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Abstract: Non-destructive analysis(NDA) techniques can be used to ensure that no sensitive nuclear
materials(SNM) are being lost or diverted from their defined flows and containments. Rapid measurements
of SNM in feed materials, process lines, finished products, scrap and waste, and holdup in the plant are all
possible with NDA techniques. With the development of nuclear industry, it has also brought huge
challenges to the supervision of nuclear security and nuclear material control. The NDA of pressurized

water reactor fuel assemblies is one of the important technologies for nuclear security. The establishment of
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the NDA for pressurized water reactor requires the possession of corresponding nuclear material standard
materials. Therefore, it is necessary to analyze the uranium content and 2**U abundance accurately in the
uranium dioxide pellets of standard pressurized water reactor components. China North Nuclear Fuel
Corpotation prepared comparison samples and conducted a uniformity test on the samples. Through F test
analysis, it was deemed that the samples had good homogeneity. Beijing Research Institute of Uranium
Geology(BRIUG) organizes several laboratories to determine the content of uranium in uranium dioxide by
potentiometric titration, and the abundance of 2**U by TIMS or MC-ICP-MS methods. The samples are sent
to different laboratories. Six laboratories conducted comparative analysis of uranium content and °U
abundance. After summarizing and comparing the results, through online SPSS calculations, the small
sample data of uranium content and **U abundance shows a p-value greater than 0.05, indicating no
significant difference. This indicates that the parameter conforms to the normal distribution characteristics.
The uncertainty of the comparison data results was evaluated, the uncertainty of sample measurement
results refers to ISO guide 35 2017 reference materials: guidance for characterization and assessment of
homogeneity and stability, which is mainly composed of three parts: stability uncertainty, homogeneity
uncertainty and characterization uncertainty. The uranium content and abundance of 2°U in the sample
have good homogeneity, and its properties will not change with time. Moreover, the uncertainty caused by
the inhomogeneity of the sample has been reflected in the comparison analysis, so in this calculation, the
uncertainty components arising from sample inhomogeneities and instabilities are not considered. The
average value of uranium mass fraction is 88.00%(n=6), the relative uncertainty is 0.057%, and the
measured average value of U abundance is 3.2326%(n=6), the relative uncertainty is 0.062%. The
uranium content and U abundance in standard pressurized water reactor components made of uranium
dioxide pellets were obtained through comparative analysis, providing base data for subsequent research on
non-destructive analysis methods for pressurized water reactors.

Key words: uranium dioxide; uranium content; 23U abundance; uncertainty evaluation

a6k

R 4 [ B 1 BB AILAL & A e SR A2 H s i
HE (2023 4F M) )4, #aE 2] 2022 4 12 H 31 H,
FEME S E 32 AN EE A H AT IEFEZE 1T 411 B %
LA, oK MEAZ FL G ol 301 15, o Lk 73.2%, /2
H iy F A A b A S R R
JO7 S HME A Rl R R T R, R A
R A 7= BB | il 1 T2 RN T Y R
K ) [ PR AT A 3 0 R 2 R BURT WA A A R
FH TAERR TE R . KRN
SR ZH 1 B 36 E ) R v, A ORI AR S
BORE A SN HE 2 R R B TR, AR
42 5 2 BORh B i, B[R] I R A% St A 1) AR
B AR SEAT AN B BRI, 3 T A R
T BRORE L B A 45 0 58 0 BT T R R K HE
Y11 (R JC 4 43 BT (NDA) U, (5] I NDA 2 4% % fi
() T B R R 22—, T AR o R K HE 2 R O AR
I NDA $572 AR B G5 o b o e K 3 2 v i A
PSS e I S N o S AR B = W A oK T

Y OGS S BT ME R 2 A, L R AR Al B RN
U FEEE

1 5 0 B 0 SR S 0 A ek AR A B
oo B AT A A TR A o fig
Wk y iERE IR A IR AR S L fkE TRl
W EEAREEOEIOR W X LA
T (XRF) P H G5 45 B 1K BT 125 (ICP-MS) 1!
FRITFEL A7 0 R T A R Rl A Y 2
B 5% P R o7 T G R XRF 15, H B4 S 2 — ik
SR FH FL AL T G VR I R . MDA R AEDT R
T TP N AR R TR I U )RR - X S PO
W2 AL =l il 2 RO AT AT PR AE . A I
P02 F B 43 B 7 vk B AR R vk ), AR
JoT 3 32: (TIMS ) 190 Z2 22 50 vl SR 5 55 25 1K o
i (MC-1CP-MS) =121 — k3 F 3 vk
(SIMS) 131 4

A TAE L8 35 4 20 22 58 52 36 = 6F Ak ot
B 1 il R 22U0 SE B R AT X AT, SR A IE



55 630

PSP P i i 2 U Y X S AT 583

AU AN AN 1 A JEE Xk 45 SR AEAT PO, ARAR A 4 2R
T A R 9 TR K S RS R R A 1 B Bt A ) B HE 2=
%, WAL AR NDA 73 B R S 4 S04

1 HREERILTE

1.1 H#RHH&

JE 7K SRR R 2 1 DR R A Ak A B 4
[ = Vst o T I W R e - ! B B N
Ao AU EL X R Tl b 5 M I 5 B 4 A
A0 4 ST, AE A 1E 25U E R 3.25% 2
A R AR B, A R K RE R R AN TR
SEHGE o R AR U B R AT S BF S Ao B
B 1k 5 H e R S 0TS, ORI Y T O A
HER . KB S AR AR S X A B 12 1), B
/20 g, AT B, AN EL 6 O B AL 1
o) PRI, A AR DU 3 YR . XTI R 4
f 1 2 % TIF 1343-202204 5% ] 20K 5 07 2% 43 #r
(FRrgeik), sk 2 Al 2Z /M0, AN
T3 2R (Q,) 1 b 48 of 1 Wi 45 2 T i {1 22 [) A7 G
RYiR 2, R T B H N T ST AR 5 B i A
(B F<Fy s i F08 ) WA Ry BE SR 5100 0 3975
PERG I 25 B A K 1, FRIAEY /N T Fops(5,12)=
4.68, Ut BB ff o il 5 AN 2SU B ) 40 A .

F1 BRI ST A AR

Table 1 Determination results of sample uniformity
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Table 2 Titration results of uranium content
ST 5B %
No. A%
1 2 3 4 5 6 SR

Sl 88.04 88.02 88.05 88.01 88.04 88.01 88.03 0.020

S2 87.91 87.94 87.95 87.95 87.95 87.96 87.94 0.019

S3 87.96 88.00 87.99 87.93 87.91 87.94 87.96 0.040

S4 87.99 88.05 88.05 87.94 88.00 88.09 88.02 0.060

S5 87.97 87.97 87.96 87.98 87.98 87.97 87.97 0.009

S6 88.08 88.08 88.07 88.08 88.06 88.06 88.07 0.011
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Table 3 Determination results of 23U abundance
PUEE%
No. R %
1 2 3 4 5 6 S

S-1 3.2329 3.2340 3.2325 3.2334 3.2333 3.2327 3.2331 0.017
S-2 3.2330 3.2312 3.2351 3.2336 3.2348 3.2346 3.2337 0.045
S-3 3.2322 3.2328 3.2316 3.2319 3.2325 3.2322 3.2322 0.013
S-4 3.2290 3.2277 3.2317 3.2279 3.2301 3.2265 3.2288 0.058
S-5 3.2355 3.2340 3.2343 3.2349 3.2329 3.2335 3.2342 0.029
S-6 3.2355 3.2318 3.2319 3.2326 3.2361 3.2350 3.2338 0.060
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Table 4 Results of normality test for uranium content
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Table 5 Results of normality test for abundance of *U

Shapro-Wilk#6: 5 BSYFpE Shapro- Wil 5
No. w(U)/% HrifE2E W [l 3 No. brfezE  WE R
gtgwis ) T SR p

S1 88.03 0.02 0.026  —2.367 0.869 0.223 S-1 32331 0.0024  —0.740  0.687 0.897 0.359
S2 87.94 0.02 —1.188 1.713 0.921 0.513 S-2 3.2337 0.0024  —1.297 1.800 0.873 0.240
S3 87.96 0.04 0.167 -1.557 0.951 0.748 S-3 32322  0.0015 0916 —1.246 0.831 0.109
S4  88.02 0.05 -0377 —0.684 0.945 0.696 S-4 32288  0.0024 -1.516 2916 0.872 0.234
S5 8797 0.0l  -0313 —0.104 0.866 0.212 S-5 32342 0.0021 —0.240  0.466 0.975 0.924
S6 88.07 0.01 -0.827 —-0.932 0.897 0.356 S-6  3.2338 0.003 1 -1.811 3.683 0.808 0.069

(88.00)  (0.05) (0.373) (-1.358) 0.940 0.655 (3.2326) (0.0020) (-1.855) (3.549) 0.788 0.051
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Table 6 Uncertainty of uranium content and ***U abundance in uranium dioxide pellet powder
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