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A comparison of optimal asymmetrical tapered cascades, 2-up, 1-down, with
optimal symmetrical conical cascades for a power plant's first year of
operation

Seyedeh Leila Mirmohammadi'*, Seyed Jaber Safdari!, Mohammad Hasan Mallah'

Nuclear Fuel Cycle Research School, Nuclear Science and Technology Research Institute, Atomic
Energy Organization, P.O. Box: 11365-8486, Tehran, Iran

Abstract:
In this research, the performance of symmetric and asymmetric tapered cascades with different

enrichment levels was examined for the purpose of producing nuclear fuel for a typical power
reactor's first cycle. "STC-PSOA" and "ASTC-PSOA" software codes have been developed to
optimize the parameters of the symmetric and asymmetric tapered cascades, respectively,
according to the objective function of maximizing the product flow rate of the cascades and the
enrichment capacity of the centrifuge. The limits considered for this algorithm are uranium
enrichments used in power reactor fuel in the first cycle (3.7% and 3.3%) and waste with an
enrichment of less than 0.30%. It is possible to produce enriched products in a single arrangement
using symmetric and asymmetric tapered cascades. However, dilution and mixing with natural or
depleted uranium are inevitable. Also, the obtained results show a 58% reduction in the number
of symmetric tapered cascades compared to asymmetric tapered cascades for the annual
production of enriched uranium in the power reactor.

Keywords: Symmetric tapered cascades, Asymmetric tapered cascades, Power reactor
fuel, Particle Swarm Optimization Algorithm (PSO)
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Constant equations and unknowns for two type of cascades
. Number of Number of
< Item Equations equations Unknowns UNKNoOWnS
§ 1 Zyzy—Mpyn — Npxp = "8Fzg NN,
5
= 1-—
3 & Yn — M23s~Mass Zp NN,
3 B R e N(N = 1)
< Nc Nc N _ -
s 3 Yis1Zin = Xi51Yin = Ximg Xin = 1 Nc=1,2 N Yn NN,
8
€ 4 Zy2; — Npxp = "8Fzp
©
> *
% 5 ZnZn—Mp_2¥n—2 = Npp1Xns1 = 8Fzg NN, Xn NN,
Q: *
6 Zyzy — MN-2YN-2 = "8Fzp
Total 3NN, Total 3NN,
Asymmetric cascade
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1 Zn—My — N, = "8F N Zn N
2 My —8nZ, =0 N M, N
3 P; — B1cascaderF = 0 1 N, N
4 P, — B2cascade2F = 0 1 Oy N
5 W-N; =0 1 B1cascade 1
6 P, =My, =0 1 B2cascade 1
7 P,—My =0 1 P, 1
8 Z; — N, = *6F P, 1
9 Zn—Mp_3 = Npyq = "8F N
10 Zn — My_, = *8F w 1
Total 3N+5 Total 4N +5
Symmetric cascade
Item Equations Ne;LTat:?gnzf Unknowns | Number of unknowns
1 | Zn=Mjy—N, ="6F N Zn
z 2 | My —6nZ,=0 N M, N
o | 3 | P~ BcascadeF = 0 1 Ny N
2 | 4 | W-N=0 1 Bn N
E 5 | P-My=0 1 Bcascade 1
S | 6 | L-N=OF P 1
7 Zy—Mp-1 — Nyyq = "6F N
§ | Zn—Myi=oF W !
Total 3N+3 4N +3
* the Kronecker function (8) = {(1) n = Ng
n # Ng
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Item Parameters Sign Value
1 Feed Concentration (%) 2R 0.711
Z238yF, 99.289
. _ M z3syp, 349
2 Molecular Weight (gmol™?) Masogs, 352
3 Separation factor (a) (a) 1.4
4 Minimum Feed Rate of Gas Centrifuges Fsingle (Min) (ghr™) 5.50
5 Optimum Feed Rate of Gas Centrifuges Fsingle (0pt) (ghr ) 20.60
6 Maximum Feed Rate of Gas Centrifuges Fsingle (Max) (ghr ) 25.62
7 Number of Gas Centrifuges (GC) 174
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Asymmetric Tapered Cascade Symmetric Tapered Cascade

Item Parameter Sign Item Parameter Sign

1 Feed (ghr™1) F 1 Feed(ghr™1) F

2 Cascade Cutl Ocas1. 2 Cascade Cut Ocas.

3 Cascade Cut2 Ocas2. 3 Number of stages N

4 Number of stages N 4 Number of Centrifuges in each Stage GCstage

5 Number of Centrifuges in each Stage ~ GCgiqge 5 Feed of Centrifuge (ghr™') Fsingle

6 Feed of Centrifuge (ghr ™) Fsingle
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Item Cascade N Arrangement
Stages
: 1]2]3[4]s5]6[7]8]9]10]11][12]13]14] 15
1 Symmetric Tapered 15 Gas Centrifuges
6 |10]14]18|22[24]20|16[12]10][ 8|6 |4 [2] 2
Stages
2 Asymmetric Tapered 21 1|2|3|4|5|6|7|8|9|1o_|11|12|13|14|15|16|17| 18 | 19 | 20 [ 21
Gas Centrifuges
416 ]10/12]12]14]16]18]14]12]10]20][ 8 [6 |6 ] 4 [4] 2 2 2 2
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ltem Cascade N (1g)hr' N Bcus Fuel Enrl((:t!}or?ent Level Vo (%) xw(%) ?IYXLLJJ//(;S
1 Symmetric 15 7260 6 0.131 3.70 3.708 0.260 2.45
Tapered 7260 6 0.131 3.30 3.708 0.260 2.45
F (ghr Fuel Enrichment Level yp; Ve, SWU/GC
Item Cascade N 1) NE  Ocas1. Ocast. (%) %) (%) Xw (%0) (kg Ulyr)
Asymmetric 3.70
2 T 21 729 8 0.042 0.089 3.708 3.333 0.290 1.860
apered 3.30
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