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Small Break LOCA Analysis of Deouble-Flat-Core HCLWR

% *&
Fujio HIRAGA , Takayuki SUEMURA , Takamichi IWAMURA
Tsutomu OKUBO and Yoshio MURAQO

Department of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken
(Received May 11, 1990)

A double-flat-core high conversion light water reactor (HCLWR) has
been developed at JAERI to improve fuel utilization. The HCLWR has two
pancake-type cores piled up with lower, internal and upper axial blankets.
Fuel rods are arranged in a triangular lattice with p/d = 1.23. The
lengths of each core part and each blanket part are 60 cm and 30 cm,
respectively.

As a part of the thermal-hydraulic feasibility study of the present
design, a small break loss-of-coolant accident {SBLOCA) analysis has
been performed with a best-estimate code J-TRAC. The break location was
selected to be the instrumentation pipes comnnected to the lower plenum
because the highest core temperature was observed in the lower plenum
break test in the LSTF SBLOCA experiments, which were performed under
the ROSA-IV project in JAERI. The break area was corresponding to 0.5%
of the cold leg flow area.

The analytical results showed: (1) Although an intermittent actua-
tion of the accumulator injection system was observed, the water level
in the core was gradually recovered and finally the core recovery was
assured by balancing the safety injection flow rate and the discharge
flow rate. (2) The maximum clad temperature was 1265 K during the tran-

sient. Since the peak clad temperature was much lower than the present
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regulatory limit of 1473 K and the long term core cooling was assured,
the present HCLWR is considered to be feasible from a view point of the
SBLOCA. The moderate temperature rise after dryout is mainly due to the
features of the present design such as the lower axial peaking factor
and the larger water inventory in the upper plenum which leads to the

delay of core dryout and reducing the decay heat level.

Keywords: High Conversion Light Water Reactor, Thermal-Hydraulic Design,
Reactor Safety, Safety Analysis, Small Break 1.0CA, LSTF J-TRAC
Code
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Table 2,1 Besign of double~flat-core HCLWR

Thermal output

Electrical output

Ne. of primary loops

Core height

Lower and upper blanket
Intermediate blanket

No. of fuel assembly

Fuel assembly piteh

Fuel rod outer diameter

Fuel rod pitch

Cladding thickness

Control rod thimble diameter
No. of fuel rods assembly
No. of control red thimble
No. of instrumentation thimble
Equivalent core diameter
Inner diameter of core barrel
Inrer diameter of RPY

Vn/Vr

Discharge burnup

Fissile Pu enrichment

Average conversion ratio

2,432 MWt

810 MWe

3

0.6 xX 2

0.3 m x 2

0.3 m

313 (core), 66 (R-blanket)
235.42 mo

9.5 mm {core), 9.8 m {R-blarnket)
11.7 om

C.57 mm

11.0 mm

372 (core), 397 (R-blanket)
24, assembly -

1/ assembly

4.373 m

5. 28 m

5.85 m

1. 06

56 GWd, 't

~ 10 w/o

0.83
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Fig. 2.1 Pressure vessel of double-flat-core HCLWR
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Table 3.1 Major parameters used in analysis of small break LOCA

Parameter

Condition

lnitial core power

102% of nominal power

Initial core inlet‘temperature

Nominal temperature + 2.2K (564. 4K)

Initial pressure of primary system

Nominal pressure + 0. 21MPa (15.71MPa)

Initial core mass flow rate

1.28 10%%ke/s

Peaking factors

Fo=1. 858
(Fxy=1.608, Fz=1.216)

Reactivity feedback

» Fuel-temp. reactivity-coefficient
» Yoid~fraction reactivity-coefficient
Based on burn-up calculations

See Table 3.3

Core bypass flow through blanket

2% of total mass flow rate

Steam generator

Main steam pressure : B.1MPa
Main feed water flow rate : 455kg/s

Main feed water temperature : 437K

Pressurizer

Volume : 51m® ( Liquid level : 60% )

Accumulator

Liquid volume : 59.1m°

Pressure : 4.13MPa

Safety injection system

Same as 4-loop PWR ( per loop )

— 12i
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Table 3.1 Major parameters used in analysis of small break LOCA (Cont'd)

Parameter Condition

Reactor trip Low pressurizer pressure

( Set point : 12.83MPa Delay : 2sec )

Starting of safety injection Low pressurizer pressure

( Set point : 12.13MPa Delay : 25sec )

Isoration of steam generator at same time as reactor trip
Safety valve Set point : 8.27TMPa

of steam generator Capacity : 500kg/s { per unit )}
Reéctor coolant pump trip at same time

as reactor trip signal generated

Pressure in containment vessel Same as 4-loop P¥R plant
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Table 3.2 Reactivity coefficients used in the analyses

1. Fuel temperature reactivity coefficient

: 1 dKess
T (K) -— —— (1K)
kK d T+
750. -3.26 10°°
1050. ~2.61  107°

2. Void fraction reactivity coefficient

1 dEKere
o _

K da
0.1 -6.11 1072
0.3 -5.21  107°
0.5 -4.62 10°¢
0.7 -6.28 10°°F
0.85 -1.245 107!
0.925 -9.88 107°¢

3. Coolant temperature reactivity coefficient

d Ksfr

1
- = -1.46 107? (1K)
kK dT-
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Fig. 3.1 Break location in LSTF SBLOCA experiments
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TRAC-PF1 model
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Fig. 3.4 Flow regime map used in J-TRAC
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Table 4.1 Chronology of SB-LOCA analysis results

Time Events
(s
] ‘Break of instrumentation pipes at the bottom of pressure vessel
93 ‘Reactor trip signal due to low pressure (<12.83MPa)

+Loas of electric power supply

95 +Reactor scranm
+]golation of S/G secondary side

107 -Actuation signal of safety injection system due to low pressure
(=<12.13MPa)

132 ‘Initiation of safety injection

196 ‘Initiation of decrease in RPV liquid level

313 ‘Two-phase natural circulation

1628 ‘Yoid formation at the top of U-tube in steam generator
2460 -Initiation of flow reversal in hot leg due to the reduction of

water level in U-tube

4155 +Loop seal clearance in loop 2
6532 +Initiation of core dryout
5987 ‘Minimum collapsed water level

(2.975n fros the bottom of RPY)

6244 +Initiation of intermittent actuation of accumulator injection
system due to low pressure (<4.18NPa)

7610 +7-th actuation of accumulator injection system

8113 +Stagnation of water level at the top of upper core due to the
equilibrium between injection and discharge flow rates
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