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Influence of different types of nuclear fuel on burnup
performance of heat pipe cooled reactor
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(1. Nuclear Science and Technology, East China University of Technology, Nanchang 330013, China;
2. National Key Laboratory of Nuclear Resources and Environment, East China University of Technology, Nanchang 330013, China)

Abstract: The heat pipe cooled reactor adopts the solid-state reactor design concept, and it has the
characteristics of high power density, compact structure and high inherent safety. It has been extensively used for deep
space exploration, deep sea exploration, remote areas electricity markets and other scenarios. Nuclear fuel is an
important part of the heat pipe cooling reactor, different types of nuclear fuel will reflect different neutronics
performance on the reactor burnup analysis. In this paper, based on the heat pipe cooled reactor INL Design A
proposed by the Idaho National Laboratory (INL), the burnup calculation is done by selecting six nuclear fuels : UO,,
(UpoPug 1)0,, U-10Zr, U-8Pu-10Zr, UN and UC. The effects of different nuclear fuel and power levels on the burnup
performance of heat pipe cooled reactor core were analyzed. The calculation results show that under the same core
burnup depth (20.8 GW-d-t™"), the core loaded with U-8Pu-10Zr fuel requires the lowest *°U enrichment (9.8%), and
has better U-Pu breeding. For the heat pipe cooling reactor with the core power of 5 MW, the presence of *'Pu in the
fuel does not increase the core burnup depth, but leads to the increase of residual reactivity of the core and the yield of
the secondary actinides nuclides (MAs) in the core end of life, which affects the safety and economy of the reactor.
Therefore, for the low-power and long-life heat pipe cooled reactor loaded with Pu fuel, it is necessary to focus on the
influence of **'Pu on the core burnup performance.
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(a) geometry of single heat pipe cell (b) radial geometry of reactor core
Fig. 1 Geometries of INL Design A by RMC
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Table 1 Calculation results of effective increment coefficient kg

control condition calculated value of k. in this paper calculated value of k. of INL difference of k. /107
all poisons out 1.028 82+0.000 33 1.028 25 57
control drums rotation 180° 0.950 98+0.000 33 0.950 42 56
annular shutdown rod in 0.945 89+0.000 33 0.945 55 34
solid shutdown in 0.959 30+0.000 34 0.959 33 -3
all poisons in 0.845 04+0.000 33 0.845 94 -90
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Fig.2 Core kg of different nuclear fuel varies with burnup depth
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Fig. 4 Reactor core burnup of different power
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Table 3 Pu isotope analysis of reactor fuel at different power levels

quantity of fissile nuclides and fissionable nuclides/kg

nuclide difference/kg
at 5 MW at 200 MW
5Py 8.319 10.422 2.103
Py 311.710 311.134 —-0.576
#0py 137.792 138.676 0.884
Py 3.533 29.835 26.302
2Py 37.129 37.447 0.318

520.87 GW-d-t,
Hi 35 3 AT, 3% 20 U-8Pu-10Zr SRR #1820 S N HEFE AN [ D 8 R s A7 I, 2 2478 4% 20 Pu 1) T 2 A W I 2%
), AR R Pu 1 IR A (14.3 a). 2'Pu i R HES PR 262k 5N 30.64 kg, 76 OMW IR F44d 1.6 a
75 J5 24 Pu | Ay iR 28.294 kg, 64 a TR JF 2 Pu 4R 1.369 kg, 22 26.925 kg, 25 F4EIT £ 3 Y 26.302 ke, K iE
T 24Pu Y RS R 2 Pu TR 2 S E R A
TR IEA R T 30K P T RFE PR RE i 22 I 2 A5 b by 2
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Table 4 Spent fuel analysis of reactor at different power levels

quantity of fissile nuclides and fissionable nuclides/kg

spent nuclear fuel nuclide half-life/a difference/kg
at 5 MW at 200 MW
*Np 2.14x10° 2.71 0.71 2
*'Am 4322 27.46 2.15 25.31
*Am 7380 1.80 1.72 0.08
MAs
*Cm 8500 3.72x10™* 0 3.72x10™*
*Cm 18.1 0.08 0.14 —0.06
*Cm 28.5 5.43x10™* 4.25x10™* 1.18x10™*
“Te 2.11x10° 2.70 2.70 0
LLFPs 2] 1.27x107 0.61 0.62 —-0.01
Cs 2.30%10° 391 434 —0.43
22Cm 24Cm
B (,,=16 h) T P (7,=26 min)
HAM — *?Am 2Am — **Am
G N (n.7) (n,7)
o T B (T,,=14.3 a) TB (T,,~4.98 h)

239Pu » 240Pu » 24[Pu » 242Pu » 243Pu

#*Pu (n,7) (n,7) (n,7) (,7)
B (T~ B (7,,=7 min)
T\,=
Iﬁz(.ld) Iz‘%d) T
fow ZSSNp 23‘)Np —_— ZAONp
P (n,7)
T B (1,,=6.75 d) T B (T,,=23.5 min)
235U 236U 237U 238U _»ZSOU
ny (7 (n,2n)  (n,v)

Fig. 6 Burnup chain of U-Pu cycle
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JEE A A T 0 0, S S B e R ) AR R Pu R AR AR RN . 7E S MW /NDPRK H W T T B AT IS
Vo ) K2R HE, BRRE 24P 1 TR 32 B DASEAE Ry 3, 2P YA TR AS AN T RS B 08 R M R RE TR B VR L, RO S B0
TR 43 S M AN SO A B AR R R A% 3 (MAS)™ Am (14 7= B K, 5 B 1) &2 e be S e B b . BRI, X TR d
EA Pu RH P Y ) R R HE, T DG Pu X S BRFE R RB (Y 5
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