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1. Brief summary of Bohunice V-2 (3. and 4. unit) NPP fuel cycle

In the fig. 1. BB you can see evolution of nuclear fuel cycle in Bohunice V-2 up
to the moment. This changes results in better nuclear fuel cycle economy and reduction of
neutron flux on reactor vessel.

The close changes of fuel cycle is expected in connection with increase of the
reactor power:

-104% (2008 3.unit)
-105%(2009 4.unit)
-107%(2010 3 and 4. unit).

Number of leakage assemblies is in the fig.2 (B
2.Gd Il fuel licensing for 3. and 4. unit Bohunice NPP

Choice of supplier and fuel licensing took aproximately four years. Regulatory
authority accept new fuel 26 months after contract was signed. If we want prepare new
contract in 2011 year(current contract is valid to 2010), we dont have a lot of time.
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3. Consequences of Gd Il fuel utilization

3.1Change of operational limits and conditions

Power distribution

N
both Kq S1,40|:|°V and kg < 1,8 - for 1.generation fuel

both kr<1,60 N gov and k. <2,2 - for l.generation fuel
N

both kr <1,66 N dov and k. <2,2 - for 2.generation fuel
N
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Maximal linear power of fuel element

Maximal linear power of fuel element in dependance
on fuel element burn up
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Working CA group position
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3.2 Core monitoring system(CMS) SCORPIO upgrade

System SCORPIO evaluates signals from temperature and neutron detectors
placed in the reactor and gives information about the core power distribution to the
reactor operator and physicists.

Main functions of CMS SCORPIO:

- Processing of mesurement data

- Temperature sensor calibration

- 3-D power distribution reconstruction

- Limit checking and termal margin calculation
- Calculation of margin to PCI

- Primary circuit coolant activity monitoring

- Reactivity measurement during start-up

- Predictive mode and strategic planning

- Automated set up for new cycle

- Data archiving
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Core follow mode provides: B

- Monitoring of measured and calculating parameters of reactor, fuel assemblies and fuel pins
- Checking the status of the in-core detectors

- Evaluation of margins to operational and safety limits and alarm indication

- Displaing of the trend curves of selected parameters, display of detailed core map

- Displaing the status of each modules

- Archiving of selected parameters in the user forms

Core predictive mode (strategy generator) Bl

Core predictive mode provides information for optimization of expected power changes for the 168
hours ahead
System calculates:

minimal changes of boron acid concentration during
power transients

power distribution during expected power changes
critical boron concentration

control fuel assembly critical position

shutdown boron concentration
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Main monitoring (limits) parameters of core: [[B

- Outlet temperature of fuel assemblies

- Coolant temperature rises in the fuel assemblies
- Radial assembly-wise power peaking factors kq
- Pin-wise power peaking factors kr

- linear power q;,

Other monitoring parameters of core:

- Nodal power peaking factors kv

- Nuclear heat flux hot channel factors Fq

- Departure from nucleate boiling ratio DNBR

-Margin of subchannel output coolant temperature to the saturation temperature tg,;

8
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CMS Scorpio software upgrade

- Change from 20/40 calculation point along the height of core to 42 calculation point.

- Changes of neutron- physical model as a result of geometric and material changes.

- Implementation of diffusion libraries for new fuel type.

- KRITEX(Reactivity measurement during start-up) module changes.

- STRATEGIC GENERATOR(Predictive mode) module changes

- Add an option to do correction of assemblies outlet temperature in dependence on
power distribution profile in Gd Il assembly(This option don’t use up to the moment).

- Possibility of manual set CA position.

9
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4. First experience with new fuel with burnable absorber and upgraded core
monitoring system

Following figures and tables summarize first comparsion between theoretical and ,experimental ,,
values.

Lexperimental® values — experimental values measured during physical start-up (nonstandard
measure system)
— values calculated with CMS SCORPIO (MOBYDICK)

theoretical values - values calculated with BIPR-7
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4.1 Operation with Gd Il fuel
22.cycle 4.unit Bohunice NPP

Core loading pattern

FRESH | 1st YEAR | 2nd YEAR | %d YEAR | 4th YEAR | 5th VEAR o9
number of FA FUEL
number of CA ‘ G 0 ‘j O @ (57 58
#343% ENRICHMENT 0 66 66 66 54 0
geesl  382% 0 12 6 12 1 0 59~ A N6 %0
“TIT- ENRICHMENT| 60 0 0 0 0 0 . vmrmz
|:«_ it 4 4,255 + GdoD 0 ] 0 1} 0 i} 48 49 50 51 5
ENRICHMENT 0 0 0 o 0 ]
324 + Gd Oy
o 0 0 0 0 0 42 ® 44 45 46 47
<35 36 37) 38) ~_AY(39 40 41
28 29 30 31 32 33 34
20 21 22 23 24 25 26 2
11 12 13 14 15 16 1 18P 19
1 2 3 4 5 6 7 8 9 10
N 4 L~
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SLOVENSKE = ) k{“ Enel
ELEKTRARNE

ENERGIA, KTORA TA SPREVADZA.



Physical start-up results

Duration: from 13.7.2006 9.24 to 16.7.2006 3.00

Theoretical Experimental Deviation Criteria
Critical concentration H3BO3 in PC [g/kg] 7.78 7.55 -0.22 10.4 g/kg
Asymetry coeficients min 1 0.964 -0.036 -7%rel
max 1 1.064 0.064 7%rel
Asyptotic period min - - -13.40% -30%rel
max - - 6.40% 30%rel
200 [°C] -0.61 -0.74 0.13 +0.4*10% %/°C
210 -0.74 -0.85 0.11 +0.4*102 %/°C
220 -0.87 -0.97 0.10 +0.4*102 %/°C
Temperature reactivity coefficient [102%/°C] 230 -0.99 -1.11 0.12 +0.4*107 %/°C
240 -1.12 -1.26 0.14 +0.4*102 %/°C
250 -1.25 -1.44 0.19 +0.4*10"2 %/°C
260 -1.38 -1.65 0.27 +0.4*107 %/°C
CA system total worth [%] 12.5 12.34 1.40% +21%rel
CA system total worth with CA 03-46 stuck[%] 8.26 7.68 7.00% +20%rel
Worth of "ejected" CA 06-49 [%] 0.52 0.59 -11.90% +20%rel
CA drop time [s] 8t013 10.2to 11.6 - from 8to 13 s
Boron acid worth [%kg/g] -1.48 -1.44 2.80% +17%rel
Worth of working CA [%] 0.81 0.87 -6.90% +17%rel
Isothermal state TC - <05 <05 <05
oT - <0.2 <0.2 <0.2
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Graph of boron acid concentration

4
-+ 2400
3.5 +
-+ 2200
3 i
—m BIPR T 2000
25 4 Exp
_ T
EXP norm. £
§ Power - 1800 g
2 )
3 —__cA6 g
’ :

+ 1600 &
1.5 +

+ 1400
T Wm

0.5 & + 1200
0 1000

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
Eff.days

13

@ SLOVENSKE ;éj%{( Enel

ELEKTRARNE

ENERGIA, KTORA TA SPREVADZA.



Maximal radial assembly-wise power peaking factors kq
Comparsion BIPR-SCORPIO
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Pin-wise power peaking factors kr
Comparsion BIPR-SCORPIO
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Maximal linear power q;;,

qlin [W/cm]
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Comparsion between experimental(SCORPIO) and teoretical(BIPR) group kq and relative deviation
2.eff.days

GD Il fuel
profil. fuel

20.7.2006 Tef = 2.3 eff. days N=1373 MW CA6 =240 cm
/number of group
0

0 Kd scorrio @@
.000 48 5
Kd sipr7 1,343
1,355
42 44 45
1,065 1,281 1,265
1,033 1,298 1,28
36 38 3
1,04 1,074 1.274
1,013 1,052 1,282
28 29 30 33 34
0,98 0,999 1,261 1,084 0,562
0,937 0,967 ; 1,129 0,563
22 3
1,006 1,034
0,967 1,014
13 15 1 19
0,981 1,062 1,006 0,289
0,937 1,034 0,988 0,299
4 5 8 9 10
0,968 0,976 1,209 1,253 0,516
0,986 0,937 1,203 1,248 0,548
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20.7.2006

GD Il fuel
profil. fuel
number of group

0.000 rel. deviation = (kq scorpio / kKQ gpr -1) *100
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Comparsion between “experimental’(SCORPIO) and teoretical(BIPR) group kr and relative deviation
2.eff.days

20.7.2006 Tef = 2.3 eff.days NR=1373 MW h6 =240 cm

GD Il fuel
profil. fuel

/ number of group
11
kr
0.000 ,SCORPIO
0.000
Kr gipr7

1.08
1,183

25 26 27
1.441 1.435 0.649
1,483 1,468 0,681
16 19
1.048 1.443 1.469 0.466
1,044 1,441 1,507 0,498
4 5 9 10
1.057 1.068 1.498 0.736
1,095 1,048 1,502 0,814
19
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20.7.2006 Tef = 2.3 eff.days NR=1373 MW h6 =240 cm

GD Il fuel
profil.fuel
number of group
1
0.000 rel. deviation = (kr scorpio / Krgpr -1) *100
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Comparsion between experimental(SCORPIO) and teoretical(BIPR) group kq and relative deviation

GD Il fuel
profil. fuel
/ number of group
11 kq
0.000 ,SCORPIO
0.000
Kd gipr7
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40.eff.days

27.8.2006 Tef = 40,4 eff. days NR=1373 MW h6 =225 cm

59
0.295
0.305

57 8

0.991 0.423
0.994 0.437
53 54 56
1.294 1.165 0.282
1.296 1.158 0.286
48 49 50 51 52
1.317 1.297 1.074 0.812 0.341
1.334 1.304 1.119 0.849 0.341
2
1.055

44 46 47
1.276 0.793 0.349
1.288 0.802 0.343

8 39 40 41

1.079 1.29 0.817 0.282
1.048 1.294 0.855 0.287

33
1.006 1.082
. 0.976 1.126
22 27
1.017 0.431
0.976 0.435
13 15 17 18 19
0.985 1.054 1.307 1.027 0.297
0.941 1.029 1.298 0.995 0.306
5 8 10

1.181
1.164

0.981
0.942

1.198
1.186

0.528
0.557
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GD Il fuel
profil. fuel
number of group

0.000 rel. deviation = (kq,SCORPIO/kq,BIPR '1) *100

SLOVENSKE
ELEKTRARNE
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Comparsion between “experimental’(SCORPIO) and teoretical(BIPR) group kr and relative deviation

40.eff.days
27.8.2006 Tef = 40,4 eff.days NR=1373 MW h6 =225 cm
59
profil. fuel 0.508
58
0.648
0.693
/number of group 54 55

1 1.476 0.757 0.485
KT scorpiO 1.455 0.796 0.479

52
0.56

0.000
0.000 48 29
Kr gipR7 1.446 1.434
1.482 1.453 0.556
23 44 45 46
1.291 1.39 1.474 1.054
1.298 1.412 1.486 1.096
38 39 20 1
1.155 1.483 1.079 0.488
1.144 1.49 1.188 0.483
28 30 31 34

1.063 1.367 1.28 0.817
1.045 1.419 1.299 0.838

21 22 26 27
1.462 1.098 1.427 0.662
1.46 1.075 1.461 0.692
13 14 16 17 18 19
1.068 1.461 1.465 1.472 1.378 0.479
1.045 1.452 1.487 1.48 1.332 0.509
3 4 5 10
1.296 1.055 1.084 0.755
1.283 1.092 1.056 0.825
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27.8.2006

GD Il fuel
profil.fuel

0.000

number of group

rel. deviation = (kr scorpio / Krgipr -1) *100
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Tef = 40,4 eff.days

NR=1373 MW

h6 =225 cm
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4.1 Operation with Gd Il fuel
23.cycle 3.unit Bohunice NPP

Core loading pattern

59
FEESH
st YEAR | 2nd YEAR | 3rd YEAR | 4th YEAR | 5th VEAR
nuber of FA FUEL <5 58
number of CA ‘ G 0 'j 0 @
oy 53 540> 55 56
{ }ENRICHMENT 1] &0 72 5 &6 0
0233y AA 0 12 6 12 1 0
A IENRICHMENT 60 0 0 0 0 0 38 49 50, o1 52
g aasn 0 0 0 0 0 .
ENRICHMENT 0 1] 0 0 0 0 42 43 44 45 16 47
% 384% 6 0 0 0 0 0 4
/ﬁ 35 36 3 38) X A(39 40 41
N
28 29 30 39 32 33 34
20 {21 2 23 24 2 26) 2
11 1 13 7“ 14 15 16 1 18 19
1 2 3 4 5 6 7 8 9) 10
~~ D P
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Physical start-up results

Duration: from 2.9.2006 10.26 to 4.9.2006 5.10

Theoretical Experimental Deviation Criteria
Critical concentration H3BO3 in PC [g/kg] 7.62 7.9 0.28 +0.4 g/kg
Asymetry coeficients min 1 0.981 -0.019 -7%rel
max 1 1.024 0.024 7%rel
Asyptotic period min - - -10.70% -30%rel
max - - 14.70% 30%rel
200 [°C] -0.77 -0.77 0 +0.4*107 %/°C
210 -0.88 -0.94 0.06 +0.4*107 %/°C
220 -1.01 -1.11 0.1 +0.4*107 %/°C
Temperature reactivity coefficient [102%/°C] 230 -1.16 -1.28 0.12 +0.4*10% %/°C
240 -1.32 -1.45 0.13 +0.4*10 %/°C
250 -1.5 -1.62 0.12 +0.4*107 %/°C
260 -1.69 -1.79 0.1 +0.4*10™ %/°C
CA system total worth [%] 10.52 11 4.60% +21%rel
CA system total worth with CA 03-46 stuck[%] 7.43 7.74 4.20% +20%rel
Worth of "ejected" CA 06-49 [%] 0.45 0.42 -6.70% +20%rel
CA drop time [s] 81013 10.2t0 11.6 - from 810 13 s
Boron acid worth [%kg/g] -1.47 -1.35 8.20% +17%rel
Worth of working CA [%] 0.83 0.94 -13.30% +17%rel
Isothermal state TC - <0.5 <0.5 <0.5
oT - <0.2 <0.2 <0.2
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Maximal radial assembly-wise power peaking factors kq
Comparsion BIPR-SCORPIO
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Pin-wise power peaking factors kr
Comparsion BIPR-SCORPIO

1.6
9/5

9 9 9

—e— kr max. l.generation BIPR

—— kr max.l.generation

kr max Il.generation

—a—kr max. ll.generation BIPR

1.45

1.4 T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100

Eff.days 28
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Maximal linear power q;,
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Comparsion between experimental(SCORPIO) and teoretical(BIPR) group kq and relative deviation
5.eff.days

10.9.2006 Tef = 4.9 eff.days NR=1375 MW h6 =220 cm

GD Il fuel 59
profil. fuel 0.292
0.304

57 8
0.986 0.416
0.994 0.426

/ number of group

kQ scorpio

55 56

0.504 0.274
0.525 0.277

48 49 50 51
1.187 1.344 1.095 0.791
1.198 1.326 1.139 0.844
44 45 46 47
1.332 1.276 0.741 0.329
1.346 1.287 0.763 0.327
36 38 39 40 41
1.04 1.112 1.282 0.804 0.275
1.016 1.058 1.288 0.847 0.279
34
1.012 0.531
. 0.975 0.54
23 24 27
1.047 1.218 0.425
1.016 1.197 0.429
13 15 16 18 19
1.014 1.028 1.196 1.022 0.304
0.977 0.998 1.199 0.997 0.306
4 5 7 9 10
30

6
1.056 0.92 0.869 1.266 0.545
1.087 0.887 1.064 0.992 0.568
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GD Il fuel
profil. fuel

number of group

0.000 rel. deviation = (kq scorpio / kG gpr -1) *100

SLOVENSKE
ELEKTRARNE

10.9.2006

Tef = 4.9 eff.days

NR=1375 MW

h6 =220 cm
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Comparsion between “experimental’(SCORPIO) and teoretical(BIPR) group kr and relative deviation

5.eff.days
10.9.2006 Tef = 4.9 eff.days NR=1375 MW h6 =220 cm
GD li fuel 59
profil. fuel 0.475
0.512
58
0.639
number of group 0.682
— 53 54 55 56
" KF scorpo 1456 | 1.438 | 0725 | 0473
0.000 ' 1.486 1.461 0.785 0.474
0.000
Kr gipr7

29 50
1.456 1.3
1.468 1.406
44 45 46 a7
1.431 1.493 0.992 0.542
1.465 1.507 1.072 0.537
35 38 39 40 Y
1.42 1.188 1.476 1.068 0.474
1.404 1.149 1.507 1.188 0.478
28 29 30 33 34
1.071 1.064 1.387 1.305 0.764
1.085 1.059 1.409 1.408 0.799
21 22 23 24 25 26 27
1.476 1.078 1.148 1.358 1.428 1.422 0.656
1.478 1.06 1134 1.367 1.47 1.466 0.683
1 13 14 18 19
1.461 1.081 1.439 1.372 0.488
1.469 1.086 1.405 1.344 0.508
5 7 8 10
0.995 0.969 1.416 0.775
0.967 1.123 1.443 0.845
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GD Il fuel
profil.fuel
number of group
1
0.000
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rel. deviation = (kr scorpio / Krgipr -1) *100

10.9.2006

Tef = 4.9 eff.days

NR=1375 MW

h6 =220 cm
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5.Conclusion

-The close changes of fuel cycle in Bohunice V-2 NPP is expected in connection with
increase of the reactor power to 107% in 2010

- Choice of supplier and fuel licensing took aproximately four years.

- Diferencies between theoretical(BIPR7) and experimental values measured during
physical start-up are not significant.

- Diferencies between theoretical(BIPR7) and ,experimental (SCORPIO-MOBYDICK)
values are not significant up to the moment.
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Presentation prepare:
0O.Grezdo

References:
M.Antal,M.Kaémar — fuel cycles,licensing
V.Mraz — 4.unit,SCORPIO
O.Grezdo — 3.unit
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Fig. 1 Summary of Bohunice V-2 NPP fuel cycle.Weight of fresh fuel for FPD and burn up of

discharged fuel.
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Fig.2 Number of leakage FA — 3. and 4.UNIT
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Fig 3. Screen - Power distribution (system tests)
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Fig.4 Screen — Strategy generator
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Fig.5 Screen — Limit checking(system test)
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