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Performance Evaluations of a High Conversion Boiling Water

Reactor Core with an Axially Heterogeneous Core Concept

Yuichi MORIMOTO*, Keisuke OKUMURA and Yukio ISHIGURO

Department of Reactor Engineering
Tokal Research Establishment
Japan ATomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received April 13, 1992)

In order to evaluate basic core performances of a high conversion
boiling water reactor with an axially heterogeneous core, three dimen-
sional core burnup calculations coupled with thermai-hydraulics calcula-
tions were made under the Haling strategy. The effective moderator to
fuel volume ratio of the core is about 0.25 to achieve the high conver-
sion ratio close to 1.0, and the core consists of multi-layers of axial
blanket parts and fissile fuel parts teo reduce a positive void coeffi-
cient.

As a result of the burnup analyses, it was confirmed that the
axially heterogeneous cere concept was effective to decrease the coolant
void reactivity coefficient to negative side, in comparison with a
homogeneous core. In the case that the average exposure of discharged
fuel is assumed to be 45GWd/t, the proposed core has the fissile pluto-

nium surviving ratio of 1.03.

Keywords: High Conversion Boiling Water Reactor, Axially Heterogeneous

Core, HCIWR, Core Burnup Calculation, Core Design Study,

Conversion Ratio
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Fig. 2.1 An Axially Heterogeneous Core Concept
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Fig. 2.2 Example of an Axially Heterogeneous Core
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Table 3.1 Energy Group Structure for Core Burn-up Calculation

Energy range (eV)
Group No.

Upper Lower
1 1.000E+07* 8.209E+05
2 8.209E+05  6,738E+04
3 6.738E+04  9.119E+03
4 9.1I8E+03 1.301E+02
5 1.301E+02  3.928E+00
B 3.928E+00  1.445E+00
7 1.445E+00  5.316E-01
8 5.316E-01 1.674E-01
9 1.674E-01 1.000E-05

x:1.000E+07=1,000X 107

1. PLlOz + UOZ
2. Stainless steel

3. H,0

Fig. 3.1 Effective One Rod Cell Model for Cell Burn-up Calculation
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Fig. 3.2 Burn-up Chain Model for Fuel Nuclides!'!’
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Fig. 3.3 Burn-up Chain Model for Fission Products
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Primary Cell
[-Guide Tube

Homogenized

Absorber {B4C)

Secondary Cell

Fig. 3.4 Two-step Cell Model for Contro! Rod Worth Calculation'?’
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BREDTVWAHTW 3,
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FRUREIBEBEAFT»E, FWATCREBRESGELEKE LTCPGBR-I132E-TRkH
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Table 4.1 Specifications of Plutonium Generation BWRZ’

Parameter PGBR- I PGBR-1I PGBR-II
Electric power (K% 800 900 900
Dome pressure (MPa) 7.2 7.2 7.2
Coolant flow rate (10%t/hr) 1.04 2.25 2.18
Core active length (m) 2.00 2.00 1.35
Core outer diameter (m) 4.9 4.7 5.8
Number of fuel bundles 601 601 781
Number of fuel rods per bundle 151 151 151
Fuel rod outer diameter (mm) 12.3 11.8 11.8
Fuel rod-to-rod clearance (mm) 1.5 1.3 1.3
Moderator to fuel volume ratio 0.53 0.50 0.50
Specific power (k¥/kg) 10.7 17.5 20.0
Average power density (k%/1) bl.4 85.1 87.0
Average linear heat (k¥/n) 9.9 14.9 17.0
generation ratio

Core outlet quality (%) 40 27 28
Core average void fraction (%) 56 51 51
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Table 4.2 Specifications of Fuel Bundles in Plutonium Generation BHR2

Parameter

Bundle geometry

Bundle pitch (em)
Number of fuel rods

Number of control rods

Channel water gap (mm)
Channel box thickness (mm)
Fuel rod outer diameter  (mum)

Fuel rod-to-rod clearance (mm)
Cladding and channel materials
Pellet diameter (mm)

Spacer type / material

PGBR- I PGBR-II PGBR-III
Hexagonal Lattice
18.34 17.48 17.486
1561 il 151
18 18 18
0.8 0.8 0.8
0.95 0.95 0.95
12.3 11.8 11.8
1.5 1.3 1.3
Stainless-steel
I1.3 10.8 10.8
Ring cell type / Inconel

fuel rod

channel box

control rod

Fig. 4.1 Cross Section of Fuel Assembly?’

e 117
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Table 5.1 Assumed Fuel lsotope Yector®

Pu and Am-241* depleted U natural U
Pu-239 57.8 w/o U-235 0.2 w/o U-235 0.7 w/o
Pu-240 24.9 U-238 99.8 U-238 99.3
Pu-241 11.1
Pu-242 5.7
Am-241 0.5

¥ : Fuel burned up to 33CWd/t in L¥R with 3.2% enriched LO: and
cooled for 7 years (6 years before reprocessing)

Table 5.2 Atomic Number Densities of Stainless-steel

Fe 5.9620E-2*
Cr 1.7380E-2
Ni 8.0980E-3
¥n 8.6530E-4

x:5,9620E-2=5.9620 X 1072

Table 5.3 Assumed Specifications of the Axially Heterogeneous Core

Electrical output 600 MW
Thermal output 1800 M¥
Active core height 45%4 cm
Inner blanket thickness 5, 10, 15, 20 cm
Pu-fiss enrichment of 0. 1. 2 3 wlo
inner blanket

Upper and lower blanket 20
thickness

Core diameter 4.9 &

_ 15ﬁ
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Fig. 5.1 Effective One Rod Cell Model for 1 Dimensicnal Analysis (B00MWe Core)

15.0 .
Inner blanket 20cm

:314-0“ Inner blanket 15cm i
= e e e
> Inner blanket 10c¢cm
O 1L QT ]
o
> Inner blanket S5cm
" 12.0F
42}
* <——uniform core
& 11.0f

10.0 ! i ! [ L

0.0 1.0 2.0 3.0

Pu-fiss enrichment of inner blanket (w/o0)

Fig. 5.2 Pu-fiss Inventory vs Pu-fiss enrichment of inner blanket
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Assumed Fuel Isotpe Vector

17)

Plutonium

depleted U

natural U

Pu-239 58.5 w/o

Pu-240 384.9
Pu-241 5.7
Pu-242 2.9

U-235 0.2 w/o
U-238 99.8

-235 0.7 w/o
J-238 99.3

x ¢ Fuel burned up to 45GWd/t in Plutonium generation BWR of
the equilibrium operating cycle and cocled for 2 years

Table 6.2 Atomic number densities of stainless-steel(SUS316)

Fe
Cr
Ni
Mn
Mo

5.7994E-2*
1.5804E-2
9.87T4E-3
1.3199E~3
1.2603E-3

¥:5.7994E-2=5.7994 X 102

Table 6.3 Core Specifications for Optimization of Fuel Loading Pattern

Parameter Unit Numeric value
Core thermal power L L] 2620
Electrical output MK 900
Number of fuel bundles - 601
Number of batches - 10.1
Core equivalent diameter m 4.48
Active core height (total) cn 45, 45, 45, 45  (180)
Number of axial blanket - 5
Blanket thickness cu 15
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Table 6.4 Core Specifications and Basic Performances of
the Axially Heterogeneous Core

Parameter Unit Numeric value
Core thermal power M¥ 2620
Electrical output M¥ 900
Number of fuel bundles - 601
Number of batches - 10.1
Core equivalent dianmeter m 4.49
Acitive core height (total) cl 45, 30, 30, 45 (150)
Number of axial blanket - b
Blanket thickness cl 15
Inventory Active core t 115.42
Axial blanket t 57.18
Total t 172.58
Discharge exposure Active core GW¥d/t 45.0
Axial blanket GWd/t 13.8
Total®’ GWd/t 34.7
Effective discharge exposure®’ GFd/t 51.8
Operating cycle length FPD®’ 228
Fissile plutoniun enrichment w/o 9.66
Fissile plutonium inventory t 11.15
Pu generation ratio - 1.03
Fissile surviving ratio - 1.00
Specific power Active core k¥/kg 18.7
Axial blanket k¥/kg 5.8
Total k¥/kg 15.2
Average L.H.G.R.%’> Active core k¥/m 16.7
Axial blanket k¥/m 5.0
Total k¥/m 12.8
Maximum L.H.G.R. kf/m 26.1
Minimum critical power ratio — 1.30
Average void fraction % 50
Void reactivity coefficient Ak/k/%void
bk/k/%void 1.6X107¢
(near rated flow)®’ YAk/k
Void reactivity coefficient ¥Ak/k
¥Ak/k 2.4X107*
(whole core void)
Excess reactivity - 0.40
Hot cold swing reactivity - 3.8
Total control rod worth 25.1
Pu vector (49/40/41/42)
Fresh 0.565 /0.349 /0.057 /0.028
Discharged 0.558 /0.349 /0,064 /0.029
*) Total thermal output -+ Total heavy metal inventory

») Total thermal output + Heavy metal inventory in active core
©> Full Power Day

43 Linear Heat Generation Rate

®) 3 4X10"*Ak/k/%void for the basic core axial configuration
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