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ABSTRACT

Computations of power history effects on the pre-loss-of-cooltant accident
{LOCA) conditions of generic pressurized water reactor (PWR} and boiling water
reactor {BWR) fuel rods were performed at Pacific Northwest Laboratory using
the U.S. Nuclear Regulatory Commission {NRC) code FRAPCON-2. Comparisons were
made between cases where the fuel operated at a high ("LOCA-1imited") power
throughout 1ife (20,000 MWA/MTU) and those where the fuel was at a lower power
for most of its burnup and ramped to the high power at 10,000 or 20,000 MWd/MTU

burnup.

The PWR rod was calculated to have more c¢ladding creepdown during the
lower power cases, which resulted in slightly lower centerline temperatures
(as much as 100°C}. This result was insensitive to the method used to increase
the power during the ramps {i.e., by increasing the average rod power or by
changing the peak-to-average (P/A} ratio of the axial power shape). The cal-
culations also indicate that the highest fuel centertine temperatures were
reached at startup.

The BWR rod, however, demonstrated a substantial dependence on the power
history. In this case, the constant high-power rod released considerably more
fission gas than the Jower power cases (21% versus 0.4%), which resulted in
temperature differences of up to 350°C. The highest temperature was reached
at end-of-1ife {EOL) in the constant high-power case.






SUMMARY

The objective of this Pacific Northwest Laboratory (PNL) program was to
assess the impact of some power history assumptions on end-of-1ife (EOL) fuel
temperature calculations and recommend appropriate assumptions for safety
analysis.

Two generic fuel rods were simulated with the U.S. Nuclear Requlatory
Commission {NRC) audit code FRAPCON-Z2 to determine the effects of power his—
tory assumptions on pre-LOCA fuel temperatures. The fuel rods chosen for the
study correspond to a commercial pressurized water reactor {PWR) (15 x 15)
design and a commercial boiling water reactor (BWR) (8 x 8) design. The base
case calculation for each rod was performed by extending the computer code to
20,000 MWd/MTU at the "loss-—of-coolant accident {LOCA)-limited” linear heat
generation rate (LHGR).(a) Computer runs were made to simulate the behavior
of each fuel rod at 0.5 and 0.7 times the peak power. At various burnups, the
code then modeled ramps to the LOCA-limited LHGR {12.6 kW/ft and 13.4 kW/ft
were chosen as typical values for the PWR and BWR rods, respectively}. The
PWR rods were ramped in two ways: by increasing the average power or by modi-
fying the peak-to-average (P/A) ratio. The BWR rods were ramped by raising
the average power to the LOCA-limited peak,

The PWR calculations gave very similar results regardiess of the power
history or method of ramping. The final temperature of the constant high-
power case was higher than for the rods run at low powers and then ramped.
This difference was less than 100°C and apparently resulted from increased
cladding creepdown that was calculated to occur early in the life of the low-
power rods. The lower power rod experienced more creepdown than the higher
power rod because fuel thermal expansion was less; thué, more cladding creep-

down was allowed before the fuel supported the cladding.

{a) The highest power licensable due to considerations of potential cladding
temperatures during a postulated LOCA,



The BWR rod showed a definite power history effect. The most significant
disparity between the high- and low-power cases occurred in the fission gas
release fraction {21% versus 0.4%), Temperatures calculated in the low-power
case ranged from 150°C at 10,000 MWd/MTU to 350°C at 20,000 MWd/MTU less than
the temperatures calculated for the constant high-power case.
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INTRODUCTION

(1)

Steady-state fuel performance codes Tike FRAPCON-2, a U.S. Nuclear
Regulatory Commission {NRC) audit code, have their major impact on loss-of-
coolant accident (LOCA) analysis. Fuel rod temperatures, which are calculated
as the starting point for the emergency core cooling system (ECCS) analysis,
have a dominant effect on LOCA peak cladding temperature and are subject to
large variations due to power history effects. The power history assumptions
vary from vendor to vendor; therefore, there is a need to review some of the

vendor assumptions to confirm their adeguacy.

In reviewing safety analyses as part of the licensing of nuclear power
plants, the NRC performs calculations of fuel parameters and response using
fuel performance computer codes. The predictions of these codes are dependent
on not only the conditions at the time of a hypothetical accident but also the
conditions prior to the event. The purpose of this Pacific Northwest Labora-
tory (PNL)(a) program was to provide assistance in determining power history
effects in fuel performance codes used for plant safety analyses.

Generic pressurized water reactor (PWR) and hoiling water reactor (BWR)
fuel rods were simulated using FRAPCON-2 to determine the effects of certain
power history assumptions on pre-LOCA fuel temperatures. The base case cal-
culation for each rod was performed by extending the computer code to
20,000 MWd/MTU at the LOCA-limited linear heat generation rate (LHGR). Com-
puter runs simulated the behavior of each fuel rod at 0.5 and Q.7 times the
peak power, At varigus burnups, the calculations then modeled ramps to the
LOCA-T1imited LHGR.

The remainder of this report consists of the conclusions that were
reached and a presentation of the approach that was used, the results that
were obtained, and a discussion of those results. The appendix contains

power history data and code ocutput for the generic PWR and BWR rods.

(a) Operated for the U.S. Department of Energy (DOE) by Battelle Memorial
Institute.



CONCLUSIONS

The results calculated by FRAPCON-2 showed that the specific choices of
power history had very little effect on the EOL centerline temperatures for
the PWR cases. In all PWR cases, the fuel rod was predicted to reach its
highest temperature at beginning of life (BOL). The method of ramping the
fuel rod--changing the peak-to-average (P/A) ratio or increasing the average
power--did not influence the results,

The BWR cases, however, demonstrated a significant dependence upon power
history. The constant high-power rod released considerably more fission gas
than the lower power cases; this resulted in EOL temperatures that were as
much as 350°C higher for the constant high-power case.

[t appears that in the case of PWR fuel the method of modeling fuel per-
formance by operating the fuel at typica)l commercial powers (6 to 9 kW/ft) and
then ramping to the peak licensable LHGR may be a suitable substitute for cal-
culating fuel thermal performance by modeling a constant high-power history.
For the BWR, however, the constant high-power history case was more conserva-
tive at higher burnup conditions than the low-power/ramp technique. Aithough
this does not necessarily invalidate the low-power method, it does indicate
that more work would be necessary to assess which power history is more real-

istic with respect to licensing for modeliing commercial fuel performance.



ANALYSIS OF POWER HISTORY EFFECTS

This section includes a description of the apprcach that was used in the

analysis, a presentation of the results, and a discussion of those results.

APPROACH

Representative power histories consisted of operation at a fixed power
level followed by an instantaneous increase to a LOCA-limited peak power at
which critical output parameters (e.qg., volume average fuel temperature, rod
internal pressure) were calculated. The calculational matrix included two
fuel designs--a PWR 15 x 15 and a BWR 8 x 8 desiqn(a}——three steady-state
power levels--0.5, 0.7, and 1.0 times the fuel rod LOCA-limited peak power
tevel. The power was increased by changing the rod average power while main-
taining a constant P/A power ratic for both PWR and BWR cases. An additional
set of cases was produced by changing the axial power distribution for some
special PWR cases.

The specific cases used to assess the impact of power history assumptions
on LOCA-T1imited fuel temperature cladding calculations were as follows: The
power history effects on pre-LOCA conditions were computed for a generic 15 x
15 PWR fuel rod with a peak LHGR of 12.6 kN/ft(b) and a steady-state pre-LOCA
LHGR of 8.8 kW/ft (0.7 times the peak LHGR) and 6.3 kW/ft {0.5 times the peak
LHGR) for burnups of 26 MWd/MTU (i.e., BOL}, 10,000 MWd/MTU, and 20,000 MWd/MTU
using the FRAPCON-? code with FRACAS-2 mechanical model and the ANS 5.4 fission
gas release model. A special case was conducted with a steady-state pre-LOCA
LHGR of 8.8 kW/ft for a burnup of 2000 MWd/MTU. In all cases, the power was
ramped to 12.6 kW/ft at the specified burnup. The computer outputs are tabu-
tated in Appendix A.

Similar computations were conducted for a generic 8 x 8 BWR fuel rod with
a peak LHGR of 13.4 kW/ft'®) and a steady-state pre—LOCA LHGR of 9.4 KW/ft
{0.7 times the peak LHGR) and 6.7 kW/ft (0.5 times the peak LHGR) for burnups
of BOL, 10,000 MWd/MTU, and 20,000 MWd/MTl,

(a) See Reference 2 for physical descriptions of the fuel rods.
(b} Peak power values were chosen to represent typical PWR and BWR
LOCA-1imited LHGRs.



Computations were made for conditions of constant P/A power ratios of
1.2 (PWR} and 1.3 (BWR). The power was increased at the specified burnup by
increasing the rod power and maintaining the same P/A power ratios. An alter-
nate method of power ramping to LOCA conditions--maintaining a constant rod
average power but altering the axial power distribution to enable attainment
of the LOCA conditions in a segment of the rod--was performed for PWR burnups
at BOL, 10,000 MWd/MTU, and 20,000 MWd/MTU with pre-LOCA power of 8.8 kW/ft
(0.7 times the peak LHGR}. The power histories for these cases are also
described in the appendix.

The FRAPCON-2 code, which is described in Reference 1, is a steady-state
model developed jointly by EG&G Idaho(a) and PNL for the Fue} Behavior
Research Branch of the NRC. The FRACAS-2 mechanical subcode was selected to
compute the fuel-cladding interactions, while fission gas release was computed
with the ANS 5.4 option. FRACAS-2 uses the effective fuel conductivity and
the relocated fuel-cladding gap size for thermal calculations. The relocated
fuel surface is used in the mechanics calculations. A model is included for
time-dependent hot pressing of misaligned fuel fragments. The FRAPCON-2 code
includes cladding creepdown under the external pressure of the coolant. Code
verification is presented in References 3 and 4. The selection of code options
as described in Reference 1 for these computations is presented in Table 1.

{a) Idaho National Engineering Laboratory is operated for DDE by EG&G Idahc,
Inc.



TABLE 1. Computer Code Input

WESTINGHQUEAE 15 X 15

SFRPCH

I = 33, HMECHaN = 1, Na 3 {06y Ng = 4y NF = S2 NR £ 1, NGASR £ &y

MECHAN = 3,

SEND

IFRPCUN ,
CPL ® 0,2y, Ugl = ,00948, pcO = ,0i07(u4, pF @ 00929, DELTAZ = 10x0,340,0, 21,
CEN 3 95,0, DISHSD & 4,001, HODISH 5 0,001, ENHCH = 2,8 FA & §,2)

FGPay & 3,04En, FLUX = &40E17, HPLT 3 0,01924y ICH B 4, IDXGAS 2 1,

[PLANT 5 1, 10 = {, NUNITS a 0, P2 = {5,566, TOTL 5 3 &s, TW = 547,53,
HSNTR = 109,7,

OMPY 2 0,081,3,6,9,12,15,18,21,24+27,30,33,36,39,41,34,¢8n41, 34,

TIME ? O‘GI,U.I..ls,:al.25i.3!l35!lul.q5f.5il55flbl|7poﬁilqlal’sil10.!
304+50070,900110,1304150/170+4190+210+2309250+870¢2905300+

JOLPR ® |,

SEND

TITLE, GE 647 TU
GENERAL ELECTHIC
S$FRPCN
IM a 3B, MECHaN
In = 18,
$SEND
EZEPEU: 36, vcl = ©0,0108, OCU % 0,01252R, UP & 0,01057, DELTAZ = 10%2,371,0 36
DEN = qé' DISHSL = ,u0l, HDISH = ,00L, ENRCH = 148, Fa = lull_
FGpAV 8 1,01E5, FLUX 3 bE1T7, MR T & 0,01067, 1ln = 2, IDXGAS = 1+
IPLANT = 2, 1@ @ 1, NUNIIS & 0, P2 = 7,14E8, 10TL = 5,71, Tw = 5513,
HSNTR = 109,7,
WHPY B 0,01,3,0,9,12,15,18,21,22:2¢,
U, 27130733, 36¢39,42,43,%98,
TIME & 0.01,0.1,.15,.2,.23,,5,.35;.&;,&5,1::
1.03;1.00;1.00!1|12;1|15'lllu’loelf!ﬂzuf
SEND :
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RESULTS

The results of the base test matrix for both PWR and BWR generic cases are
listed in the Appendix (Tables A.l through A.15) for constant P/A power ratios,
and the results for the 15 x 15 PWR cases are plotted in Figure 1. The power
ramps executed at BOL from the 0.5 pre-LOCA power level ended precisely on the
1.0 power leve] curve and passed through the 0.7 level curve during the ramp,
The 0.7 case also ended precisely on the 1.0 Tevel curve.

At 2000 MWd/MTU, the 0.7 case fell short of reaching the 1.0 Tevel curve
by approximately 25°C. At 10,000 MWd/MTU, the 0.5 case fell short of reaching
the 0.7 level curve during the transient by approximately 15°C and fell short
of reaching the 1.0 Tevel curve at the end of the transient by approximately
100°C. The 0.7 case fell short of reaching the 1.0 case by approximately
45°C. At 20,000 MWd/MTU, the 0.5 case fell short of reaching the 0.7 level
curve during the transient by approximately 10°C and fell short of reaching
the 1.0 level curve at the end of the transient by approximately 95°C. The
0.7 case fell short of reaching the 1.0 Tevel curve at the end of the tran-
sient by approximately 50°C. The fuel centerline temperatures in Figure 1
were predicted to decrease by 100 to 150°C within the first 10,000 MWd/MTU
and then to stabilize during the second half of the computational period ito
20,000 MWd/MTU).

The results for the 8 x 8 BWR cases are plotted in Figure 2. The
0.5 case at BOL passed through the 0.7 curve during the ramp to the 1.0 level
curve with which it agreed precisely. The 0.7 case agreed precisely with the
1.0 curve after being ramped at 80L. At 10,000 MWd/MTU, the 0.5 case fell
short of the 0.7 curve by 50°C as it was being ramped to the 1.0 curve where
it fell short by 190°C. The ramped 0.7 case fell short of the 1.0 curve by
100°C. At 20,000 MWd/MTU, the 0.5 case fell 60°C short of the 0.7 curve as it
was being ramped to the 1.0 level where it fell short by 390°C. The 0.7 case
fell short by 280°C of the 1.0 curve at the end of its ramp. The fuel center-
1ine temperatures in Figure 2 were predicted to decrease by 100 to 140°C within
the first 10,000 MWd/MTU and then to stabilize during the second half of the
computational period, except for the steady-state case, at 13.4 kW/ft. 1In
this case the centerline temperature increased by 200°C during the second half

of the computational period.
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APPENDIX A

SUMMARY OF COMPUTER CODE QUTPUT
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TABLE A.1.

BURN UP  TINE
CHRD/MTI) (OAYR)
3 09,90
11y 2,00

£ T3 5,00
ab7 10,00
2084 30,00
3440 50,00
402 To,00
e2i3 90,00
159% 110,00
898p 130,00
10372 1%0,00
11759 170,00
13145 190,00
14531 210,00
19598 230,00
17304 230,00
10691 270,00
20077 290,00
20770 300,00

PONER
(uw/M)

41,06
41,06
ai,ob
ki, 06
41,08
44,08
41,08
41,08
41,08
8,08
a5 .08
41,08
i, 08
41,06
41,08
41,08
41,08
41,04
41,08

FUEL
CENTER
A {1
{4

134
1518
1523
1122
1810
L4080
1492
1418
1399
139)
1304
137
13T4
1368
1349
1349
1369
13
1374

AVE
FUEL
TENP
(e

904
904
910
910
206
893
881
sed
853
TH
849
aua
846
844
Gae
bas
849
13
T

AYVE
JTORED
ENERQY
(J/KG}

0, 24F+08
0, 26E+04
0, 2AEe08
[l LT 1Y
QedhEs0d
0, 36E4046
0,2%5C+04
G, A5E+04
0,2%E408
DeddEs0d
0, 23E404
0, 28E+04
[ LT
0,26E404
0,24E+0b
0, F4E+08
0,28E+04
0,25E+04
0,2%F+0b

FRAPCON-2 Prediction for

RADTAL

AP
WIDTH
(CH)

0047
L0048
L0092
00%a
«00%8
2052
L0048
L0041
WQ0&0
20039
«J039
0039
0038
40037
+ 0038
0037
0037
« 0037
L0037

15 x 15 PWR with 12.6 kW/ft to 20 GWd/MTM, P/A = 1.2

FRACTION OF CUMMULATIVE

CONDULTAMCE

BAP

COMTALT Gal

000
£000
$000
L0080
000
2+ 000
L000
018
L0234

0,999
0,999
0,999
0,99%
0,999
0,999
9,999
0,981
0,973
0,768
0,749
0,945
0,71
0,%7
0,974
3,973
0,973
0,973
0,977

Rop
ROD INTERNAL
FISE 4B QAN PREX
) (MP4)
0,00 10,211
0,14 10,192
0,28 10,083
0,44 9,914
0.78 9,809
0,99 9,074
1,07 9,938
1,13 10,060
1,19 10,156
1,27 10,228
1.3 10,7
1,88 10,347
Tebt 10,847
1a78 10,502
1,98 10,888
2,18 10,638
2,41 10,720
2,69 10,8114
2,88 10,870

XENON
(MOLE
FRAC)

000
1000
+000
000
004
,002
1002
003
L00a
+00%
007
008
010
1012
012
017
OR%
« 025
027

FUEL
DENS

(%)

'.0‘.
-, 072
-.100
», 231
-.IT‘
= 279
'.!7’
-.‘7‘
-'119
'|279
-.'7’
w, 219
279
-.ITG
.|!7’
LIY 244
w279
. 279
- 279

FUEL CLAD RADIUS

UWELL

(X}

G000
0,000
0,000
0,000
0,000
0,000
0,000
0,098
0,174
0,238
0,290
0,334
0,379
0,448
0,4%
[ |
0,536
0,559
0,57

(%)
PERM RECOYER
=, 0086 L1232
=, 015 133
031 126
w 0hl 127
..1,3 .‘1!
w, 281 L1}
=, 388 1Y
s 411 ,i8
-, 7 L2303
e, 343 ,200
=, 331 ,2ié
- 282 301
=, 267 222
w, 220 L300
., 183 198
=, 14% 197
2, 117 197
=, 089 190
=, 070 200

AXT AL
{X)
TOTaAL

0,12
0,02
0,13
0,13
0,14
0,14
0,15
Q24
0,20
0,26
0,30
0,35
8,39
[} ]
0.¢T
9,54
0,58
0,88
0,80



¢y

TABLE A.Z.
BUAN UP  TIME  PODNER
(MWD /MTL) (DAYS) (Kw/M)

] 0,01 0.0L

) 0,10 2.97

l 0,15 3,94

) 0,20 8,91

2 0,29 11,88

3 0,30 14,09

4 0,35 17.01

® 0,80 20,00

7 0.4% 23,77

9 0,50 26,74

1 0,98 29,74

13 0,00 32,08

16 0,63 15,03

18 0,70 38,4

24 0,80 41,99

30 0,90 43,9}

93 2,00 4),53
26l 5,00 43,5}
s58 10,00 43,93
1719 30,00 43,53
2880 50,00 43,5}
a04e  T0,00 43,5}
5203 90,00 43,53
#des 110,00 43,5}
7526 130,00 43,53
Ba8T 150,00 43,5}
9848 170,00 43,53
11909 §90,00 643,53
12171 210,00 43,53
13332 230,00 3,33
19493 290,00 43,53
1%4%% 270,00 43,53
16814 290,00 43,53
1T9YY 310,00 43,53
19138 330,00 43,5}
203¢0 390,00 43,53
21861 370,00 43,53
22422 390,00 43,53

FRAPCON-2 Prediction for 8 x 8 BWR with 13.4 kW/ft to

FUlL

CENTER

TEWP
=)

s

358

437

$24

a7

713

1T

938
1024
1134
1245
1324
1417
1512
1817
1700
1703
1709
1748
1729
1730
1737
1753
1708
1054
1833
1599
1801
1807
1599
1836
1839
1043
1491
1719
1747
1173
1799

AVE
FUEL
TEHP
(c)

278
159
e
a3
L1}
10
560
b2
(1} ]
Tie
Ta®
12
872
923
97a
1014
1018
10de
1033
Loaa
1049
10%9
1078
104}
1020
1008
ALl
1004
101%
1014
1030
1049
1070
109}
1117
114
11a7
1"

AvE
STORED
INERQY
(J7KQ)

0,08E909
0,80E+0%
0,%42+0%
Qualllede
Vel2Eede
0, 14K«00
0,15C+ 00
0.iTEe 00
[ PRLl£17)
Q200+0%
0, R2E+0k
0,238+ 00
0, 250¢00
0,2TEeQb
0,29C«00
0,30E«0é
0.30€+08
0430Ke00
0.31E404
De31E+00
04318408
0.,318+00
0 32E¢00
0.31E¢04
0,30E«08
0,30E+00b
0290 0b
0,30E¢0b
0, 30E+04
0. 30Ee04
0, 30Ee0d
0. MEx0s
0.32E¢04
0, 336004
0.,332+04
0,33E+04
0, 350»04
0,J6E008

QAR  COMDUCTANCE

WIOTH
(cwy

L0108
0105
20102
L0099
+ 0095
+ 0091
0088
0084
0079
0073
20070
008
NITY
$ 0050
+0054
0097
+0087
+0058
+0089
+0001
. 0058
<0087
20087
+ 0088
L0088
L0041
20033
20030
20028
L0026
« 0028
L0028
L0023
L0023
$0022
4003}
L0021

GAP

CONTACT GaAS

000
000
« 000
« 000
000
000
000
« 000
000
000
»000
« 000
« 000
000
2024
2090
2037
2023
2+ 000
000
030
032
043
s 184
i
» 139
137
.ll.
l3Y
149
153
+i08
AT
.I’O
202
W21
.ll?
222

0,799
0,999
0,999
0,990
$,999
0,999
0,999
0,999
0,999
0,999
0,790
0,999
0,799
0,999
0,978
0,949
0,961
0,974
0,999
0,998
0,78
0,96
0,952
0,08%]
0,071
0,003
0,859
0,000
0,85
[ .11 ]
0,841
0,028
0,816
0,802
g,78%
0,778
0,770
0,763

RADIAL FRACTION OF CUMMULATIVE

ROD
FIED BAR
)

0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0.00
0,00
0,00
0,00
0,00
0,00
0,47
0,08
1,90
3,03
4,19
3,43
6,13
T.4b
T.0b
T.T0
T.78
7.9
8,30
8,00
9,38
10,08
11,28
12,74
14,60
1oy}
18,84
21,19

ROD
INTERNAL
Gis PREB

(MPa)

[ % 31 )
,223
0,230
0. 236
Qg 22}
LY £}
G296
LY 'Y
0,208
0.371
0,279
0,20%
0,290
0,293
0.100
0302
0308
04301
04301
0,313
0,33%
0,3eé
D807
0,493
0,486
0,918
0,599
0,386
0,032
M T
0,738
0,021
0,929
Le0a7
1,237
1,438
1,670
1,932

XENOQN
(oLt
FRAC)

000
« 000
w000
000
1000
000
000
«000
«000
« 009
» 000
W 000
000
000
«300
+ 000
.000
1002
007
+043

FUEL
DENG
(%}

0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
-Iol.
-.02?
-.061
=, 146
-.322
=, 285
-, 288
- 288
-, 397
- 297
s, 297
-.i‘T
", 297
-, 2?7
- 277
-, 297
-, 197
-, 297
w, 297
=, 297
., 297
w, 297
., 297
-, 397

FUEL
SWELL
(%}

0,000
0,000
0,000
0,000
9,000
0,000
0,000
0,000
0,000
9,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
O il
0,804
0,52%
0018
D 096
0,704
0,822
F.87S
0,92}
0,989
1,012
1,093
1,092
1128
1,183

CLAD

RaQIVE

(x)

PEAM

0,000
-, 00}
=, 001
001
», 001
-.003
-.003
w003
-.003
.|°0,
-, 003
=, 004
*, 004
w, 004
-.00!
-.004
., 00%
w,0dl
-.Oll
'clll
w154
aylbl
=,1%98
-, 193
=, 139
-, 134
w ldb
'.0’3
=g 090
", 052
w002
0,032
0,410
0,169
0,331
0,294
0,358
0,418

RECOVER

. 10%
21086
108
o110
331
Y
Jd1a
vile
318
o119
12
Jdidd
YL
125
«173
230
203
52
o137
o143
184
+208
2l
210
214
21t
o211
218
232
2219
210
216
X217
217
218
«218
218
J218

20 GWd/MTM, P/A = 1.3

AXTAL
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N

oD oo
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ey L
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=]
-

aem
L™

0.1%

oo

-
-
o o

0,30

L
IR
L .
LR

0,79
0,84
0,92
1,00
1,08
1.17
1.25
133
.81
1,48
1,9%
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BUAN UF  TIME
(MAD/MTUY (BAYS)
] g, 01

Q 0,03

0 0,08

i 0,09

1 0,12

2 0,18

3 0,18

g 0,43

14 0,90

32 1,00

3 1,03

37 1,00

38 1,09

L] o182

42 1,18

a4 1.18

TABLE A.3,

PONER
(KW/M)

0,01

.98

5,9

8,92
11,93
14,90
17,00
20,5¢
20,9¢
3,34
6,32
9,30
32,2b
35,26
38,24
a1,07

FRAPCON-2 Prediction for 15 x 15 PWR with 6.3 kiW/ft for 1 Day, Ramp to
12.6 kW/ft, P/A = 1.2 ‘

FUEL

CENTER

TEnp
()

274
3a3
aih
49}
374
(12
755
8ag
84l
93}
1034
l13¢
1244
1339
lazt
1516

AVE
FUEL
TENP
{c)

274
2
352
are
a3
L1}
L1
568
Shd
(1%
(12
T4
Th)
809
38
b1

avi
ATORED
ENERBY
(J/KG)

0, 678+0%
O THES0OS
J.89C¢ 08
G 10E¢ 08
Gelifeds
0.11[00‘
Ooldle0s
Qa16E+08
OeleE+Ob
G, 4TEvDOS
0g10E+ 04
0 20k¢0h
0,2+ 04
CudIEe0H
U 2WE+04
[ 11221

GhPF  CONOUCTANCE

WIDTH
(CH)

0088
+0089
«0083
0080
20078
L0078
20072
L0049
0089
$0070
0004
0081
L0037
L0033
L0050
0008

aar

CONTACT GAR

$000
L 000
T
» 000
(000
2000
2000
000
.000
L0800
, 000
«000
2000
V000
000

0,999
0,999
0,999
0,999
0,949
0,999
0,999
0,999
0,799
0,90
0,999
0,999
0,999
0,9¢9
0,999
0,%99

RAOTAL FRACTION OF CUMMULATIVE ROD

RQD INTERANAL
FIBE GAB QAS PRED
X (ML)
0,00 #,733
0,00 hy 988
g.00 Tolddl
0,00 7,890
0,00 T.7%%
0,00 8,015
0,00 8,278
000 a,5148
0,00 8,513
0,00 4,730
0,00 8,991
0,00 ¢, 193
0,00 2,97
0,01 LA
.02 10,022
0,08 10,204

YENON
(NOLE
FRAC)

000
o000
200
000
2000
000
000
«000
2009
000
«000
1000
000
000
+ 000
1000

FUEL
DENS
x)

b,000
0,000
G000
0,000
0,000
G,000
0,000
G,000
0,000
-, 019
-.0!3
-.Ol’
w, 08k
n, 008
089
=, 05}

FUEL CLAD RaDIUS

aWELL (X}

(x) PERM RECOVER
0,000 0,060 ,070
04000 0,000 L0T4
0,000 0,000 ,078
0,000 w=,001 082
0.000 -.001 .0'5
0,000 we,001 L0889
0.000 '.001 .091
0,000 w=,002 0%
0,000 w,008 09
0,000 =,007 (097
0,000 =, 007 104
0,000 =, 008 508
0,000 =,008 ,11]
04000 w=,008 ,11%
0,000 =,008 119
0,000 =,008 322

AXTAL
4 3.
TotalL
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12.6 kW/ft, P/JA = 1.2

TABLE A.4.
BURN UP  TIME  POWER
(MwD/MTY) {DAYSY (Ku/M)

0 0,04 0,01

o 0,03 2,98

o 0,06 5,96

1 0,09 8,94

! O,i2 11,92

2 0,19 1é,9¢

3 0,18 17,88

4 0,21 20,99

14 0,5¢ 20,59

32 1,00 20,59
Abb  2%,00 20,99
173% 50,00 20,39
2608 75,00 20,59
}A473} 100,00 20,59
4342 125,00 20,59
5811 180,00 20,59
6080 17%,00 20,%%
4949 200,00 20,59
7818 235,00 20,99
8487 280,00 20,59
95%¢ 275,00 20,59
10541 300,00 23,34
10543 300,03 26,32
10544 360,06 29,30
10546 300,09 32,20
16848 300,12 35,26
10850 300,15 36,248
10952 300,18 41,07

FUEL

AYE

AVE

CENTER PUEL BTORED
TENP ENERGY

TEuP
(3]

FL)
3a)
aie
49}
STe
643
75%
LT
8a2
aal
LEY
L2
8900
T80
To2
Tak
739
736
735
T80
720
798
579
s
1048
1133
1213
1263

te)

274
312
392
279
434
L1}
Sab
Se8
5468
Sed
370
Sol
551
543
53é
s28
S2b
S24
522
S
519
553
594
(3}
72
711
T48
781

{J/KE)

0.675005
0, 78E+03
0,89E+0%
0,10E+0b
0.11E¢08
Oyl JEel b
G, 14E+0d
0y 16Ee0b
Qe1bEend
OeloBedd
GyleLedd
0413E«00
0.158e0é
0. 1%€e 08
0,15E8+06
0,18E«0b
D 14E«0d
Oyi1ulel
O LUER DG
0, 14Ee 00
O LAE*0R
6,15E«08
0,16f¢08
0,18E400
041900
Oo20Ewlh
G 21Ee06
0, 22E¢00

GAF  CONDUCTANCE

wIDTH
{CN)

L00BS
L0083
L0083
L0080
0078
«007S
0072
w0089
J008%
«0070
+DOTH
0072
0068
0058
<0051
N1 )
O0sd
NI
0082
L0042
0041
OOU
L0049
20041
L0080
L0060
«0038
L0035

GapP

CONTALT GaB

w000
1000
«000
000
000
« 000
000
000
000
000
s 000
000
2000
«000
«000
000
w020
019
2018
»0R0
023
.019
10348
11
L 054
058
W08l
.051

0,999
0,999
0,999
0,999
0,999
0,999
6,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,979
0,980
0,981
3,979
0,974
0,980
0,985
0,954
0,748
0,41
0,939
0,938

RADIAL FRACTION OF CUMMULATIVE

ROD
Fi38 nas
(x)

0,00
0,00
0,00
0,00
0.00
o.ou
0,00
0,00
9,00
0,00
0,00
0,01
0,02
4,03
0,04
4,08
6,09
¢,08
0,07
0,08
0,09
0,10
0,10
8,10
0,10
5,10
.10
0,10

ROD
INTERNAL
GAS PRED

(NPa)

6,733
984
7,241
T,498
T. 758
8,01%
8,275
8,514
8,313
8,494
2,216
8,347
8,082
8,613
2,788
8,94
9,008
9022
9,035
?.043
9,080
F,123
9,373
9.%23
9,849
9,811
9,954
10,075

XERON
{MOLE
FRAC)

000
000
200
« 0090
000
000
900
000
000D
000
«000
«000
000
+ 020
w200
000
000
000
000
000
+000
« 000
« 000
+000
1000
W 000
000
000

FRAPCON-2 Prediction for 15 x 15 PWR with 6.3 kW/ft for 10 GWd/MTM, Ramp to

FUEL FUEL CLAD RADIVS

pEND  BWELL (x)

(%) x) PERM RECOVER
0,000 0,000 0,000 ,070
0,000 0,000 0,000 074
0,000 0,000 0,000 ,078
0,000 0,000 w=,00} ,082
0,000 0,000 e,001 ,08%
0,000 0,000 =,00% ,089
0,000 0,000 w=,001L ,093
0,000 0,000 = 002 0%
0,000 0,000 w=,004 09
w019 0,000 =,007 ,097
", 207 0,000 ,178 ,101
-, 228 0,000 =, 349 ,L103
w, 230 0,000 =,515% ,106
w230 0,000 =, 678 108
=, 230 0,000 =837 ,110
-, 230 0,000 =,813 113
w,230 0,020 =,3B0 ,1}}
o, 230 0,019 =~ 888 154
-.2:0 0.059 -.833 .la?
e, 230 0,078 «, 882 ,179
=230 0,098 «,881 ,19}
w230 0,120 =, 824 ,182
w230 0,120 =,827 ,239
=, 230 0,120 =,827 292
=, 230 0,120 =,837 ,334
=, 230 0,120 =, 826 ,30}
», 230 0,120 w820 37
w,230 0,130 &,82% 379

AXTAL
(%
TOTAL
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e
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BURN UP

(HND/MTUY (DAYD)

TABLE A.5,

TINE

0,01
0,03
0,08
0409
0,12
0,1%
0,18
0,21
0,50
1,00

25,00
50,00
75,00

100,00

129,00

150,00

179,00

200,00

225,00

250,00

275,00

300,00

325,00

380,00

$7%,00

400,00

425,00

450,00

475,00

500,00

325,00

550,00

$75,00

#00,00

$00,03

800,08

400,09

400,13

800,15

400,18

POWER
(KN/M)

0,01

2,98

5.9

8,94
11,92
14,90
17,46
20,59
20,959
20,59
20,59
20,%9
20,59
20,59
20,59
20,%9
20,59
20,59
20,59
20,99
20,59
10,39
20,%9
20,59
20,99
20,59
10,59
20,89
20,59
20,39
20,59
20,499
20,99
33,34
26,32
29,80
32,20
35,36
38,24
41,07

FRAPCON-2 Prediction
to 12.6 kW/ft,

FUEL

CENTER

TEWP
1

Fat
343
até
493
576
(13}
%%
Bag
8a2
8a2
Bas
422
800
T80
Teld
Taé
739
736
733
130
728
T2e
T26
726
Ti6
726
T2b
Taé
Tie
Tie
127
Tar
728
799
asg
Foé
1081
1134
1213
1281

AVE
FUEL

AVE
STORED

TEMP  ENERGY

cy

e
Ml
392
193
ads
4
526
948
Se8
LTy
$T¢
Sb]
551
$43
336
528
524
L]
S22
21
559
554
519
559
519
%19
520
520
524
s21
821
bi2
s2a
557
%99
(31
"3
Tie
753
Tée

(J/7KG)

0a6TESDY
0,78E+09
0,000+0%
0108400
0,11E+08
0,138»08
0,18E+08
De16E»00
Dy16E208
0,16E»04
0,16E400
0,150%006
0,15E208
0,15E+0é
0,15E+08
(L] £21%
0, 18E+04
0,14C¢08
[P Y] L1 1]
0, 8E+D0
0, 18E+00
0, 0E404
0, 14E404
Oy IAE+DS
0,10€+04
0, i8E+D4
O iRERDS
0, 14E206
0.14!#06
0,19E¢04
O iaE»04
O 18E2006
0, 8E¢04
0,15€+06
0, 1004
0,10Kke08
0,1%E+00
0, 20Ce0b
0,21E+08
0,220+08

P/A =

RADIAL
GAP

wIOTH
(cm)

20088
10085
L0083
10080
L0078
L007%
20072
L0089
00069
»0070
0078
+H0Td
0085
L0058
«00%1
« 0048
»0043
0042
0042
0042
0041
J00a8
0042
0042
10042
y0084
L0041
2 004]
0081
LY
o0&l
+00R/)
L0040
004}
0080
«004%
0080
0039
« 0037
0033

for 15 x 15 PWR with 6.3

1.2

FRACTIOM OF CUMMULATIVE

CONDYCTANCE

GAP

CONTACT GAE

000
+000
» 000
2000
2000
+ 000
« 000
+ 000
« 000
« 000
000
« 000
«000
«000
000
2000
020
019
2018
020
2023
027
023
023
022
D22
D22
022
D22
1022
022
o2
022
036
»038
Ll
y05a
099
L}
1002

0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,99¢9
0,999
0,999
8,999
0,799
04999
0,979
0,980
0,961
0,979
0,978
0,972
0,978
0,971
0,97T!
0,977
0,977
0,977
0,976
0,974
0.,9Té
0,97
0,9Té
0,963
0,904
0,953
0,943
0,960
0,938
04937

ROD
FINS Gl
(3}

0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,0!
0,02
0,03
0,0%
0,08
0,03
0,008
0,07
0,08
0,09
0410
0,10
0,11
0,1d
0,13
0,148
0,14
0,15
0,18
0,17
0,18
0,19
0,19
0,20
0,20
0,20
0,40
0,20
0,20

/00
INTERNAL
GAS PRES

(MPA}

6,733
(1)
T.2ai
T398
T:.756
8,019
8,17%
8,914
8,%:13
8,494
8,210
8,307
8,482
B,813
8,788
8,94
9.008
9,022
9,035
9,043
9,080
9,070
9,081
9,094
108
9,122
9,137
9,152
.187
9,183
9,199
213
9,d32
.397
?.389
.725
9,879
10,029
10,173
10,302

AXIAL
2.2,
TOTAL

e R gt et et et R A R S R A g g e e
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-

-
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kW/ft for 20 GWd/MTM, Ramp
XENON  FUEL FUEL CGCLAD RADIUS
(MOLE DENS  SWELL %)
FRAC) n {¥) PERM RECOVER
000 0,000 0,000 0,000 ,070
«000 0,000 0,000 0,000 L0748
000 0,000 0,000 0,000 ,078
L000 0,000 0,000 w, 001 ,082
000 0,000 0,000 =,001 ,089%
000 0,000 0,000 w,001 ,089
o000 0,000 0,000 =~ 001 ,093
000 0,000 0,000 =,002 ,L098
«000 0,000 0,000 =,008 ,09b
«000 =, 019 0,000 =,007 097
2000 w207 0,000 e, 178 101
000 w, 228 0,000 «,349 103
2000 =,230 0,000 ~,515 L3108
L000 w,230 0,000 e, 478 108
J000 w,230 0,000 w=,837 ,i10
.000 ..a’O 0.000 ...?l .ll’
<000 =,230 0,020 =, 880 ,131
»00U0 «,230 0,039 =,888 154
000 e,230 0,089 = 888 ,18%
000 =,230 0,078 =, BB2 (179
.000 ..alo 0.0" ....‘ |l‘l
000 =, 230 0,117 = 849 177
0001 «,230 0,137 =, 829 178
«00) =, 230 0,1%6 ~,812 178
.001 -.Ilﬂ o."‘ .|7" .17’
001 =,230 0,19% w776 ,17%
001 w230 0,21 w759 179
W001 =, 230 0,234 e,7a1 ,L17%
00} w230 0,383 w»,T24 L1795
«001 =230 0,373 =, 706 ,17%
001 =,230 0,292 =.888 179
002 =,230 0,312 =, 070 ,179%
002 =,230 0,331 w=,052 173
2002 »,230 9,333 e,803 182
002 «,230 0,333 w003 240
002 »,230 0,183 «,603 293
J002 =,230 0,353 e, k02 L33
L002 o, 230 0,393 =002 e
002 =330 0,33 w001 373
f002 =,230 0,393 a,b0) 378

0,75
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TABLE A.6.
BURN UP TIME
(MUD/MTUY (DAYSR)
0 0,01
1 0,10
H 0,1%
1 0,20
FH 0,25
3 0,30
q G,3%
1] 0. R0
7 0,48
43 $,00
24 1,03
F4] 1,06
a9 1,09
24 1.12
9 1,15
L} 1,18
n 1.8
34 1,0

FRAPCON-2 Prediction

P/A = 1.3
FUEL

PONER  TEMP
(KW/M)  (C)
0,01 27e
2,97 353
5. 94 as?
B,9% 524
11,00 a7
14,8% 713
17,83 84
20,80 918
21,79 954
21,79 953
23,77 10l
2h, 74 1134
19,71 1247
32,60 1327
33,43 1a1d
36,0k arse
41,%%  iel?
3,5} 1700

AVE AVE

CEWNTER FUEL STORED

TEMP  ENERGY
{&) (J/%G)

278 0,68€40%
e 0,080E+05
Jas 0,94C40%
413 0,11€08
ayl  0,12€0h
510 0,14€e00
360 0,13€¢04
el 0,170e0h
829 0,17E+04
639 0,17E+04
hba  0,19€000
TiY 0,208«00
Te® 0,208+04
821 0,23E+404
TR 0,38L+0b
a0, 27E+00
974 0,29E¢0%
1054 0,30E+00

for 8 x 8 BWR with 6.7 kW/ft for 1

RADIAL
GAP

WIDTH
(CH)

L0108
L0105
L0102
L0099
L0698
L0091
L0088
L0084
L0082
L0085
0080
L0074
L0071
L0087
L0003
L0058
L0097
0058

FRACTION OF CUMMULATIVE ROD
CONDUCTANCE

GAR

CONTACT GAS

2000
2000
L0090
$000
$000
L000
$000
2000
.000
2000
4000
2000
L 000
L000
.000
2000
022
L0499

0,999
0,999
0,999
0,999
0,949
0,999
0,999
0,999
0,999
0,999
0,999
0,999
2,999
0,999
0,99%
0,098
0,977
0,950

ROD
F189 GaS
(x)

a,00
0.00
0,00
0,00
0,00
6,00
0,00
0,00
0,00
0,00
0,00
9,00
0,00
0,01
0,02
0,04
0,08
014

INTERNAL
GAR PRES
(HPa)

0,216
0,223
0,230
0,236
0,243
f.2a9
0,256
0,2s2
0,284
0,284
0o248
0,273
0,279
Dyd88
°|..°
0.293
0,299
0,302

XENON
(MOLE
FRAC)

L000
L0080
000
000
, 000
000
,000
000
000
2000
1000
000
000
L000
+000
2000
4000
000

Day, Ramp to 13.4 kW/ft,

FUEL
DENY
(£)

0,000
0,000
0,000
0,000
0.000
04000
3,000
4,000
8,000
., 013
.|°I.
.|°‘7
w, 018
O.UII'.I
-.Ull
= 022
-.0!4
'.0"

FUEL CLAD RADIUB

BMELL (x)

(%) PEMM RECOVER
0,000 0,000 L1085
0,000 =,008 L1086
0,000 e,001 ,108
0,000 =,001 L1190
0,000 =,001 L1t
0,000 =,002 L1313
0,000 =,002 Li14
0,000 =,002 ,ile
0,000 =,003 ,117
0,000 =,004 ,117
0,000 =,006 L3118
0,000 =,006 ,12¢
0,000 =,007 ,141
0,000 »,002 12}
0,000 =,007 ,taé
0,000 =,007 ,t126
0,000 =,007 (4TI
0,000 =,007 ,237

AXTAL
(%)
TOTAL

IR EEEEEEREEEEE R ERE RN
Bk Gt ke ek e s ek ek g Ben G G et fun et b
B O et vl P B P B BT T R e e

[=-N-N-R-N-E-R-E-F-N-E-F-N-N-F-N-¥.]
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TABLE A.7.

BURN P TINE
(MRQ/MTUY (DAYS)
o 0,01

[+ 0,10

| 0,19

1 0,20

FH ¢, 25

3 0,30

& 0,35

. 0,80

7 '] 1

23 1,00

52 2,00
139 5,00
28% 16,00
.11 30,00
1347 30,00
2028 YO ,00
2609 90,00
3191 110,00
3T 130,00
4533 1%0,00
4934 170,00
85819 190,00
80%6 210,00
ebT8 230,00
T2%9 230,00
Te40 270,00
8agy 290,00
9god 330,00
9583 330,00
1014% 350,00
10600 36%,00
10001 345,03
10602 363,08
10404 3o%,09
10605 305,12
foecs  365,1%
10608 3Ia%,18
1o61¢ 385,21
10611 345,24
10689 366,22

13.4 kW/ft, P/A = 1.3

FUEL AVE hvE

CENTER FUEL ATORED GapP
FOWER TEMP TEMP  ENERGY WIDYH
(KWsMy Q) Q) (J/KE) {CH)

0,04 2T 278 0. 6MEXD3 L0108
2,97 35% 322 0,80E40% ,010%
5,94 337 Jés 0,94Ee08 L0102
4,94 24 413 0,11Ee06 L0099
11,48 e17 a6l 0,12E¢D6 ,009%
14,88 713 Si0 0,14Ke06 L0094
17,83 814 60 0,15Ee08 L0088
20,80 948 412 0,17C¢06 L0084
21,19 984 429 0,17E+0s ,0082
.19 958 829 O 1TEe06 L0083
21,719 956 w29 0 \TEeds ,0084
.79 958 831 0,1TEe08 L0084
21,79 960 831 0,17Ee08 L0088
21,79 941 832 0,10Le06 L0091
21,79 943 W24 0,1TE*06 L0087
1,79 924 817 0,17Ee0d L0002
21,719 90T #09 0,17€+06 L0077
21,79 390 802 0,1TE406 0071
21,70 aTa  39% 0, 14Ee08 L0086
21,79 a%9  SEF 0, 14Ee0h L0061
21,718 851 S8e  0,1eEe0b 0099
21,79 848 584 0, 16Ee06 L0098
21,19 8ad 562 O,16Ee08 L0098
21,79 B4z 581 O,16Z+406 ,00%8
21,79 M9 579 0,18Ee06 L00%8
21,719 837  87& 0,14E¢06 L0088
21,79 83a  STT  0,16Ee06 L00%8
21,79 832 576 0,14Ee06 0057
21,79 832 ST? 0,1eEe08 0098
21,79 830 576 O0,l6Ee0h ,00%7
21,79 830 576 O.16Ee04 L0087
23,17 891 e08 C,1TE¢06 L0057
26,74 984 W49 0,1BE408 L0050
9,71 1078 493 0,19Ee06 L0087
32,68 1187  T¥A  0,Z1Ee0h L0088
35,65 1238 TT2  0,22Fe06 L0092
38,62 1318 TIV 0, 2)Ee08 L0049
41,59 1370 Bul O0.24Ee08 0046
43,53 141t 84l 0,d5€e08 0043
43,53 139 8%T ,29B+08 L0041

CAONDUCTANCE

GAR

CONTACT 34D

L000
$000
L 000
, 000
000
L000
L0080
2000
4000
2000
$000
L 000
L000
$000
2000
»000
000
L 000
L000
,000
£ 000
4000
T
025
. 025
L028
032
038
. 034
.OJT
032
L0087
,071
L088
, 097
100
1101
102
2099
«091

0,999
0,999
0,999
0,999
0,999
0,999
.999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,99%
0,999
0,999
4,999
0,999
G973
0,974
0,974
0,971
Da967
0,943
0e76%
0.9
G967
0,932
0.%28
0,911
0,902
0,099
0,898
0,897
0,900
0,907

RADIAL FRACTION OF CUMMULATIVYE

ROD
ROD INTERNAL
FISD Gal GOAb PRES
(x) (MP4&)
0,00 Dydit
0,00 0,223
0,00 0,230
Qa00 0,238
0,00 0,243
0,00 0,249
0,00 0,256
0,00 0,202
0,00 0,264
0,00 0,284
0,00 Daded
0.00 D202
0,00 Qedel
0,01 0,259
0.01 02
0.02 Dol
¢,02 G20l
0,03 0,205
G,.03 0,287
0,04 0,289
.04 0,210
0,08 0,270
0,08 0,270
0,08 0,271
Da0b 0,271
Q.07 Gae2Ti
.08 0,272
.08 0,272
0,09 0,273
0,09 0,273
D lo De27d
G.10 0,276
Cuil O.,289
¢e10 G,283
0,10 0,287
0asl0 0,290
0,10 0,29}
0,10 0,1e%
Q.10 0,297
0,20 0 300

XENON
(moLE
FRAD)

+ 000
« 000
«000
000
000
000
000
000
000
2000
«000
2000
«000
000
«000
« 000
2000
2001
o003
001
002
002
2003
003
004
+ 008
008
1008
007
008
009
JU09
«008%
£ 009
L0009
009
1009
1009
1009
018

FUEL

DENB  BWELL

(%)

0,000
9,000
0,000
0,000
0,000
0,000
0,000
0,000
D000
v, 015
=, 032
-.07‘
=, 130
=, 221
w, 240
..Iﬂs
=, 24%
'."‘
- fab
..2“
», 348
., 246
n,2uUb
LY Lill
w,did
w, 2id
w, 2dd
=, 246
= 2Hb
w, b
o 206
s, 248
=, d4b
-, 2Ub
- 2Ub
L L1
o, 24b
e, 248
., 240
w,2ldb

FUEL
%)

9,000
0,000
0,000
¢,000
0,000
0,000
d,000
0,000
G.000
0,000
0,000
0,000
0,000
0,000
0,000
Da000
0,000
04000
0,000
0,000
J4000
0,000
04013
a,027
0,040
0,053
0,087
0,080
0,093
0.100
Oulle
Colld
Celle
Gulle
'R RY ]
Oulte
0,118
Delld
Dulin
O,lll

FRAPCON-Z Prediction for 8-x 8 BWR with 6.7 kW/ft for 10 GWd/MTM, Ramp to

CLAD RADIUS
(x)
PERN RECOVER
0.00¢ ,10%
=, 001 +104
., 001 108
=003 L1130
001 G111
w002 L1313
=, 008 L1114
w002 ,11é
«, 003 L1117
u, 008 Li17
w012 L1118
., 080 L1120
-.05‘ 122
s, ll2 L1206
=288 127
=390 128
= 499 128
-.tO! .129
w717 L1129
., 765 ,130
-, T69 ,13¢
=, 712 130
-, T8s 152
-, 793 L1489
., 79% L1790
w, 793 ,188
w793 197
=776 L1190
», 775 199
w753 187
n 82 187
-, JUz ,228
= TR 286
o, T4z ,32)
w741 L3337
=, 741 L339
=, 7Ta1 L33B
w740 336
o, Tug 3527
= tat 227

aXTal
x)
TOTAL

[
Oull
0,14
0,12
Qo122
[ ¥ ]
0si
Q.12
de12
Oel2
0,12
0413
Gyeld
Gy lé
Oylé
0,15
0,415
0,15
0,18
0,18
0,16
0,17
0,17
0,17
O.18
G190
0,19
0,24
0.2l
0,23
D, 24
0,87
Q.32
0.37
e
¢, 48
0vu9
0,32
0,34
0,52
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TABLE A.8. FRAPCON-2 Prediction for 8 x 8 BWR with 6.7 kW/ft for 20 GWd/MTM, Ramp to
13.4 kuw/ft, P/A = 1.3

FUEL AVE AVE RADTAL FRACTION OF CUMNULATIVE ROD

CENTER FUE| STORED giP  CONDUCTANCE RQD INTERNAL XEWON  FUEL FUEL CLAD RADIUS  AXIAL
BURN UP  TIME  POWER  TEWP TEMP ENERGY  wIDTH  GaP FIas GAS GaS PRES (MOLE  DENS  BwELL (%} (x)

CMRD/NTUY (DAYSY (KW/M)  (C) {3 [I/%G} (LMY CONTACY Gald ) (MPa)  FRAC) (%) {1) PERM HECOYER TOTAL
0 0,01 0,01 278 278 O, 6BEe0% L0108 040 0,999 0,00 0,216 L0000 0,000 0,000 0,000 105 0,11
] 0,10 2,97 355 322 0.B0Ee05 L0105 000 0,999 0,00 0,223 L0000 0,000 G,000 =,001 L1086 0,11
1 0,15 5,94 a3y Iss 0, F4E+05 L0302 ,000 0,999 0,00 0 230 L0000 0,000 0,000 w«,00) 508 [ PR
1 0,20 8,91 524 813 0. 11Fele L0099 L0400 0,999 0,00 0,23 00D £,000 0,000 =,001 ,ilO 0,12
2 0,25 11,88 617 441 0,12E+04 L0095 L0000 0,999 0,00 0,283 L0000 $,008 0,000 e, 00L L3118 0,12
3 0,30 14,85 T3 510 O,14F+06 L0091 L0000 0,999 0,00 0,249 L0000 Q0,000 0,000 e,002 L1113 Guld
[} 0,35 17,83 814  S&l 0,15Eeds 0088 ,000 0,999 4,00 4,2% L000 0,000 0,000 e 0028 114 0,12
[ 0,40 20,890 18 bi12 0,1T7Ee04 0084 ,000 0,999 0,00 0,262 000 0,000 0,000 =,0028 116 0,12
1 0,45 21,79 954 629 O0,1TE+0& 0082 000 0,999 a,00 0,263 000 0,000 0,000 =, 00F ,117 0,32
3 1,00 21,79 955 629 0, 17FP+0e L00A3 000 0,999 0,00 D284 L0000 =,015% 0,000 = 008 117 0,12
52 2,00 21,719 9S4 629 0, 1TE+0R L0083 000 0,999 0,00 D263 L0000 »,032 0,000 =,012 118 o,12
139 5,00 21,79 988 531 0,1TE0 L0084 000 0,999 4,00 0,262 000 w»,0% 0,000 =,0330 ,120 G,13
Z8% 10,00 21,79 b0 e31 0,1TEe08 L0088 000 0,999 0,00 O 26) 000 w»,130 0,000 w059 ,i22 3,13
Beh 30,00 21,79 951 632 0,18Ee0h L0091 L000 0,999 0,01 0,259 ,000 w,221 0,000 =, 172 L1260 G,l4
1447 50,00 21,79 943 624 O ATE4Ch L0087 Q0D 0,999 0,01 0,260 000 w240 0,000 w,#8%1 ,127 0,14
2028 70,00 21,79 924  B17 0 LTE+DL L0082 000 0,999 0,02 D,281 G000 s, 205 U000 =,390 (128 0,15
2809 90,00 21,79 Q0T 809 O, 4TEeln L0077 000 0,999 0,02 G,263 000 = 205 0,000 =, 499 126 0,45
3191 110,00 231,79 890 002 0,17Eens L0071 ,000 0,999 0,03 0,265 L00L w Wb 0,000 =, 508 129 0,15
3ITI2 130,00 21,79 874 895 0,10E+4046 L0086 ,000 0,999 4,03 G,287 L001L =, 46 0,000 =, 717 ,12% 0,lb
4533 150,00 21,7% 859 588 O, L4EeD8 L0061 ,000 0,999 0,08 0,369 L0001 =, 248 0,900 =, 765 L1130 o,16
4934 170,00 21,79 451 586 0,16E¢0h 0059 000 0,999 0,08 0,270 L0002 w, 286 0,000 «, 769 130 Pelé
$S$18 190,00 21,79 448 984 0,1bEe0d L0058 L0000 0,999 0,08 0,270 002 w,286 0,000 w,792 ,130 §,17
5096 210,00 21,79 824 S58% 0,1efe0b 0058 028 0,973 0,05 0,270 003 =, 246 0,013 =, 786 ,152 0,17
s4T8 230,00 21,79 aaz2 581 O0,14Ee08 L0058 025 0,974 0,08 0,271 L003} =, 2db 0,027 =,795 ,1&9 0,17
T2%9 2%0,00 21,79 839 579 0,1bEs00 L0058 025 0,974 0,06 De271 (004 w246 0,040 =, 79% 179 0,48
T840 270,00 21,79 45T 878 0,1bE+0& L0058 ,028 0,97} 0,07 0,27) (0D w=,246 0,053 =, 79F 104 0,19
8421 290,00 21,79 834  S5TT 0,16F+06 L0058 L0322 0,987 0,08 0,278 L0086 =, 2ab 0,087 «,793 197 0,19
900 3i0,00 21,79 832 S57h O.1eE+08 L0057 L03b 0,943 0,08 0,272 L0086 s, 246 0,080 =,776 L1490 0,21
9583 330,00 21,74 233 57T 0,10fe06 L0098 034 0,945 0,09 0,273 L0087 w246 0,093 = 775 L199 0.2l
10165 3%0,00 21,79 830 S5Ts O,16E«0b L0057 L0371 ¢,%8) 0,09 0,273 L008 e, 206 0,106 . T5) LIAT 0,23
10600 B&%,00 23,79 830 STe 0,1eE+08 L0087 032 0,987 0,10 G, 274 009 =, 2086 0,116 =, 742 187 b, e
10891  ATS,00 21,79 831 877 O.1ef+06 L0057 ,L030 0,969 0,10 0,294 L,009 =286 0,122 =,737 187 6,25
11617 d00,00 21,79 828 STe O,1bE+0& L0057 033 0,94% 0,10 3,274 011 =,246 0,139 &, T2 L1485 0,2
12344 w@s,00 21,79 828 %76 O,16fe¢06 L0087  L033 0,%é 0,11 0,275 L0012 =, 288 0,1%5 =, 707 ,185 (.27
13079 wuSo,00 21,79 a7 576 0,16F906 L0058 033 0,945 [ Y] 0,27% L0013 = 246 0,171 =,b%2 185 0,29
13797 aTS,00 21,79 826 STh O,16E+08 L0057 L0583 0,988 0,13 0,276 L015 e, 246 0,188 =,678 ,185 0,30
14523 Sp00,.00 21,79 826 S5Th O,1b6Fe08 L0037 ,03) 0,965 2,13 0,277 L0l6 e, 246 0,200 e,563 L1805 0,32
15250 S2%,00 21,79 825 ST4 O0,1eE+08 L0087 033 0,968 Gyl 0,277 L0018 e, 246 0,220 =, 549 ,18% 0,33
1976 880,00 21,79 825 5Ts  O,1bE+06 L0087 034 0,%6% 0,15 0,278 L020 w,248 0,237 e, b34 ,185 0,35
16703 575,00 21,79 824 5TT oOul&Es0k  L00%8% 034 0,904 019 0,879 (022 w=,246 0,253 =, 520 L1835 0,36
1T42% 600,00 21,79 824  STY O,1e€+0h L0086 034 0,964 S.18 0,280 024 w,2db 0,269 =, 405 185 0,38
{8156 433,00 21,79 824 STT 0,16F+06 L0097 034 0,94 0,17 0,281 L02b w,2V6 0,285 «=,591 185 2,39
18882 s%0,00 21,79 agu 5TT G laEv0bd L0057 L034 0,964 0,47 P 282 028 w, 208 G302 «,570 185 Gl
19609 475,00 21,79 A24 578 0,16Evns L0057  ,03% 0,964 0,19 .28 L0330 =,246 0,318 =, 561 185 ¢,42
20335 Too,00 21,79 82d4  S5T8 o,16fe06 L0056 L0335 0,943 0,19 D,204 L0322 w246 0,338 =, 5486 135 Q0,34
20916 740,00 24,79 f24 5T8  G,i0Ev0e L0056 034 0,964 0,19 G dBd  L034 =, 246 0,347 «,53% 186 Q.45
21207 rI0_ 00 21,79 B26 579 0,14E+06 L0056 L0311 0,97 0,20 0,285 L0355 w=,246 0,353 =, 529 187 0 4S8
21208 T30,03 23,77 88 608 O, 1TE4DE 0057 L0849 0,949 0,20 0,288 ,L03% w248 0,353 =, 529 227 0,49
21209 T¥0, 06 26,74 971 050 0,1BEs0b L0056 QT4 0,924 0,20 0,292 L0355 =, 24¢ 0,3%% e, 52% 284 0,54
21210 TI0,09 29,71 1008 69%F D,19E«l8 3055 092 4,704 0,20 0,295 035 =,246 0,353 =, %29 ,I21 0,58
21211 730,12 2.8 1150 T34 D.21Eelbd 0054 L1101 0,897 D,20 0,299 ,035 e, 246 0,3% =,520 .33 [ T
21215 T30,13 35,89 1226 7T O.22E+0&6 L0052 105 0,894 D20 0,302 L0385 =,248 0,350 -, %528 338 [ 1]
21214 TIO0, U8 38,2 1297 807 0,23E+06 L0049 L1086 0,893 G,20 0,308 035 e, 206 0,394 =,527 336 0,69
21214 TI0LR1 4L .59 1349 B4l O0,24E+08 L0045 107 0,092 [ 1) 0,308 L035 e, 208 0,354 . 527 335 0,73
21218 Ti¥0,24 43,53 1387 841 D, I5E+08 L0082 104 O,0%% 0,20 0,30 L03% =, 2486 0,3%s =, 527 325 0,74

21276 T, 234 a3,83 1380 861 0.2%E+00 L0008 L1035 0,898 0,42 0.324 071 =,246 0,395 «, 526 220 8,73
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TABLE A.9.

BURN UP TIME
(MwD/MTUY (DAYS)
0 0,01

0 0,03

0 0,08

i 0,09

1 0,12

2 0,19

3 0,10

& 0,21

5 0,24

7 0,27

[} 0,30
18 0,30
LT 1,00
aq 1,03
4s 1,06
ur 1,09
a9 1.4
52 1,15
t21 2,15
129 FP 2]
132 2,00
134 2,50
134 2,60
136 2,70
140 2,80
145 1,%0
152 3,00

FRAPCON-Z Prediction
P/A=1.2

FUEL avE AVE

CENTER FuUEL BTORED
POKE R TEMP TEMP EHERGY
(KW/M) (C) ) (J/KG)

0,01 274 T4 0,BTE+0S
2,94 343 M2 0,7BE+CS
5, % 16 352 0,89E+0%
8,%4 493 393 0,10E+0h
11,92 $T6 436 0,11E+04
14,90 563  #B1  0.13E+08
17,88 4% 36 O,14F+0n
20,86 B30 573 0,16E+08
23,84 939 b21 0,1TE+0b
26,82 1081 b6%  0,19E€+04
28,76 1119 701 0,20FE+08
28,76 1119  T01 0,20E+0p
28,7h 1121 702 0,208406
31,29 1211 T4d 0,21E+408
34,27 1317 T4 Q,23E+0h
37,28 1391 843 0,2+ 08
40,23 1448 892 o,def+0b
45,09 1814 907 0,26Be0%
43,07 1813 908 0,26E+08
30,79 414 732 0,21E408
20,86 817 559 0,16f+06
10,93 532 420 0,11€+08
0,99 295 287 0,.T0fe0p
10,93 532 420 O,11E+Dd
20,86 81T 569 0,16E+0p
30,79 1144 731 O0JZ1E+0s
81,07 L1518 90T 0.26B+ls

for 15 x 15 PWR with 8.8 kW/ft for 1 Day, Ramp to 12.6 kuW/ft

RAQLAL FRACTION OF CUMMULATIVE

GAP
WIDTH
(Ml

0086
L0085
+0083
L0080
L0078
9075
20072
20070
20064
0063
L00b0
20080
0061
L0058
00958
20051
«004T7
L0088
L0048
20062
0073
0082
L0089
L0083
20073
1 1
089

CONDUCTANCE

GAP

CONTACY GAS

(000
,000
000
000
»000
200
« 000
#4000
« 000
L 000
2000
000
000
000
000
000
W 000
2000
000
«000
1000
1000
000
000
000
000
« 200

0,999
0,999
0,999
0,%9%
0,999
0,999
0,999
0,999
0999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,909

ROD
FI8% Gal
(x)

¢.00
0400
0,400
pa.00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0400
0,01
0,01
0,02
0,03
0,08
Dyild
Oyle
LIS Y]
Ou1b
Deld
0.1‘
Dyl
0,14
0,17

ROU
INTERNAL
GAS PFRES

(MPR)

6,733
6,986
7241
7,498
T84
5,015
a,27%
8,538
8,801
9,088
9,238
9,237
e,200
9,424
9,682
9,932

10,188

10,296

10,188
9,260
8,393
7,550
6,129
7,951
5,393
9,297

10,187

XENQN
{MOLE
FRAC)

000
000
.000
L000
2000
2000
,000
,000
000
, 000
,000
L0008
2000
«000
+000
<000
2000
<000
000
000
000
2000
<000
«000
2000
2000
000

FUEL
QENA
(X}

o,q00
6,000
0,000
0,000
[ l]
04000
0,000
0,000
0,000
0,008
0,000
0,000
w027
-, 029
w051
«,03%
w034
=,038
-y 0Th
-, 080
-, 08}
=, 08%
=, 082
., 082
-.0‘“
w GBS
., 092

FUEL
SWELL
(%)

0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
04000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000

CLAD RaADIUS
i)
PERM RECOVER
4,000 LQT¢
0,000 L0074
0,000 LO0T8
a 001 L0482
=,001 085
=, 001 L,089
w, 001 L0093
. 002,097
w002 ,100
s, G002 L104
-, 008 L1907
w004 L107
o, 00T L1007
-|°°7 .110
=, 007 Liid0
=,008 L1118
w,008 ,i21
w, 008 L1232
w,014 L1323
s, 015% L1110
w016 L097
o,016 LGRS
-lolr 075
=,018 L0085
e, 019 L0907
=019 Lil10
., 020 L1323

AXTaL
(%)
TOTaL

¥ * B2 a8 = W w % % 5 " = a
e o Jray
PN Y T TRy S

(==X~ — =~ — = = = B ]

-
-
LY
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TABLE A.10.

BURN UP
t(HWD/RTY)

[ AT R TR s e e ]

TIME
(DAYS)

[~-R-N XNl

0
0
0
L]
1

DO e

0,18
D18
Dal
.24
0,27
0,30
0,50
1,00
2,00
5,00
13,00
23,00
42,00
4g,03
42,086
424,09
4,12
42,15

FRAPCON-Z Prediction for

12.6 kW/ft, P/JA = 1.2

PONER
(/M)

D01

2,98

8,98

8,94
11,92
14,90
17,88
20,86
23,84
26,82
28,76
28,76
28,76
28,76
28,76
28,76
28,76
28,76
31,29
3a,37
37,25
490,23
41,07

FUEL

CENTER

TEMP
(c}

ITé
343
alh
493
£7é
663
5%
8%¢
749
1051
1119
1119
1121
1122
1123
1126
1116
1699
1172
1273
1334
1446
1474

AVE
FUEL
TEMP
1]

3L
2T
152
3193
436
481
S2b
73
62}
[ 11
Te1
701
Toe
Tod
703
703
T00
693
728
17y
824
873
887

AVE
STORED
ENEREY
(/K6

0,6TEH0T
0,78E+08
0,89L+08
0,10E¢08
0,118+ 00
0.13E+06
0, 18Ee08
DelbEeDb
0,1TE+Db
0,19€+00
o,208+08
0, 20E¢00
D.20E¢08
0,20E408
0,20E+086
0,20E¢08
0 20E208
GelFECDS
Ge2LE#DD
0,220408
G 2UE*00
G 25E408
0,26E+00

RADLAL

AP
WIDTH
(CH)

L0088
L0005
+008%
L0080
Jo78
0078
0072
L0070
w0088
L0083
2080
+3000
2001
L0063
L0068
J0088
L0008
0068
L0059
20055
20092
L0044
LOo0ay

15 x 15 PWR with 8.8 kW/ft for 2 GWd/MTM, Ramp to

FRACTION OF CUMMULATIVE

CONOUCTANCE

GaAp

CONTACT GaAS

$000
L 000
L000
£000
2000
L000
000
£000
+000
L000
L 000
000
L000
,000
4000
2000
2000
«000
L000
L000
L000
+000
2000

0,999
0,999
2,999
0,999
04999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
¢, 999
G999
6,999
0,999
0,999
0,999
0,999

RQD
FI88 QAY
5]

0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0400
0,00
0,00
0,00
0e00
0e01
0,01
0,02
0,03
0,03
0,03
0,08
0,08
0,03
0,08

ROD
INTERNAL
GAB PRES

(HPL)

6,733
&, 86
T.2a}
T.498
T.T84
8,015
8,275
8,538
8,804
9,080
9.235
9,237
9200
9. 182
@,071
8,943
a,%9)
8,925
F.209
V041
V.873
9.902
9,97

XENDN
(MOLE
FRAC)

2000
L000
L000
D00
£ 000
L000
L000
£000
000
L000
L000
L000
000
L000
L000
«000
£ 000
L000
L000
4000
L000
£600
000

FUEL
DENS
x)

0,000
0,000
0,000
0,000
0,000
04000
Cal00
0,000
o,G00
04000
0,000
G,000
-, 027
», 055
=, 120
-, 209
w248
- 257
w268
, 208
m, 278
=, 2TB
=, 278

FUEL
SWELL
%)

0,000
0,000
0,000
04000
04000
0,000
04000
0,000
04000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
G,000
0,000

CLAD RADIVA
(x)
PERN RECOVER

0,000
0,000
w001
LIRS
=, 001
-, 001
»,001
- 002
=002
w, 002
- 002
- 004
w 007
w, 014
=, 034
w088
=,163
-, 270
n, 270
w, 270
=, 270
=, 271
w271

070
2078
L0823
«085
085
<089
LU93
097
100
o104
107
107
107
107
109
i1
2113
o119
22
L2
1286
o129
130

AXIAL
(%)
TOTaAL

e g pm s g B g g e g v
[ i
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TABLE A.11l.

BURN UP TIME
(MRO/MTY) (DAYS)
0 0,01

0 0,03

0 0,08

i 0,09

1 0,12

H 0,15

3 0,18

4 0,21

L) 0,29

7 0,27

8 0,30

18 0,%0

42 1,00
139 3,00
3n2 8,00
T22 13,00
109} 35,00
F{11] 33,00
363% 78,00
q60% 98,00
887Te 119,00
6547 135,00
7518 199,00
8a89 175,00
9460 193,00
10432 21%,00
10432 19,0}
10034 215,04
10436 215,09
10438 215,12
10dd0 215,18
10510 218,193
10917 236,30
10521 216,40
10523 214,50
10523} 216,60
10%52% 216,70
10528 216,80
10533 216,9C
10840 217,00

12.6 kW/ft, P/A = 1.2

POKER
(KN/N)

0,01

2,98

5,96

3,94
11,92
14,90
17,88
20,86
23,84
26,82
28,76
28,76
28,76
28,7e
0,76
20,76
28,7
20,76
28,76
28,76
28,76
28,76
28,76
2,76
28,76
20,78
31,29
34,27
37,28
40,23
a1,07
41,07
30,79
20,86
10,93

0,99
10,93
20,86
30,79
44,07

FUEL

CENTER

TEMP
{2

214
343
a1é
493
576
663
75%
8%0
Sa9
1081
1119
1y
il
112}
1124
112}
1114
10858
1061
103%
1018
997
99z
98b
984
$77
1053
1148
1239
1329
134}
132¢
1002
730
493
292
493
730
1001
1303

AYE AYE
FUEL BTORED
TEMP ENERGY
tc) (J/NG}
274 0,0TE+0%
312 C,TAE«0S
N2 5, B9L405
393 0, 10E+08
436 0,11Ee08
481 0,13E+08
526 0,188+008
573 0,1eEr05
421 0,317E+08
b9 0,19E+04
To1 0,20F+08
701 0,20Ee08
T02 O, R0E406
703 0,20E+08
704 0,30E+08
70 O,d00+046
698 0,R20E+08
488 0,19E+0b
4TE  0,19E+08
469 0,19E+08
661 O, 1BE+0G
452 0,18E+08
649 0,10E+04
4aT 0,18E+08
444 0,10K¢08
a2 0,10E+0b
&T7  0,19E+08
718 0, Q0E+00
759 0,3TE+08
199 0,23E408
806 O, 23«06
802 O.,2M+06
839 0,18E+06
523 .18«
398 0,10F+0%
289 0, TOE+DS
398 0,10€+06
523 O,18KE+06
459 0.1804046
798 0,230+04

RADIAL

GAP
WIDTH
(oW

L0088
L0088
L0083
0080
L0078
L0075
L0072
L0070
200886
0083
L0080
L0000
»0061
+0004
0087
« 0068
L0088
L0083
L0058
« 0053
L0049
L0082
L0042
L0081
L0088}
L0082
L0041
L0081
L0080
J004d0
0036
L0037
20037
L0047
L0053
,0089
0083
L0047
20037
,0033

FRACTION OF CUMMULATIVE

CONDUCTANCE

GAF

CONTACT GAS

000
2000
L000
(000
000
L000
L 000
«000
000
000
000
000
000
+000
000
000
4000
000
1000
000
000
L 000
019
018
018
«0d1
«033
L04%
053
059
037
038
L0000
000
000
000
000
S 000
200
2033

0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
3,999
0,999
6,999
0,999
0,999
0,999
0,999
0,980
0,981
0,981
0,978
0,967
0,954
0,9%4
0,941
0,943
0,946
0,999
0,999
0,999
0,999
0,799
0,999
0,999
0,968

ROD
FIAS GaAS
(%]

0,00
0,008
D400
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
Q.00
0,01
0,01
0,08
0,03
0,08
G408
0,05
0,08
0,08
0,07
0,08
0,0"
0,09
Ga10
0,10
0,10
0,10
0,10
0,14
0,14
D419
0,14
0,18
0,14
0,14
010
[P}

ROD
INTERNAL
GAS PRES

{mPa)

6,733
6,988
T.281
T.498
7,758
8,015
8,275
4,538
8,801
9,068
9,238
9,237
9,200
9.128
9,007
4,938
8,084
4,95
9,080
9,.18)
9,273
9,408
9,029
9,4%0
¢,490
9,57
7,677
9,84
9,970
10,110
10,148
10,142
9,540
8,794
8,057
7.3
8,089
8,793
9,943
10,134

XENON
(MOLE
FRAC)

000
000
000
L 000
000
000
+000
« 000
W000
2000
000
0090
000
<000
000
000
000
+000
900
L0090
000
+000
« 000
« 000
000
5000
2000
|°°°
000
000
«000
001
001
+001
+00}
001
(001
£001
001
« 001

FUEL
DENS

%)

0,000
0,000
0,000
0,000
D,000
0,000
0,000
0,000
0,000
G,000
0,000
0,000
w, 027
w080
LTl
-.llb
-.255
=, 3%8
=, 358
..i’ﬂ
-gl"
-, 258
..".
'.ISO
-.l!a
-, 158
'.2’!
-, 258
=, 258
-.asﬂ
-.259
=, 258
", 250
-.!!B
-.l!a
-, 330
-.Ila
o, 3%0
-|"‘
=, 238

FUEL
SWELL
(x)

0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
04000
0,000
°|°°°
0000
0,000
0,000
0,000
0,000
0,000
0,024
0,047
0,070
0,093
0,118
0.116
1ié
1&
te

OO LGOoOoOOO00D00D

I EE R EEEEERE RN ERER

L Tl il o
- g
o

g A e g
L R K- T ¥ N X1

CLAD RADIVS
(x)
PERM RECOVER

0,000
9,000
g,000
- 001
=, 001
-.001
., 00}
w, 002
., 002
-, 002
-, 004
=, 004
..007
=, 020
-.0!4
-y 099
-.227
-, 351
=, 472
-, 592
730

-, 718
w717
-, 717
w, 710
«, 710
- T11
'1711
-.Tli
=, 713
-.?13
«,T1d
w,Tl4
=, Tl4

070
JOTH
L078
082
,08%
089
L0933
l097
100
104
o107
do7
107
308
2110
W12
114
«1lb
118
o119
«121
2123
Jldd
, 170
182
189
242
3035
350
376
o300
1261
27
110
+105
2094
o105
.‘l.
A7
248

FRAPCON-2 Prediction for 15 x 15 PWR with 8.8 kW/ft for 10 GWd/MTM, Ramp to

AXTAL
(X)
TOTaL

" 4 B 8 = a mmes s o oa

B e gt B e g e ek R e g

OO CRODCO00D
-
AR B RS v e bn n e e e

[~ -]
-

-
B

- -
-
-
(LR ]

0,15

(- - =
- . .
-
wmEeEo

U,16

oo
- -
Y
N s

0, 28
0,34
4,39
0,39
0,37
Y
0,18
0,14
0,47
.18
0,18
0,18
0,27



FARR

TABLE A.12,

BUAN UP

(MuD/RTYY (DAY

]

10

ag
1}¢
382
Ta2
1693
F{ 11
b13 13
605
597¢
#3547
TS18
aase
*ah0
104)2
11402
1237}
13343
18314
19209
162%4
1raay
18498
19149
20140
20068
20870
20071
1047}
20873
20877}

TIME

0,30
0,90
1,00
3,00
8,00
15,00
33,00
9,00
75,00
3,00
119,00
135,00
15%,00
17%,00
19%,00
213,00
215,00
25%,00
273,00
298,00
313,00
338,00
393,00
378,00
394,00
q1%,00
430,00
430,03
430,08
810,09
430,12
430,19

12.6 kW/ft, P/A = 1.2

PONER
(NN}

28,7¢
28,76
28,Te
8,7
.76
28,74
28,7
20,74
28,76
28,74
.7
28,7
28,74
28,76
0,74
28,74
29,74
28,76
Y
28,76
28,76
28,74
20,76
28,76
28,Te
20,76
28,76
31,29
3 27
31,29
40,23
41,07

FUEL

CENTEN FUEL

TENP
11-})

1119
ie
i
113}
1136
1123
1
108%
108l
1039
1010
"7
"a
Hé
(111
"7
aTa
*"”3:
"
Lis!
*"”y
70
7”0
%Y
"o
*T0
"y
1047
1136
N
1314
1326

AVE

AVE
STORED

TEMF ENERGY

(14

o1
701
102
70}
Yoa
Yoz
(1L}
488
(%]
13
(13}
(11
(Y1)
(1}
(1] ]
442
(1))
[ L}
bag
hay
(11}
[T}
(1]}
[1}}
(11 ]
[ 11}
(13}
(34
Ti®
Ted
bl L
"We

{I768)

0, A0E¢ 00
0..0!00.
D 208+04
0, 20E+0%
0., 300404
A, 200%04
0,20E¢04
0,5%+04
0 i9E+04
0,3%+04
0. 180E404
0.182+04
0,108+00%
Q180408
0, 188+00
0,18E408
0,180E+04
0,i8k¢04
0,188+06
018404
0.100+00
0188008
O 1884008
O, 100404
0,18E204
0, 40E+04
0,18E+04
0,1%+04
0,200+04
0,200« 04
0,23+08
0,230¢04

RADTAL

Gar
WIOTH
(ch)

20080
+0080
<0081
$ 0064
40047
20048
+0048
0043
+0080
+0083
(0049
L0042
L0082
L0041
L0041
20082
L0082
L0082
L0042
«0042
4008}
L0081
.00!1
L0040
28000
L0000
L0081
<0000
«0040
40040
+0039
+0037

FRACTION OF CUMMULATIVE

CONDUCTANCE

QAP

CONTACTY GAS

«000
2« 000
000
+000
2000
«000
000
4000
000
«000
+000
« 000
|°l’
.01.
010
o1
+ 023
2022
+ 02l

0,099
0,999
0,990
0,999
0,99
0,999
0,99
[ 1]]
0,999
0.9
0,99
0,9
0,980
9,901
0,98¢
0,778
0,976
0,972
0,777
0,917
0,17
0,977
0,977
0,977
0,77
0,277
0,978
0, %7
0,93
0,048
0,% 0
,%2

ROD
FI00 QAB
(£}

0,00
0,00
0,00
0,08
0,01
0,02
0,03
0,08
0,04
0,09
0,09
0,06
0,07
0,08
0,00
Q.09
0,10
0,11
0,42
0:13
0.1
0,19
0,14
0,17
0,18
0,417
0,49
0,80
¢, 20
0. 80
0,20
0,20

ROD

INTERNAL

QGAd PRES
(MPa)

9.138
*.137
*, 200
Yolnh
*,007
5,938
4,084
&, %58
9,060
9, 14)
9,27}
9,408
*,423
v.4%0
v, 408
7,137
*,540
2,571
*, 57
2,604
°, 023
¥,.0al
.00
*,701
72
. 7Ta0
1344
10,030
10,183
10,03
10,349

AENON
(MOLE
FRAC)

000
«000
000
000
+ 000
+000
000
«000
000
« 000
2000
+000
«000
000
000
2000
+001
«00}
001
001
003
1.3
»001
+001
«002
002
002
L0002
« 008
+002
+002
.00.

FUEL PFUEL CLAD
uELL (

bEne
1} &

0,000
0,000
=, 037
w 080
w104
-, 320
=233
=, 238
.."'
- I’O
'..’.
...’.
.....
...'.
w338
o, 29
-.l!.
'."‘
...'.
-..’.
=, 134
-.Il.
'."'
(Y]]
'....
=, 134
o, 198
=, %8
oy F1])
...'.
=, 2950
.Q".

1)

0,000
Qo000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
e B0
Oetda
0,087
0,070
0,093
0,414
¢eldt
0ol
0,102
0,204
0,32
0 24l
o870
0. d9d
0. 313
0,339

P00
0,332
0,392
0,152
0,332

PERM RECOVER

-.00!
..Oﬂl
», 007
=, 020
-.0’4
L LL
'-.37
'.”l
w AT2
-, 992
-, 710
", 718
-, 72}
=, 732
LIS J 1)
o, 718
'...’
LI 34 )
-, 453
=, 433
o, blé
w 3%
‘l"’
.n"1
..”7
- 317
=, 502
-, 308
-, 502
ﬂ."t
w301
'.'ol

FRAPCON-2 Prediction for 15 x 15 PWR with B.8 kW/ft for 20 GWd/MTM, Ramp to

RADIVE
x)

107
w107
2107
+108
110
312
L
il
18
ol
121
123
o188
« 170
102
189
188
e
+100
104
108
104
w88
YT
« 184
184

ARIAL
(x)
TOTAL

012
0412
0,12
4,12
0,42
0,13
0.1
0,18
0,19
0,19
O0e13
0416
0,48
0,19
0,10
[P Y )
0,1%
0.31
0,23
0,29
0,17
0,2%
0.
0,33
0,38
Qe d?
0.1
0,48
0,49
0,33
0,00
[ Y )
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TABLE A.13.

BURN P TIME
(MWD /MTUY (DAYR)
0 0,01
0 0,10
i 0,18
1 0,20
 § 0,38
3 [ 1]
& 0,38
[ 0,80
7 [N 1]
’ 0,50
i1 0,59
13 0,80
a9 1,00
1 1,03
12 1,06
34 1,09
15 1.12
37 1,18
" 2,19

P/A = 1.3
rUiL  AVE AYE

CENTER FiML JOTOARED

PONER TEMF  TEMP  ENERQY

(kH/N) (C) () (JI/ne)
0,04 are  RTE  0,e8E40%
2,97 b1 M2 0,800+08
5,94 437 3eé 0,%4Er03
0,91 | +1] 813 0.110e08
11,04 #17 Akl 0,13%+08
14,19 I 910 0,140+ 08
17,83 814 S60 0,1BEe08
20,80 L) o1 0,1TEe08
23,77 1026 w8} 0,1%E408
26,78 13134 Tig 0,300e0s
29,74 1243 Ted 0,33E%08
30,90 1274 T8} 0,22E+06
32,30 1277 Tea 0,RAEN08
J2,60 1327 82y 0, 2BEv06
15,68 1418 0T 0,2BK+04
38,02 1534 %24 0,RTEe08
41,99 1817 T2 0,2%+0s
3,68 1700 1019 0,30E+06
43,53 1703 1010 O, JOR+04

QAP
WIDTH
(CH}

0408
W010%
0100
0101
«009%
oo
«0088
+0004
00T
L0075
+00T0
20047
+0070
20087
«00bé
L0058
+0087
«0084
0087

CONDUT TANCE
QAP
CONTACT Qad

.000
000
2000
«000
«000
«000
o000
000
.000
+ 000
2080
2000
000
2 000
2000
2000
022
«049
|°,,

0,999
0,99
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,917
0,989
0,941

RADIAL FRACYION OF CUMMULATIVE ROD

INTEANAL

FISO 8AS AAd PRIN
%}

0400
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,01
0,01
0,02
0.0‘
0,00
0.1
0,30

(A

0,218
0,223
0,230
0,238
[ % 1))
Ooda
0,254
0,2ad
O,208
°|.'.
0,A7Y
0,201
0,280
0,208
0,20%
0,293
0,29%
0,302
0:302

XENON
(ROLL

LT

000
000
+000
«000
000
000
2000
o000
» 000
000
000
000
000
000
000
«000
000
«000
000

FUEL FUEL CLAD maDIVR
ogne  ImtLl

3 3]

0,000
0,090
0,000
0,000
0,000
0,000
0.000
0,000
0,000
0,000
0,000
0,000
=, 030
w082
D.Oll
..0.’
e, 006
., 087
.QO..

i

0,000
0,000
0,000
9,000
0,008
0,900
04009
0000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000

in
PERA RECOVER

0,000
w, 008
-.003
-.OOI
-.001
=, 008
..00'
..00'
-.003
-.BQI
-.003
=, 004
w004
-, 008
«,007
-.007
=, 007
.|°°T
'.007

o109
Ll
.IO.
10

FRAPCON-2 Prediction for 8 x B BWR with 9.4 kw/ft for 1 Day, Ramp to 13.4 kW/ft,

AXTAL
%)
TOTAL
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BURK UP  TINE
(MND/NTUY (DAYO)
[ 0,01

¢ 9,30

1 0,1%

1 0,30

] 0,39

3 [ 8 -]

[ 4,38

» 0,00

7 0,48

9 0,80

11 0,98

1} 0,60

[ A4 (-1

70 2,00
192 5,00
% 10,00
1209 30,00
2023  %0,00
2036 T, 00
b1 1] %,00
4404 110,00
2TT 130,00
6091 13¢,00
#%0% 178,00
YIS 190,00
0§32 210,00
YI4e 230,00
1015% 290,00
10566 240,00
10567 240,03
1056% 280,04
10570 2é0,0%
10872 200,12
10374 260,13
10632 241,13

TABLE A.l4,

PONER
{XW/N)

0,01
1,97
X7
8.9
11,88
TSt |
17,03
20,80
13,77

FRAPCON-2 Prediction for 8 x 8 BWR with 9.4 kW/ft for 10 GWd/MTM, Ramp to
13.4 kW/ft, P/A = 1.3

fukL
CENTER
| L1
(€

118

351

437

sad

b1

T1}

sia

"e
1026
1134
1248
127
a7
tavre
1206
18%0
1192
1h6é
1284
1216
1192
117re
11T
1164
1180
1197
1133
1181
1146
1220
1324
1344
1482
isod
jass

AVE

Ave

FULL BTORED
TENP ENEAGY

11-)

174
&z
11
413
a6l
510
S0
o1
121
e
The
78)
704
188
107
T4
749
TTe
Te¥
739
Tae
Tas
T4}
The
T34
733
731
™
T29
Tl
800
(11
(1]
"0
o4

(J/x@)

0,600 08
0,800+0%
0,94K¢0%
0,11C+ 04
0120008
0140408
0,158e0b
0.‘,.'0.
010000
0, 200004
G RREeCH
(Pt g1
- tiel ]y
CudlCeli
0,22€¢00
O d20ech
Sy2MeSh
0220404
Sedilecs
0. 320400
0,d10¢08
0, 218+00
0,810204
0,21K006
0,210 00
0.,21E¢08
0 21804
0,d1Ee0b
0, 210008
0'...00.
0,dMe0b
0, 20E+00
0,808004
Gadble0h
[ 17 2111

GAF CONDUCTANCE

NIDTH
{cH)

«0108
+0109
«Oicd
o101
+2098
«0091
0008
+0088
|°°?’
0078
«00T0
0089
0070
00T}
20074
2077
080
2076
|°°,‘
..’..
+ 9040
L0080
+0080
0098
« 0097
0097
50087
«008Y7
0056
»00%6
0093
0093
«00%2
y0049
0047

T 1

CONTACY Qal

«000
«000
«000
000
000
000
11
2000
2200
+ 200
2000
+ 200
+ 200
+000
000
«000
000
W 000
000
«000
+000
000
2029
+ 024
1032
.Ol'
+OR1
080
+ 000
o860
2004
L0
o104
«008
N1}

0,99
0,999
0,90
0,99%
0,99
0,999
0,999
0,99¢
0,99
[ L1
0,999
0,99
0.9
0,999
0,999
0,909
0,999
0,999
0,799
0,999
0,99
0,999
0,973
0,973
s IS
0,964
9.%50
0,950
0,939
0,90
0,719
0,%03
0,893
0,%00
0,%07

RADLAL FRACTION OF CUumMULATIVE ROO

00 INTEANAL
FISS Gad Gal Prid
{x) (MPs)
0,00 O llb
0,00 0,22}
9,00 0,230
0,00 0,83
0,00 0.2
0,00 0,2a¢
0,00 0,2%6
0,00 0,282
0,00 o!..'
0,00 0,274
0,00 0,279
0,00 % 1 }1
0,01 Coldn0
0,02 P {1
0,08 0,218
0,08 0,317
0,12 9,473
oll‘ °|‘7.
0,19 0,118
- PR1 ] 0,37
G.1b 0,d81
Q.17 0,28}
oll, 0.'.3
0,18 o, a0l
0,19 0,286
0,20 o, d0d
- 0,889
0,33 0,390
0,13 0,200
0,23 0,293
0,23 0,29
9,43 0,300
(% L) 0,30}
- % 1) 0,308
g, 43 0,310

XENON
[MOLE
FRAC)

«000
000
2000
000
000
2000
000
« 000
+000
000
«000
000
«000
$000
2000
s 000
0018
+003
o004

FUEL FUEL CLAD RaDlud
oENS  BwELL

4 3]

0,000
0,000
0,000
0,000
0,000
G,000
0,000
0,000
0,000
0,000
0,000
0,000
», 080
w, 004
.|i°7
w178
=, 838
-....
v, 209
s, 20"
-.lb.
-.].’
-']..
o, 249
e 20t
e 11
s, 20
u, 249
», 369
o, 20%
LY {1
=, 269
.....
o, 209
o 20?

(x)

0,000
0,000
0,000
0,000
0,000
8,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
8,000
¢,000
0,000
04000
0,000
0,000
0,000
0,036
0,050
0,073
0,098
0,117
0,130
0,408
0,148
°|I..
0. 188
0,100
G,109
0,181

0,000
w001
-.OOI
w001
w, 001
-.00!
o, 008
-.00!
-.001
-.00!
..00'
LY ) L)
l.ﬁOl
w013
w, 034
-.Otl
.|‘1‘
- 204
=, 30}
«,502
..’,‘
w54}
», 5bé
» 389
.u”.
v 174
=, 55
.|”’
-.”‘
=, 354
-,583
-."’
.."’
-, 382
.|"'

(x)
PERMN RECOYER

108
108
. 108
130

AXIAL
(%)
T0TAL

B el e g g
N R By Py B
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TABLE A.15. FRAPCON-2 Prediction for 8 x 8 BWR with 9.4 kW/ft for 20 GWd/MTM, Ramp to
13.4 kW/ft, P/A = 1.3

FUEL AVE AVE RADIAL FRACTION OF CUMMULATIVE ROD

CENTER FUEL STQRED GAP  GCONOUCTANCE ROD INTERNAL XENON  FUEL FUEL CLAD RADIUS AXIAL

BURN UP  TIME  POWER  TEMP TEMP ENERGY  W]DTH  GaP FISS GAS OQAS PRES (MOLE DEMB  3NELL 14 3] 43
(MND/HMTU) {DAYS) (KW/M) (C) tc) (J7%xG) (CM) CONTACT GAS x) (MP&) FRALC) tx: {X)  PERM RECOYER TOTiL
¥ 0,01 0,0} 278 278 0,6BE405 L0108 000 0,999 0,00 0,216 ,000 0,000 0,000 0,000 ,109 0.d1

o V.10 2,97 3%1 322 0,00E+05 L0105 000 0,999 0,00 0.223 ,000 0,000 0,000 e,001 f06 0,34

i 0,15 5,94 437 366 0,%4Fe05 L0102 000 0,999 0,00 0,230 ,000 0,000 0,000 =, 001 108 0,11

1 n,20 8,91 528 413 0,11E¢06 L0101 000 0,999 D,00 0,238 L000 0,000 0,000 w,0U1 310 0,12

2 0,25 11,88 617 as1 0,12E+06 L0095 ,000 0,999 0,00 0,243 L0000 0,000 0,000 e,0040 L1131 0,12

3 9,30 1u,i5 713 510 0 18€s08 L0091 L0000 0,999 0.00 0,249 ,000 0,000 0,000 w002 L3t3} 0,12

u 0,35 17,83 814 S60 0,15F+08 L0088 000 0,999 0,00 0,296 000 0,000 0,000 w=,002 ,il& 0,12

6 0,80 20,80 98 812 0,1TEs0e L0084 L0000 0,999 6,00 U,262 L0000 0,000 D000 e,002 L11b6 0,32

7 0,45 23,77 1026 b63 0,19Es04& L0079 000 0,999 0.00 0,268 ,000 0,000 0,000 e,003 L1186 0,12

9 0,% 26,74 1434 Tie o0,208+06 L0075 L0800 0,999 0,00 0,274 L0090 0,000 0,000 =, 003 L1199 0,12

1 0,55 29,71 1245 749 o0,2ZE+0b L0070 000 0,999 0,00 0,279 L0090 0,000 0,000 =,003 321 0,13

13 0,60 30,50 1278 783 0,22F+0b L0069 000 0,999 0,00 0,281 L0000 0,000 0,000 = 004 14 0,12

29 1,60 30,50 12T7 784 0,22E+06 L007C L0000 0,999 0,01 0,280 ,L000 =,020 0,000 w=,006 122 0,12

T 2,00 30,50 1279 78S 0,22E+0& ,007YF 000 0,999 D.02 0,280 L0000 =,08b U000 w013 1R} 0,13
192 5,00 30,50 1286 78T 0,22E¢0e 0074 000 0,999 0,04 0,278 000 =,107 0,000 =,08M1 L1239 0,i}
396 10,00 30,50 1290 789 0,228e06 L0077 L0000 0,999 0,06 0,277 ,000 =,17% 0,000 =,061 ,i28 0,13
1209 30,00 30,50 1292 789 o,23F¢06 L0080 000 0,999 0,12 0,27% ,001 =,2%8 0,000 =,178% ,i}4 0,13
2023 50,00 30,50 1266 TT9 0,22Eefb  L007T& _000 0,999 0.18 0,274 ,002 =, 268 0,000 =, 284¢ ,L13% 0,19
2836 0,00 30,50 124y Te9 0,22€E408 L0071 L0000 0,999 0,15% 0,278 004 =,269 0,000 =,393 136 0,15
3650 90,00 30,50 1216 759 0,22E+04 0066 L0000 0,999 N,16 0,279 ,005 «,249 0,000 e,302 ,i% 0,1%
4964 110,90 30,50  1t92  T49 0, 218+086 L0080 L000 0,999 0,16 0,281 006 =,26% 0,000 =, 558 137 0,1&
S277 130,00 30,50 1179  Tua 0,21Ke06 L0099 000 0,999 0.7 0,283  L008 269 0,000 w=,363 L1837 0,1k
8091 1%0,00 30,50 1172 741 0,21E+0e ,00%8 028 0,973 0,17 0,203 L0090 =, 269 0,026 o, 506 173 O,1é
6990% 170.00 30,30 1164 Tis 0.218+06 .0050 .D!II 0.97! D.lﬂ .1} « 011 -.209 U.ﬂ’ﬁ -.’._' l‘.i O.tl
TTI8 190,00 30,%0 1160 T84 0,21E+08 L00%7 L0332 0,94 0,19 0,206 L013 =,209 0,073 =976 ,iv& 0,19
8532 210,00 30,50 11%7 733} 0,21E+06 L0087 L03% 0,94 0,20 0,288 L0i5 =,289 0,098 = 5¥8 208 0,21
9346 230,00 30,50 1183 731 O.2i€+08 _0O%T 041 0,998 0,21 0,289 017 =,209 0,147 =, 5% ,20% Q.32
10159 2%0,00 30,50 1154 731 0,21E+06 L0057 040 0,998 0,22 0,290 019 =,269 0,138 «,5%5% 214 0,23
10566 260,00 30,5¢ 1146 729 0,21E+06 ,00%6 040 0,939 0,23 0,290 021 =,269 0,148 =,5%3 215 0,24
11178 275,00 30,50 1142 T28& 0,21Ee06 L0086 ,042 0,955 0,24 0,29f .,023} ~=,Z89 0,163 e,831 ,RO0 0,B%
12193 300,00 30,50 1jd0  T28 o,2iE€s06 _00%S 040 0,9%8 0,2% 0.293 026 =269 0,188 «,508 19 Q.20
13210 325,00 30,50 1139 729 o,21F+406 L0055 ,038 0,960 0,27 0,294 L0831 «,269 0,2j2 =, 454 ,1%4 .30
14227 350,00 30,50 1139 T72v Q.21Eecs 0056 038 0,90 0,30 0,296 ,L03% =,Z69 0,237 w=,40g 194 0,33
132ud 375,00 30,50 1138 T3t o0,21€e06 L0095 ,L039 0,959 0,32 0,299 ,04] 249 0,260 e,001 ,1%% 0,39
16261 400,00 30,50 1138 T3y 0,21Ee0e  ,005% ,039 0,959 6,34 0,301 L0806 =, 269 0,284 =, 420 LLl98 0,37
PT2T9 425,00 30,50 1138 732 0,21Eens L0055 040 0,9%M 0,37 0,308 L0583 =,269 0,307 =,39% _iw& 0,3
182%s 450,00 30,50 1138 733 o, 21Ee¢0b L0055 ,04) 0,957 0,41 0,308 L0060 w269 0,330 e 377 L1%4 G.81
19313 475,00 36,50 1139 735 o0, 21Ee06 L0054 L0&2 0,956 0,44 0,311 L0668 =,289 0,384 «,3%56 i% 0,44
20330 Sop,00 3Ip 50 ijap 73T o, 21EsDé& L0054 043 0,955 0,40 0,315 LOTT =,209 0,377 «,338 105 0,4
21143 Spo,00 30,50 1142 739 qo,21Ee06 005k 042 0,936 0.51 0,319 086 =,269 0,395 w356 L1985 0,00
21151 5%20,1% 43,53 1494 919 ¢, 2TE+06 L0049 ,113 0,88% [ 1) 0,357 ,092 =, 7069 0,395 e, 3i8 380 [ 1 |

21209 %521,15% 43,53 1492 923 0,2TE+0b L0047 117 0,B88% 1,00 0,367 L1352 =,269 0,397 a,311 240 0.7



R

TABLE A.16. FRAPCON-2 Prediction for 15 x 15 PWR with 8.8 kW/ft for 1 Day, Ramp to 12.6 kW/ft,
Constant Rod Average Power

FUEL avE AYE RADIAL FRACTION OF CUMMULATIYE ROD

CENTER PUEL SBTORED GAP  CONOUCTANCE ROD INTERNAL XEMON FURL  FUEL CLAD RAQIUS aAXIAL

BURN P TINE PORER TEMP  TEMP ENERGY MiDTH Gar FIA8 GAS GAD FRES (MOLE DENDE  BRELL (X} (X)
(MWDsMTY) (DAYS) (Ku/®) (L) {c) (J/NG) {CM) CONTACT GAD {(x) {MPLY FRAG) (4 ¥ (%) PERM RECOVER TOTa{
d 4,01 4,08 T4 274 0,4TE+DS D086 L0000 §,999 0,00 6,733 ,000 0,000 0,000 0,000 ,070 G110

0 0,03 I} 354 321 0,80E+03 ,000% 000 0,999 0,00 T4039 L0000 0,000 0,000 0,000 075 0,10

1} D,y0é T.21 q48 309 D,%aE«0% 0082 ,000 0,999 0,00 T.33% ,000 o,000 0,000 0,000 2079 Dyl

1 0,09 1io,82 54% 220 O 11E+08 L0079 000 0,999 0,00 To0d5 L0008 0,000 0,000 w,004 el L] Dl

F 0,18 14,43 a9 4T3 0,13E+¢08 L0075 L0000 0,999 000 Te952 000 0,000 0,000 =,00% 088 0,11

3 0,19 18,08 Tad $28 O, 14Ev06 L0072 L00D 0,999 0,00 8,261 000 0,000 0,000 w=,00} 093 0,11

L] Deld 21,00 8Ts 585 O0,i6EBe08 L0049 ,000 0,999 0,00 8,371 L0000 0,000 0,000 =,00{ 097 0,11

H 0,21 29,25 7 443 O, l8E«¢08 D065 ,000 0,999 0,00 8,803 ,000 0,060 0,000 w,002 102 0.1

7 O 28 28,74 1118 T0L o0,30E¢Db L0060 LD00 G,999 0,00 9185 L000 0,000 0,000 =002 108 0.1)

19 0,50 a8, T4 1110 T01 D.208¢06 L0000 L000 0,999 Q.00 P84 L0000 0,000 0,000 w004 106 0.12

[} ] .00 20,74 120 702 0,20€+04 L0082 000 0,999 0,00 9,147 L000 »,028 0,000 e, 007 06 0,13

a9 1,30 31,24 1392 $10  0,330e006 L0053 L0000 0,999 0,01 9,081 4000 =,058 0,000 w, 008 108 0.2

5h 1o20 #R0,99 1%10 903 O,26Lv06 L0087 000 0,999 G, 04 8,978 000 e,039 0,000 =,008 110 0,12

tid 2,00 40,98 1512 Y04 D ,24E¢04 L0048 L0000 9,999 0,12 9,748,000 e, 071 0,000 w 014 L1111 0,12
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RURN U#®
[MWD AT

e BT IR R VI = = )

TIME
(DAYS)

0,01
0,03
0,08
0,09
0,12
.19
0,18
0,21
D24
v,50
1,00
1,10
1,20
2,00
5,00
10,00
20,00
an, oo
80,00
80,00
19g,0¢
12%,00
150,00
175,00
200,00
215,00
215,10
215,20
218,00

TABLE A.17,

POwER
(was™)

¢.01
3,01
T.81
10,82
14,43
18,04
21,64
2%,25
28,74
a8,74
28,74
28,74
FLIS L]
28, T4
24,74
29,74
28,74
28,74
28,74
28,74
28,74
FL I 2]
28,74
28,7¢
28,74
28,74
315,26
40,9%
49,95

FRAPCON-2 Prediction for 15 x 15 PWR with 8.8 kW/ft
12.6 kW/ft, Constant Rod Average Power

FUEL

CENTER

TEMP
(c}

274
358
448
548
su9
Tho
478
997
1118
1118
1120
1120
112¢
1121
1124
1124
1119
1104
1078
1054
1082
1009
93
LLT
979
91T
ire
1337
1304

hYE
FUEL
TEWP
4

27T
21
369
az2o
4ars
528
L1.5]
L}
791
To1
To2
T
702
102
103
1038
T
495
1.1
&a1s
bbb
457
850
&4s
b4l
[T T4
732
pov
792

AVE
STORED
ENERGY
(J/KG)

O,6TE4+0S
0,80E+05
0,94E+D05
0,11E+04
0,13F4ns
DJ18Fe0b
0,14E+08
0,18E+08
Q,20E+ 00
0,20E+0b
0,20E+0%
D,20E+0%
0,20E408
0,20E408
Dy,20¢04
0,2008+00
0,200+4086
A ,20E+0p
O, 198+08
0, 19E+08
OelVERCS
0, 18E%08
0, 18E+0d
0., 18F+04
UelBESDS
G, 18E+0H
b 394 11 ]
023400
Q 23E408

QAP
WIDTH
e~

0088
0085
L0082
LO07%
L0078
L0072
LO08%
0045
008l
LO0H0
0062
0002
G082
+G063
L0068
Q0BT
+0008
0087
0082
+0056
0082
00088
0082
0042
L0041
0042
L+ 00401
L0040
D038

CONDUCTANCE

GP

CONTACT GAS

,000
L0400
+ 000
000
200
2000
L0048
000
L0008
(000
L0008
+000
2000
L 000
000
£G00
+000
.000
L0200
4000
L000
£000
$019
L0180
L021
022
L049
L0811
L0852

0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
a,99%
0,999
a,999
0,999
0,999
0,999
0,99%
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,980
Q981
0,979
0,078
0,950
0,939
D948

RADIAL FRACTION DF CUMMULATIVE

ROD
FISS CaAl
($ 3]

0,00
0,00
¢,00
0,00
0400
0,00
9,00
0,00
0,00
0,00
6,00
0,00
0,01
0,01
0,01
0,02
0,02
0,03
0,04
0,08
0,09
0,06
0,08
0,07
0,09
0,09
0,10
0,10
0,12

ROD
INTERNAL
GAS PRES

[LLFY!

5,733
7,035
T.51¢
T.6a5
T.952
8,281
8,571
6,883
9,143
9.104
9,147
9149
9,182
9,111
9,022
8,937
8,800
8,857
8,984
9,043
9,149
9,270
7,368
9,430
9,480
'Isui
g,417
9.327
.32

KENON
(MOLE
FRACY

L000
4000
L0060
2000
W000
2000
L000
L0060
L000
L000
000
£000
000
2000
£000
L000
4000
4000
000
+000
4000
L000
, 000
000
L000
L000
L000
.000
L6010

for 10 GWd/MTM, Ramp to

FUEL
DENY
(x)

0,000
0,000
0,000
0,000
Da000
ha000
0,000
0,000
6,000
0,000
=, 028
=, 031
-.034
=, 0%8
w 120
w, 188
-, 252
-, 257
-.!!0
-, 2%8
-.ZS!
-, 2%8
-, 250
'.35!
-, 298
-.!s!
-.ISI
., 258
., 238

FUEL
BWELL
(%)

0,000
0,000
0,000
0,000
0,000
0,000
a,000
0,000
0,000
0.000
2,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,030
0,080
0,089
0,117
6,134
0,434
0,138
0,136

CLAD RaDIVB
(%)
PERM RECOVER

H,000
n,000
=001
=, 001
-.001
=, 001
=002
=, 002
w 004
w, 007
=, 008
-'oos
-, 018
..0;‘
w 0BT
..132
..25‘
=, 583
=, 50h
v, 420
-, 699
-, TR4
..725
-.Tl“
., 701
w, 700
w b9
-, 493

NT0
078
2079
, 084
L0088
093
2087
102
108
al0b
108
107
107
L1107
«108
.llﬂ
112
118
wllo
118
edl¥
121
157
77
187
L, 188
.308
a7
260

AXIAL
(x)
TOTAL

.10
0.40
Osll
0,11
0.1
0,11
D1t
0,11
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BURN UP TIME
{HMRD/MTUY {DAYS)
0 0,01

0 0,03

Q 0,08

1 0,09

2 P.12

3 0,15

4 0,18

5 0,21

7 0,24

19 0,50

43 1,00

48 1,190

53 1,20

" 2.00
237 5,00
a0 10,00
9% 20,00
1938 ap,q0
290é 40,00
3878 A0,.00
ad4T 109,00
6059 125,00
TaTa 150,00
4489 175,00
698 200,00
10911 225,00
12124 2%0,00
13837 271%,00
14%%0 300,00
15763 329,00
16976 350,00
18489 175,00
19401 400,00
20614 425,00
208%7 430,00
20863 430,10
20870  43p,.20
2092% 43,00

TABLE A,18,

POWER
[KW/m)

G,01
3,61
7.31
10,82
14,43
18,04
21,64
25,25
28,74
B, T4
28, T
28, T4
28,74
28,74
28,74
28,74
28,74
28,74
28, T4
28,74
28,74
28,74
28,14
28, Th
28,74
28, T4
28,74
28,74
28,74
38, T
28,74
28,74
28,74
28,74
28,74
35,26
40,93
40,9%

FRAPCON-? Prediction for 15 x 15 PWR with 8.8

12.6 kW/ft, Constant Rod Average Power

FUEL AVYE AYE
CENTER FUEL BTORED
TEMP TEMP ENERGY
tc) (¢l (J/KG)
avTd 2T4 DL ATE+DS
k11 321 0,80Ee0%
448 369 O, VUE+(S
545 a20 O,11E+04
[T1] 4T3 0L L3E+08
Tod 528 0,14Ee08
ate SA5 0 146E»08
997 643 0,18E+04
1118 7oL O0,20Eels
1118 701 O 20E+08
1120 Tox G,Z0E+0b
1120 701 0,20E»08
1120 702 0,20E+08
1121 702 0,0E+04
1124 703 0,20E+D8
1124 TOS 0,208400
1119 To1 D,20E+06
104 895 D,208+08
1078 88% O, 19E+00
1094 875 0.19E+08
1032 bbb O0,19E+08
1009 437 0,18E+08
993 %0 0,18Ee00
%84 643 0,10&e00
e 643 0,16E+08
78 b4l 0.18fe08
972 640 0,18E408
erT2 440 0,16884064
9Ty 441 0,1BE+06
qT0 4481 0,18E+00
949 b4y 0,1BE+08
969 b4l 0,18E+08
949 buz O, 18Ee0b
970 b2 O, 18E+08
T2 bdd  0,18E+006
i1e? 733 0,31F»Db
133§ 810 0,23EL+00
1306 800 0,23Ee08

GAP CONDUCTANCE

WIDTH
tcu)

0086
«008S
0082
#0079
L0078
L0072
0009
D065
«0080
0060
0002
082
0062
0063
D068
0047
L0008
0067
0062
«02056
L0052
D04
L0082
L0042
00
«00#]
«D0ui
0030
L0041
04l
L0041
L0080
L0037
0041
L]
20039
2« 0035

GaP

CONTACT GAB

2000
000
000
«000
»000
(000
L 000
,000
W 000
$000
000
»000
000
4000
2000
4000
2000
0000
000
+000
2000
5000
2019
1018
021
S04
2025
024
2023
o023
023
023
023
L 023
1018
y049
2084
4052

0,999
6,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
4,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,999
0,980
0,981
0,979
0,975
0,974
0,978
0,976
0,976
0,976
8,976
0,974
0,974
0,980
0,950
0,938
0,947

RADIAL FRACTION OF CUMMULATIVE

ROD
Fl88 Gad
(x)

0,00
0,00
0,00
0,00
0.00
o.ou
0,00
0,00
0,00
8,00
0,00
0,00
6,01
0,01
0,01
0,02
0,02
0,03
0,04
0,06
0,09
0,06
0,08
9,01
0,09
0.0
0,11
a,t2
613
0,4
0,19
0,17
0,18
0,39
0,20
D,20
0,20
0,29

ROG
INTERNAL
GAS PRES

(MPa)

6,733
7,038
7,339
Tebus
Te982
8,281
8,51
8,883
9,188
9,184
9,147
LIy}
9,142
f.11!
9,022
8,937
8,800
4,087
8,944
9,043
Fela®
9,270
9.308
9,430
9,880
9,507
9.53
9,582
9,573
9,595
9,619
9,643
9,008
9,693
9,70%
9,619
9,581
9,550

kW/ft for 20 GWd/MTM, Ramp to

AENON
(MOLE
FRAC)

000
1000
2000
«000
000
000
1000
2000
gy
o000
000
«000
000
W 000
2000
000
000
000
1000
000
000
«000
« 000
<000
1000
+0090
001
001
2001
2001
« 001
001
002
002
002
«00d
002
02

FUEL
DE~NS
(%}

0,000
g,000
0,000
D000
0,000
C,000
0,000
0,000
0,000
0,000
v, 028
=,031
- 034
-, 054
-.120
w, 188
-.235
-, 257
-, 238
-, 258
-.25'
-, 258
w, 238
-, 298
-, 258
-, 298
-, 258
-,2%8
-, 258
-.!50
»,2%8
.|‘!a
-, 298
., 288
-.IS!
-.!55
-, 2%8
w, 2508

FUEL
AWELL
(x}

0,000
0,000
0,000
d4Q00
0,000
0,000
0,000
0,000
0,000
0,000
G 000
G,000
0,000
0,000
Dy000
04000
0,000
0,000
B,000
0,000
0,000
0,930
Q000
0,049
0,417
Oy14%
0,173
0,200
0,228
0,255
0,282
6,310
0,537
0,364
0,369
0,370
0,370
0,371

CLaD RADIUY
14 3]
PEWM RECOVER
0,000 070
0,000 075
0,000 079
m, 001 L0804
=001 L0828
-, 00} s093
00l .09?
- 00d 102
=, 002 ,L104
w004 L1008
m, 007 2108
=, 008 407
- 008 ,107
=, 018 ,107
., 034 108
w087 110
=, 132 .12
259 L1l4
0.333 .11°
w506 118
w, 626 L1119
'.0“ o‘zl
w724 L1597
-, 725 177
..71“ .187
=, 096 ,192
e 865 18}
“‘!' .153
e, bl8 L183
590 183
=565 183
-, 541 183
=516 ,138}
..“QI .la3
», 487 186
w480 309
» 485 349
-, 480 259

AXIAL
x)
TOTAL

Ba g g e gk e s B A R g e e
P Py P T RS R e b s e e e O O

oD OoOOoODOCoODOoOQODC O

-
—
et

0,29
0,32
0434
0,37
0,39
0,40
¢,52
¢,81
0,59
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TABLE A.19. GAPCON-2 Prediction for 15 x 15 with 12.6 kW/ft to 20 GWd/MTM, P/A = 1.2

FUEL AvE AVE RADIAL FRACTION OF CUMMULATIYE ROD

CENTER FUEL STORED GAP CONGUCTAMGCE ROD INTERMAL XENON  FUEL  FUEL CLAD RADIUS AXIAL
BURN UP  TIME POWER  TYEWF TEMF ENERGY  RIDTH QAP FI83 QA3 GAS PRES (MOLE DENB  BwELL () (x)

(MUD/MTUY (DAYEY  (Mw/M)  (C) {-3] {J/KB) (CM)Y CONTACT QAR (%) (MPAY  FRAC) (4 §) (x) PERM RECOYER TOTAL
0 0,00 #1,33 1650 1039 O0,31E+0s L0033 ,000 0,988 0,00 9,055 ,L000 0,000 0,000 0,000 ,001% -
1978 29,00 &1,3) 1838 QaS ,2BEe08 L0031 L0000 0,991 0,01 9,885 L0001 e 004 0,000 0,000 004 -
3996 59,10 41,33 1548 93T 3,38F#06 L0019 000 0,99% 0,03 9,540 ,003 ~,004 0,000 0,000 ,001 -
9934  MA,70 41,33 1516 9% 3,30Ee06 L0020 L0000 0,991 0,01 9,948 004 =,004 0,000 0,000 ,004 -
7912 110,30 A3 ,3) 1316 938§ 0, 30¥e04 L0049 L0000 0,991 0,0t 9,589 L0086 =,004 0,000 0,000 ,001 -
9890 547,80 4),33 1537 936 0,30Fe04 ,L00(9 000 0,99} 0,01 9,620 ,L008 e,006 0,000 0,000 ,001 -
11868 177,40 A1,33 1518 934 0,20€+08 L0019 L0000 0,99 0,01 9,682 011 w004 0,000 0,000 ,L00) .
138as 200,90 41,33 1519 937 0,20F+¢08& L0019 ,000 0,991 0,01 P,487 013 =, 008 0,000 0,000 L0001 -
15824 2346,%0 41,33  14BY 913 0,2TEe0e L0016 ,L000 0,943 0,01 9,784 016 =, 0084 0,001 0,000 ,00) .
17004 266,10 41,33 1455 88X 0, 26Ee¢D86 L0013 L0000 0,993 0,01 9,038 L0418 =, 004 0,002 0,000 ,L001 -
19780 295,60 41,33 1847  AB2 0,28E+08 L0032 L000 1,000 0,02 9,920 L020 =,008 0,003 0,000 L001 -
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TABLE A.20. GAPCON-2 Prediction for 15 x 15 with 8.8 kW/ft for 20 GWd/MTM Ramp to
12.6 kW/ft, P/A = 1.2

FUEL AVE ave &ACIAL FRACTIONM OF CUMMULATIVE RAOD

CENTERN FULL STORED GAP  COWNDUCTANCE ROD INTERNAL XENON FUEL FUEL CLAD RADIUD AXIal
BURN UP TImg POWER TEMP  TEMP ENERGY WIDTH GAP FISS QA GAS PeES (MOLE OENE  WWELL (x) (%)

(MWD/MTU)Y (DAYS) (Xw/W}  (C) () (J/n@) (CW) CONTACT il &3 (MPa) FRAC) (X} (%) PERM RECOVER TOTAL
9 0,00 28,93 1M a7 o, 29E¢06 ,00%0 000 0,99% 0,00 8,226 L0000 0,000 0,000 oO,000 ,L001 -
1974 42,20 24,9} 1142 779 o, 0MEe06 L0035 ,000 0,997 0,00 S,028 000 w,008 0,000 0,000 ,9Q0) -
Jse 84,50 24,9} 1133 712 0,23E406 L0038 000 0,997 0,00 B,06% L0000 e 004 0,000 0,000 L00} -
3934 1k, 70 28,9} 1133 TTR 0, RRE+04 L0038 Q00 0,997 0,00 B,091 ,001 w,008 0,000 0,000 ,L001 -
7912 160,%0 28,9} 133 TTX o XRE+04 L0008 Q00 0,997 0,00 e, 708 ,L00} e, 00& 0,000 0,000 ,001% -
"W 231,00 16,93 113} 772 0,32E+06 L0038 000 0,997 0,00 #,Tay ,00& e, 008 0,000 0,000 00} -
11068 293,40 16,9} 1138 Ty O,220+00 L0033 ,000 0,997 0,00 8,738 ,004 e,004 0,000 O,000 00} -
13044 295,600 28,9) 1134 T3 0, d2M+08 L0033 ,000 0,997 0,04 8,7s6 ,00% w,008 0,000 O,000 ,00} -
15828 337,% 24,0} 1113 T8 0,220¢08 L0030 000 0,997 0,01 8,816 007 w=,008 0,001 0,000 ,001 -
i1T802 360,10 28,9} 1092 Tho 0 2i€e086 008 L0000 1,000 0,04 8,908 L0099 =,008 0,002 0,000 ,L001 -
19700 A22, 30 28,9} 1aay 02 0, 2eke00 L0012 L000 1,009 0,01 9,89 017 w008 0,003 0,000 ,00) -
-

19878 423,80 41,35 1886  SBE 0 20Ee06 L0012 L0000 1,000 0,01 9,898 LO01T e, 008 0,003} 0,000 ,00)
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