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Nuclear Design Characteristics of

Duplex Burnable Poison Rods using Dy20Os3
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Abstract
A design option of duplex burnable poison rods using Gd:O; and Er:Os; studied by
Kyung-Hee University(KHU). A different option of duplex BP with Dy2Os instead of erbia
was tested and compared with four integral type burnable absorbers ; gadolinia, erbia, IFBA,
erbia duplex BP. Inter-comparison was done for 24 month cycle core of Korean Standard



Nuclear Power Plant(KSNP). A dysprosia duplex BP is composed of inner region of natural
UO3-Gd20s3 and outer region of enriched UO:-Dy20s. It was shown that dysprosia duplex BP
gave favorable k-infinity letdown curve with more flattened variation. Reactivity Holddown
Worth(RHW) and Moderator Temperature Coefficient(MTC) of dysprosia duplex BP is better
than gadolinia BP, but made no difference compared with erbia duplex BP. However, dysprosia
did not show favorable characteristics in residual reactivity penalty. At last, nuclear core
design was performed using fuel assembly contained duplex burnable poison rods. The KSNP
based on 24 month fuel cycle were selected as reference core. As the result of core
calculation, the calculated fuel cycle length based on 24 month fuel cycle was shorter than
that of core with gadolinia BP and erbia duplex BP. But MTC and pin peaking of dysprosia
duplex BP was better than the other core for the safety of core.
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4.1. Reference Core
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714 Dysprosia Duplex BP A A1 A <4

Item

Parameter

Inner Fuel Rod Material

Natural UO; + 12 wt% Gd:Os

Outer Fuel Rod Material

495 wt% UO; + 1.1 wt Dy2Os

Inner Fuel Rod Diameter (cm)

0.5448

Outer Fuel Rod Diameter (cm) 0.8255

Cladding Outer Diameter (cm) 0.9721

Outer Annulus Thickness 0.2807/2
AAsHAAT =+ 24

) B4 24 2 585
=5 24 YASH]FAT
Gadolinia 8 wt% Gd20s3 16 74
Erbia ZrBs (0.00125 cm FAI2 %) 136 74
IFBA 1.4 wt% Er:Os 140 7}
Erbia Duplex BP 12 wt% GdoOs _ 2 wt% ErOs 24 7
Dysprosia Duplex BP 12 wt% Gd:Os _ 1.1 wt% Dy20s 24 74
X 3. T8 AA&AHolA e FeSulAS
. Erbia ) Dysprosia
1 1 136 IFBA 140 E
6 Gadolinia Duplex BP 36 IF 0 Erbia Duplex BP
A% No.Xe) 1.1527 1.1522 1.1525 1.1569 1.1527
ALF FHdgk 1.1205 1.1115 1.1677 1.1359 1.0968




I A4 FERFIARE =4 2400 F7], 30 A AR [EA AL

Assembly UO; wt% # of Rods Burnable Absorbers Cycle
Type Normal/Low | Normal/Low | Material wt% # of BA's| Used

A 1.40 236 1

B 2.87/2.37 184/52 1

Bl 2.87/2.37 176/52 Gd 6.0 8 1

C 3.37/2.87 184/52 1

Cl 3.37/2.87 128/100 Gd 6.0 8 1

D 4.00/3.50 184/52 2

D1 4.00/3.50 176/52 Gd 8.0 8 2

D2 4.00/3.50 172/52 Gd 8.0 12 2

D3 4.00/3.50 124/100 Gd 8.0 12 2
E, F, G 4.50/4.00 184/52 34,5
E1F1,G1 4.50/4.00 172/52 Gd 8.0 12 34,5
E3,F2,G2 4.50/4.00 168/52 Gd 8.0 16 34,5
HIJ K 4.95/4.45 184/52 6,7,89
HI1,11,J1,K1 4.95/4.45 172/52 Gd 8.0 12 6,7,89
H2,12,J2,K2 4.95/4.45 168/52 Gd 8.0 16 6,7,89




¥ 5. 2471€¥ F7] 3¥1 %] Gadolinia BP9} 5 Duplex BP =419 F7]Zo] Hl

Duplex BP Core
Gadolinia BP Core 12wt%_Gd203 12wt%_Gdz0s
+7l 2wt%_Er:0s 1.1wt%_Dy:0s
EFPD MWD/kg-U EFPD MWD/kg-U EFPD MWD/kg-U
1 352.98 13.0185 352.98 13.0185 352.98 13.0185
2 339.13 12.5197 339.13 12.5197 339.13 12.5197
3 394.56 14.5755 395.61 14.6194 374.46 13.8367
4 428.87 15.8538 431.83 15.9741 420.57 15.5550
5 433.60 16.0326 434.92 16.0942 422.93 15.6480
6 591.86 21.8866 596.88 22.0922 580.96 21.4961
7 598.54 22.1439 605.15 22.4114 585.26 21.6652
8 597.77 22.1198 604.46 22.3903 585.55 21.6804
9 597.81 22.1209 604.48 22.3909 585.08 21.6627
T 6 Fe ARAAN WAYF AERELAL
24 month fuel cycle
Gadolinia BP Core Duplef r;;a Core Du;ﬁszlg(l)jlgore
Aazx 1.2870 1.2828 1.2915
ALxT Hdk 1.3464 1.3206 1.3016

24 month fuel cycle
. Duplex BP Core Duplex BP Core
Gadolinia BP Core
(Gd12_Er2) (Gd12_Dy1.1)
No.Xe. BOC 2.53 pcm/TC 2.04 pcm/C 2.00 pcm/C
Eq.Xe BOC -17.27 pcm/C -17.87 pcm/C -17.96 pcm/C
Eg.Xe EOC -72.85 pcm/C -73.36 pcm/C -73.32 pcm/C




4.95w/o U?> Fuel with 2w/o Er,0,

Natural U Fuel with 12w/o Gd,0,
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D fresh fuel

a3 9. 2470 7] H

D once burned . twice burned

1.116 | 1.010 [ 1.162 | 1.051 | 1.226 | 1.168 | 0.868 1.326 | 1.078 [ 1.312 | 1.049 | 1.253 | 1.008 | 0.742
1.113 | 1.012 | 1.162 | 1.054 | 1.227 | 1.166 | 0.869 1.292 | 1.062 | 1.289 | 1.043 | 1.250 | 1.017 | 0.755
1.105| 1.007 | 1.156 | 1.053 | 1.228 | 1.175 | 0.873 1.268 | 1.057 | 1.268 | 1.044 [ 1.241 | 1.034 | 0.775
1.004 | 1.151 | 1.032 | 1.192 | 1.076 | 1.165 | 0.608 1.085]1.325|1.062 | 1.288 | 1.017 | 1.097 | 0.556
1.004 | 1.150 | 1.034 | 1.192 | 1.081 | 1.164 | 0.611 1.066 | 1.298 | 1.052 | 1.275| 1.021 | 1.119 | 0.569
0.997 | 1.142 | 1.030 | 1.188 | 1.081 [ 1.168 | 0.613 1.059 | 1.275 | 1.050 | 1.258 | 1.025 | 1.123 | 0.581
1.041 | 1.209 | 1.079 | 1.214 | 1.066 | 0.426 1.076 | 1.317 | 1.048 | 1.240 | 1.024 | 0.416
1.042 | 1.207 | 1.080 | 1.215 | 1.064 | 0.428 1.064 | 1.302 | 1.046 | 1.240 | 1.044 | 0.426
1.036 | 1.201 | 1.080 | 1.218 | 1.069 | 0.429 1.060 | 1.283 | 1.048 | 1.232 | 1.046 | 0.435
1.186 | 1.240 | 1.121 | 0.937 1.136 | 1.266 | 1.006 | 0.830
1.183|1.237 | 1.115 | 0.937 1.133 |1.262 | 1.009 | 0.841
1.175]1.236 | 1.125 | 0.943 1.130 | 1.253 | 1.024 | 0.858
1.07010.922 | 0.410 0.982 [0.881 | 0.391
1.07210.919 | 0.413 0.997 [0.898 | 0.401
1.069 10.921 | 0.416 1.000 | 0.907 | 0.412
Gadolinia BP Core 0.424 Gadolinia BP Core 0.418
Erbia Duplex BP Core 0.428 Erbia Duplex BP Core 0.430
Dysprosia Duplex BP Core 0.428 Dysprosia Duplex BP Core 0.412
910, #7108 w4 wA N EERTRE S R E R
FHTE(FIR) ZH B (AR
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