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ABSTRACT
DE88 002127

The PRISM and SAFR designs, as currently proposed by DOE, are designed
for "inherent", as opposed to "engineered", safety. Brookhaven National
Laboratory is supporting the i n i t i a l NRC review of these advanced LMR con-
cepts.

A loss-of-flow (LOF) accident coupled with a fai lure of the reactor shut-
down system is one of the major safety concerns in the advanced l iquid metal
reactor (LMR) evaluation e f for t . The analysis discussed here covers: 1) p r i -
mary pipe break without pump t r i p , 2) primary coolant pump seizure, and 3)
primary coolant pump coastdown. The analytical modelling and the calculated
thermal and hydraulic behavior are described in deta i l .

DISCLAIMER

This repori was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, tradem irk,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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INTRODUCTION

Both advanced liquid metal reactor concepts PRISM [1] and SAFR [2], cur-

rently being developed by General Electric and Rockwell International, respec-

tively, are designed largely for inherent safety and improved plant licensa-

bility. Brookhaven National Laboratory is assisting NRC to review both de-

signs, in addition to the Modular High Temperature Gas Reactor (MHTGR). Two

major accidents in the LMR design and inherent safety studies are loss-of-flow

(LOF) and loss-of-heat-sink (LOHS) when coupled with a failure of the reactor

shutdown system (RSS). In this paper, BNL studies focusing on various LOF

without scram scenarios are described, including: 1) primary pipe break with-

out pump trip, 2) primary coolant pump seizure, and 3) primary coolant pump

coastdown. All analytical results were performed with the system computer

code MINET [3].

Both PRISM and SAFR are pool-type designs, with all primary components

submerged in a large volume of sodium in the primary tank. The approximate

configuration of the components within the reactor vessel can be inferred from

Figure 1, which is a schematic drawing of our current MINET representation of

both systems (conceptually they are very similar). Primary sodium flows

upward inside the core, heats up and enters the hot pool. Hot primary sodium
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transfers heat into the intermediate loop sodium while flowing down through

the IHXs into the cold pool. The pumps (four electromagnetic in PRISM and two

centrifugal in SAFR) draw sodium from the cold pool and drive it through head-

ers and eight pipes into the inlet plenum and on into the core. There are no

valves in the primary system, and all valves shown in Figure 1 are solely for

simulating postulated breaks. (There are additional features in the MINET

representation for simulating the RVACS/RACS overflow, and leaks into and out

of the containment vessel, but they are irrelevent to this paper.)

The analyses reported here are more refined, at least for the pipe

breaks, than those in the initial calculations, reported in Ref. 4, which used

estimates for the variation of pump head versus flow rate. For the centrifu-

gal pumps in SAFR, the estimated head curve was similar to the head curve that

has since been provided by RI, so the results are little changed. For the

electromagnetic (EM) pumps used in PRISM, the assumption that the head varies

little with flow proved to be erroneous. GE now states that they plan to

operate well out on the head curve, so that the head varies sharply with flow,

assuring a nearly constant flow rate through the pumps. As a result, the

surging of flow through the pumps reported in Ref. 4 no longer occurs, making

the pipe break a more severe occurrence (although still acceptable, apparent-

ly).

In the case of pipe break accident, the diameters of the discharge pipes

are small compared to the space in the cold pools, so that the discharged

fluid is assumed to expand freely into the pools, and the postulated break

occurs near the inlet plenum in one of the pump discharge pipes. The break

model is the double end guillotine break (DEG) with large separation distance,

in which the interaction between the flow discharge from the two sides of the

break is neglected.



For the coastdown analyses, it was assumed that all pumps lost power at

one second, and began to coast down with the time constants stated by RI and

GE. The coastdown of the PRISM EM pumps is due to synchronous machines that

run in parallel during normal operation, and thus are "always" available to

provide a coastdown for the EM pumps.

The pump seizure events assume the instantaneous loss (without coastdown)

of one of the pumps in each design. For PRISM, that means one of the cables

from the synchronous machines to the EM pumps is assumed severed.

The calculated core flow rates in PRISM and SAFR for the three transients

are shown in Figure 2 and Figure 3, respectively. In the calculations, the

pipe break and the pump seizure occur rapidly in 0.1 seconds. Both PRISM and

SAFR would experience a rapid reduction in the reactor flow. In the event of

a pipe break, large flows through "valve" 502 come from both the pump outlet

header and from the inlet plenum (reversing the flow in pipe 6). In partial

compensation, the flows through the seven unaffected pipes (labelled 3 and 4

in Figure 1) increased somewhat. However, this was limited, as the head drops

off with increasing flow. Thus, for the pipe breaks, the reactor flow in

PRISM is reduced to 58% full flow, and for SAFR it falls to 73%. In the pump

seizure event PRISM (one of four pumps seize), the reactor flow is reduced to

53% and, for SAFR (one of two pumps seize), to 35%. PRISM thus benefits from

having four, rather than two pumps* In the results of the pump trip and

coastdown, both PRISM and SAFR have similar reduction in core flow.

The significance of this study is that the loss of power to the pumps is

not necessarily the worst case loss-of-flow event. The reactivity feedbacks

require time to bring the power down in the PRISM and SAFR LOF events. Analy-

ses by GE and RI have indicated that the feedbacks do have sufficient time to

work in the coastdown events, although BNL has not yet performed confirmatory



analyses. Of the pipe break and pump seizure events covered in Figures 2 and

3, one stands out as a potential problem; that being the pump seizures in

SAFR, which quickly reduces the reactor flow to 35%. (The other three cases

would require little reduction in power for survivability.) Our next step

will be to feed this reactor flow history into our detailed core model to

determine whether the SAFR reactivity feedbacks can act fast enough to make

this event benign even without scram.
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