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Investigation on Halden LWR ramp test by means

of FEMAXI-III code (PWR version)}

%
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%
and Kazuo MORI

Department of Fuel Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute
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(Received February 4, 1991)

Some investigation on LWR ramp tests in high pressure loop at HBWR
was carried out with PWR version FEMAXI-III code. The verification of
FEMAXI-TIT PWR version was conducted by means of irradiation data of
LWR ramp test at HBWR. Calculated results agreed well with the
inpile data on creepdown, fuel diameter change and ridge height, except
for those on fission gas release. Therefore, the validity of the
application of FEMAXI-TII PWR version to analyse the LWR ramp test in
high pressure loop at HBWR was confirmed. The effects of pellet shape
and burnup on fuel behavior during ramp test were also clarified.

The effects of irradiation conditions at different type of
reactors were investigated by means of FEMAXI-IIT PWR version. It is
revealed that ramp tests at commercial PWR conditions and HBWR
conditions result in higher fuel center temperature and higher cladding

hoop stress than that In the high pressure loop at HBWR.

Keywords: FEMAXI-IIT, PWR fuel, PCMI, HEWR, Ramp test, Program
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Table 1 Specification of PWR fuel rod and base irradiation condition
in high pressure loop at HBWR.

Red WNo. ‘ PWRS PWRE PWR11 PWRI13 PWR14 PYWR15
inner radius(mm) | 8.377 | 8.377 | 8.371 | 8.366 | 8.366 | 8.371
Cladding
outer radius{mm) { 8.517 | 9.517 | 8.511 | 9,506 | 9.506 | 9.511
shape dish dish dish dish dish dish
chanmf. cham,
radius (mm) 8.202 |8.20 |[8.19 |8.19 |8.19 |8.18
height (mm) 13.6 10.5 13.6 13.64 | 13.63 | 10.5
Pellet
dish radius§mm; 6.0 4,5 6.0 6.0 6.0 4.5
height (mm 0.3 0.3 0.3 0.3 0.3 0.3
chamf.lengthgmmg 0.5 ) 0.5
height (mm 0.3 0.3
density (%1D) 85 85 95 95 85 g5
init.press. (MPa) 3.2 1.5 1.5 3.2 3.2 1.5
{(He 100%)

Fuel rod ! weight of U0.(g) 243 243 243 243 243 243

stack length(mm) | 448 448 448 448 448 448

plenum vol.(cm?) | 4.1 - 3.9 5.65 5.5 5.85 5.6

burnup

(Mud/kgUQg) 9.9 9.7 12.8 20.7 21.3 13.7

pressure (MPa) 15 15 15 15 15 i5
Coolant

inlet temp. () 285 285 300 300 300 300

position during
Cluster | base irrad. lover lower upper upper upper upper

Fast neutron flux durin
base irrad.(lOlzn/cmz-s§

8.2 9.2 9.2 8.2 9.1 9.2

Table 2 Characteristics of PWR rods analysed with FEMAXI-III
PWR version,

PYRS standard

PYRB low-pressurized,dish-chamfer shert pellet

PWR11 low-pressurized,failed during ramp test

PWR13 standard, pover cycling test

PHR14 standard,reference for power cycling test

P¥R15 | low-pressurized,dish-chamfer short pellet




Table 3 Ramp
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test conditions.

Rod No. PWR5 PYRE PWVR11 | PWR13 | PWR14 | P¥R15
Characteristic of the stand, | low P | low P | stand. | stand. | low P
o wo o [ERT e WA e | Ee0
Conditioning ALHR (k%/m) 25 25 20 20 20 23
Conditioning timethr) 24 22 22 39 27 24
Ramp rate(k¥W/m*nin) 2.5 2.5 2.5 0.092 2.5% 2.5
Maximum ALHR{(k¥/m) 50 a0 a0 45 45 47,5
Time kept at Max.ALHR(h) 24 24 2% 116 1186 24
Number of power cycling 621 B E—

Ramp rate between 40 and 45 k¥W/m was 0.083 kW/m-min.

Table 4 Results of calculation.

#% Failed after 2 hours kept at maximum power.

Rod No. PW¥R5 PWRG PURI11 PWR13 PYR14 PWRI5
Characteristics of the stand. | low P low P | stand. | stand. | low P
rod chamf. Cycle chamf.

LBY LBU LBU HBU HBU LBU

Max.ALHR (kW/m ) 50 50 50 45 45 47.5
Fuel center temperature(C) | 1814 1825 1838 1644 1643 1735
Fission gas release (%)

{calculation) 12.5 12.5 13.0 7.4 7.5 8.5
Fission gas release (%)

measurement 23.5 12.8 —_— 18.9 18.1 16.2
Creepdown at the end of
base irradiation (um 24 32 33 31 32 35
{calculation)
Creepdown at the end of
base irradiation {um) 12 31 40 3l 30 33
{measurement)
Max. tensile stress of
cladding (¥Pa) 155 190 206 188 192 165
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Table 5 Cladding diameter increase during ramp test.
Characteristic of reod Fuel dia.increase (um) LHR during
press, | shape burnup measurement | calculation %ia}$§as.
P¥R5 stand, | dish low 3 13 43.5
PHRE low chanf. low 5 15 43.5
PWR11 low dish low 22 18 43.5
PWR13 stand, | dish high 14 17 39.2
PYR14 stand, | dish high 16 17 39.2
P¥R15 low chamf. low 9 14 41.3
Table 6 Ridge height during ramp test.
Characteristic of rod Ridge height (pm) LKR during
press. | shape burnup measurement | calculatien %iﬁ?ﬁ?as.
PY¥RS stand. | dish low 7 8.2 43.5
PY¥RE low chamf. low 15 8.2 43,5
PWR11 low dish low 14 10.4 43.5
PWR13 stand. | dish high 16 9.6 39.12
FYR14 stand, | dish high 18 9.5 39.2
PWR15 low chamf. low 9 8.2 41.3
Table 7 Effect of pellet shape on cladding defcrmation

during ramp test.

non-chanm. chanfer non-cham. chanfer
short standard standard short (P¥RE)
Creepdown during base
irradiation (um) 32 32 32 © 31
Max hoop stress (NPa) 202 199 204 190
Ridge height(um) | middle 0.2 4.0 3.4 0.8
at Max LNR pel.end 11.¢ 11.6 8.8 11.6




JAERI-M 81027

Table 8 Effect of burnup on fuel behavior during ramp test.

low burnup(P¥RS) | high burnup(PWR13)
Fuel center temperature (C) 1814 1875
Ridge height (um) middle 6.0 7.4
at max LHR pellet end 10.4 6.2
Creepdovwn during base irradiation 24 34
Max hoop stress (MPa) 155 318
Diameter increase at ramp test(um) 21 49
Table § Calculation conditions of each reactor type fuel.
LWR ramp test PYR HBWR
at HBWR
Coolant pressure {(MPa) 15 15 3.4
Coolant temperature (C) 285-320 285-320 240
Fast neutron fluzx{n/cm?s) 9.2x102 9x1Qt3 1.2x10%3
Initial rod pressure(MPa) 3.2 3.2 0.1
Enrichment (%) 13 3.1 10

Table 10 Calculation results of each reactor type fuel.

gﬁRﬂgagp test PWR HBYR
Fuel center temperature(C) 1814 1943 2022
Fission gas release (%) 12.5 18.5 25.6
Creepdown at base irr. {um) 24 39 1.0
Hax hoop stress (MPa) 155 284 206
Dia.increase at ramp(um) 26.5 38.3 21,4
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Schematic configuration of the base irradiation rig
in high pressure leoop at HEWR,
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rod inner pressure gauge_ | . diameter gauge no. 2
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eddy current sensor

I A "
Y T A S TRy B XS T Y TP Y

He-3 coil diameter gauge no.1
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. cladding elongation sensor
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Fig. 2 Schematic configuration of the power ramp test rig
in high pressure locp at HBWR.
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Fig. 6 Power distribution in the pewer ramp test rig.
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88 PWRIIFEMAX|I—II 23— FOHEBEIU—TRHICDONT

PWR M FEMAXI— 7 — Fo#@EE s ) — 75813, BEWHLBEAHwTwA A LG UK TH
b, BIFOANEZ Y — 75—k vy ) — 7 OBEARTE LiEANBE 7 — 2ic L FEGH 7 ) —
FORBIAREL T, BTk, Tz ) —73A%5R4,

étotal = éthermal + t.Eirr (A—1)

Eth. = Aete% exp (— AHRT) (A—2)

t::thermal = F;ths (A—3)

F = max [Asegd V7, 1] (A—4)

{::irr = B¢ og (A—=5)
T,

ftotal — &2y — 7EFE ()

¢thermal = #7 |) — 7EEE (W)

¢irr = M) - 7EEE (h)

é ths — EHo Y —TEEE )

T = WEEWRERE K

AH = iEAb T 2 v ¥ — (cal /K *» mole)

R = REFEE (1.987 cal /K « mole)

og = HBZIES (psi)

) = BERE

£ge = BEREYs ) - 7E

] = T E (175 cm® E>»1.0MeV

A, A, Aa, B kn = %Eﬁi bﬁ(@f:fﬁ

o7 —TREANT, "FrHNERMBOHELIT /LT E, 7Y —T 5y v E
2 REICBAFHL G AN %R L, MEIBEEHED - rRICREV O AHBEEe 7 ) - TRARET
b, 7N —TRCHEEECENRESNL DL, COBREOFRIE, Ad#EsEioNs
2, HAERAREO PCT255t, BERBHEO 7 ) -7y vBREKSUEELZIT L0,
TGN —TFTRDT 49T 4 v TRt L) —7E, (A-2) KXo AH %, PWR-13
EPWR-—MUDF— 7 G I L HBL RO, oz ) -7, ChETtHVSAT
Wiz HZ ) = 7R NT 7 ) =750 v A2NS GBS 3t H 5, £ 0T, BRFTIT- 12
WAE7 ) —7F— 4 BT BT EicLD, CoFs ) —7ROEMUEII VT, ®EEIT- 7.
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7O HE AT - 1,
Ek ok AE2 v — T RELITIORT,
e = K" (A—6)
K = exp {—133+ (—0416 + 822 x 10*T) ¢ +6.59 X 10°T} (A=T
m = —1.07 + (—0.0343 +7.27T x 107°T) o +195 x 10T (A—8)
e = Z8i7 U —-7E

g = RFmEH (kg mm?’)
t =B B G
T =& E X

ﬂE?U—Tﬁ%@ME@&ﬂﬁﬁU—Tﬁ,Eﬁu—fﬁ,%ﬁu—fﬂwﬂﬁﬁmﬁﬁ@
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HoAkEWESICR, F7 ) — 7R, WEEeK1 /207 ) - 7RERL, H7 ) - 7KE,
g s FRV—H AETRLT WA,

COERS L, AEr ) —7REB2 ) - TRECH 2 - TATH, WERENRCESS S
LEZ NG, £ ) —TRICBITBIEAKEME 4000 R, 330 °C, 360 °C THELHR
% Fig. A3 U Fig. M iomd, AF7 ) —7RiE, BFRIEIH 100 MPa T 0BG d,
gy ) - 7R E RE—R L, EHGAL 170 MPa DL EOBAIcR, HY V- 7REEVELS
LoTWhbd,

AT v 2RSSR T O R EE R BT B ARG, $50 ~80MPa TH 5
CE D, EBEEEOS Y -7y Y v ORERE s V- TREHAVEOR, ZUTHLELER
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