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Table- 1
Specifications and assumptions
Reactor power 3,200 MWL
Lattice pitch 25 x 25 cem
Fuel pin rod :
No. of pin rods 18 rods in a fuel channel

6 rods at 1.575 cm, 12 rods at 3.00 cm from
the channel center (Position assumed) .

UO: pellet 10.5 g/cm® 11.5 mm O.D.
2.0 % enriched 900 K
; Cladding Zr-Nb 13.5 mm 0.D. 1.0 mm thick 550 K
: Pressure tube Zr-Nb 83 mm 0.D. 80 mm I.D. 550 K
‘ Central tie rod Zr-Nb 15 mm 0.D.
: Coolant H-O 55 K 40 % void
i Moderator Graphite 1.7 g/cm® 900 K
i Control rod :
Inner tube Al 46 mm I.D. 2.0 man thick
Absorber BiC 1.7 g/cm’® .
Outer tube Al 66 mm I.D. 2.0 mm thick
Temperature 550 K
Table 2-1

Composit{gn of fuel (kg/tlM)«:

Burnup O.lGWD/t 4GWD/t 8GWD/t 10GWD,’t 14GWD/t 20GWD/t

Isotope

U-235 19.9 156 12.1 10.5  7.77 4.61
U-236 0.77 1.39 1.65 2.10 2.57
Pu233 0.05 1.49 2147 2.35 2.5 2.6l
Pu240 0.24 0.66 0.87 - 1.34 1.94
Pu241 0.04 0.18 0.27 0.43 0.64

Note * calculated on assuming an infinite array of the fuel ch. cell.

Table 2-2
Comparison of isotope omposition of
dischqrggg fuel (kg /tHM) burnt to 20 GWD-t

Present PNC Soviet

wvork (Ref . 1) (Ref .2)
Isotope
U-235 4.6 4.8 4.5
U-236 2.5 2.5 2.4
Pu239 2.6 2.4 2.6
Pu240 1.9 1.8 1.8
Pu241 0.6 0.6 0.5




Table 3
Comparison of coolant void effect+ on K.
of f uel__p_h. between SRAC anEl VIM at Lopm__t_.‘e!np_era_gq_l_*_e_

0 % void 90 % void x 101 /%void
Case 1 SRAC 1.1154 1.1277 1.08
VIM 1.112+ .003 1.1331 .003 1.854+ .40
Case 2 SRAC 1.1029 1.1301 2.40
VI 1.1021 .003 1.1341 .003 2.84:1 .40
Case 1 Radial position(inner 6 rods) = 1.65 cm
Radial position(outer 12 rods) = 3.32 cm
Case 2 Radial position(inner 6 rods) = 1.58 cm
Radial position(outer 12 rods) = 3.00 cm

Note # calculated by the fuel composition at 10 GWD-t only with U-235,
U-236,U-238,Pu 239,Pu 240,Xe-135 and Sm 149 aud those of tie
rod, cladding and pressure tube with Zr- 2, for simplicity. and
the density of water at 550K.

Table 4
Effect of pin rod radial position in Pressure Tube on coolant
void reactivity coefficient+ at the more rgalistic temperature

K at K+t at Void coeff.
0 % void 90 % void x 1071 /%void
Case 1 Fuel ch. 1.0943 1.1054 1.02
16 ch.#k4 1.0804 1.0982 1.67
Case 2 Fuel ch. 1.0931 1.1113 1.66
16 ch.+«++ 1.0764 1.1024 2.43
Case 1 Radial position{(inner 6 rods) = 1.65 cm
Radial position(outer 12 rods) = 3.32 cm
Case 2 Radial position(inner 6 rods) = 1.58 cm
Radial position(outer 12 rods) = 3.00 cm

Note * calculated at 10 GWD/t with water density at 550 K.
#+ K for Fuel ch. denote K, and for 16 ch. cell Kys .
¥+ calculated for 16 ch. with control rod withdrawn.

Table 5
Effect of coolant void fraction change on reaction
ratet by material in the fuel ch. at 10 GWD/t

Yoid fraction % 1007 diff.
Reaction Material B et
Absp Fuel 893.8 938. 1 44 .3
Absp Tie,Clad,P.T. k.5 3.5 0.0
Absp Coolant 45.7 2.1 -43.6
Absp Moderator 28.0 27.3 -0.7
Absp Total 1000.0 1000.0 0.0

1000.0.




Table 6
Effect of coolant void fraction change
on (Qggtion ratet by nuclide_»i_r_l__fljil.

Void fraction 0% 100% diff.
Reaction Nuclide = — ——————mm—mmmm e m e e

Absp U-235 298.9 277.4 -21.5

Absp U-238 7.7 282.2 24.5

Absp Pu239 211.4 250.4 39.0

Absp Pu240 33.5 37.7 4.2

Absp Pu241 2.2 23.2 1.0

Absp - Xel35 23.4 19.3 -4.1

Absp Others 46.7 47.9 1.0

Capt U-235 50.6 49.9 -0.7

Capt U-238(R) 129.2 161.5 32.3

Capt U-238(T) 111.0 100.7 -10.3

i Capt Pu239 75.5 g93.1 17.9
: Capt Total 475.0 516.0 41.0
! Fiss v-235 248.4 227.5 -20.9
Fiss U 238 17.5 20.1 2.6

Fiss Pu239 136.0 157.1 21.1

Fiss Total 418.8 422.1 3.3
Kinf 1.093 1.113 ’ 0.020

Note # normalized as the total absorption in the fucl ch. cell be
1000.0.

Table 7-1
Void effect on K;; for 16 ch. cell with CR vithdrawn

Burnup 0.1 GWD/t 4 GWD/t 8 GWD/t 10 GWD't 14 GWD/t

Void
% 1.23294 1.17451 1.10977 1.07735 1.01256
% 1.23826 1.17942 1.11469 = 1.08262 1.01841
40% 1.24260 1.183%58 1.11931 1.08769 1.02412
60% 1.24667 1.18766 1.12406 1.09262 1.03030
% 1.25025 1.19157 1.12887 1.09818 1.03740
100% 1.25409 1.19620 1.13500 1.10527 1.04646




Table 7-2 'l
Void reactivity coefficients (x10™,/%void) !
f‘oxf 16 ch ._‘_E:ell with CR withdrawn o o |

Burnup 0% ——- 20% —-- 40% --- 60% --- 807% -- 1007 average

0.1 GWD/t 1.68 1.45 1.32 1.16 1.20 1.37

4 GWD/t 1.7 1.55 1.47 1.33 1.64 1.51

8 GWD/t 1.9 1.85 1.89 1.87 2.41 2.00

10 GWD/t 2.26 2.15 2.07 2.3t 2.92 2.3 -
14 GWD/t 2.83 2.73 2.93 3.32 4.17 3.21 :
10 GWD/t * 2.31 . 2.2 2.17 2.26 2.9 2.3l

Note * case for moderator (graphite) temperature 600K

Table 8-1
Void effect on Ky y for 16 ch. cell with CR inserted

Burnup 0.1 GWD/t 4 GWDt 8 GWD,’t 10 GWDt

No. CR 2 2 1 1

void . - .

0% 1.04430 0.99684 1.02682 0.92625

20% 1.04219 0.99493 1.02848 0.99841
40% 1.03864 0.99194 1.02966 1.00028
607% 1.03369 0.98801 1.03032 1.00114

% 1.02675 0.98259 -1.03072 1.00220
100% 1.01829 0.97646 1.0315%6 1.00407
Table 8-2
Void reactivity coefficients for 16 ch. cell with CR inserted
Void 0% --- 20% --- 40% ---60% -—- 80% -- 100% average
Burnup No.CR ____

0.1 GWD/t 2 -0.97 -1.64 -2.31 -3.27 -4.05 -2.45
4 G/t 2 -0.88 -1.51 -2.00 -2.79 -3.20 - -2.10
8 GWD/t 1 0.7 0.96 0.31 0.19 0.40 - 0.46
10 GWD/t | 1.09 . 0.4 0.43 0.53: 0.93 0.72

Table 9

Kinetic parameters 3.5y (%)«

Burnup 0.1 GWD/t 4 GWD/t 8 GWD/t 10 GWD/t 14 GWDt

Yoid
% .706 .612 .559 .540 .506
% .706 .610 .558 .538 .504
40% .706 .608 .554 .535 .502
60% .705 .605 .552 532 .499
80% 705 .602 547 .57 .494
100% .T05 .596 .4l .52t .488

Note # calculated for 16 ch. cell with control rod withdrawn
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Table 10
___}_{_i_nctic parameters A(ms >:.'

Burnup 0.1 GWD/t 4 GWD/t 8 GWD/t 10 GWD-t 14 GWD,L

Void e e

% .561 .529 5064 .586 625
20% 541 .530 566 .588 637
407 .533 534 .568 585 633
607% .52 537 563 .590 .638
80% .521 .540 .570 .59l .637
100% .B17 .54 571 .50 635

Note 4 calculated for 16 ch. cell with control rod withdrawn

Table 11
Moderator temperature reactivity coefficienli (x10°%°C)
for 16 ch. gg}lmat 40% coolgﬂg_xgiq_gigption

Temp 600K --- 900K --- 1200K
BUFRUy - em o mmm o m o m m e
.1 GWD,'t 1.82 1.47
10 GWD,’t 4.9 3.17

Nole + calculated for 16 ch. cell with conlrol rod withdrawn

Table 12
Coolant temperature reactivity coefficientt (x103/°C)
at 10 GWD.‘t and 40 % coolant void fract;on.

Temp 500K ---- B50K ---- B00K

Note #+ calculated for 16 ch. cell with control rod witlhdrawn
considering the water density change

Table 13 .
Fuel temperature recactivity coefficicent (~10°/°C)
for 16 ch._yjth Cﬁﬂyithdrawn at 10 GWD{EW_

Temp 900K --- 1200K --- 1600K --- 2000K --- 2500K
Void .
% -1.10 -.898 -.829 ~.747
20% -1.15 -.931 -.835 -.760
40% -1.12 -.933 -.851 -.766
% -1.11 -.945 -.863 -.T64
% -1.09 -.938 -.827 =54
100% -1.09 -.8%2 -.806 ~-.745




Table 14
Comparison of feedback coefflicients

at 10,3hGWD/t among several instituE}pns

Institution JAERI PNC PNL# 4.+

Code SRAC WIMS-ATR  WIMS

Item T o
Coolant void+ 2.2-2.9 2.0-3.0 1.5-4.0
Fuel Teup. -1.1 -1.4--0.9 -1.2
Mod. Temp 4.9-3.2 6.0-4.0 3.6
Delayed N f3 0.53(eff) 0.57(eff) 0.48
Life time 1 0.64 0.63

Soviet

Ref.2)

2.0(3.0%)
~-1.2

6.0
0.48

Note. * Void coefficient changes by void fraclion.

++ Value eslimated for the accident case.

*#+4 included in US DOE report (Ref.5)

/%vo;d

%1079 oC
x10°%/°C
ms
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Cell Radius ‘
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