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BLOWDOWN HYDRAULIC INFLUENCE ON CORE
THERMAL RESPONSE IN LOFT NUCLEAR EXPERIMENT L 2 - 3

- - T<CT'-;F - - 1

by ^•••----r-hJ:^

D. L. Reeder

EG&G Idaho, Inc.
P.O. Box 1625 , \

Idaho Falls, Idaho 83401

'-' Experimental research into pressurized water reactor (PWR) loss-
of-coolant phenomena conducted in the Loss-of-Fluid Test (LOFT)
facility has given results indicating that for very large pipe
breaks the core thermal response is tightly coupled to the fluid
hydraulic phenomena during the blowdown phase of the loss-of-coolant
transient. This summary presents and discusses data supporting this
conclusion.

LOFT Loss-of-Coolant Experiment (LOCE) -L2-3 simulated a complete
double-ended offset shear break of a primary coolant reactor vessel
inlet pipe in a commercial PWR. The LOFT system conditions at
experiment initiation were: fueT rod maximum linear heat generation
rate (MLHGR) of 39.4 +_ 3 kW/m, hot leg temperature of 593 + 3 K, core
AT of 32.2 ̂  4 K, system pressure of 15.06 + 0.03 MPa, and flow
rate/system volume of 25.6 + 0.8 kg/m . These conditions are
typical of those in commercial PWR systems at normal operating
conditions.

The thermal transient of the fuel cladding in the LOFT 1.68-m
core was found to be limited in magnitude by the system hydraulics
within the first 10 s of the blowdown. The peak fuel cladding
temperature in this experiment was 914 K which occurred 4.95 s into
the transient. This temperature is below fuel cladding damage
thresholds. -\
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The system depressurized to the saturation pressure of the fluid

in the hot.channels of the core in about 50 ms, followed by a core

flow reversal at 0.3 s. The hotter fuel rods In the core began to

experience departure from nucleate boiling at 0.94 s, followed by a

rapid increase ('̂ 250 K/s) in fuel cladding temperature which began to

moderate between 1.3 and 2 s with the reestablishment of low magnitude

positive core flow. During this time, the hotter core fluid delivered

to the lower plenum during the initial core flow reversal was migrat-

ing up the downcomer to the broken loop cold leg (BLCL), raising the

temperature to saturation, and causing saturated choking to occur.

The accompanying flow reduction reduced the magnitude of BLCL flow to

below that of the intact loop cold leg (ILCL), allowing a portion of

the ILCL flow to be diverted to the downcomer, lower plenum, and core

regions, and causing a core-wide return to nucleate boiling (RNB)

between 5 and 8.5 s. Following this RNB, the hotter fuel rods began

to dry out at 9s and remained in a dryout condition until quenched by

emergency core coolant (ECC).

ECC filled the lower plenum by 35 s, at which time core reflood

started and proceeded at a rate of, 100 mm/s, completely reflooding the

core by 55 s. The accompanying quench occurred from the bottom up and

the top down, quenching the hotter center region of the core last.

Figure 1 shows a three dimensional' axial temperature profile in the

center fuel module.

The temperature-pressure'history of the fuel rod experiencing the

peak cladding temperature is shown in Figure 2 along with the thres-

holds for cladding deformation. These threshold conditions would have

to have been maintained for 15 s for deformation to occur . The

data did not reach these conditions, and the period of time.near the

thresholds was about 3 s, indicating no cladding deformation occurred

during LOCE L2-3.

The early RNB was directly related to the hydraulic effects of

the saturated choking in the BLCL and subsequent diversion of some

ILCL fluid into the core. These hydraulic effects were seen in LOCE



L2-2 and can be expected in other double-ended cold leg break

loss-of-coolant transients in which a core &T is present and the pumps

are operating. As the phenomena require the ILCL flow to be main-

tained after BLCL saturated choking occurs, the hydraulic influence

may be diminished if power is lost to the primary coolant pumps

coincident with pipe rupture.

The analysis of LOCE 12-3, initiated from nominal operating

conditions, has revealed information pertinent to understanding the

behavior of a reactor operating at normal power conditions that is

subjected to a large break loss-of-coolant transient. Specifically:

(1) The iiydraulic events early in the transient strongly

influence and limit the severity of the core thermal

response.

(2) These hydraulic events can be expected to occur in

double-ended cold leg break loss-of-coolant transients

at higher power densities.

(3) The fuel rod cladding was not damaged in the experiment.

(4) The LOFT ECC system was very effective in reflooding the

core and quenching the fuel rods.
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Fig.-1 Three-dimensional axial profile of cladding temperature in
center fuel module. .



Fig. 2 Temperature and pressure history of fuel rod experiencing peak
cladding temperature during LOCE L2-3 compared with modes of cladding
deformation.


