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This paper presents an analysis of the effect of internals
vent valves in alleviating the potential for core steam
binding and reducing the conventional loss coefficient for

•:• the venting pipework during reflood following a hypothetical
PWR LOCA. The RAP code was used to construct response sur-
faces for the time to quench at the six-foot elevation for
systems with and without the valves.

In evaluating the safety of a pressurized water reactor (PWR), the response

of the engineered safeguards to a hypothetical loss-of-coolant accident (LOCA)

must be assessed. The ultimate impact of a LOCA is primarily governed by the

reflood of the active core region. The emergency core cooling system (ECCS) has

been designed in a manner to insure adequate core reflood in order to minimize

the impact of a LOCA. As a means of further reducing this impact, internals

vent valves have been -introduced as an additional engineered safeguard to pro-

mote reflood of the core. For a double-ended cold leg break (DECL), this study

compares the response of a PWR core with and without internals vent valves.

Following the DECL, decompression of the primary system occurs resulting in

the blowdown of coolant from the reactor pressure vessel. Refill of the lower

plenum of the reactor vessel takes place as blowdown ends and emergency core

coolant is injected into the system. Reflood of the core commences once the

lower plenum has been refilled. At this point, it is assumed that a two-phase

mixture of steam and water passes through the core preceeding the quench front.



-2-

This two-phase mixture flows past the control rod guide tubes, the core support

columns in the upper plenum and out of the reactor vessel through the hot leg

piping to the steam generators. In the steam generators, the two-phase mixture
2is partially evaporated and flows through the pumps to the break.

Due to the relatively long path through which the two-phase mixture must

pass, it is possible that the system could become "steam bound." Steam binding

would reduce the core reflood rate. However, if the system has internals vent

valves in the upper core barrel, steam binding of the core can be alleviated by

allowing the bypass of steam directly to the cold leg piping and the break. The

reduced resistance due to the bypass lowers the conventional loss coefficient

associated with the piping system since the cold leg to the break now forms a

flow path that is parallel to the hot leg loops (intact and broken). Conse-

quently, the reflood rate should be enhanced by internals vent valves.

The time required to quench to the midpoint (TQ6FT) of the active core was

chosen as the basis for the reflood comparison. This time was determined through

use of the RAP computer code which is a best-estimate treatment of the reflood

phenomena. RAP was exercised for a range of core and piping system loss

coefficients. The core loss coefficient, Kc, was allowed to vary from 5 to 15

while the piping system loss coefficient, K$, was varied from 0 to 80. These

global ranges were selected due to the variation associated with an exact de-

termination of the loss coefficients.

The initial reflood conditions were taken from Ref. 4. Accordingly, re-

flood commences at 39 seconds from accident initiation with the initial cladding

wall temperature ranging from 576°K (455 F) at the bottom of the rod to 986°K

(1283 F) at the 2.73 m (7.25 ft) level. The containment back pressure is 0.315

If
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MPa (45.7 psia). The average linear power at accident initiation was 300 kW/m

(9.11 kH/ft) with a middle-of-iife burnup profile. The reflooding water is

subcooled by 78°K (140°F) and the initial water level in the downcomer at the

commencement of reflood is 0.58 m (1.88 ft).

In keeping with Ref. 4, typical 15 x 15 PWR dimensions were considered.

These included a core hydraulic cross sectional area of 5.06 m (53.4 ft )

and a downcomer hydraulic cross sectional area of 3.08 m (32.5 ft ) with the

effective height of the downcomer being 5.02 m (16.3 ft). The nominal fuel

pin diameter was 10.7 mm (0.42 in) and the average flow area/pin was assumed

to be 117 mm2 (.178 in2).

The results of the computer exercises were used to construct response

surfaces of TQ6FT for de-entrainment factors of 0.2 and 0.8. The core and

piping system loss coefficients were used as the independent variables.

Figure 1 shows the response surface for a de-entrainment factor of 0.2 A

de-entrainment factor specifies.the fraction of entrained water in the two-

phase mixture preceeding the quench front that is de-entrained on the upper

core internals. As can be seen, the response surface changes rapidly when Kg

varies from 0 to 60. For a PWR with internals vent valves, Kg is taken to be

about 1 while K_ is around 10. For these K values, the time to quench at the

six-foot elevation is 51.5 seconds. However, for a Kg of 40 and a K of 10,

corresponding to a PUR without internals vent valves, the quench time is 76.7

seconds.

In Figure 2, the response surface for a de-entrainment factor factor of

0.8 is shown. For a given Kc, only minor variations in the quench time are

observed as K. ranges from 0 to 80. However, a large change is seen as K,
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is varied for a given Kg. This is only of limited significance since Kc is not

particularly sensitive to internals vent valves.

The reflood rate profiles for de-entrainment factors of 0.2 and 0.8, Kc

of 10, and K$ of 1 and 40 are illustrated in Figure 3 along with the corres-

ponding downcomer water-level profiles. For a de-entrainment factor of 0.8,

the profiles for PWR's with and without internals vent valves are similar.

As the water level rises in the downcomer due to the accumulator injection, the

potential energy height of the water increases causing the reflood rate to in-

crease. However, after the downcomer is full the potential energy height de-

creases as does the reflood rate. When the de-entrainment factor is taken to

be 0.2 and Kg = 40, the reflood rate initially decreases because the potential

energy height is insufficient to offset the thermohydraulic resistance of the

combined core-pipework system. However, after a few seconds, the height is

great enough and the reflood rate increases until the downcomer is filled as

before. For a de-entrainment factor of 0.2 and Kg = 1, the reflood rate pro-

file is similar to the profiles for a de-entrainment factor of 0.8 due to the

reduced flow resistance through the vent valves. A difference in the profiles

is observed for the first 40 seconds. For larger times, the profiles converge.

The response at these times is also similar to that for a de-entrainment factor

of 0.8.

In summary, the system response of a PUR following a LOCA is sensitive to '

the amount of water de-entrainment from the two-phase mixture. When the de-

entrainment factor is large, internals vent valves do not greatly improve the

reflood rate. However, if de-entrainment is comparatively small, the reflood

rate is significantly improved for a system with internals vent valves.
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Figure 1. Response Surface for a De-entrainment Factor of 0.2
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Figure 2. Response Surface for a De-entra1nment Factor of 0.8
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Figure 3. Reflood Rate and Downcomer Mater
Level Profiles


