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WTRLGD : A Digital Program for the Behavior of the
Internal Pressure of a Waterlogged Fuel Rod

By
Masa-aki OCHIAI

Abstract

WTRLGD has been developed to analyze the behavior of the internal pressure of a
waterlogged fuel rod in an assumed RIA (Reactivity Initiated Accident) condition of a light
water reactor or in the experiments simulating RIA (NSRR or SPERT-CDC programs),
and any program for such a purpose has not been reported yet. It is also possible to
estimate the failure threshold of a waterlogged fuel rod with the program as the failure
behavior is directly connected with the rod pressure.

The program is mainly composed of three elements, calculation of the temperature
distribution of a rod, determination of the axial motion of the fluid within a rod and the
evaluation of the fluid state, pressure and specitic volume etc, with the consideration of
cladding deformation. The present report describes the mathematical models, the basic
equations and the method of the numerical calculation for the each element of the prog-
ram, and also the example of the analyses for the NSRR waterlogged fuel rod tests as
the trial application. According to the trial analyses, the program can estimate the failure
threshold of a waterlogged fuel rods within the + 5% discrepancy from the NSRR test
results, thus it is confirmed that the program could be reasonable, at least partially.
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Fig. 1 Standard Test Fuel Rod at NSRR Experiment
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Fig. 3 Model of a Test Fuel Rod for WTRLGD Calculation
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1

2

TITLE :

3 4

Title

5 6 7 8 9 10 11 12 13 14 15 16 17

[ff |14 |I4 |I4 |I4 114! I4| 14| 14 |I4 |I4 II4 lI4 lI4| 14| I4|

2 N1 : Number of radial nodes ( fuel pellet ) N1l,N2 > 3

3 N2 : Number of radial nodes ( cladding ) N1+N2 <50

4 J1 : Number of axial nodes ( gap ) + 1 19 2 J1L > 2

5 K1 : Number of data on transignt power 99 > K1 > 3

6 M1 : Number of data on time steps 20 2 M1 > 1

7 JH : The Jﬁth volume has a penetrating hole JH < Jl+1

8 IGP : Gap heat transfer ( 1;without 2;with radiation )

9 IFLT : Thermal conduction( Bhysical properties are 1;independent of «r.)

2;dependent on
10 MOMNTM: Hydro-dynamics ( Momentum fluxes are <0; neglected .)
{>0; considered}
11 1IAX : Deformation of cladding 1; circumferential stress.
( 2; circumferential and axial
12 MRKG : If IFLT = 1, MRKG = 0 ., If IFLT = 2 , MRKG is number of
nodes for Runge-Kutta-Gill integral.

13 IKK : Print-out of thermal conductivity ( < 3; No , >3; Yes )

14 1ICP H specitic heat (< 3; No , >3; Yes )

15 IRO : density ( £ 3; No , >3; Yes )

16 ICHECK: input data list ( £ 3; No , >3; Yes )

17 IRES Restart ( 0; No Restart 1; Restart Write

2; Restart Read 3; Restart Read and Write )

18 19 20 21 18 19 20 21
D14.0 D14.0 l I4 |I4 I Dl4.0 [ D14.0 | I4| I4 J

18 DLT(I): Time step [sec]

19
20

TT (I):

N (I):

DLT(I),N(I) and NNW(I) are valid till TT(I).[sec]

Fregnency of printing.
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21 NNW(I):

* REMARK

M1l suits of

Number of iteration of calculation on hydrodynamics during

1 time step.

18 v 21 are required.

22 23 23 23 23 23
L, D12.5 D12.5 D12.5 Dl12.5 Dl2.5 D12.5
22 Q0 : Coefficient on heat generation density of a test rod.[Kcal/(m3'
sec)/MW]
23 2 (I): Axial distribution of heat generation; average = 1.0
* REMARK
(J1-1) data are required for Z(I).

24 24 24 24 24 24
LD12.5 D12.5 D12.5 l D12.5 D12.5 D12.5 J
24 PHI(I): Radial distribution of heat generation; average = 1.0

* REMARK

(N1+N2) data

are required for PHI(I).

25 26 25 26 25 26
l, D12.5 Dl2.5 D12.5 Dl12.5 Dl12.5 [ D12.5
25 TAU(I): TAU(I) [MW] is a reactor power at time THT(I) [sec].

26 THT(I):}

* REMARK

K1 pairs of 25 and 26 are required.

27 28 29 30 30 30
| piz2.s D12.5 D12.5 pl2.5 | Di2.5 | pi2.5 |
'~ 27 R10 : Initial radius of pellets[M]
28 R20 : Initial inner radius of claddings[M]
29 R30 : Initial outer radius of claddings[M]
30 I (J): Initial length of the volume at gap region[M]
* REMARK

( J1-1 ) data
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39

31 32 33 34 35 36
D12.5 Dl2.5 D12.5 L D12.5 Dl2.5 Dl2.5 ]
31 VIT : Initial void volume of a test rod [M3]

32 v (1): Volume of the lower plenum o)

33 WIT : Total mass of water withina rod [KG]

34 R : Fraction of the theoretical density of fuel pellet
35 DH : Diameter of a penetrating hole [M]

36 RGMIN : Surface ronghness of cladding [M]

37 38 39 40 41 42
Dl2.5 Dl2.5 D12.5 Dl2.5 Dl2.5 D12.5
37 ROO : Initial density of fuel pellet [KG/M3]

38 ROl : Initial density of cladding [KG/M]

39 EPS : Limit of convergence in Runge=Kutta=Gill

40 TGA : TGAP = TGA*[FUEL + ( 1-TGA)*TCLAD. 0.<TGALL.
41 CRCK : Supuerficial volume increase of a pellet by cracking

42 TFINAL: Final problem time [sec]

43 44 45 46

D12.5 D12.5 p12.5 | Dpl2.5 |

43 CDX : Orifice coefficient at the both ends of gap region
44 G : Gravitational acceleration [M/sec2]

45 CLDWRK: Cold work ( fanction of cross sectional area reduction )

46 PRUPT : Burst pressure of a coadding at room temperature [Kgf/cmzl

47 48 49 50 51 52

D12.5 pi2.5 | pi2.5 | bpl2.s [ piz.s | piz2.s

47 PO : Initial pressure of water inside a rod [Kgf/cmzl

48 TO H temperature [°cl

49 VO : specific volume [m3/Kg]

50 IO H specific enthalpy [Kecal/Kgl

51 KO H thermal conductivity [Kcal/mesec*°C]
52 MO : viscosity [Kg'sec/mzl
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53 54 55 56
[ Dl12.5 Dl12.5 D12.5 D12.5 ]
53 so : Initial entropy of water inside a rod {Kcal/Kg-°C]
54 TCR : Critical temperature of water [°cl
55 PCR 3 pressure [Kgf/cm2]
56 VCR H specitic volume [m3/Kg]
57 58 59 60 61 62
D12.5 Dl2.5 Dl12.5 Dl2.5 Dl2.5 D12.5
57 ARK : Initial thermal conductivity of gas inside a rod [Kcal/mesec+°C]
58 ARM H viscosity [Kg-sec/m2]
59 ARR : density (Kg/m]
60 ARC : specitic heat [Kcal/Kg-°Cl
61 ARS : entropy [Kcal/Kg-*°C]
62 ARL : enthalpy [Kcal/Kg]
63 .
63 NX : Isentropic change exponent of gas inside a rod
64 65 66 67 68 69
L Dl2.5 Dl12.5 Dl12.5 Dl2.5 Dl12.5 Dl1l2.5 J
64 TMG : Temperature of cooling water [°C]
65 PMG : Pressure [Kgf/cmZ]
66 PRMG : Prandtl number
67 GNMU : Kinetic viscosity [Mz/sec]
68 BMG : Coefficient of thermal expansion [/°cC]
69 RMMG : Thermal conductivity [Kcal/mesecs°C]
70 71 72 73 74 75
Dl2.5 [ Dl2.5 Dl2.5 D12.5 Dl12.5 D12.5
70 CPMG : Specitic heat of cooling water [Kcal/Kg+°C]
71 HFMG : Latent heat [Kcal/Kg]
72 DLSB : Sub-cooling temperature [°cC]
73 TSMGF : Saturation temperature [°c]
74 RLMG : Density of saturated water [Kg/m3]
75 RMG : Density of saturated steam [Kg/m3]
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