I 0.005
54 Xe 0.005
55 Cs 0.1
56 Ba 1
57 La 1
58 Ce 1
59 Pr 1
60 Nd 1
61 Pm 1
62 Sm 1
63 Eu 1
64 Gd 1
65 Th 1
66 Dy 1
67 Ho 1
68 Er 1




T2FZF (244%=-0)

I, Mg, Pu, &m, Cm

EE-

L EEFP
Ll (RN AN

RN

F U Xe Mo, Nd

. Bh, Ce
Pr. Ba, La.
Te, Gd, R
|

FHNR

JEL- L
EEREdE 2

HETrR-GES M Actimides
Le=s Stnble FP
Le=s LLFF
BAHRFT ,.-'__'-;
)
R PR AR

ORIENT
(ORIENT: Optimization by Removing Impedimental Elements)
, “FBR 14 1



[kal

I -
EORIENT
E1ORIENT

: W
EaEaE__ sy | EEEErEﬁE

Kr Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe Cs Ba La Ce Pr Nd Pm Sm Eu Gd

ORIENT




[kl

20

18

Kr Rb Sr

Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te |

nan N
Xe Cs Ba La Ce Pr Nd Pm Sm Eu Gd



FP

1
FP

FP

Na-MOX

Na

FP

Na-MOX"

*k

FP

* Na-MOX:

*K

F/IS

I FP
FP “Nd FP
(2]
FP 3Nd
Z o Ic N,
o= icFP D
G(l:\ld 143 N ’(\l rdeiirsmce)
N, [ FP
FP
4 [3]
FP FP
FP FP
FP
FP FP
FP FP
FP a
FP 11
FP a 1 FP 5vo%
+1.1 wt% (Pu/HM)

+0.9 %A k/KK’

-0.06

+0.1x 10°2A k/kk’
-1.0x 10° Tdk/dT



FP

13 ORIENT
1 Na-MOX 31
3800 MWy, 540 EFPD 5
15  MWdht FP
FP
FP 1 3
ORIGENZ2 15 MWd/t
540 x5 2700 4 ORIGENZ2
1 LMFBR: Advanced oxide, LWR-Pu/U/U/U,
Core FP 9y
FP
FP 4
[2] FP
FP “ ORIENT
FP
[5] [2]
[2] Mo
MoO;
[2] S,Ba Zr 3 SrZrQOs,
BaZrO; 1 SO, BaO

CdO - Cd(metal), SnO, - Sn(metal) [4]



N b02 =N b205, Ce,03- CeO,

Rb, In,Sb, Te,Cs 5

Eu,Os 14%
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FP [2] RIAR
FP FP
F/S I
JENDL-3.2° ADJ98  JFS3J32.ADJ98.Y 9902 FP
ORIGENZ2 1 LMFBR:
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FP
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* JENDL.: Japanese Evaluated Nuclear Data Library
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(
(Pu+Am)/(U+Pu+Am)
U-235/U-238

Pu-238/Pu-239/Pu-240/Pu-241/Pu-242/Am-241
=0.03/0.52/0.27/0.095/0.07/0.015

ORIGENZ2

LMFBR: Advanced oxide, LWR-Pu/U/U/U, Core

=0.192
=0.003

15 Mwd/t
2700 day
55.6 MW/t
4 year
[at%] [at%] [at%]
Ge-72 732 | Pd-104 721| Ba-134 8.87
Ge-73 1040 | Pd-105 2536 | Ba-135 0.08
Ge-74 19.76 | Pd-106 30.78| Ba-136 3.01
Ge-76 6252 | Pd-107 17.09| Ba-137 12.31
As-75 100.00 | Pd-108 1541 | Ba-138 75.73
Se-76 0.09 ] Pd-110 4161 La-139 100.00
Se-77 3.33| Ag-109 99.99 | Ce-140 53.02
Se-78 6.90 | Ag-110m 0.01] Ce-142 46.82
Se-79 1419 | Cd-110 17.04 | Ce-144 0.16
Se-80 2215 Cd-111 3034 Pr-141 100.00
Se-82 5333 ] Cd-112 21.00| Nd-142 1.38
Br-81 100.00 | Cd-113 1351 | Nd-143 24.44
Kr-82 064 ]| Cd-114 10.77 | Nd-144 23.92
Kr-83 16.43 | Cd-116 7.35] Nd-145 17.45
Kr-84 31.57 In-113 231 | Nd-146 16.73
Kr-85 457 In-115 97.69 | Nd-148 10.11
Kr-86 46.79 1 Sn-115 0.47 | _Nd-150 5.96
Rb-85 31.37| Sn-116 8.49 | Pm-147 100.00
Rb-87 68.63 | Sn-117 955| Sm-146 0.01
Sr-86 087 ]| Sn-118 998 | Sm-147 2241
Sr-87 0.01] Sn-119 999 | Sm-148 15.44
Sr-88 44151 Sn-120 977 Sm-149 20.54
Sr-90 5496 | Sn-122 1021 | Sm-150 8.09
Y-89 9998 | Sn-124 1381 | Sm-151 10.04
Y-90 0.02] Sn-126 27731 Sm-152 17.85
Zr-90 201] Sb-121 3824 | Sm-154 5.62
Zr-91 1347 | Sb-123 47411 Eu-151 4.83
Zr-92 1650 | Sh-125 1436 | Eu-152 0.56
Zr-93 20.13| Te-123 0.02]| Eu-153 63.19
Zr-94 2211 Te-125 505| Eu-154 16.92
Zr-96 25.78 | Te-125m 0.01 ]| Eu-155 14.50
Mo-95 2173 | Te-126 0.73]| Gd-152 0.26
Mo-96 171 | Te-128 2486 | Gd-154 9.19
Mo-97 22.04 | Te-130 69.33 | Gd-155 17.70
Mo-98 26.14 [-127 27441 Gd-156 38.99
Mo-100 28.38 -129 7256 1 Gd-157 9.82
Tc-98 0.01] Xe-128 029 ]| Gd-158 2051
Tc-99 99991 Xe-129 0.01 ] Gd-160 3.52
Ru-100 353 | Xe-130 0.66 | Th-159 100.00
Ru-101 2921 Xe-131 1578 | Dy-161 39.82
Ru-102 3578 | Xe-132 2299 | Dy-162 37.95
Ru-104 3120 Xe-134 31.00| Dy-163 14.36
Ru-106 0.28 ] Xe-136 29.27 | _Dy-164 7.88
Rh-103 100.00 ] Cs-133 32.08 | Ho-165 100.00
Cs-134 0.61]| Er-166 75.63
Cs-135 3890 Er-167 24.37
Cs-137 28.42
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" [glem?]

Ge GeO, 4.25
As Volatile
Se Volatile

Br Volatile

Kr Volatile (Noble Gas)

Rb Rb,O 4.0
Sr SrO 4.7
Y Rare Earth Y,04 5.03
Zr Early Transition Metal ZrO, 5.68
Nb Early Transition Metal Nb,Os 4.55
Mo Early Transition Metal Mo (metal) / MoOg 10.28 / 4.696
Tc Early Transition Metal Tc (metal) 11
Ru Noble Metal Ru (metal) 12.45
Rh Noble Metal Rh (metal) 12.41
Pd Noble Metal Pd (metal) 12.023
Ag Noble Metal Ag (metal) 10.49
Cd Cd (metal) 8.65
In In (metal) 5.77
Sn Sn (metal) 7.265
Sb Sb (metal) 6.697
Te TeO, 5.9

I Volatile
Xe Volatile (Noble Gas)
Cs Cs,0 4.65
Ba BaO 5.72
La Rare Earth La,O4 6.51
Ce Rare Earth CeO, 7.65
Pr Rare Earth Pr,0O4 7.07
Nd Rare Earth Nd,O4 7.28
Pm Rare Earth Pm,0; 7.75"
Sm Rare Earth Sm,04 8.35
Eu Rare Earth Eu,04 7.42
Gd Rare Earth Gd,04 7.407
Th Rare Earth Th,04 753"
Dy Rare Earth Dy,0O5 7.81
Ho Rare Earth Ho,04 8.23"
Er Rare Earth Er,O4 8.64

* J.A.Dean (editor), "Lange's Handbook of Chemistry (fifteenth edition)”, McGraw-

Hill (1999).

*%




11

EES)

BEEH A TIEE

e SRV VAN o

1P LI S
E{HPCER [om)
JRiE & [em)]

BH7° 7y bE & [em)
PuE1LRE [wi%]

PulEl GLIERARE EE [wigs)

(PS/PY/PO/P1/P2/AL)

EIALE (BepAmEH oS R

(IC: SASS{H

3800 MWih

540 EFPD

5 (R, 5(7° 7490
15 AMWdit

457

120

1.2 (_E&B), 10 (F &R
16.3 (IC), 18.5 (OC)

I/52127719577/11.5

40.2/19.8740.0

Na-MOX

(0OC) 46.5/21.371322

O MEPCEHR S (SASSH) Za6R
O BRI S 216
& ETI e r B |50
& susEsn 96§
& B Cmitk 20k
W R 366
& susman 14

ERED 9554




k/kk"]

[%

5.0

2.5

FP

7777777777777777777777777777777 4. 72

FP

2 3 4 5
[vol%]
143Nd FP

11 Na-MOX



13
FP
4-1 ORIENT
ORIENT
5
FP 1.0 FP
+0.7%A k/kk’
6 Zr Mo
Cs, Ba
FP 10%
-0.04 RIAR
ORIENT
FP
4-2 ORIENT
ORIENT
5
FP 03 FP

+0.3%A k/kk’
7

FP

11 Na-MOX

4%
-0.05
Pd

Zr Mo Cs Ba

FP

+2%A k/kk’

FBR

FIS
FP

2%
-0.02
Zr

FP

La

FP

ORIENT

FP FP

FP
Eu

La Nd

-0.15

F/IS
+0.5%A k/kk’,
13

FP FP

FP



FIS

FP 7% +1%A k/KK’
-0.05
4-3
FP FP
8
ORIENT
2
1 FP 10 FP 12%
+2.0%A k/kk’ 8
FP Mo Cs
FP ORIENT
6 7
3 4
+5%A k/KK’ 9
ORIENT
9
ORIENT
2% k/KK’
FP FP

FP



ORIENT FP FP FP

1 5 10 30 00

ORINET(

FP 1.0 1.1 1.2 1.2 1.3

FP 4._1% 6.0% 6.6% 8.2% 11%
ORINET(

FP 0.3 0.2 0.2 0.2 0.2

FP 2.1% 5.7% 6.9% 7.3% 7.3%
* FP CEiwociNi )/ (O naaz Nvgias ) O N

** FP Vepox/ (Vuo2tVeuoatVimoz+Verox)



ORIENT 11 Na-MOX
1 5 10 30 00
[%A k/Kk™]

ORIENT +0.7 +1.1 +1.2 +1.6 +2.2
ORIENT +0.3 +0.7 +0.9 +0.9 +0.9

RIAR (( ) +0.4 - - - +0.5
ORIENT -0.05 -0.07 -0.08 -0.11 -0.15
ORIENT -0.02 -0.04 -0.05 -0.05 -0.05

RIAR (( )) -0.03 - - - -0.04




FP FP FP

1 2 3 4 5 6 7 8 9 10
FP 1.0 1.0 1.0 1.0 1.0 - - - - -
FP 12% 20% 27% 33% 37% - - - - -
ORINET(
FP 1.0 1.0 1.0 1.1 1.0 1.1 1.0 1.1 1.0 1.1
FP 12% 7% 17% 9% 18% 10% 19% 10% 19% 10%
* FP Vepox/ (VyoztVeuozVimoztVeeox)
** FP EirpociNi) 7/ (O ez Nawas ) (O N
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