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Abstract

Since the 1990s, axial offset anomaly occurred in many pressurized water reactors, which se-
riously hindered the operation safety of these reactors. Operating experience indicated that this
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phenomenon has strong relation between the boron precipitation inside fuel CRUD (Chalk Rivers
Unidentified Deposit). In order to analyze the impact of boron precipitation on axial power offset,
a model is carried out based on thermal hydraulic theory, and the comparison between nature
boric acid and enriched boric acid’s effect on axial offset anomaly has been simulated by CAMPSIS,
a crud analysis software. The results show that although the total amount of boron precipitation
will be less when enriched boron acid is used in the primary circuit, the total amount of boron-10
precipitation will be higher at the end of the cycle. Since boron-10 has the essential influence of
fuel assemblies local power, the application of enriched boric acid might not be able to reduce the
risk of axial offset anomaly.
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Figure 1. Physical Form Model of CRUD [5]
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Figure 2. Schematic Diagram of Heat Transport during Micro-Scale

Boiling [6]
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Figure 3. Coolant temperature distribution along the thickness of
CRUD
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BN ppms Cipui T A HIFI R AR IR FE, BA1N ppm; e TR ENFIII 25 R IE R, BA1h glem?s;
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Horp: TR x &8 CRUD JEJE, FALA cm; Calagxs Clicladx 70187~ & S IG WM BEKEE, FALA ppm;
Capuk~ Cuipuk BRI REH A I #EIREE, BN ppm.
32. MItrENIEREE

thF LiBO, & PWR Aivif B & TIHT 4, AR MG R AE — ol B RBP4 0B LiBO, 1%
ATt . ] — R 2 KO0 R B AR TR R S RN, DR, 24R7E LiBO, i, #1567
S S PR P B I S

X LiBO,,  HLUURIVARIE & 1515 1 1 $E[10]:

S.is0, = 0.000005T 2 —0.00602T +1.5889 (13)

Fot: Su0, 35 LIBO, MIMURVARE . H60 0y molikg: T FifE, HEIAC,

DOI: 10.12677/nst.2022.104020 199 MR A


https://doi.org/10.12677/nst.2022.104020

PrRng, 28

TR R i 2% i CRUD N EBHR Y CRUD JRFE 7 IR R AE AR L. ¥ T AR, W[4533] CRUD H—i%
FEAL LiBO, HIME AN iR -
Siigo,» = 0.000005T —0.00602T, +1.5889 (14)

o, FhR x 5 CRUD &, HA7N cm.,

K3 LiBO MEFANEREEE S, W] RHE LiBO, T H I 1 Il A B -

_ SLiBOZ,x My 6
Clicrtx = mxio (15)

Hrr: Fhr x 78 CRUD B, BN em; Cuicny R LiBO AT HIN HIG FHEIREE, B4 ppm; My
o Li FIBEER &, #4704 kg/mol.

Y Cliglady N TG TR EE Crienx B, BITCERRILL LiIBO, HITE AT H, id kit CRUD JEEN Spre; HH
X (12)F#5, %4 CRUD WERRE T, I B — Bl )5, Syigo, BILT 0, 1L Sy o, A 0 I XM CRUD &
JEH 8, B CRUD JRA%] 87, i, CRUD M SEITTCHR B LA LIBO, M o B dyre Fl 6, Z 1A /)N
18, VENBIATH EIm 5 CRUD JE 1, iCA deno 23 CRUD JEREK Tilm AN, RUAAEDIHT H

4. TRRYYIIEIR PR E

e FIRER T, BT HAEAE— 4 CRUD Ig 5%, CRUD JEJE A i s 545 BE I A4 24 il .

T B BT OB HE 5 A e e 7= 2R A IR AR v b B X 380 CRUD JE A, At 3742 CRUD

X TG 2 (W B - Fletcher %5 A [11]138 i 305045 2\ i& CRUD ) ER I it 51 2 BBl AT H ih 28, 166 FH FHAE 316°C
BEAT I RIH O, WG A e CRUD R B 70 2R 5t & 5 = ARk 52 ) 1 o) R =X

Co, =8x107°.CO%L (16)

B,clad,x
Forpre Cogx RonBEsei5 I PO R BN MO RO o &, B8 glge
5. IRB N AR IHERTTE

BT 0T A BRI ) B AR R, 7 CRUD JEBEARIA B 7R AL, BB BRHBEZY 57 ik 4% 350 i
Brifi&; 4 CRUD JEEEEIA I S RE, BAT H RO A7 B 05 B S [ SRk AT HE . R R b B BT R
(95 35 3 M i CAMPSIS 2% 7 1 DL FAERI[4].,

IR PWR HLAFEAEIN, 43 BRI R ECR SRR 1 TR (5 SN 20%) DA & SRR VA i (= 4
FEH 3T%)/E A — Bl B AR N7 CRUD & DA R H s S AR A As O, AR 9 VTAS & R0 CIPS XU &2
Wa A o« AT BT BT 7 I /K i 280 7 iliE 27 LINDEN $245[12].

B 4 ol %0, AHRETRARMN, &4 DIRK CRUD M. X2 W TRH &M )5, N KA
HN5 pH AF AT IE 42, AT BRAIR T — [0 26 5 46 <6 Ja AR (4 JE8 e R TS 2 [ 131, 98/ T — [ 8 PO J Tk =42
H /& 5 AT %1, CRUD #i¢ KR FEAZAE S G i . 45 5580 CRUD #ix K ke T HEIRNHEIH A4 R
H 1) CRUD, B RNHEIZAT, [HAM L) CRUD Z#iiaf#, Btk CRUD K JZ FEWIZHIR /N P55
CRUD H¢ K J5 8 v sE T8 41 4F L2 3t R i CRUD, [X 1tk CRUD i K & B 76 45 £ e S DLW i K a3

E T 41 CRUD &8, FI1SRIMEN N HEE, Wk 6 . mIK 6 /s, M RKAW, =
SE AT DA RRARHE P9 I AT s . a0y mrn, AT H A R W A2 BBV . CRUD & HIsem, 11
I, BT EERERAR, HULR CRUD JEREZM chjs A8 3, DRIt s Em AT o e i B A
&S, (HEEEMRE DR, T R AR AR SR . SR, R E SRS — [l
(IR P R B, e Ak T AT S i

DOI: 10.12677/nst.2022.104020 200 MR A


https://doi.org/10.12677/nst.2022.104020

BrRng, 12

9.0

8.5

8.0
2715
g
i3]
270

o
%65

6.0

55

50 1 1 1 1 1 1 1 1
50 100 150 200 250 300 350 400 450 500

117 K#/days

Figure 4. Total CRUD deposition mass
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Figure 6. Total boron precipitation mass
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