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Preliminary Calculations with Code CONTEMPT-LT for
Spray Cooling Tests with JAERI Model Containment Vessel

Mitsugu TANAKA
Division of Reactor Safety, Tokai Research
Establishment, JAERI

(Received August, 1977)

LWR plants have a containment spray system to reduce the escape of
radioactive material to the environment in a loss-of-¢oolant accident .
(LOCA) by washing out fission products, especially radioiodine, and
condensing the steam to lower the pressure.

For carrying out the containment spray tests, pressure and temperature
behaviour of the JAERI Model Containment Vessel in spray cooling has been
calculated with computer program CONTEMPT-LT.

The following could be studied quantitatively : (1) pressure and
temperature raise rates for steam addition rate and (2) pressure fall rate

for spray flow rate and spray heat transfer efficiency.

Keywords : Light Water Reactor, Reactor Safety, Loss-of-Coolant Accident,
Containment Vessel, Spray, Spray Heat Transfer Efficiency, Temperature,

Pressure, Computer Program
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Fig. 1 Schematic Diagram of The JAERI Model

Containment Vessel

Table 1 Values of Computation Parameters

Spray Flow Rate [m®/hr] 3.5, 20, 40

Steam Addition Rate [ton/hr] 1.5,6.0

Spray Heat Absorption Rate [-] 0.2, 0.4, 0.6, 0.8, 1.0
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Table 2 Principal Input Data for the Computation with the CONTEMPT-LT

1. Containment Vessel Geometry
(1) Gas Phase Volume
(2} Sump Volume

(3) Heat Structure ( Containment Vessel Wall )
Top Head ( Hemisphere )
Stainless Steel
Carbon Steel
Calcium Silicate Board

Stainless Steel

Carbon Steel

Calcium Silicate Board
Bottom Head ( Hemisphere Approximated )}

Stainless Steel

Carbon Steel

Calcium Silicate Board
Thermal Properties

Stainless Steel

Carbon Steel

Calcium Silicate 0.051 keal/m.hr.°C,

702m®

0.864m?

7.0m in diameter
3mm in thickness
10me in thickness
50mm in thickness
Cylinder 7.0 m in diameter and 14.9 m in height
3mm in thickness
19mm in thickness
50mm in thickness

3.87 m in diameter

3mm in thickness
23mm in thickness
50mm in thickness

14 kcal/m.hr.%C, 0.118 kcal/kg.°C, 7820 kg/m?
50 kcal/m.hr.%C, 0.11 kcal/kg.°C,

7850 kg/m®
0.2 kecal/kg. %, 440 kg/m®

2. TInitial Conditions of Containment Vessel

( 3.5 Kg/cm? saturated steam

652 keal/kg )

Pressure 1.033 kg/cm?®
Temperature 25 ¢
Relative Humidity 0.6

" Sump Temperature 25 °c

3. Steam Addition Rate 1.5 ton/hr

4. Spray Water
(1} Flow Rate
{2) Temperature

(3) Spray Heat Absorption Rate

3.5, 20, 40 mi/hr
40 °C
0.2, 0.4, 0.6, 0.8, 1.0

air-to-steam ratio of Uchida

5. Heat Transfer Coefficient at Inmer Surface of Containment Vessel Wall

6. OQutside Air
{1} Pressure
(2} Temperature
(3) - Relative Humidity

1.033 kg/cm?®
25 9%C
0.6

J
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Table 3 List of Figures of Calculated Results

Spray Flow Rate [m®/hr)

3.5 20 40
Pressure Figs. 2 ~.6 Figs., 12 ~16{ Figs. 22 ~~ 26
Temperature Figs. 7 ~~11 | Figs. 17as,21| Figs. 27~ 31

Table 4 Time Required to Raise the JAERI-Model-Containment-Vessel

Pressure to 2.5 [kg/cm?G]

-=;"‘q—ﬁ“hﬁht~__‘_““‘——~—__

Time Required

Steam Addition
. Rate

1.5 ton/hr

87.0 min

6.0 ton/hr

20.8 min

Table 5 Approximate Time Required for The JAERI Model Containment Vessel to Reach

the Steady State from the Spray Start ( 2.5 [kg/cm?G])

Spray Heat Absorption Efficiency [-]

1.0 0.8 0.6 0.4 0.2
3.5 8 hr 9 hr >10  hr >10  hr >10  hr
Spray Flow
20 2 hr 2.5 hr 3.5 hr 4.5 hr 7 hr
Rate [m®/hr] .
40 1 hr 1.5 hr 2 hr 2.5 hr 4.5 hr
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