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ABSTRACT

Representative designs for boiling and pressurized light water reactors
have been reviewed to identify potential sources for short-term buoyant plumes
that might be associated with low probability events at nuclear power plants.
Techniques for evaluating the consequences of the buoyant releases are
described., The techniques are applied to the releases following the
January 25, 1982, steam generator tube rupture at the R. F., Ginna Nuclear Power
Plant, Finally, NRC guidance to licensees is discussed.

Potential sources for radioactive, buoyant plumes at boiling water reac-
tors include main steam line breaks, and breaks in the high pressure core
injection line and residual heat removal system. For pressurized water reac-
tors, the potential spurces of radicactive, buoyant plumes include steam gen-
erator tube ruptures followed by the opening of safety and dump valves, and
breaks in the residual heat removal and letdown lines,

The effluent released in these events will range from superheated steam at
149°C to a steam water mixture at about 100°C, Shortly following release the
effluent will become supersaturated and may condense. Droplet nucleation 1is
likely on any particulate material released with the steam, and the droplets
are likely to fall out of the plume near the release point,

0f the potential buoyant releases, the releases following a PWR steam gen-
erator tube rupture are most amenable to evaluation in general terms, because
they vent directly to the atmosphere, The flows are determined by the ratings
of the valves and the dimensions of the vents. For the other potential
releases, the flows are determined by the specific nature of the breaks in the
lines, Maximum flows can be estimated by assuming complete breaks in the
lines, However, there is no assurance that the breaks would be complete., Fur-
ther, the path between one of these breaks and the atmosphere depends on the
magnitude of the break., If a large break occurs, it is likely that the efflu-
ent will reach the atmosphere by breaching the side of the reactor building,
steam tunnel or turbine building., Otherwise, the effluent would be released
through the normal building ventilation system.
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1.0 INTRODUCTION

A number of low probability events at nuclear power plants, which are less
severe than loss-of-coolant-accidents, have the potential to result in short-
term buoyant releases of radioactive material. These events, including steam
1ine ruptures in boiling water reactors {BWRs) and steam generator tube rup-
tures in pressurized water reactors (PWRs}, are not expected to occur at each
reactor, but they can be expected to occur occasionally within the nuclear
power industry. This report identifies potential sources of short-term, buoy-
ant plumes and evaluates the likely behavior of the plumes near the release
points. It discusses the guidance provided in Regulatory Guide 1.5 (USNRC
1971} on plume behavior assumptions for use in evaluating the radiological con-
sequences of a steam ltine break for BWRs, and it suggests possible guidance for
use in evaluating the consequences of steam generator tube ruptures in PHWRs,

Potential sources of buoyant plumes were identified by examining safety
analysis reports for representative designs for power reactors under construc-
tion or operating in the United States. General Electric, Babcock and Wilcox,
Westinghouse and Combustion Engineering designs were included in the sample.
Steam and hot water lines outside of containment that normally, or could poten-
tially, contain contaminated steam or water were identified. The maximum
release rates, thermodynamic states and the likely pathways from possible
release points - i.e., steam line hreak, safety valves, etc. - to the free
atmosphere were estimated for effluents from these lines, In some cases, the
1ikely pathways could permit significant modification of the effluent prior to
its final venting, These modifications could include reduction of the tempera-
ture and momentum of the effluent and condensation of steam. For those cases
in which no modification is likely, the maximum potential release rates and
thermodynamic states of postulated breaks or flows through valves were used to
estimate plume behavior.

Simple models of plume behavior were used to evaluate the likelihood of
condensation within the plume and plume rise. In these models, mixing between
the plume and the atmosphere is assumed to be a function of distance from the
vent., As the distance from the vent increases, atmospheric conditions become
important,

For those releases with sufficient buoyancy to rise well above heights
normally associated with reactor building complexes, diffusion estimates were
made to a distance of 1 km using standard elevated source diffusion equations.
The plumes were assumed to ariginate at an upwind virtual point source. The
distance to the virtual point source was computed to give diffusion coefficient
values appropriate to the radius of the plume at the final rise height,

The remainder of the report is organized as follows: Sections 2 and 3
provide background infarmation on the steam cycles in nuclear power plants
{both BWRs and PWRs) and on the atmospheric processes related to plume develop-
ment, transport and diffusion. Section 4 discusses releases from BWRs, and
Section 5 treats PWRs, In these two sections the 1ikely release points are

1.1



jdentified, the maximum release rates are estimated, the thermodynamic state of
the effluents is estimated, and the potential pathways to the atmosphere are
outlined, Section 6 evaluates the consequences of the postulated releases once
they reach the atmosphere. Finally, Section 7 discusses guidance for evalua-
tion of potentially buoyant releases.
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