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Plan seminarium

» Wstep.
- Wybor materiatow na koszulki paliwowe i wyniki analiz
dla:

= elementu paliwowego,
= zestawu paliwoweqgo,
*rdzenia reaktora PWR.

« Podsumowanie.
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Wstep

Prowadzone na swiecie badania nad paliwami odpornymi na awarie (ang. ATF) skupiajg sie
wokot takich materiatéw jak: Mo, SIC.

Zarowno kwestia mozliwosci wykorzystania jako koszulki paliwowej molibdenu jak i weglika
krzemu stanowi przedmiot dyskusji, ze wzgledu na ich wiasnosci fizyko-mechaniczne.

Obliczenia w niniejszej pracy bazujg na geometrii reaktora EPR, zgodnej ze specyfikacjg
techniczng: UK-EPR: Fundamental safety Overview, Vol. 1, Chapter A: EPR design
Description, Aug. 2005.

Obliczenia zostaty wykonane za pomocg kodu MCNPX version 2.6.0.
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Wybor materiatow na koszulki paliwowe ’
(-4

Materiat referencyjny:

» stop cyrkonu z niobem (M5)

Badane materialy:

« Weglik krzemu (SIC)

» Molibden (Mo)

 MO+M5

Liczba wariantow obliczeniowych FE: 14
Warianty modeli obliczeniowych uwzgledniaty:
« Rozne grubosci koszulek paliwowych Mo

« 5 wzbogacen paliwa w U-235




Element paliwowy

PROMIEN
ZEWNETRZNY[cm]

MATERIAL

Paliwo 0.409575
l Szczelina 0.417830
Koszulka paliwowa 0.474980
Woda 1.116600
- Wysokosc 420.00
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Element paliwowy

« ~12% mniejszy wspotczynnik
mnozenia dla koszulki Mo

« ~2% mniejszy wspotczynnik
mnozenia dla koszulko
M5+Mo

» Przebieg wypalenia elementu
paliwowego z koszulkg SIC
oraz Mo zblizony
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Zestaw paliwowy

17x17 .
s 265 elementow paliwowych
= 24 kanaty wodne
Siatka nieskonczona
Zestaw paliwowy jednorodny:
s Wzbogacenia w U-235
+ 3.5%, 3.75%, 4%, 4.5%, 5%
Koszulki paliwowe:
= SIC
= Mo+M>5

llustracja wykonana za pomocg kodu VISED.



Zestaw paliwowy

« Dla wszystkich wariantow
wzbogacenia przebieg
wypalenia zblizony.

« RoOznice w rozktadzie mocy
do 4%.

Wspotczynnik mnozenia

—SiC_3.5%U235 —Mo+M5_3.5%U235
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Zestaw paliwowy

wypalenie 18.86[GWd/MTU]

rozktad mocy dla kasety EPR w siatce nieskonczonej, wzbogacenie 5% U-235

kaseta paliwowa z koszulka SiC kaseta paliwowa z koszulka Mo+M5 odchylenie SiC v. Mo+M5
0.29/0.28|0.30(0.30/0.30/0.30{0.30(0.31|0.31]0.30(0.31{0.31| 0.30{ 0.30(0.30{ 0.29] 0.29 0.28/0.29|0.29(0.29(0.30/0.30{0.30{0.30{ 0.30/0.30{0.30(0.30| 0.29{ 0.29{0.29(0.29| 0.28 SKALA [MeV/g] 2% | 1% | -3%|-3% [-1%|-1%| 0% [-3% | -3% | -2% | -5% | -3% | -2% | -2% | -3% | -3% | -2%
0.29/0.30{0.31(0.31|0.32|0.34|0.32(0.32|0.35]0.32(0.32(0.34|0.32{0.31{0.31| 0.30| 0.29 0.29/0.29|0.29|0.30{0.31/0.33|0.31{0.31{0.33]0.31{0.31(0.33|0.31{0.30{0.29(0.28]0.28 0.427 -1% | -3% | -5% | -3% [ -3% | -2% | -1% | -4% | -5% | -5% | -4% | -5% | -4% | -2% | -4% | -4% | -2%
0.29(0.30{0.32{0.34/0.36| W |0.35|0.34| W |0.35/0.35( W [0.35(0.34/0.31|0.30|0.29 0.29(0.29(0.31]0.34|0.35| W |0.34/0.34| W (0.34(0.34( W [0.35(0.34|0.31|0.29|0.28 0.395 2% | -3% | -2% | -2% [-3% | W |-3%[-2% | W |-2%|-4% | W |-2%|-1%| 1% |-3% | -3%
0.30/0.31|0.34( W |0.36/0.36(0.33(0.33|0.35/0.33(0.33(0.36/0.36| W (0.34/0.31|0.30 0.29/0.30{0.34| W [0.36/0.35(/0.32(0.32|0.34|0.32|0.32(0.35/0.35| W |0.34(0.30/0.29 0.363 2% | -2% | -1% | W [-1%|-3%|-2% | -3% | -3% | -2% | -3% | -3% | -2% | W |-1% |-1% | -4%
0.31{0.32{0.35(0.36{0.35|0.36/0.33|0.33|0.35/0.32( 0.33(0.34(0.34(0.36|0.35| 0.32| 0.30 0.29(0.31{0.34|0.36|0.34|0.35/0.32|0.32| 0.34/0.32(0.32(0.35(0.34(0.35| 0.34| 0.31| 0.30 0.326 A% | -4% | -2% | -2% | -3% [ -2% | -1% | -2% [ -3% | 0% | -2% | 1% | 0% |-2% | -3% | -3% | -2%
0.31|0.33| W (0.36/0.35| W [0.35(0.34| W |0.35(0.35( W |0.35|0.36( W |0.33]|0.30 0.30/0.33| W |0.35(0.35| W |0.34(0.34| W |0.34|0.34( W |0.35{0.35 W [0.33|0.30 0.304 3% -1%| W |-2%(-1%| W |-2%[-1%| W |-2%|-1%| W [-2%|-3%| W [-1%|-1%
0.30{0.32(0.34(0.33{0.33]0.35/0.32|0.32|0.34| 0.32(0.33({0.34(0.33(0.33| 0.35]0.32]0.31 0.30/0.31|0.34|0.32(0.33|0.34/0.32(0.32| 0.33]|0.32|0.32(0.34| 0.32{0.32|0.34( 0.31]| 0.30 0.299 “1% | -2% | -2% | -1% [ -2% | -1% | -2% | -2% | -4% | -2% | -3% | -1% | -2% | -2% | -3% | -4% | -4%
0.30/0.32|0.34(0.33|0.33|0.34/0.32(0.31|0.30/0.31{0.32(0.34| 0.32|0.32(0.34| 0.32]0.31 0.30/0.31|0.34/0.32(0.32/0.34|0.31{0.30{0.30/0.30{0.32(0.34| 0.32{0.32|0.34( 0.31]| 0.30 0.281 2% | -2% | -1% | -1% [ -2% | -1% | -2% | -1% | 0% | -1% | -2% | -1% | 0% | 0% | -1% [ -3% | -3%
0.31|0.34| W (0.35/0.35| W [0.34(0.30/0.30{0.30{0.33( W |0.34|0.34( W |0.33]|0.30 0.30/0.33| W |0.34({0.34| W |0.33(0.30/0.30/0.30{0.33( W |0.34{0.34| W [0.33|0.30 0.247 4% | -2%| W |-3%[-3%| W |-2%|-1%([-1%| 0% [-1% | W | 0% [ 1% | W | 1% | 0%
0.30{0.32(0.34(0.33{0.33]0.34|0.32|0.31|0.30{ 0.31{0.32(0.34(0.32(0.32{ 0.34|0.32]|0.31 0.30{0.31{0.34|0.32|0.32|0.34|0.31|0.30/0.30(0.30{0.32(0.34(0.32{0.32|0.34| 0.31| 0.30 0.238 2% | -2% | -1% | -1% [ -2% | -1% | -2% | -1% | 0% | -1% | -2% | -1% | 0% | 0% | -1% | -3% | -3%
0.30/0.32|0.34(0.33|0.33|0.35(/0.32(0.32| 0.34]0.32(0.33{0.34]| 0.33]0.33(0.35/0.32] 0.31 0.30/0.31|0.34/0.32(0.33|0.34|0.32(0.32| 0.33]|0.32|0.32(0.34| 0.32{0.32|0.34/ 0.31]| 0.30 0.200 “1% | -2% | -2% | -1% [ -2% | -1% | -2% | -2% | -4% | -2% | -3% | -1% | -2% | -2% | -3% | -4% | -4%
0.31{0.33| W [0.36(/0.35| W |0.35|0.34| W |0.35(0.35( W [0.35([0.36| W |0.33]|0.30 0.30{0.33| W |0.35/0.35| W |0.34/0.34| W [0.34(0.34( W [0.35/0.35| W |0.33]|0.30 0.197 3% (-1% | W |-2% | -1% | W |-2%|-1% | W |-2%|-1%| W [-2%|-3%| W [-1%|-1%
0.31]0.32|0.35(0.36/0.35/0.36{0.33(0.33|0.35]0.32(0.33(0.34| 0.34|0.36(0.35/0.32| 0.30 0.29/0.31|0.34|0.36(0.34|0.35(0.32(0.32| 0.34|0.32|0.32(0.35/ 0.34|0.35(0.34( 0.31]| 0.30 0.193 4% | -4% | -2% | -2% [ -3% | -2% | -1% | -2% | -3% | 0% |-2% | 1% | 0% | -2% | -3% | -3% | -2%
0.30{0.31{0.34| W [0.36|0.36/0.33|0.33|0.35/0.33/0.33(0.36(/0.36( W |0.34]|0.31]|0.30 0.29(0.30{0.34| W |0.36/0.35/0.32|0.32|0.34/0.32(0.32(0.35(/0.35( W |0.34|0.30|0.29 0.163 2% | 2% | -1% | W [-1%|-3% | -2% | -3% | -3% | -2% | -3% | -3% | -2% | W |-1% |-1% | -4%
0.29/0.30{0.32(0.34|10.36| W |0.35(0.34| W |0.35(0.35( W |0.35|0.34(0.31|0.30|0.29 0.29/0.29|0.31{0.34{0.35| W |0.34(0.34| W |0.34|0.34( W |0.35|0.34{/0.31{0.29/0.28 0.159 2% -3%|-2%|-2% | -3% | W |-3%|-2%| W |-2%|-4%| W [-2%|-1%| 1% |-3% | -3%
0.29/0.30{0.31(0.31|0.32|0.34|0.32(0.32|0.35]0.32(0.32(0.34|0.32{0.31{0.31| 0.30| 0.29 0.29/0.29|0.29(0.30{0.31/0.33{0.31{0.31{0.33]0.31{0.31{0.33| 0.31{0.30{0.29( 0.28]0.28 -1% | -3% | -5% | -3% [ -3% | -2% | -1% | -4% | -5% | -5% | -4% | -5% | -4% | -2% | -4% | -4% | -2%
0.29]0.28|0.30(0.30/0.30/0.30{0.30{0.31|0.31]0.30(0.31{0.31|0.30{0.30(0.30{ 0.29]0.29 0.28/0.29|0.29(0.29(0.30/0.30{0.30{0.30{0.30/0.30{0.30(0.30| 0.29{0.29{0.29(0.29| 0.28 2% | 1% | -3% | -3% [ -1% | -1% | 0% | -3% | -3% | -2% | -5% | -3% | -2% | -2% | -3% | -3% | -2%




241 zestawow paliwowych.

5 rodzajow jednorodnych zestawow paliwowych.
Obliczenia dla stanu zimnego i gorgcego, ARO.

Koszulka paliwowa: SiC.

Zawartosc boru w chtodziwie: 1600ppm
Liczba konfiguracji: 6

Oznaczenie rdzenia: TEPR

I ————————.
Rdzen reaktora PWR
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NAZWA WZBOGACENIE %U-235
K2 4.50%
K3 4.00%
K4 3.75%




Rdzen reaktora PWR

keff y g
TEPR1 | 1.2177 1.1790 0.00007 -1.81435 -7.44886
TEPR2 | 1.2103 1.1705 0.00007 -1.85945 -7.82653
TEPR3 | 1.2040 1.1640 0.00007 -1.82568 -8.13928
TEPR4 | 1.2006 1.1610 0.00007 -1.83591 -8.12424
TEPRS5 | 1.1938 1.1586 0.00007 -1.31350 -7.36062
TEPR6 | 1.1909 1.1557 0.00007 -1.23989 -7.47798

- Zgodnie ze specyfikacjg techniczng [30] zaktada sie, ze dla reaktora
EPR a;r € (—4,03; —1,98)[pcm/K] natomiast a;y,, < 0 [pcm/K].



Rdzen reakt

ora PWR

Konfiguracja rdzenia TEPR3

Rdzen TEPR3, rozktad mocy [MeV/g], stan CZP Rdzen TEPR3, rozktad mocy [MeV/g], stan HFP
R|/R{R|R|R|R|R|[R|R|[R|R|[R|R|[R|R|RJ|R|R R|/R{R|R|[R|R|R|[R|R|[R|R|[R|R[R|R|[R|R
R|R|[R|R|R | R |[053]0.79/0.89(0.93/0.89(0.79|0.53| R | R [ R | R | R R|R|R|R | R |047/068/0.78/0.82(0.78/0.68/0.47| R | R | R | R | R
R|R|[R | R [067]1.01/1.08/1.33|1.37(1.53|1.37(1.33|1.08(1.01|0.67| R | R | R R | R [ R |0.51/0.80|0.93|1.16|1.24|1.34(1.24|1.16(0.93|0.80({0.51| R [ R | R
R | R [ R |0.82(1.42|1.57|1.95|1.76/2.13(2.09|2.13(1.76/1.95(1.57|1.42(0.82| R | R R | R [0.60/1.03(1.23|1.61(1.54|1.88|1.85(1.88|1.54(1.61|1.23(1.03|0.60f R | R
R | R [0.67(1.42(2.08(2.07(1.93|2.00(1.78|1.83|1.78|2.00|1.93|2.07|2.08|1.42|0.67| R R [0.51/1.03(1.54(1.68|1.68(1.86/1.75/1.81/1.75/1.86|1.68|1.68|1.54|1.03|0.51| R
R | R [1.01|1.57(2.07|1.73|1.64|1.60|1.39(1.39|1.39(1.60|1.64(1.73|2.07|1.57|1.01| R R |0.80(1.23|1.68(1.61|1.64(1.72|1.65|1.66(1.65|1.72(1.64|1.61(1.68|1.23(0.80| R
R 0.53(1.08|1.95(1.93|1.64|1.39(1.21|1.18(1.12|1.18(1.21|1.39|1.64|1.93| 1.95/1.08/|0.53 0.47(0.93|1.61(1.68|1.64(1.60|1.56|1.58(1.57|1.58(1.56|1.60(1.64|1.68(1.61|0.93(0.47
R 0.79(1.33|1.76(2.00|1.60|1.21(1.06|1.04(1.14|1.04(1.06|1.21|1.60|2.00|1.76{1.33|0.79 0.68(1.16/1.54(1.86|1.72(1.56|1.53|1.54|1.62|1.54(1.53|1.56(1.72|1.86(1.54|1.16(0.68
R |0.89(1.37|2.13|1.78|1.39|1.18(1.04/1.11(1.15/1.11(1.04|1.18|1.39|1.78|2.13(1.37/|0.89 0.78(1.24|1.88(1.75|1.65(1.58|1.54/1.59|1.61|1.59(1.54|1.58(1.65|1.75(1.88|1.24(0.78
R ]0.93(1.53|2.09(1.83|1.39|1.12(1.14|1.15(1.32|1.15(1.14|1.12|1.39|1.83| 2.09(1.53]|0.93 0.82(1.34/1.85(1.81|1.66(1.57|1.62|1.61|1.80|1.61(1.62|1.57(1.66|1.81(1.85|1.34(0.82
R |0.89(1.37|2.13|1.78|1.39|1.18(1.04/1.11(1.15/1.11{1.04|1.18|1.39|1.78| 2.13(1.37/|0.89 0.78(1.24|1.88(1.75|1.65(1.58|1.54/1.59(1.61|1.59(1.54|1.58(1.65|1.75(1.88|1.24(0.78
R 10.79/1.33(1.76(2.00{1.60|1.21|1.06/1.04(1.14(1.04|1.06|1.21|1.60|2.00(1.76{1.33|0.79 0.68)|1.16/1.54(1.86(1.72|1.56|1.53|1.54(1.62(1.54(1.53|1.56|1.72|1.86(1.54(1.16|0.68
R ]0.53(1.08|1.95(1.93|1.64|1.39(1.21|1.18(1.12|1.18(1.21|1.39|1.64|1.93| 1.95/1.08/|0.53 0.47(0.93]|1.61(1.68|1.64(1.60|1.56/1.58|1.57|1.58(1.56|1.60(1.64|1.68(1.61|0.93(0.47
R | R [1.01|1.57(2.07|1.73|1.64|1.60|1.39(1.39|1.39(1.60|1.64(1.73|2.07|1.57|1.01| R R |0.80(1.23|1.68(1.61|1.64(1.72|1.65|1.66(1.65|1.72(1.64|1.61(1.68|1.23(0.80| R
R | R [0.67(1.42(2.08(2.07(1.93|2.00(1.78|1.83|1.78|2.00|1.93|2.07|2.08|1.42|0.67| R R [0.51/1.03(1.54(1.68|1.68(1.86/1.75/1.81/1.75/1.86|1.68|1.68|1.54|1.03|0.51| R
R | R [ R |0.82(1.42|1.57|1.95|1.76/2.13|2.09|2.13(1.76/1.95(1.57|1.42(0.82| R | R R | R [0.60/1.03(1.23|1.61(1.54|1.88|1.85(1.88|1.54(1.61|1.23(1.03|0.60f R | R
R|R|[R | R [067]1.01/1.081.33|1.37(1.53|1.37(1.33|1.08({1.01|0.67| R | R | R R | R [ R |0.51/0.80|0.93|1.16|1.24|1.34(1.24|1.16(0.93|0.80({0.51| R [ R | R
R|R|[R|R|[R | R |[053]0.79/0.89(0.93/0.89(0.79|0.53| R | R [ R | R | R R|R|[R| R |[R |047/0.68]0.78/0.82(0.78/|0.68(0.47) R [ R | R [ R | R
R|/R[{R|R|R|R|R|[R|R|[R|R|[R|R|[R|R|RJ|R|R R|/R{R|R|[R|R|R|[R|R|[R|R|[R|R[R|R|[R|R

SKALA [MeV/g]

2.947
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2.106

1.855

1.830

1.644

1.107

0.897

0.876

0.668
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0.187




Rdzen reaktora PWR
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Przekroj przez srodek rdzenia

Porownanie rozktadu mocy w zaprojektowanych rdzeniach oraz w reaktorze EPR




Podsumowanie

Z rozpatrywanych materiatow na koszulki paliwowe najbardziej obiecujgcym
materiatem jest weglik krzemu.

Z zaprojektowanych konfiguracji rdzeni, rozktad mocy w TEPR3 jest najblizszy
rozktadowi mocy w rdzeniu EPR .

Wspotczynniki temperaturowe reaktywnosci dla wszystkich zaprojektowanych
rdzeni odpowiadajg danym literaturowym.

Mozliwosc¢ zastosowania weglika krzemu jako koszulki paliwowej w reaktorach
energetycznych LWR uzalezniona jest od metody produkcji SiC i istnieje
koniecznos¢ prowadzenia dalszych badan materiatowych.

Ze wzgledu na wysoki przekrdj czynny na absorbcje neutronow termicznych,
molibden nie jest odpowiednim materiatem na koszulki paliwowe, przy
wzbogaceniu w U-235 do 5%.




Dziekuje za uwage




