
SIMULATION OF LMFBR PUMP TRANSIENTS AND

COMPARISON TO LOF THAT OCCURRED AT E B R - I I

CONF-850410—4

DE85 000089

by

J. F. Koenig and E. M. Dean

Argonne National Laboratory

Idaho Falls, Idaho

The submitted manuscript has been authored ^ ^ Ä
by a contractor of the U. S. Government ^ ^ C ^ *
under contract No. W-31 -109-ENG-38. ^CT^Ä
Accordingly, the U. S. Government retains a Çrt'S^^
nonexclusive, royalty-free license to publish 0^0*%
or reproduce the published form of this (Ê J \.
contribution, or allow others to do so. for ^*^rf^»
U. S. Governmeni purposes. j *^L^\

Abstract Submitted to

International Topical Meeting

on

Fast Reactor Safety

Knoxviiie, Tennessee

April 21-25, 1985



SIMULATION OF LMFBR PUMP TRANSIENTS AND

COMPARISON TO LOF THAT OCCURRED AT EBR-II

by

J. F. Koem'g and E. M. Dean

In a large LMFBR plant design, a number of pumps in parallel will

feed the core. It must be demonstrated that the plant can continue to

operate with the loss of one of the primary pumps. It is desirable not

to have check valves in the loop from a reliability and economic standpoint.

Simulations have been made to determine the consequences of a loss of

one pump in a four-loop pool plant in which no plant protection action

is taken. This analysis would be used to determine the required power

rundown that would accompany pump loss. The two primary centrifugal

pumps in EBR-fl feed the core and blanket plenums in two parallel flow

paths. The loss of one pump will result in decrease core flow and

reverse flow through the down pump since no check valves are present in

the system. For a large pool plant with four primary pumps, the loss of

one pump will also result in reverse flow through the down pump if check

valves or flow diodes are not included. The resulting flow transient

has been modeled for EBR-II and the large plant using the DNSP program.

The primary pumps used in an LMFBR have specific speeds that are

characterized as "medium." A generalized homologous relationship has

been developed to describe the head (or torque)-flow-speed relationship

for operation of the pump in the normal, turbine, reverse, or energy
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dissipation mode. These relations, coupled with the pump inertia and

bearing friction describe the flow coastdown. Although the hydraulics

of DSNP consider the loop inertia, the centrifugal pump coastdown is

controlled primarily by the pump inertia. A DSNP model of a large pool

plant with four primary pumps was used to determine the dynamic response.

The purpose of the analysis was to determine the resulting flow and

thermal transients since the remaining three pumps must supply not only

the remaining core flow but the reverse flow through the down pump. Two

cases were analyzed, the first allowed rotation of the down pump in the

reverse direction. The second incorporated a mechanical device to

prevent the shaft from rotating in the reverse direction. The total

flow through the core resulting from the loss of one pump is shown ir

Fig. 1. For the locked rotor condition the core flow is ^78% of the

normal. If the pump is allowed to reverse speed, the core flow is

reduced to ~78% but increases to ""83% as the down pump picks up speed in

the reverse direction. Therefore, the reduced resistance of the system

with three pumps allowed the flow to increase sufficiently to offset the

reverse flow through the pump and still maintain the core flow greater

than 3/4 of the normal flow. If it is assumed that no plant protection

action is taken during the flow transient, the core exit temperature

will momentarily increase froir. 532°C to 578°C for the case of the locked

rotor. Foe the case where' reverse rotation is allowed, the peak temperature

is slightly less while the "quasi" equilibrium temperature is about 10°C

less. Therefore, a peak temperature transient of ^46°C would occur to

the components exposed to the outlet coolant for a loss of one pump with

no plant protection action. The thermal transient at the intermediate



Fig. 1 Relative Core Flow For Loss of One Pump
For reverse rotation, core flow drops
to locked rotor flow before increasing
as reverse flow increases. (Normal
core flow 16,600 kg/s)
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heat exchanger is lower due to the attenuating effect of the hot plenum.

The average temperature transient would be less if the pump was allowed

to windmill in the reverse direction. The advantage of the lower average

temperature difference must be tempered with the operational difficulties

of starting the pump rotating at -̂ 650 rpm in the reverse direction.

On January 1, 1975, a flow transient occurred at EBR-II in which

the power to one pump was interrupted while the other continued to

operate. The reactor power was tripped 3.3 sec after the interruption

of power to the pump. In this case, the flow transient is more dramatic

than in the case of four pumps. Since the flow meter was unavailable in

one loop, the pump speeds are shown in Fig. 2 for both measured and DSNP

calculations. Pump No. 2 continued to operate at constant speed. The

flow through the No. 2 leg increased as the system resistance decreased.

The core flow rate decreased to 53% of normal before increasing to 66%

as the down pump gained speed in tne reverse direction. Because of the

delayed scram, the temperature increases were modest. The recorded

temperature increases in an instrumented fueled subassembly clad temperature

was ^12°C.

The homologous pump model has been shown to adequately model the

loss of one primary pump in the EBR-II reactor system. This model has

been used to describe the loss of one of four primary pumps and to

calculate the severity of the temperature transient. Results using such

a model can be useful in formulating design decisions to reduce costs,

formulating methods of plant control and possible plant setback operations,

and implement reactor trip functions which allow plant setback operations

as in the case where a single pump trips off.
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FIG 2. Loss-of-flow transient January 1, 1975 comparison
of measured and DSNP calculated pump speeds.
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