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1. INTRODUCTION

¢ The loading of Westinghouse RWFA VVER-1000 fuel in
Kozloduy NPP and start of mixed core operation with RWFA and
TVSA fuel, marks the completion of the qualification and licensing
process for RWFA in Bulgaria.

« The qualification and licensing process of RWFA for KNPP
started in 2018 with a feasibility study.

¢«  After completion of the feasibility study, it was decided to
continue with full licensing of RWFA for unit 5 and a contract was
signed between KNPP and Westinghouse.

+ On April 22 BNRA issued a license for RWFA implementation
on Unit 5, and in May 2024 the first 43 fresh RWFA were loaded in a
mixed core with the resident TVSA for the cycle 31.

¢«  The advanced RWFA assembly distinguishes itself with increased
uranium content and enrichment up to 4.75wt%.

+ This enables the safety and effectiveness of the fuel cycles to be
Increased.

+ Neutron-physics characteristics for cycle 31 of Unit 5, calculated
by APA-H and HELHEX code packages have been compared with
relevant measured/reconstructed data.
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2. RWFA - DESIGN FEATURES
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Fig. 1. RWFA

Table 1. RWFA features

Fuel mass in Assembly, UO,, kg 551
Number of Fuel Assemblies 163
Number of Fuel Rods and Gd-rods 300,306/12, 6
Fuel mass in FR/GdR, UO,, kg 1.766 / 1.737
Fuel pellet outer diameter, cm 0.7844
Fuel pellet hole diameter, cm 0
Cladding outer diameter, cm 0.9144
Cladding inner diameter, cm 0.800
Average enrichment, wt% 4,59, 4.19, 3.01
Number of GdR 12,12, 6
Fuel Rods max enrichment, wt% 475/4.3/3.1
Gd-rods enrichment, wt% 3.6,3.2,2.3
Gd-rods Gd,O, content, wt% 5.0
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2. RWFA - DESIGN FEATURES

{0 FuelRod - Type 1 €% Fuel Rod with BA () Fuel Rod - Type 1 & Fuel Rod with BA
{0 FuelRod - Type 1 &% Fuel Rod with BA

@ FuelRod - Type 2 (@) Guide Tube @ Fuel Rod - Type 2 (@) Guide Tube
@ FuelRod - Type 2 (@) Guide Tube

. Fuel Rod - Type 3 Q Instrumental Tube . Fuel Rod - Type 3 o Instrumental Tube
. Fuel Rod - Type 3 G Instrumental Tube

. Fuel Rod - Type 4 . Fuel Rod - Type 4

Fig. 2. 301WR layout Fig. 3. 400WR / 419WR layout Fig. 4. 459VR layout
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3. CYCLE 31 WITH TVSA and RWFA

17 19 21 23 25 27 29 31 33 35 37 39 41
16 18 § 20 § 22 | 24 | 26 | 28 } 30 } 32 } 34 | 36 | 38 | 40 | 42
o1 158 | 160 161 [RZREEE o1
rrt] 4374 RO 45.94 | 44.04 [ 1
02 149 | 150 ML IR 156 | 157 Y4A59VR
44.94 | 18.07 | OB 18.07 | 43.74
03 el 140 143 [V 147 ‘e
ey 0.00 34.60 15.28 (UM 45.91
01 128 129 131 135 137 138
0.00  0.00 18.08 18.08 0.00 000
YA19WR
06. 108 JIRL
31.39 [N

9

o
=

(=]
o
o

0.

o
o

@

)y

sl
N

Q ]4

o
o
S

Y301WR

15.U1

s AN 68 7 Z s
4494 JI0) 3.46 QL 3220 0.00 Y 43.74
RN 55 so M 61 1o
45.94 JH) 0.00 34.60 IR 45.91
7 ERES 48
Tt R 17.46 | 34.60 @%@@@@ 0.0 1
b % 27 29 3 B 3% b
000 _ 0.00 18.08 18.08 000 _ 0.00
16 LN 18 T 25
13 45,91 JQUO 1528 @@@@@ Y 45.94 13
\ /
1 N 0w PIENN 14 | 15 1
4374 | 18.07 IR YSICTI 18.07 | 44.94
T il 3 4 R
1> 44.94 @ 000 000 @ 4374 13
16 P 18§ 20 i 22 0 24 i 26 i 28 i 30 i 32 i 34 i 36 i 38 i 40 | 4
17 19 21 23 25 27 29 31 33 35 37 39 4
3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54
MWd/kgU

Fig. 5. Fuel assembly Burn-up at the beginning of cycle 31
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4. CODES USED - APA-H and HELHEX

+«  APA-H code package developed in Westinghouse (ALPHA-H 8.10.3 /
PHOENIX-H 8.8.2 / ANC-H 8.7.13) is used for core design and neutron-
physics calculations. The neutronic cross-sections were prepared by the
PHOENIX-H code using the 70-group cross-section library based on
ENDF/B-VII.1.

2 HELHEX code package developed at the Sofia University in 2013 is
also used for neutronic calculations. HELHEX consists of a 3D two-group
nodal diffusion code HEX3DA and a 3D two-group pin-by-pin diffusion
code HEX3DP.

o HEX3DA employs the nodal method HEXNEMS3 (Christoskov,
Petkov, 2012) which 1is an extension to the HEXNEMZ2 method
implemented in the DYN3D code.

o HEXNEMS3 is based on transverse integration and a specific two-
dimensional expansion of the intranodal fluxes in the hexagonal plane.

¢«  The XS-libraries for HELHEX code package are generated using the
Helios-1.5 lattice code.

« The albedo side-group to side-group boundary conditions for the
radial boundaries and group to group for the axial boundaries are calculated
with the Helios-Mariko system.
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4. CODES USED - APA-H and HELHEX

+The two group diffusion equations in the 3D pin-by-pin code HEX3DP
are solved using the finite difference method.

+The boundary conditions are practically the same as for the nodal code
HEX3DA, but the net current on the macro-cell boundaries is calculated for
each micro-cell side, separately.

+The energy collapsed and spatially homogenized diffusion parameters are
corrected using the SPH-method (SuPerHomogenization, Kavenoky 1978,
Hebert 1993). The aim is to preserve the reaction rates from the transport
equation also in the diffusion approximation.

+ The pin-by-pin code HEX3DP calculates the fuel rod and fuel pin power
and burn-up distribution in the reactor core.

+The other characteristics: criticality parameters, reactivity coefficients,
control group worth, total control rods worth, assembly and nodal power
and burn-up distribution are calculating with the nodal code HEX3DA.

+Actually, HEX3DA is running simultaneously with HEX3DP, so that the

main results from both codes are available for visualization module
HEX3VI.

1t International Conference on LWR Fuel Performance, Modelling and Experimental Support
14-19.09.2025, Nesebar, Bulgaria



5. CORE DESIGN U5/C31
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5. CORE DESIGN U5/C31
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Fig. 7a. FAPPF Kg;, FR PPF Kr;, and FA Burn-up at the BOC (APA-H)
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The difference between the
APA-H and HELHEX
calculated assembly relative
power Kq; is usually less than
0.02, for single assemblies
can reach up to 0.03, but for
the assemblies with
maximum Kg; is about 0.01.

Fig. 7b. FA type, FA PPF Kg; and FA Burn-up at the BOC (HELHEX)
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The difference between the
APA-H and HELHEX
calculated relative rod power
Kr;. is in the frame of 0.03,
but for the assemblies with
maximum Kr;, is less than
0.02.

The difference between APA-
H and HELHEX calculated
assembly burn-up Bu; is
about 0.1-0.2MWd/kgU.

Fig. 7c. FAtype, FR PPF Kr;, and FA Burn-up at the BOC (HELHEX)
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5. CORE DESIGN U5/C31
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Table 2. FA and FR maximum PPFs for 315 cycle (APA-H and HELHEX)
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5. CORE DESIGN U5/C31
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5. CORE DESIGN U5/C31
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According to the refueling methodology,
the most important safety parameter is the
linear power in the fuel rods Ql;;, [W/cm].
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Fig. 9. LHR (Ql;;, [W/cm]) vs FR Burn-up (APA-H and HELHEX)
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5. CORE DESIGN U5/C31

475

450 —lim FR
e [im Gd FR
e @® maxout FR
400 O maxint FR
375 ® maxGdFR
- ryY? o \
ggéz 00999322222000080
éys. 0'.,.00000..." 2
T 250 e O o [} LI : °
225 3
200 L
175 ) [ ]
150 o +
125
100
75
50
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 0IWiem
N volume 475
e QIlimTOE
430 ~ e QIlim TOET
5 \\ X QImaxTOE_HEX3DP
400 X QImaxTOEI' HEX3DP
375 \\‘
350
325 \\\
300
275
250
225
200
175
150
125
100
75
50
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
N nuaobem

Fig. 10. LHR (Qlj [W/cm]) vs Heore (APA-H and HELHEX)
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6. HZP START-UP TESTS U5/C31

+  Hot Zero Power physics tests at the BOC are the first opportunity
to compare the core design calculations with the measurements.

¢ The aim of HZP physics tests is to confirm experimentally the
predicted neutron-physics characteristics and to prove that the reactor
core is designed according to the safety requirements.
¢  Usually there are 4 tests performed at Kozloduy NPP at HZP:

» critical boric acid concentration at HZP: test criterion: +0.5g/kg;

+ isothermal reactivity coefficient (ITRC): test criterion: +4pcm/°C;

+ 10" (working) group worth: test criterion: £15%;

+ total control rods worth: test criterion: +20%.

+  All acceptance criteria have been met at the beginning of cycle 31.

1t International Conference on LWR Fuel Performance, Modelling and Experimental Support
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6. HZP START-UP TESTS U5/C31

Ciigo, [0/kd]
T tin Pic Huo APA-H - Exp
Ne | [fpd] | [°C] |[kgffem?] EXp. APA-H [o/ka]
[em]
1| 000 | 2767 | 159.9 136 9.39 9.72 0.33
2| 000 | 2779 | 1596 154 9.58 9.74 0.16
3 000 | 2721 | 1599 128 9.58 9.73 0.15
41 000 | 2170 | 1574 152 9.58 9.74 0.16
5| 000 | 2776 | 159.2 312 10.07 10.09 0.02
6 | 000 | 2726 | 1579 300 10.07 10.08 0.01 ] . . " Ciigo, [9kd] HELHEX
7| 000 | 2784 | 1581 318 10.07 10.10 0.03 | o | rO | Ketiomd - L [E;iip]
8 | 000 | 2766 | 1595 312 10.07 10.09 0.02 o] P 9
9] 000 | 2763 | 1593 116 9.46 9.69 023 1] 000 | 2767 | 1599 136 9.39 9.74 0.35
10| 000 | 2782 | 1592 150 9.58 9.73 0.15 o | 000 | 2779 | 15086 154 958 975 0.17
111 000 | 2763 | 160.7 51 9.52 9.64 0.12 3| 000 | 2721 | 1599 128 9.58 9.76 0.18
4| 000 | 2770 | 1574 152 9.58 9.76 0.18
Test criterion: £0.59/Kg 5| 000 | 2776 | 1502 | s 10,07 1012 0.05
6| 000 | 2726 | 1579 300 10.07 10.12 0.05
7| 000 | 2784 | 1581 318 10.07 10.14 0.07
8| 000 | 2766 | 1595 312 10.07 1013 0.06
9| 000 | 2763 | 1593 116 9.46 9.70 0.24
10] 000 | 2782 | 159.2 150 9.58 9.75 0.17
1| 000 | 2763 | 160.7 51 9.52 9.65 0.13

Table 3. Critical boric acid concentration at HZP tests — U5/C31 (APA-H and HELHEX)
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6. HZP START-UP TESTS U5/C31

PeaKkTHEHOCT, 5

- P[$] Temneparypa s 5YC00B0O1, =C t[°c) oo
- ppeme st Test criterion: =4pcm/°C
Fig. 11. Temperature and reactivity change at H;, ~37% - U5/C31
, Oplotn,o + Op/ot
x| P [f'(”:] Atin | His [I:r;‘)] Ap P " PV | Exp- APAH
°| Ikgficm?] [°C] | [em] [x1029] 107 HI°CL__ {1102 96/°C]
beg. end beg. | end Exp. APA-H
1] 1599 | 2721 [ 2728 07 | 354 | 128 | 132 [ -0.61
2| 1596 | 2728 [2736] 08 [ 354 | 132 | 136 | -0.73
3| 1592 | 2736 | 2752 | 16 | 354 | 136 | 144 | -1.37 -8.53 -8.56 0.03
4] 1584 | 2752 [ 2770 ] 1.8 | 354 | 144 | 152 | -1.47
- Oplot o + dp/ot
| P [ot'(“:] Atin | Hiss [(}:Ir;o] Ap P Hfo P | Exp- HELH
*| [kgflem?] °c] | [em] [x10296] |10 %/°C] _|[.10305/°(]
beg. end beg. | end Exp. |HELHEX
1] 1599 | 2721 [ 2728 | 07 | 354 | 128 | 132 | -0.61
2| 1596 | 2728 [2736 ] 08 | 354 | 132 | 136 | -0.73
3| 1592 | 2736 | 2752 | 1.6 | 354 | 136 | 144 | -1.37 853 | -10.38 205
4| 1584 | 2752 |277.0| 1.8 | 354 | 144 | 152 | -1.47

Table 4. ITRC at HZP tests — U5/C31 (APA-H and HELHEX)
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6. HZP START-UP TESTS U5/C31

PeaKkTHBHOCT, S Temneparypa s 5YC00B01, °C o,
0025 £ 2l 2s0

0.020 - 279
0.015 - 278
0.010 - 277
0.005 - 276
0.000 L 275
-0.005
-0.010 - 273
-0.015 - 272

-0.020 - 271

-0.025 T T T T T T T 270

& > 2 » s <> e
‘\.,\ . \,\

N

2
5
4
%,
/ﬂ"

Bpeme L) Test criterion: +4pcm/°C
Fig. 12. Temperature and reactivity change at H,, ~85% - U5/C31
: Oplotu,o + oplot
Nl P [f'(”:] At | Hys [I;lrj’] Ap o /f V| Exp.- APAH
?| [kgficm?] [°C] | [cm] [x1029] |—LA0"%/°C]__ 114103 9/°(]
beg. end beg. | end Exp. APA-H
1] 1579 | 2726 | 2746 ] 2.0 | 354 [ 300 [ 306 | -1.30
2| 1577 | 2746 [ 2759 13 [ 354 | 306 | 310 | -0.83
3| 1574 | 2759 | 2773 | 14 | 354 | 310 | 314 | -0.75 | 024 | ©% 0.09
4] 1575 | 2773 [ 2784 11 | 354 | 314 | 318 | -0.74
Apldti, o + Oplot
| P [fj‘é] Aty | Hio [ilrﬁ] Ap P o P | Exp- HELH
*| [kgflem?] [°C] | [em] [x10296] X107 %/°Cl_ {1103 95/0C]
beg. end beg. | end Exp. |HELHEX
1| 1579 [ 2726 | 2746 ] 2.0 | 354 [ 300 | 306 | -1.30
2| 1577 | 2746 [ 2759 13 [ 354 | 306 | 310 | -0.83
3| 1574 | 2759 | 2773 | 14 | 354 | 310 | 314 | 075 | 24 | ®U 187
4| 1575 | 2773 [ 2784 11 | 354 | 314 | 318 | -0.74

Table 5. ITRC at HZP tests — U5/C31 (APA-H and HELHEX)
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HZP START-UP TESTS U5/C31

p [%] 0p/0h [102%/cm]
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= [IpecmerHaTa nHTerpasHa edexTuBHOCT - APA-H eSSt Creriorn. —=1Lovo /A /
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Fig. 13. Working group worth at HZP tests — U5/C31
1t International Conference on LWR Fuel Performance, Modelling and Experimental Support

14-19.09.2025, Nesebar, Bulgaria

0.50

0.45

0.40

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00

20



6. HZP START-UP TESTS U5/C31

p 5] —Pea 0CT, S m—MOUHO! N (%]

O6esTouBaHe Ha MEK (02-29)

Bpeme [uu:mam

Fig. 14. Total control rod worth at HZP tests — U5/C31

Test criterion: £20%

Hwmec Ap MM, ZTIDECM. 100
tin. Pix Hgr [cm W3M. .
Ne o0 gt ©22) gr [em] Ciies, [%] o Code
LMl T o[ T | [okg] | Exp. | cal.
| | Begin [2782] 1592 | 354 [354[150 | o | oo | 667 6.21 HELHEX
End [2782] 1502 | 354 |0 |0 | : 6.41 207 APA-H

Table 6. Total control rod worth at HZP test — U5/C31 (APA-H and HELHEX)

1t International Conference on LWR Fuel Performance, Modelling and Experimental Support
14-19.09.2025, Nesebar, Bulgaria




7. CRITICAL Cyy550; U5/C31

+  Critical boric acid concentration: test criterion: +0.3g/kg.

CH,Bo, [g/kg] A Cn,Bo, [g/kg]
7.0 | | | | | | | 0.35
©  Cmssos, Meass |
6.5 e e + 0.30
\\%8\ ®  Cmsmos, HELHEX |
6.0 N ©  Cw3Bo3, APA-H | __ L 0.25
. % )
N Cu3Bos, Design HELHEX |-
55 — — Cu3Bo3, Design APA-H [ - 0.20
50 L IS X ACmssos (HELHEX - Meas) |~ -
' \\5\4%\. X ACu3o3 (APA-H - Meas) | s
45 x Y 0.10
\\c\
40 g K < 0.05
T
35 e~ S S W % * 0.00
" s o NS S A K X
< <\\\0\ < K XK X K
3.0 T Q -0.05
% J\:‘)\N
25 k -0.10
N
2.0 e 0.15
. \ 1 =U.
e
15 2\ -0.20
‘4‘5
1.0 ~a -0.25
B.

05 \fL\e\ -0.30
0.0 I -0.35
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320

T [fpd]

Fig. 15. Critical boric acid concentrations and difference (calc-exp) vs. fuel cycle length — U5/C31
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8. ASSEMBLY AND NODAL POWER DISTRIIé' JT

¢ A comparison between the ICMS (CBPK) and BEACON
measured/reconstructed and APA-H and HELHEX calculated assembly
power peaking factors (Kq;) at full power for 20.21fpd and 230.97fpd of
315t cycle of unit 5 is presented in Figs. 16+18 and 20+22.

¢ The differences between ICMS (CBPK) and APA-H and
HELHEX are less than 6-7%, except for the 18 FAs next to the reflector
— see Figs. 16 and 20. The differences between BEACON reconstructed
and APA-H and HELHEX calculated Kg; are less than 4-5% — see Fig.
17 and 21. If compare the APA-H and HELHEX calculated assembly
relative power, the relative difference is less than 3.4%, except for the
central FA — see Fig. 18 and 22.

+  Concerning the nodal power peaking factors Kv;, the relative
deviation between the measured and APA-H and HELHEX calculated
data is less than 10% (Fig. 19 and 23).

1t International Conference on LWR Fuel Performance, Modelling and Experimental Support
14-19.09.2025, Nesebar, Bulgaria
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8. ASSEMBLY AND NODAL POWER DISTR

The differences between ICMS (CBPK) and
APA-H and HELHEX are less than 6-7%,
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8. ASSEMBLY AND NODAL POWER DISTRI
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8. ASSEMBLY AND NODAL POWER DISTRIB

82
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rms
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2042 |11 (14-29)
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Relative difference, %
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assembly relative power, are

less than 3.4% except for the
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Fig. 18. Assembly power distribution at 20.21fpd — U5/C31 (APA-H/HEX3DA)
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8. ASSEMBLY AND NODAL POWER DISTR
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Fig. 19. Assembly nodal power distribution at 20.21fpd — U5/C31 (EXP/CALC)
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8. ASSEMBLY AND NODAL POWER DISTR

The differences between ICMS (CBPK) and
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8. ASSEMBLY AND NODAL POWER DISTR
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8. ASSEMBLY AND NODAL POWER DISTRIB
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9. CORE DESIGN U5/C32

16 18 20 22 24 26 28 30 32 34 36 38 40 42
17 19 21 23 25 27 29 31 33 35 37 39 4

N S

430MO [ 430MO [ 459VR | 459VR | 430MO | 430MO

142->158/143->159| 0->160 | 0->161 |144->162145->163 1
4 4 1 1 4 4

P P Ny
) JMOMC\)‘ 459VR T 459VR T 419WR T 419WR [ 419WR | 459VR T 459VR T 430MO )
130->149/140->150 0->151 | 0->152 |154-153) 0->154 | 0->155 |155->156|136->157
4 2 1 1 2 1 1 2 ly459VR

4
~ -
“430M0 T 459VR T 459VR | 430MO T 398MO | 430MO T 430MO T 459VR | 459VR | 430MO
3 118->139| 05140 | 905141 |146->142/135->143| 1535144/ 123->145 151-5146) 0->14, 8
A a 1 2 3 3 3 3 2 1 v
“459VR T 419WR T 430MO [ 398MO T 459VR T 430MO | 459VR T 398MO T 430MO T 419WR T 459VR
4 05128 | 0->129 |120->130 150->131 160->132|134->133|161->134|156->135 87->136 05137 | 0->138
1 1 3 3 3 3
459VR T 419WR 7 430MO T 459VR T 419WR T 430MO T 430MO [ 419WR T 459VR T 398MO T 419WR | 458V

3 2 2 3 2 2 3 2 15 ly
430MO™ 430MO™ 419WR ~ 400WR | 419WH" 430MO430MO 419WR T 430 5‘ 419WR
3

J;&SOMO 419WR T 398MO
1

6 05->103 0->104 [131->105/119->106/106->107 94->108 | 0->109 |[109->110/124->111 99->112 [126->113| 0->114 7
P 1 3 3 3 2 1 2 3 3 1 v
"430MO [ 459VR T 430MO | 459VR | 430MO T 400WR T 430MO T 430MO T 400WR | 430MO T 459VR T 430MO T 459VR £ 430MO"
7 | 9189 | 0>90 |141>91 116->92 92>93 097 |112->98(127->99 85->100 | 0107100102 7
4 1 3 2 3 5 2 3 4
.. P V — ~_
“17459VR 398MO T 419WR 419WR T 419WR 7'398MO | 4 SESVR 1y4OOWR
8 63->76 76>78 | 27->79 | 67->80 | 80->81 | 82>82 | 84->83 | 97->84 137->85| 88->86 |147->87 101->88 8
P 3 2 2 4 2 4 2 2 3 2 2 L
"430MO | 459VR [ 430MO | 459VR 400WR 59VR T 430MO | 453VR T 430MO "
9 | 64->62 | 0->63 | 79->64 | 37->65  52>66 | 0->67 0->70 48>72 | 23>73 | 0->74 | 73->75| 9
_ 4 1 3 2 3 1 1 2 3 1

4
. . o
430MO T 419WR | 430MO | "430MO | 430MO T 419WR 430MO T 430MO | 398MO | 419WR T 430MO
10 51->49 | 0>50 | 38->51 | 65->52 | 40->53 | 55->54 | 0->55 58->57 | 45->58 | 33->59 | 0->60 | 59->61 10
_ 4 1 3 3 3 2 1 2 3 3 3 1 4
\.\ //

459VR T 419WR 7 398MO T 459VR T 419WR T 430MO | 430MO | 419WR | 459VR | 430MO T 419WR | 459VR
11 0->37 | 50->38 | 78->39 | 26->40 31->42 | 32->43 | 60->44 | 36->45 | 47->46  35->47 | 0->48 11
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Fig. 24. Loading Pattern for Cycle 32 — the second transition cycle
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10. ASSEMBLY AND NODAL POWER DISTRIB

¢ A comparison between the ICMS (CBPK) and BEACON
measured/reconstructed and APA-H and HELHEX calculated assembly
power peaking factors (Kq;) at full power for 10.68fpd of 32" cycle of
unit 5 is presented in Fig. 25 and 26.

¢ The differences between ICMS (CBPK) and APA-H and
HELHEX are less than 7-8%, except for a couple FAs circled in Fig. 25.
This effect is not observed by BEACON — not in a such scale. The
actual differences between BEACON reconstructed and APA-H and
HELHEX calculated Kg; are less than 4-5%. If compare the APA-H and
HELHEX calculated assembly relative power, the relative difference is
less than 3.0%, except for the central FA with 5.1% — see Fig. 27.

+  Concerning the nodal power peaking factors Kv;, the relative
deviation between the measured with BEACON and APA-H and
HELHEX calculated data is less than 10% (Fig. 28). For particular FA,
the discrepancies between ICMS and BEACON are slightly bigger than
10%, nevertheless both data are measured with the same SPNDs.
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10. ASSEMBLY AND NODAL POWER DIS’
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Fig. 28. Assembly nodal power distribution at 10.68fpd — U5/C32 (EXP/CALC)
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11. APA-H SHELL

¢ APART is a standalone GUI application to quickly handle the
majority of the input/output files necessary for APA-H runs.

« APART allows for parallel execution of PHOENIX-H for all user-
defined regions in the core computational model.

«  With APART any hot full power or cold zero power model for
ANC-H can be produced by the user in just a few minutes.

« APART has an automated end of boron cycle search module and is
also capable of simulating operation during coastdown until a user
defined end of cycle.

« The GUI allows for an easy on-display assembly shuffle using
cursor and mouse.

¢« The GUI can display power and burnup distributions as well as
other results from the APA-H output files.
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11. APA-H SHELL
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Fig. 29. APART - a shell for APA-H was developed at Kozloduy NPP by Dr. Srebrin Kolev
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12. CONCLUSIONS

¢+ Information about the experience of RWFA fuel implementation at
the Kozloduy NPP Unit 5 is presented and discussed in the paper.

¢ The comparison between the predicted neutron-physics
characteristics using APA-H and HELHEX — such as critical boric acid
concentration; fuel assembly, fuel rod and fuel pin power distributions;
fuel assembly burn-up distribution — shows a good agreement and
acceptable differences of the results, all in the range of codes
uncertainties.

¢«  The comparison between the measured/reconstructed and APA-H
and HELHEX calculated neutron-physics characteristics — critical boric
acid concentration at HZP and full power; isothermal reactivity
coefficient, working group worth, total control rods worth at HZP; fuel
assembly and nodal relative power distribution — shows a very good
agreement of the measured and calculated results using the two codes.

¢ The two code packages APA-H and HELHEX can be
iIndependently used for the reactor core calculations with sufficient
precision.
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