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Abstract: The calcined product of the high-level liquid waste (HLLW) is the intermediate
product of two-step cold crucible glass solidification process. Its performance(such as water
content, bulk density, denitration efficiency and so on) has an important impact on the
process control of the whole system and glass product quality. Generally, the factors affect-
ing the performance of calcined products include: the heating temperature of rotary calciner,
the inclination angle of furnace body, the rotation speed of furnace body, the composition of
simulated waste liquid, etc. In order to obtain the influence degree of different calcined prod-
ucts on their performance, the Gauss Kriging(GP) surrogate model is used to calculate and
analyze the influence factors on the experimental data of the transformation process carried

out on the bench for the simulated HLLW of spent fuel with burnup of 33 GW « d/t U and
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45 GW « d/t U. The results show that the main influencing factor seqencing of the bulk den-

sity of calcined products under the experimental conditions is the composition of simulated

liquid waste>>the angle of furnace body>>the rotation speed, and the main influencing factor

seqgencing of water content is the angle of furnace body™> the composition of simulated liquid

waste> the rotation speed. At the same time, the established proxy model is used to predict

the water content and bulk density of calcined products produced by four heating tempera-

tures, five inclination gradients and two simulated waste liquid component tests in the high-

level waste liquid transformation test. It shows that is more suitable for the performance of

calcined products, as the heating temperature in the first two areas between 540-680 ‘C, and

the angle of furnace body with 3%. Therefore, the method of identifying the factors affect-

ing the performance of calcined products by agent model method is feasible, and can provide

basic data and technical support for the optimization process.

Key words: Gaussian Kriging agent model; calcined product; influence factors
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Table 1 Composition of simulated HLLW

from 33 GW ¢« d/t U nuclear power plants spent fuel*™
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(g+L7H B (g« LY
Zr 6.75 Zr(NOs), » 5H,0 33.10
Ba 3.30 Ba(NO;)» 6.27
Nd 8.08 Nd, O 9. 42
Mo 8. 54 Mo 8. 54
Fe 2.79 Fe(NO3)3 + 9H,0 20. 20
Sr 1. 49 Sr(NO;)» 3. 60
Cs 5.18 CsNO; 7. 60
Ce 4.76 Ce(NO;3);3 + 6H,0 14.76
La 12.17 Lay O3 14. 28
Co 2. 30 Co(NO3); » 6H,0 13.77
> 55. 36 129.12
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Table 2 Composition of simulated HLLW

from 45 GW « d/t U nuclear power plants spent fuel"'
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Zr 16.0 Zr(NOs), « 5H, O 78.50
Ba 5.5 Ba(NO;)» 10. 47
Gd 14.0 Gdz O3 16. 14
La 4.2 Lay O3 4. 93
Nd 14.0 Nd; O3 16. 33
Mo 11.0 Mo 11. 00
Mn 2.8 MnO, 4.43
Rb 1.3 RbNO; 2.24
Fe 1.4 Fe(NO3); « 9H, O 10.13
Sr 2.9 Sr(NOs)» 7.00

Y 1.6 Y(NO;); »« 6H,O 6. 89
Cs 9.0 CsNO; 13. 20
Ce 14.0 Ce(NO;)3 « 6H,0 43. 37
> 97.7 224. 63
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Table 3 Experiments parameters and calcinate characterizations results

a B0 WA / A I i/ kLS HERR L 1/ e 2/ FARR L FHAKE2/
A=) : ® )
(GWedet L,LUH) (remin D) fii ff1 / % (ge+cm %) (ge+cm %) % %

1 33 25 3 ki 1.35 0. 94 1.26 1.32
2 33 20 3 K 0.78 0.94 1.24 1. 07
3 33 15 3 S 0. 89 0. 65 0. 95 1. 05
4 33 20 3 o 0. 66 0.76 0.99 1.10
5 33 15 3 N 0.52 0.41 1. 04 1.10
6 33 25 3 A 0.35 0.42 0.79 1. 04
7 33 30 3 N 0. 45 0.51 1.23 1. 05
8 33 30 3 Fi3 0.38 0. 35 1.10 0.99
9 45 25 3 S 0.43 0. 45 1. 20 1. 05
10 45 20 3 ki 0.45 0.57 1.28 1. 05
11 45 15 3 R 0.42 0. 46 1.05 1.28
12 45 30 3 N 0.27 0.28 0. 97 1.12
13 45 30 2 ki 0.32 0. 25 1.10 0. 95
14 45 20 2 SR iA 0.25 0. 27 0. 89 0.79
15 45 30 4 N 0.17 0.22 1.26 1. 41
16 45 20 4 A 0.23 0. 24 1.31 1.53
17 45 20 4 AN 0. 20 0.19 1. 21 1. 30
18 33 30 3 N 0. 30 0. 30 1. 04 0. 95
19 33 20 2 A 0.53 0.53 0. 85 0.91
20 33 30 2 ki3 0.42 0.45 0. 69 1.10
21 33 30 3 ¥4 0.42 0.45 0.95 1.18
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Fig. 1 Parameter sensitivity ranking of calcinate bulk density 1(a) and 2(b)
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Fig. 2 Parameter sensitivity ranking of calcinate water content 1(a) and 2(b)
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Internal inspection results of two surrogate model for calcinate bulk density 1(a) and 2(b)
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Table 6 External inspection calculation results and error analysis

R B ok
R e T e/ HRFE/ - i i
n 3/ 4/ . il i / RIG{E/ ) x
8] (remin~")  (GWedet ") 5 B fixr WaEME/ % WRGE/ % fixs
(geem™3) (ge+em™?) w#E R
1 595 547 15 33 3% 0.726 0. 890 —18.4% 1.036 0. 950 9.1%
616 547 30 45 4% 0. 367 0.195 83.6% 1.137 1.210 6.1%
2 588 540 25 33 3% 0. 358 0. 419 —14.4% 1.017 1. 040 —2.2%
586 541 25 45 3% 0. 464 0. 448 3.6% 1.072 1.050 2.1%
3 588 540 25 33 3% 0.373 0. 419 —10.8% 1. 045 1. 040 —0.5%
586 541 25 45 3% 0. 465 0. 448 3.8% 1. 029 1. 050 2.0%
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Fig. 5 Calculated values of bulk density and

water content under different slope and

temperature with two type simulated HLW
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