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Reference Design of the Experimental Multi-Purpose
High-Temperature Gas Cooled Reactor
- Nuclear parametric lattice study in design of the fuel elements -
Ryuiti SHINDO, Mitsumasa HIRANO
Takeo ARUGA*, Sigeru YASUKAWA
Division of Power Reactor Projects

(Received January 31, 1977)

The optimum dimensions of low-enriched uranium fuel rods in prismatic
fuel elements are searched from the point of nuclear characteristics for
both experimental (small scale) and commercial (large scale) multi-purpose
high-temperature gas cooled reactor.

~ With excess reactivity, fuel burnup, fuel dwelling time, age peaking
factor, natural uranium demand and fissile plutonium production, determina-
tion rules for the dimension of fuel rods are set for the respective power
scales.

Burnup characteristic of the low-enriched uranium fueled lattices
depends strongly on the Nc/Nu (atomic number density ratio of carbon and
uranium), oM (effective scattering cross section per resonance atom in fuel
compact) and fuel enrichment (e).

The procedure is as follows;

(a) The lattice points (Nc/Nu, oM, e} permitting inter- and exterpolation
of burnup characteristics for many lattices are chosen.

(b) Burnup characteristics of the lattice points are analyzed by point
burnup code DELIGHT-2.

(c) The optimum extent of (Nc/Nu, oM) based on the conditions for lattice
selection and burnup analysis is studied for the respective combinations
of power scale and fuel enrichment.

(d) Search is made of the acceptable ranges of inner diameter and thickness
of fuel compact, fuel kernel diameter and packing fraction of coated fuel
particles in compact, and ligament width of graphite block, based on the
optimum extent of (Nc/Nu, oM).

(e) The optimum dimensions of hollow and tubular fuel rods common to the
cores of different power scales are determined.

The results obtained are as follows;

(1) The restriction in nuclear design is little and flexible design of the
fuel elements is possible.

(2) Dimensions of the fuel elements are influenced largely by thermo-
hydraulic characteristics, structural design and manufacture.

(3) But, acceptable ranges of dimensions of the fuel rods in nuclear
design, thermo-hydraulic characteristic, structural design and manufactur-
ing are related with the core deisgn.

The above conclusions are for prismatic fuel elements with low—enriched
uranium fuel rods. Therefore, the optimum design points for other fuel
cycles and other types of fuel element will be subject to alteratiom.

* Division of Nuclear Fuel Research, JAERI .
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Table 2.1 Nuclear selection rules for fuel lattices.

Excess reactivity <25%Akeff/keff... 3000,1000 MWt
215%Akeff/keff. .. 50 MWt
Burnup 25060 GWD/T
(6 w/o)... 3000,1000 MWt
27080 GWD/T
(8 w/o)
Non limited e 50 MWt
Age peaking factor 1.2v1.3
Fuel dwelling time 23 Yr. ... 3000,1000 MWt
(Load factor=1.0) 21.5 Yr. - 50 MWt
Natural uranium requirement Compatible with
& fissile plutonium production LWR* ... 3000,1000 MWt
' Non limited . 50 MWt
* Natural uranium requirement £ 0.0643 kg/KWt-Yr
% Fissile plutonium production 2 0.0753 kg/KWt-Yr
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Fig. 2.2 Hollow fuel pin and tubular fuel pin.

Table 2.2. Principal parameters of fuel element.

Coated particle fuel

Fuel kernel
Material uo2
Diameter {Parameter)
Density (g/cm3) 10.4
Impurity (ppm)

c 150
B 1
Coating

Material
"~ Layer 1 Porous-PyC

" 2&4 High density-PyC

. "3 §iC
Thickness ()
Layer 1 40

" 2 30
"3 25
"4 45
Density (g/cm3)
Layer 1 1.1
"2 1.8 '
" 3 3.15
" 4 1.8
Impurity {ppm)
0 100
B 57
H 20°
Fuel type Hollow & Tubular

Fuel compact

Material

Diameter

Thickness

Matrix demsity (g/en?)

Matrix impurity (ppm)
B

Packing fraction

Fuel sleeve

~Material
Thickness (mm)
Density (g/cm3)
Tmpurity (ppm)
B

Fuel block

Material
Coclant path width (mm)
Ligament
Density (g/cm3)
Impurity (ppm)

B

Coolant

Material

Density (g/cma)

Impurity (ppm)
Hz

Coated fuel particles + graphite
. matrix

(Parameter)

( i)

1.6

1
{Parameter)

Graphite
47
1.8

1

Graphite
1.5v3.0
(Parameter)
1.75

1

He -
0.000454

1
50
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Table 2.3 Dimensions of slected hollow fuel rods,

FUEL COMPACT | FUEL SLEEVE | COQLANT PATH
COMP.™ DJA.| INNER| OUTER | INNER | QUTER | INNER | OUTER
THICK. (mm} (tom ) (mm)- | (mm) {mm) {mm) (mm)
6 18 18 28 28 31

10 22 22 32 32 5

6 16 28 28 18 38 41
25 37 37 47 47 51

40 52 52 62 62 67

6 22 22 3z a2 5

10 26 26 16 36 9

8 16 32 32 42 52 46
25 41 41 51 51 55

40 56 56 66 66 71

10 30 30 40 40 43

16 36 16 46 46 49

10 25 45 45 55 55 59
40 60 60 72 72 77

60 80 80 94 94 | 100

10 34 34 44 44 47

16 40 40 50 50 53

12 25 49 49 61 61 65
40 64 64 78 78 83

60 84 84 98 98 | 103

7, 10, 13, 16 {mm)

(Note) 1. Ligament width

2. Rod array

Triangular

Table 2.4 Dimensions of selected tubular fuel rods.

\ INNKER SLEEVE | FUEL COMPACT | OUTER SLEEVE | COOLANT PATH
COMP. ™ DIA. INNER | OUTER ! INNER | OUTER | INNER | OUTER | INNER | OUTER

THICK. {mm)~_ | (um) | (mm) | (mm) | (mm) | (wm) | (m) | (um) | '(um)

8 16 16 28 28 38 38 41

10 20 20 32 32 42 42 &5

6 15 25 25 37 37 47 47 50

22 32 3z 44 44 54 54 58

30 40 40 52 52 62 62 67

8 16 16 32 32 42 42 45

10 20 20 36 36 46 46 49

8 15 25 25 41 41 51 51 55

22 32 32 48 48 58 58 62

30 | 40 40 56 56 66 66 71

10 20 20 40 40 50 50 53

15 25 25 45 45 | fss 55 58

10 22 32 32 52 52 62 62 66

30 40 40 60 60 70 70 75

40 50 50 70 70 a2 82 a7

50 60 60 80 80 94 94 | 100

15 25 25 49 49 59 59 62

22 32 32 56 56 66 66 70

12 30 40 40 64 64 76 76 81

40 50 50 74 74 88 88 93

50 60 &0 84 84 98 98 104

(Note) 1. Ligament width

Z. Rod array

7, 10, 13, 16 (mm)

Triangular

_8_
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Fig. 2.3 Atomic number density ratioc of carbon
and uranium Ne/Nu and effective scattering cross
section per a resonance atom, oy of selected

lattices.

Table 2.5 Heavy metal density

of fuel compact

df ()
p.f. 300 500 700 900
0.1 (g/cm®) (g/cm®) (g/em3) | 0.407(g/cm?)
0.2 0.483 0.668 0.813
0.3 0.724 1.002 1.220
0.4 0.507 0.966 1.336
0.5 0.634
0.6 0.761
* 0.316 0.166 0.120 0.098
" wx [ 1.105  |o.580 | o0.419 | 0364

* Packing fraction for heavy metal density O.4g/cm3

*% Packing fraction for heavy metal density 1.4g/cm®
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Table 3.2 Burnup characteristics of 4w/o uranium fueled lattices.
LATTICE . g CONVERSION RATIO | NUCLIDE CONTENT*  ° RI
Ne/Nu-M-fm 0 INITIAL | FINAL | 235y | Pu fissile|Pu total
MWD/ ) | (2/kgl)| (g/kgl) | (g/kgV) | (barn)
200-350-250|1.2454 (23,200 0.545 0.753 19.9 7.9 10.4 56.7
450 1.1935(16,600 0.613 0.771 24.7 7.4 9.3 64.7
550 1.1502 (11,700 0.675 0.785 28.5 6.5 7.8 71.8
300-550-250{1.2974 32,200 0.483 0.727 14.0 7.3 10.9 71.8
650 1.2672,28,900 0.520 0.741 16.4 7.8 11.2 78.2
750 1.2405{25,700 0.553 0.752 18.6 8.1 11.2 84.0
400-750-250|1. 3295 35,300 0.441 0.699 11.8 6.1 10.0 84.0
850 1.3094 (34,200 0.464 0.710 12.8 6.6 10.6 89.3
950 1.2913(33,000 0.485 0.719 13.8 7.1 11.0 94.3
* g/kg IHM ,
Table 3.3 Burnup characteristics of 8w/o uranium fueled lattices.
LATTICE . B CONVERSION RATIO ; NUCLIDE CONTENT* RI
Ne/Nu-OM-%m INITIAL | FINAL | 2350 |Pu fissile|Pu total
(MWD/T) (g/kgU)| (g/kgl)} (g/kgl) | (barn)
200-350-250|1.3402|58,200 0.414 0.697 29.0 14.0 18.3 .| 56.7
450 1.2896 | 44,600 0.469 0.720 38.7 15.0 18.6 64.7
550 1.2474(34,200 0.519 0.734 46.6 14.5 17.5 71.8
300-550-250|1.4028(73,800 0.369 0.678 19.3 10.7 16.3 71.8
650 1.3726(70,600 0.399 0.696 22.3 12.5 18.1 78.2
750 1.3460 (65,700 0.427 0.711 26.0 14.0 19.5 84.0
400~750-250|1.4449 | 76,500 0.335 0.651 16.1 8.4 14.2 84.0
850 1.4246 (76,300 0.354 0.666 17.1 9.3 15.4 89.3
950 1.4062(75,800 0.372 0.677 18.4 10.3 16.5 94.3
* g/kg THM
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Table 3.4 Influence of atomic mumber density ratio of carbon and
uranium {Nc/Nu) and effective scattering cross gection per a
resonance atom (UM) on excess reactivity.
OWER S0MWt 1000MWt 3000MWt
Ne/Nu-“M Yo 3 6 8 [ 6 8 4 6- 8
150-250 13.7% 18.8p 19.5&
350 - 8.4g 13.81 14,62
450 3.7 9.4¢ 10.27
200~350 11.6% |16.53 |18.87 |17.33] 21,41 | 23.47] 18.13| 22.15 | 24.15
450 7.73 |13.05 |15.69 ;13,73 | 18.14 | 20.4g 14.63 | 18.91 | 2l.1g
550 4,32 9.9; |12.83 [10.45] 15,24 | 17.77] 11.45 ) 16.0u | 18.52
250450 18.5+5 23.30 24.06
550 16.C, 21.0¢ 21.75
650 13.8; 18.90 19.67
300-550 15.1g | 20.0q | 22.49 |20.6u [ 24.7¢ | 26.8g| 21.4g | 25.47 | 27.55
650 13,18 | 18.3, |20.7g |18.75 | 23.08 25.27| 19.59 | 23.81 | 25.95
750 11,28 [ 16.6, |19.2, 117.Cp | 21.4g | 23.8p ) 17.8g | 22.23 | 34,43
350-650 21,35 25.95 26.65
750 19.87 24.3¢ 25.27
850 18.60 23.37 24.09
400~750 17.23 | 22.2% | 34.75 | 22.5¢ | 26.87 [ 29.01] 23.3¢ | 27.50 | 29.86¢
850 15.95 [ 21.12 [23.6g |21.37| 25.73 | 28.0p| 22.19| 26.43 | 2B.65
950 14.78 | 20,10 |22.65 |20.27 ) 24,75 | 27.05§ 21.0q | 25.49 | 27.7;

* Unit: % Bkoppikars

Table 3.5 Influence of atomic number density ratlo of carbon and
uvranimm (Nc/Mu} and effective scattering cross section
per a resonance atom (Cy) on burnup characteristics, (1),
Enrichment 4 w/o
POWER S50MWE 1000MWE 3000MWt
* *% ** *% * b3 *% & * % ok * ]
Ne/Nu-9M\| B{GWD/T) | 2350 [Pu fissile | Pu total | B(GWD/T)} | 2350 |Pu fissile| Pu total | B(GWB/T) [ 235U | Pu fissile|Pu total
150~250 -/ - - - - /- / - - -
350 -/ - - - - - /- - I - - -
450 | -/ - - - - - /- - - i - - -
200-350 9.5/14.3] 26.C 5.8 7.3 18.2/31.1 | 14.5 9.6 13.1 | 19.8/33.9} 14.5 G.6 13.1
450 5.1/7.7 | 31.7 4.3 5.0 12.6/21.5 | 21.5 8.8 11.3 [ 13.9/23.8| 20.3 9.4 12.1
550 -/ - - - - 8.3/14.2 26.7 7.5 9.1 S.4¢16,1 | 25.4 8.2 10.1
250-450 -/ - - - - - /- - - /- - -
5350 -/ - - - - - /- - - - /- - - -
650 -/ - - - - e - - - - /- - = =
300-550 | 16.2/24.3| 18.6 6.5 9.2 26.8/45.8 8.7 7.9 12.7 | 28.5/48.7 7.7 7.9 13.0
650 | 13.4/20.1( 19.7 6.3 8.8 23.5/40.2 11.76 8.8 13,2 | 25.3/43.3 | 10.4 9.0 13.8
750 | 10.9/16.4 [ 24.5 6.3 8.2 20,2/34.5 14,4 9.3 13.5 22,1/37,8113.1 9.7 15,2
350-650 -7 - - - - - /- - - -/ - - - -
70 | -/ - - - - - - - - - /- - - -
850 -/ - e = - - [ - - = = = ) = - =
. 400-750 |20.7/31.1]| 14.0 6.0 9.4 30.5/52.2 5.5 6,2 11.8 | 32.2/55.9 | 4.7 6.2 12.0
850 |18.8/28,216.0 6.3 9.5 29.0/49.6 6.8 6.9 12.4 30.8/52.7 | 6.7 6.9 12.7
950 |[17.2/25.817.7 6.5 9.5 27.6/47.2 8.1 7.6 13.0 | 29.4/50.3 7.1 7.6 13.4

* (point)}/{1.5%point)...50MWt,
. (point)/(1.71%point)..1000,3000MWt

** of/kg initial metalic uranium

21 —
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Table 3.6 Influence of atomic nymber density ratio of carbon and
uranivm (Nc/Nu) and effective scattering cross section

per a resonance atem on burnup characteristies, (2).

‘ Enrichment 6 7
‘ POWER 50MWE 1000MWe 3000MWt
! * 1.3 *%k x wE E3d * E3. E1.3 E£]
' Ne/Wu-"m | B(GWD/T} | 2350 |Pu fissile| Pu total | BCGWD/T} |2350 | Pu fissile | Pu total B(GWD/T) |23%Y |Pu fissile [Pu total
‘ 150-250 |[13.6/20.4 | 38.8 B.5 10.1 | 23.5/40.3 | 25.5 13.2 16.5 | 25.5/43.7 [22.6 | 13.8 17.4
350 6.3/9.5 49,1 5.7 6.4 13.2/22.6 | 37.9 1i.2 13.4 14.7/25.2 |36.0 12.2 14.6
450 0.2/0.3 - - - 7.2/12.3 | 46.7 8.0 9.2 8.3/14.2 |45.0 9.0 10.4
200-350 20.6/30.9 | 30.9 9.8 12.5 33,2/56.9 [17.1 12,8 17.6 35.8/61.4 |15.7 13,0 18.1
450 13.6/20.4 | 39.3 8.7 10.6 23,8/40.8 | 26.2 13.6 17.5 25,8/44,2 124.5 14.2 18.4
55¢ 8.7/13.1 | 45.8 7.1 8.3 17.4/29.8 } 33.3 12.9 15.9 19.0/32.6 |31.5 13.8 17.1
250-450 27.2/40.8 [ 24.3 9.9 13.5 41.8/71.7 [10.8 16.9 16.9 44.,3775.9 9.4 10,8 17.1
550 20.6/30.9 | 31.4 %.8 12.8 33.9/58.1 |17.3 12.9 18.3 36.4/62.4 |15.7 13.1 18.8
650 |16.2/24.3°736.5 9.4 11.8 27.6/47.3 ] 23.0 13.8 18.5 29.8/51.1 |21.3 14.3 16.4
300-550 31.5/47.3 | 20.2 9.¢ 13.2 46.8/80.2 7.4 8.7 15.4 48.8/83.7 6.4 8.6 15.6
650 27.4/41.1 | 24,4 9.9 13.8 42.6/73.0 [10.6 11.0 17.5 45,2/77.5 | 9.4 10.9% 17.7
750 |1 23.4/35.1 [ 2B.6 10.2 13.7 37.6/64.5 [14.6 12.6 18.8 40.6/69.6 [12,9 12.7 19.3
350-650 [ 36.2/54.3 | 15.7 8.3 13.2 49,9785,58 474 7.5 14.8 52.07/89,18] 3.3 7.3 128
750 [ 32.6/48.9 (19.5 9.0 13.6 47,1/80.7% 7.3 8.7 15.9 49.6/85.09 6.1 8.5 16.0
850 29.5/44.3 | 22.5 9.8 14.2 44.6/76.5 9.3 10.4 17.4 47.2/80.9 8.1 10.2 17.6
400-730 38.6/57.9 [13.5 7.2 12.4 51.2/87.89 2.8 6.2 13,7 53.0/90.9 1.8 6.1 13.8
850 | 36.3/54.5 | 15.9 8.0 13,2 49,5/84.98 4.9 7.2 14.7 51.6/ 8.5%9 3.8 7.0 14.8
950 34,2/51.3 117.9 8.9 13.9 48,4/83.08| 6.2 8.5 16.0 50.8/87.18} 5.1 8.3 16.2
* (point)/(1.50xpoint)...50MWt, *% g/kpg initial metallic uranium
{point)/(1.71xpoint).., 1000, 3000MWr
O Extrapelated value
Table 3.7 Influence of atomic number density ratio of carbon and uranium
(Nc/Bu) and effective scattering cross section per a resonance
atom (¥y) on burfup characteristics, (3).
[Enrichment 8 7]
POWER 50MWt LO00M 't 3000MWt
Nc/Nu-UH B(GHDIT; 23?3 Pu fissii: Pu tnt;I n(cwule 23§ﬁ Pu fisaii; Pu tnt;f B(GWD/%) 23§ﬁ Pu fissii; Pu tot;f
150-250 -7 - = - Z -7 - - - —7 = - - -
350 - - - . - - - /- - - - -/ - - - -
450 -/ - - - - -/ - = - - -/ - ~ - =
200-350 |31.7/47.6 |35.4 12.9 16.4 49.3/84.3 17.1 14.9 20.9 52.9/90.5 |14.8 14.8 21.3
450 22,5/33.8 |46.1 12.6 15.3 36.8/62.9 |28.4 17.8 22.8 39.5/67.5 24.4 18.7 23.7
550 ° ]16.1/24.2 | 54.4 11.3 13.3 27.3/46.7 [38.4 17.8 21.9 29.6/50.6 | 36.2 18.7 23,1
350-450 -7 - < - - =7 - - - -7 - - -
550 -/ - - - - -/ - - - - -/ - - - -
650 | - / = - - - - /- - = - - 4= | - - -
300-550 48.5/72.8 |19.8 10.7 16.2 66.3/113.4] 5.8 8.9 16.8 69.3/118.5 4.7 8.5 16.7
650 42,4/63.6 [ 25.9 12.3 17.5 61.8/105.7% 9.4 11.5 19.5 65.1/111.3@( 7.8 11.2 19.6
750 |36.5/54.8 | 31.8 13.3 17.9 55.4/94.7 |14.3 14.2 21.9 5%.0/100.0 [ 12,6 14.0 22,0
350=-650 -7 - - - - -7 - - - - -7 - ~ - -
750 -/ - - - - -1 - - - - -/ - - - -
850 -/ - - - - -/ - - - - -/ - - - -
400-750 57.3/86.0 |11.8 7.9 14.4 70.9/121.2| 2.4 6.3 14.7 72.9/124.7 1.9 6.1 14.7
a50 54,6/81.9 | 14.6 9.1 15.86 69.7/119,2( 3.7 7.1 15.8 72.1/123,3 3.0 6.9 15.8
950 51.8/77.7 [17.6 10.2 16.6 68.1/116.5( 5.2 8.3 17.2 71.0/121.4 4.3 8.0 i7.2
* (poinr)/(1l.50xpoint)...50MWt R #% p/kg initial metallie uranium

(point)}/ (1. 71xpoint}...1000, 3000M:t
@® Extrapolated value

— 22 —
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Table 3.8 Influence of atomic number density ratio of carbon and -
- uranium (Nc/Nu) ané effective scattering cross sectiocn
per a resonance atom (oy) ou fuel dwelligg time.
b, %IPSWER 50 MWt 1000 Mt 3000 MWt
Ey o (w
Nc/thR o) 6 8 4 6 8 4 6 8
150-250 27 14%* 2,058 3.388 3.673
350 0.958 1.900 2.118
. 450 32.57 0.030 1.034 1.194
200-350 36.19 1.08212.338 | 3.601 | 1.961 | 3.587 | 5.314| 2.127| 2.871 | 5.705
450 0.583{1.543 1 2.557 | 1.356 1] 2.372} 3.965| 1.500| 2.786 | 4.255
550 | 43.43 - 0.990 | 1.83110.895}1.879 | 2.944 | 1.015] 2.055 | 3.190
) 250-450 | 45.24 2.469 3.616 3.828
: 350 1.870 2.930 3.147
650 | 54.29 1.470 2.385 . 2.577
300-550 54.28 1.225 | 2.385 [ 3.672 | 1.925 | 3.371 [ 4.766 | 2.047 | 3.518 | 4,981
650 1.014 | 2,073 | 3.208 | 1.690 | 3.068 | 4.443 | 1,201 3.257 | 4,678
750 65.14 0.827 [1.770 | 2.764 [ 1.450 1 2.711 | 3.980 | 1.589 | 2.925 | 4.203
350-650 63,33 2.347 / 3.080 3.210
750 2.114 2.907 3.063
850 76.0 1.915 2.756 2.914
400-750 72.38 1.176 | 2.190 [ 3.253 | 1.645 | 2.771 | 3.820 | 1.762 | 2,865 | 3.930
850 1.067 1 2.061 | 3.098 |1.563 ;2.676 | 3.757 | 1.661 | 2.790 | 3.886
950 | 86.86 |0.976 |1.940 | 2.939 [1.488 | 2.616 [ 3.672| 1.585 2.746 [3.827
* upper : for 50HWt reactor *% unit,...year (1 year = 365.25 days)
lower @ for 1,000MWt & 13,000MWt reactor **% 1pnad factor = 1.0
Table 3,9 Influence of atomic number density ratio of carbon and uranium
(Nc/Nu} and effective scattering cross section per a resonance atom
(9y) on age peaking factor, (1).
Enrichment & w/o
E%h (B1) z%h (Be) ) Age peaking factor
Ne /Nu-M Lem~!] SOMWt 1,000MWt 3,000MWE | 50MWt | 1,000MWt| 3,000MWt
150-250
350
450
- 200-350 | 1.8982x10 °| 2.1502x10"3 2.1730x107 3 | 2.1635x1073| 0.9377 | 0.9325 |[0.9347
450 2.1834x10-3 2,3695%x103 | 2.3980x10~3| 0.9301 | 0.8896 |0.8837
550 ' 2.4244x10-3 | 2.444 x10-3 0.8783 |0.8744
250-450
% - 550
650 -
300-550 | 1.9999x1073 | 2.0044x1073 1.7389x10” 3 | 1.6994x1073| 0.9989 | 1.0698 |[1.0812
650 2.1582x10~3 2.0177x10-2 | 1.9904x107%| 0.9619 | 0.9956 |1.0024
750 2.2554%10~3 2.2306x10~3 | 2.24846x107°| 0.9400 | 0.9455 |0.9415
350-650
750
850
400-750 | 2,0577x1073 | 1.7386x1073 | 1.3473x1073 | 1.2966x1077| 1.0841 1.2086 |1.,2269
850 1.8854x107% | 1.5310x1077 | 1.4828x1073| 1.0437 | 1.1468 [1.1624
950 2.0048x1073 1.6664x1073 | 1.6567x107%| 1.0130 | 1.1051 |1.1080 |
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Table 3.10 Influence of atomic number density ratio of carbon and uranium
(Nc/Nu) and effective scattering cross section per a resonance atom
{oM) on age peaking factor, (2).
Enrichment 6 w/o
zth (B1) h (Be) (cm_l) Age peaking factor
Ne/Nu-M [cm‘1] 50MWE 1,000MWe 3,000MWt | S50MWt  1,000MWt 3,000MWt
150-250 {2.5191x1073 | 2.8133x103 2.8780x10-3 | 2.8624x10"3 | 0.9448 0.9335 0.9362
350 |[2.5191x10-3 | 2.8807~10"3 3.0768x10-3 | 3.1287x16-% |0.9330 0.9003 0.8921
450 |2.5191x10-3 - 3.1102x10-3 | 3.1804x10"2 - 0.8950  0.8840
200-350 [2.6756x10"3 | 2.8403x103 2.6597x10-3 [ 2.6169x10-3 [0,9701 1.0030 1.0111
450 | 2.6563x1073 | 3.0299x1073" | 3.1369x1073 | 3.1487x1073 | 0.9343 0.9170 0.9152
550 |2.6756x10”3 | 3.1098x1073 3.3429%x1073 | 3.3466x1073 | 0.9249 0.8891 0.8886
250-450 |2.7823x10~2 | 2.6739x10~3 2.2261x10~3 | 2.1531x10"3 [1.0199 1.1111 1.1275
550 |2.7502x10-3 | 2.9673x10-3 2.7952x10-3 | 2.7546x10-3 | 0.9620 0.9919 0.9992
630 |2.7502x10-% | 3.1361x10~3 3.1607x10-2 | 3.1542x10"3% [ 0,9344 0.9306  0.9316
300-550 |2.8184x10-3 | 2.4292x10"3 1.8010x10-2 | 1.7345x10-3 | 1.0742 1.2202 1.2381
650 |2.8614x10-3 | 2,7503x10"3 2.2767x10-3 | 2,2085%10-3% [ 1.0198 1.1138 1.1288
750 {2,8614x10-3 | 2,9770x10-3 2,6943x10-3 | 2.6312x10-3 [ 0.9802 1.0301  1.0419
350-650 |2.9225x10"3 | 2.1545x10™3 1.4770x10"3 | 1.4007x10673 [1.1513 1.3286 1.3520
750 | 2.8703x1073 | 2.4378x1073 1.8192x1073 | 1.7383%1073 | 1.0815 1.2241 1.2456
850 |2.9225%x10~3 | 2.6969x10~3 2.1621x1073 | 2.0841x1073 11,0401 1.1495 1.1675
500-750 |2.9111x10~3 | 1.9081x10~3 1.2148x10-3 | 1,1455x10=3 | 1.2081 1.4111 1.4352
850 |2.9111x10"3 ] 2.1456x103 1.4826%x10~3 | 1,4073x10~3 | 1.1514 1.3251  1.34B2
950 |[2.9711x1073 | 2.3860x103 1.7387x1073 | 1.6588x1073 | 1.1092 1.2617 1.2834

Table 3.11 Influence of atomic number density ratioc of carbon and uranium
(Ne/Nu) and effective scattering cross section per a resonance

atom (UM) on age peaking factor, (3).

Enrichment 8 w/o
h (B1i) h (Be) (em=?) Age peaking factor
Ne/Nu-M fem=!] 50MWt 1,000MWt 3,000MWt | 50MWt | 1,000MWt |-3,000MWt
150-250
350
450
200-350 |3.3785x10”% |2.3412x1073 2.8940x10°3 [ 2.7973x1073 | 1.006 | 1.0772 1.0941
450 3.6853%x10-2 3.6445x10-3 | 3.6119x10-3 | 0.957 | 0.962 0.967
550 3.8478x10~3 4.0119x10-3 | 3.9988x10~9 | 0.935 | 0.914 0.916
250450
550
650 '
300-550 |3.6565x10"3 | 2.6440x10"3 1.7395x10"3 | 1.6265%x1073 | 1.161 | 1.355 1.384
650 3.1273x10"3 2.2893x10~3 | 2.1718x10-3 | 1.078 | 1.230 1.255
750 3.5196x10"7 2.8808x10~3 | 2.7895x10~3 | 1.019 [ 1.119 1.135
350-650
750
850
400-750 |3.8260x10 3 |1.9302x1073 1.1908x103 | 1.1395%107% | 1.329 | 1.525 1.541
850 (*1) 2.2428 1.4043 1.3372 1.254 | 1.457 1.476
950 (*1) 2.5310 1.6700 1.5801 1.196 | 1.086 1.409

(*1) 3.7672x1073
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Table 3.12 Influence of atomic number density ratic of carbon and uranium
(Ne/tu) and effective scattering cross section per a resonance
atom (%) on natural uranjum requirement and fissile p}utonium
preduction, (1).

) Enrichment 4
POWER ' SOMWE 1000ME 3000MAt
i o ou .U B ! Nat.U Pu{fiss.)y Kghat.U (kgPu(fiss. )}
NC/NU_UM\ B(GRD/TY afﬁﬁ::.) b'-Kg:c;‘é.(g?s 27| s/ a(gt-\"r.‘ b(KgKWt-Yr. V| BEmin aGERSTD | 2 )
" 150-250
350 N
450
200-350 14,3 0.1€5 0.148 oo3a 0.076 0,113 33.9 0.070 0.103
450 7.7 0.306 0.204 21.5 | 0.110 0.149 23.8 0.099 0,144
» 550 - - - 14.2 0.166 0.193 16.1 | ¢.146 0.186
250-450
. 350
650 |~
300-550 26.3 0.097 0.098 45.8 0.051 2.063 48.7 0.048 ; G.059
650 20.1 0.117 0.118 4G.2 0.059 0.080 43.3 0.054 0.076
750 16.4 0,144 0.140 34.5 0.068 0.058 37.8 0.062 0.0%4
350-650
750
850
400-750 31.1 0.076 0.070 52.2 0.045 0.043 - 55.1 0,043 i 0.041
850 28.2 0.084 0.082 49,6 0.048 0.051 52.7 0.045 - 0.048
950 25.8 0.091 0.092 47.2 0.050 0.055 50.3 q.047 X 0.055
* Unit ; x10-3 } i
Table 3,13 Influence cof atomic number density ratic of carben and uranium
(Nc/Nu) and effective scattering cross section per a rescnance
atom (°M) on natural uranium requivement and fissile plutonium
. production, (2}.
Enrichment. : 6 % ]
= POWER 50MWe 1000MWE . 3000MWt -
] ) N kgNat.U KgPu(fiss.) * Nat.U EgPu{fiss, ) * KgNat.U, *|, KgPu(fiss.) *
, | Ne/Fa-TRy | B(awD/T) | aEERAL-T, |p RBRuCELS0-0y") p(gun/T) | a(RENAC-Dy | b RETRUIES )T piaun/T) | 8 GERECST) T b (REEEER )
150-250 20.4 0.189 0,152 40.3 0.096 0.120 43.7 0,088 0.115
350 9.5 0.407 0.219 22.6 0.171 0.181 25,2 0.153 0.177
450 0.3 12.872 = 12.3 0.314 0,237 14,2 0.272 0.231
200-350 30.9 0.125 . 0,116 56.9 0.068 0.082 61.4 0.063 Q.077
450 20.4 0,189 0,156 40,8 0.095 0.122 44,2 0.087 Q0.117
550 13.1 0,295 0,198 29.8 0.130 0.158 32.6 2.119 0,155
250-450 40.8 0.095 0.08¢% 71.7 0.054 0.056 75.9 0.051 0.052
- 550 30.9 0.125 g.116 58.1 0.067 0.081 62,4 0.062 0.077
650 24.3 0.159 0.141 47.3 0.082 0.107 51.1 0,076 0.102
300-550 47.3 0.082 0.070 80.2 0.048 ¢.040 83.7 0.046 ‘0,038
650 41.1 0.0% ¢.088 73.0 0.053 0.055 77.5 0.050 0,051
750 35.1 G.110 0,106 64,5 0.060 0.071 69.6 0.455 0.067
M 350650 54.3 0.071 0.056 85.5 0.045 ¢.032 - 89.1 0.043 0.030
750 48,9 0.079 0.067 80.7 0.048 0.039 85.0 0.045 0,037
. 850 44,3 0,087 0.081 76.5 0.051 0.050 80.9 0.048 0.04§
400-750 § 57.9 0.067 0.045 87.8 0.044 . 0.026 90.9 0.043 0.025
850 : S54.5 0.071 0.054 84.9 0.046 0.031 88,5 0.044 0.029
950 , 51.3 0,075 0.063 83.0 0.047 0,037 87.1 0.044 0.035 J
* Unit ; x1073
i
|
—_ 25 —
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Table 3.14 Influence of atomic number demsity ratio of carbon and uranium
(Nc/Nu) and effective scattering cross section per a resonance
atom (M) on natural uranium requirement and fissile plutomium
preduction, (3).
Enrichment 8 Z -
OWER 50MWc 1000MWe 3000MWt
0 Nat.U Pu(fiaa. ¥ Nat .U Pu(fisg.) * Nat,U Pu(fiss. ) *
Ne/Nu-3R| B(GWD/T) | a(KgNaL-U) |y (KaPulblan.)y*) poun/1) | o (Kelalaly oy (Rebullise.)y* poun/m)| a(§BNatly | o (Kafulllsn.))
150-250 -
350
450 -
200-350 47.6 0,110 0.099 84.3 0.062 + 0,065 90.5 0.058 0.060
450 33.8 0.154 0.136 62.9 0.083 0,103 67.5 0.077 0.101
550 24.2 0.216 0.170 46.7 0.112 ¢.139 50.6 C.103 0.135
250-450
550°
650
300-530 72.8 0.072 0.054 113.4 0.046 0.029 118.5 0.044 0.026
850 63.6 0.082 g.071 105.7 0.049 0.040 111.3 0.047 0.037
750 54.8 0.095 (.08% 94.7 0.055 0.055 100.0 0.052 0.051
350-650
750
850 :
400-750 , 86.0 0.061 0.034 121.2 0.043 0.020¢ 124.7 0.042 ¢.018
850 81.9 0.064 0.041 119.2 0.044 0.022 123.3 0.042 0.020
950 77.7 0.067 0.048 116.5 0.045 0.026 121.4 0.043 G.024

* Unit : x10-2

— 26 _
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Fig. 3.6 Variation of excess reactivity with effective scattering
cross section per a resonance atom, Oy,
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Fig. 3.7 Variation of burnup with effective scattering
cross section per a resonance atom, Oy.
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Fig. 3.8 Variation of fuel dwelling time with effective scattering
cross section per a resonance atom, Oy,



Age peaking factor
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JTAERI-M 6974

5.1 Atomic number density ratio of carbon and uranium, Nc/Nu
and effective scattering cross section per a resonance
atom, 9M of selected hollow fuel lattires.

d (mm) 8 1¢ 24
% (o 0.2 10.25( 0.30! 0.40 | 0.20] 0.25| 0.30| 0.40[ 0.20| 0.25| 0.30| 0.40
7 313 | 249 206 154 271 218 179 133 253 204 168 125
* 730 | 588 | 488 | 367 | 684 | 547 | 454 | 341 | 663 | 532 | 441 | 330
E |10 378 F29771 247 | 184 | 315 125271 209 | 156 | 292 233 | 193 [ 145
s 752 p608/ 506 | 376 | 704 {5587 468 | 351 | 683 | 543 | 454 | 340
. © 113 1432|343 p2887] 213 [ 363 {28871 240 | 179 | 332 263 | 219 | 164
769 | 622 r5184 383 | 719 L5754 479 1 359 | 697 | 558 | 467 | 347
16 504 1394 | 330 | 247 | 412 | 328 | 274 | 204 | 375 | 297 | 247 | 185
783 636 | 530 | 392 | 731 | 589 | 487 1365 | 704 | 558 | 472 | 355
7 250 | 203 | 166 | 123 | 224 | 178 | 148 | 110 | 209 | 168 | 138 | 103
645 1513 | 427 | 322 | 607 | 483 | 404 | 302 | 588 | 478 | 390 | 293
E 10 22905 236 194 144 58§ﬁ 206 171 .| 127 239 192 158 116
&8 16584 526 | 439 | 330 6227 494 | 414 | 310 | 602 | 487 | 401 | 300
113 337 £27074 223 | 169 29471 236 | 194 | 145 | 269 216 | 178 | 132
673 2538;5 449. | 338 f@35}f 505 | 422 | 316 | 613} 493 | 409 | 308
16 3831308 [ 255 | 190 [ 331 [ 263 | 219 [ 164 { 302 | 243 | 199 | 150
687 | 550 | 457 | 343 {644 | 515 | 428 | 321 | 621 | 500 | 416 | 312
* kernel dia., : 500um s *% hollow rod
%*%% upper : Nc/Nu "~y lower : 9M(b)

kkkk D Nc/Nu =
*%k%% BEZ Ne/Nu = 2504300 + (constrain from temperature and stress)

2507350

Table 5.2 Excess reactivity, burnup, fuel
dwelling time and age peaking
factor of selected hollow fuel lattices.

- Excess Burnup : '
Lattices reactivity |(GWD/T)| F.D.T.(Yr.)]| A.P.F.
(%Akeff/keff)

1 19 44 2.2 1.04
2 16 30 1.8 1.04
3 21 48 2.4 1.09
4 19 43 2.2 1.05
5 17 38 1.9 1.01
6 15 36 1.7 1.04
7 18 40 2.2 1.02
8 18 39 2.1 1.01
A 18 43 2.0 1.03
B 22 54 2.3 1.15
C 21 51 2,2 1.11
* 6 w/o Fuel *% 50MWth
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Table 5.3 Atomic number density ratio of carbon and uranium, Nc/Nu
and effective scattering cross section per a resonance
atom, M of selected tubular fuel lattices.

{ T, 8 10 15
o mm flo0.2|0.25{ 0.3 0.4 0.2 0.25] 0.3 0.4 0.2 0.25) 0.3 0.4
7 294 | 234 195 147 293 234 194 145 293 233 194 143
684 | 551 455 341 671 540 447 335 660 530 ] 439 329
E 10° 338 | 270 224 169 335 267 222 166 332 265 220 161
¥ 704 | 563 468 351 691 555 460 344 679 545 451 338
[ 13 385 | 307 22552 193 378 302 E7251 187 373 ;,29822 247 181
719 | 573 E4797] 359 | 706 | 562 4704 352 | 693 E£5504 461 | 345
16 435 | 347 289 218 424 338 2281; 210 416 332 ./276j; 201
731 |'s81 Fus7d 365 | 717 | 568 4774 358 | 704 | 558 24697 351
7 238 | 189 157 118 237 189 157 117 237 189 157 116
606 | 483 403 302 595 476 396 296 586 466 390 292
10 271 ] 216 179 135 268 214 177 132 266 212 | 176 130
E 622 | 494 414 310 610 487 406 304 600 478 399 299
? 13 306 | 244 202 152 ;,3002 239 199 149 | 2977 237 197 145
t 634 | 504 422 316 $7§22f 495 414 310 6114 485 407 305
16 342 £273 4 227 171 334 2677 222 165 329 2634 218 161
643 £510 2 428 321 631 [~503 4 420 314 620 [ 494 412 309
* kernel dia. . 500u %% annular rod
k%% ypper : Nc/Nu, lower : “M(b)
hekkdk Ne/Nu = 250350
Fkkkk Nc/Nu = 2500300 + (constrain from temperature and stress)

Table 5.4 Excess reactivity, burnup, fuel

dwelling time and age peaking factor
of selected tubular fuel lattices.

Excess Burnup
Lattice reactivity | (GWD/T)}| F.D.T.(Yr.) | A.P.F.
(%okeff/Keff)

1 20 48 2.4 1.07
2 18 39 2.3 1.01
3 20 48 2.4 1.07
4 18 39 2.3 1.00
5 20 48 2.4 1.07
6 18 39 2.3 1.01
7 21 50 2.6 1.09
8 21 49 2.6 1.09
9 20 48 2.6 1.09
10 19 43 2.1 1.04
11 - 19 43 2.2 1.04
12 19 &4 2.2 1.05
13 19 42 2.3 1.04
14 19 42 2.3 1.03
15 18 42 2.4 1.02

* 6 w/o Fuel *% 50MWth
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neutron spectrum.
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Fig. A4.2 Influence of neutron scattering model of graphite on thermal




JAERI~-M 6974

BERES HBFIRFENDIVEFHBELNe Nu (DT

a mm

Ne/Nu

g =

600
500
400
300
200
100

d=b u
- a : Ligament width
- _ b : Kernel diameter
= c : Packing fraction
\
I R SR
6 8 10 12

Compact thickness



§00
500
g
£ 400
1300
LN ]
200

100
600

500

E 400

U 300t
A

200

100
600

500

8
E 400
o

200

100
600

500

g 400t

It 300
=)
200

100

i

" TAERI-M 6974

Hi HOLLOW ROD [. D- OF FUEL ROD :

d = 300 ¢

(=]
of o
oy

[
{=>]

d =500p

d = T0C &

0.2
0.3

;

10 mm

d =900¢

aaa

o
o
—_
[an)
—
[V



£ =7 mm

£ =10 mm

13 mm

£ =

600+

5001

400+

300

200

0

06

d =300 ¢

04
5

/

100
6001

500 F

400

300

200}

JAERI-M 6974

H2 HOLLOW ROD I. D. OF FUEL ROD : 16mm
d = 500 ¢ d =700 ¢ d = 3900 ¢
r - .
N N 3 0.1
02
" - 02 -
03 N 02
\ I }'\_ " !

/

100
600

500

400

300}

200

100
600

a3



600

500

400 -

7 mm

300

£

200}

d = 30Ce

JAERI-M

6974

H3 HOLLOW ROD I. D. OF FUEL ROD: Z25mm

d = 500 ¢

= 700 ¢

d =900 ¢

100
600

o200

400

10 mm

30

L

200+

100
600 -

500

400

3001

£ =13 mm

200

100
600 -

500 |
g 400}
[fe)
300k
wy

200+

100




7 mm

L =

£ =10 mm

£ =13 mm

4

£ = 16 mm

4

600

500

400

300

200

100
600

500

400
300
200

100
600

500
400
300
200

100
600

5004

400
300
200

100

d = 300 ¢

[}
afo
-

o
(=)

JAERI-M 6974

Al ANNULAR ROD

d = 500 ¢

=
ba

T

fol

Lo =]
[¥]

I. . OF FUEL :

d = 700 ¢

1 6mm

d =900 ¢

0.1

-

M

-

-
-

Aa8

o
o]
—
o
—
(S



£ = T mm

£ = 10 mm

I

£ = 13 mm

i

£ = 16 mm

A

600

500F

400

300}

2001

d = 300 ¢

o]
ey

i

JAERI-M 6974

A2 ANNULAR ROD, I. D. OF FUEL

d = 500 ¢

02

/

= 0.3
N

d =700¢

100
6001

500F

400

3004

200}

o Z20mm

d =300¢

100
6001

500[

400 -

300}

200¢

100
6001

500}

4001

300

200t

100



600

500

€ 400

300
=)

. 200

100
600

500

g 400

I 300
200

100

500
g 400

It 300

200

100
600

500

§
£ 400

1 300t

200

100

r

d = 300 &

-

JAERI-M 6974

A3 ANNULAR ROD, I. D. OF FUEL : 25mm
d =500p¢ d =700 ¢ d =900 ¢
01
02 i i

600 1




JAERI-M 6974

A4 ANNULAR ROD, I. D. OF FUEL ; 32mm

e ]

£ =T mm

£ =13 mm £ =10 mm

16 mm

Z =

600r

5001

400F

d = 300 #

d = 500 ¢

0.4

ﬁ/

d =700 ¢

d =900p

100
600

500}

4001

3001

200t

/

100
6001

5001

400t

300

200r

100
6001

500}

400r

300F

2001

100



£ =7 mm

i
/

16 mm

£

£ =13 mm

16 mm

£

JAERI-M 6974

A5 ANNULAR ROD, I. D. OF FUEL ; 40mm

d =300% d = 500 ¢ d =700 g d =900p
600_ |— —
500} L L B

400} ! A i

| - - 01
l . K \
200 05 -~ 03 L .02 - _
N :

) N | |

-
I
i

100

[#2]
o2}
—
L]
—_
[gv)
(o2
Q0
—
]
—_
[av]
=]
@ +]
[
o
et
[a]
()]
<0
[
[}
—
]



(1-a}

(1-b)

(1-c)

(1-d)

Din

COO0OO0O
(= IV, I S WU (LR o

DO COQO
(=AW I S VU LR

=]

in

coocoo0o
P
[~ R C I SNy

Din

DO OC
[ WV, I - PL SR g

JAERI-M

6974

MR 6 BHRFICHITIEHHIMER, on

Din, £

lig. : Ligament width
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300u
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553.2/434.6/441.9
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705.6/616.6/561.1
565.8/494.6/450.2
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a/b/c
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.9/216.

1/681.
8/335.
7/220.

3/691.
.4/340.
.4/223.

1/635.
.0/312,
5/204.

3/648.
4/319.
1/209.

5/659.
0/324,
5/212.
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658.6/577.6/529.0

528.2/463
438.4/384

. f=8mm

646.3/572.
520.0/460.
432.9/383.

. f=8mm

665.4/587.
535.3/472,
445.,7/393.

. f=8mm

680.1/598.
547.0/482.
455.5/401.

. £=8mm

691.6/607.
556.2/489.
463.1/407.

. £=10mm

634.5/561.
510.6/452.
425.1/376.

. £=10mm

652.9/576.
525.3/463.
437.4/386.
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lig.=16mm

500u

697.0/611.9/560.8
461.1/404,3/370.3
343.5/300.8/275.2
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7001

501.0/439
330.4/289
284,3/253

LA/424.5 -
.4/352.0 -

(B) Tubular fuel

£=7mm

683,7/605.9/557.
454.9/403.0/370.
340.8/301.8/277.

3/526.0
8/423.7 -
6/352.7 -

L=10mm

703,7/621.5/570.
468.3/413.5/379.
350.8/309.7/283.

2/538.3
7/433.6 -
5/360.9 -

£=13mm

719.1/633.7/580.
478.5/421.6/385.
358.6/315.8/289.

8/547.8
0/441,2 -
2/367.3 -

2=16mm

731

8/555.4
2/447.3 -
3/372.3 -

f=T7mm

671
446,
9/517.5 334.
5/417.0 -
6/347.1 -

£=10mm

690.6/610.0/560.
5/405.8/372.
3/303.9/279.

459.
2/529.2 344,
9/426.3 -
2/354.9 -

.2/643,2/588.
486.6/427.9/391.
364.6/320.5/292.

.3/594.,9/548.
6/395.7/364.
6/296.3/273.
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508,
337.
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345.
258,
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262,
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322,
241.
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331.
248,

6/437

2/290.

1/457.
8/298.
.8/223.

27457,

3/304

47227,

\9/464 .
1/308,
7/230.

6/429.
2/285.
0/213.

6/440.
5/292.
1/218,

.5/402.
LA/264.
.6/235.

.3/402.
7/267.
.4/199.

4/411.
2/273,
1/204.

4/418.
.1/278,
5/208.

3/424.
7/282.
9/211.

4/395.
4/263.
5/196,

3/404.,
7/268.
9/201.
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830.0/729.0/668.3
409.8/359.2/328.9
269.7/236.0/215.8

812.7/720.
405.1/358,
269.3/238,

836.5/738.
417.0/368.
277.2/244.

854 .8/753.
426.2/375.
283.3/24%.

869.1/764.
433.3/381.
288.1/253.

797.9/707.
397.7/352.
264,3/234.

821,0/725.
409.2/361.
272.0/240.

3/662.5
9/330.0
5/219.2

9/677.9
2/337.9
7/228.3

3/689.8
4/343.7
5/228.3

6/699.2
1/348.4
2/231.4

3/652.0
4/324,7
1/215.7

2/666.6
4/332.1
1/220.6
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. f=10mm

JAERI~M

%=13mm

300u

667.2/587.
536.7/472.
446.9/393.

.£=10mm

618,3/596,
545.6/479.
454,3/399.

.f=15mm

623.8/553.

502.0/445.
419.7/370

. f=15mm

641.4/566
516.1/456.
429.7/379

. £=15mm

655.2/577.
527.1/464.
438.8/387

. £=15mm

666.0/585,
535.7/471.
446,1/392.

. f=22mm

615.0/544.
495.0/438.
412.1/365.

3/538.4
8/433.7
6/361.0

500u

705.6/621.6/570.
469,5/413.5/379.
351.8/309.7/284,

2=160mm

0/545.6
7/439.5
4/365,8

717.3/630.8/577.
477.3/419.6/384.
357.6/314.3/287.

£=7mm

3/509.8
6/410.8

\9/341.9

660.0/585.9/540.
439,1/389,7/359.
328.9/291.8/268,

P=10mm

.8/521.0

4/419.7

.9/349.4

678.5/600.1/551.
451.4/399.2/367.
338.2/298.9/274.

=1 3mm

4/529.7
B/426.7

.0/355.2

693.0/611.2/561.,
461.1/406.6/373.
"345.4/304.5/279.

£=16mm

7/536.7
5/432.3
5/359.9

704.3/620.0/568.
468,7/412.4/378.
351.1/308.9/283,

L=7mm

7/502.8
7/405.2
2/337.2

650.7/576.9/532.
432.9/383.7/354.
324.3/287.3/265.
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338.
253.

517.
344.
257.

476.
316.
241,

489
325.
248,
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33z,
253

508,
338.
257

469
312,
233.
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4/448.7/411.
8/298.3/273.
5/223.1/204.

8/455.3/417.
4/302.7/277.
7/226.4/207.

4/422.9/389.
8/281.1/259.
5/214.7/198.

.8/433.2/398,
3/287.9/264.
2/215.8/202.

3/441.2/405.
7/293.3/269.
.4/223.8/205.
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8/739.
1/368.
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.6/749.
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0/373,
6/248.

5/696.

.0/347,
.9/230.

.5/713,
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.2/236.

7/726.

.6/362,
.9/240.
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4/244,
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.6/341.
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3/337.
7/224.
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508.3/449.

423,2/373.
Din.£=22mm
0.1 -
0.2 -
0.3 -
0.4 644.8/567.
0.5 518.8/457.
0.6 432.0/380.
Din. f=22mm
0.1 -
0.2 ~
0.3 -
0.4 655.2/575.
0.5 527.1/463,
0.6 438.8/385.
Din. f=30mm
0.1 -
0.2 -
0.3 -
0.4 608.5/539.
0.5 489.8/434,
0.6 407.7/361.
Pin. f=30mm
0.1 -
0.2 -
0.3 -
0.4 624.4/551.
0.5 502.5/444.
0.6 418.3/369.

Din. f=30mm

637.0/561.
512.5/451.
426.7/376.
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668.3/590.4/543.8

444 . 6/392.7/361.
5/513.2 333.1/294.0/270.7
07/413.6 -
7/344.,2 -
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%=1 3mm

682.1/601.0/552.

453.8/399.7/367.
6/521.5 340.0/299.4/275.1
0/420.2 -
5/349.8 -
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=1 6mm

693.0/609.3/559.
461.1/405.3/372.
345.4/303.5/278.6

=

6/528.1
4/425.
8/354.

[l

i=7mm

643.9/571.3/528.3

428.4/380.0/350.
4/497.6 320.9/284.5/262.5
5/401.2 -
7/333.8 -

-

£=10mm

660.7/584.1/537.

439.5/388.5/357.
5/507.5 329.3/290.9/267.7
2/409.0 -
8/340.4

=21 ¢ )

2=13mm

673.8/594.2/546.0
448.3/395,2/363.
335.9/295.9/271.8

& -

=

1/515.3
9/415.
2/345.

M

%=16mm

684.2/602.2/552.

455.2/400.5/367.
8/521.5 341.0/306.0/275.1
0/420.2 -
2/349.8 -
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482,
320.
240,

492
327

245,

500

33z.
.9/218.

248

464

476.
.1/280.
237.

317

486
323
242

493

700u

5/426.
8/283.
0/211.

L4/433,
.4/288.

0/215.

.3/439.

7/292.

.9/412.
309.
231.

0/274.
27204,

9/421.

2/209.

.5/428.
4/285.
.0/213.

.9/434.
328.
245,

4/288,
7/216.

1/392.
2/260.
8/195.

8/398.
3/265.
6/198.

8/410.
3/268.
7/200.

4/380.
0/252,
9/189.

6/388.
2/257,
5/192.

9/394.
0/261.
2/195.

7/394,
9/265.
1/198.
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794.5/701.
396.0/349.
263.2/232,

810.8/714.
404.2/356,
268.6/236.

823.7/724,

- 410.6/361.

272.9/239.

765.5/679.
381.6/338.
233.5/224.

785.4/694,
391,4/346.
260.2/229.

801.0/706.
399.3/352.
265.4/233.

813.3/715.
405.4/356.
269.5/237.

9/646.7
7/322.1

3/213.9

5/657.0
0/327.3
1/217.4

4/665.2

0/331.3
8/220,1

3/627.1
4/312.3
8/207.4

4/639.5
0/318.5
8/211.5

4/649.2
0/323.4
8/214.8

9/657.0
7/327.3
0/217.4




