
APPLICATION OF AEROSOL TECHNOLOGY IN LMF3R DESIGN*

L. E. Strawbridge and E. H. Hemmerle

Westinghouse Advanced Reactors Division
Madison, Pennsylvania 15663
United States of America

CSNI Specialist Meeting on Nuclear Aerosols in Reactor Safety
Gatlinburg, Tennessee
April 15-17, 1980

ABSTRACT

Aerosol technology is applied in several areas in the safety
assessment of liquid metal fast breeder reactors. This paper
discusses the application of this technology in the assessment
of the Clinch River Breeder Reactor Plant. The importance
of considering aerosol effects is discussed for sodium fires,
the assessment of site suitability and the assessment of the
consequences of accidents beyond the design base such as
hypothetical core disruptive accidents. Areas in which further
development work could have the. most impact are indicated.

*This work was performed under U.S. DOE Contract EW-76-C-15-2395.



APPLICATION OF AEROSOL TECHNOLOGY IN LMFBR DESIGN

1.0 INTRODUCTION

This paper focuses on the application of aerosol technology in the
design and safety assessment of a Liquid Metal Fast breeder Reactor,
specifically the Clinch River Breeder Reactor Plant (CRBRP). By focusing
on the actual application of this technology in a specific plant, guidance
can be provided on the range of parameter values of practical interest.
Furthermore, the importance of considering aerosol effects in the various
safety assessments will be evident. This will permit areas to be identified
where future development work could have the largest benefits in terms of
reducing uncertainties in aerosol phenomenology.

The areas in which aerosol effects are considered in CRBRP safety
assessments include sodium spills in inert and air-filled cells, the
assessment of site suitability (based on a containment source term defined
by the Nuclear Regulatory Commission), the environmental qualification
of equipment, and the assessment of the consequences of accidents beyond
the design base such as hypothetical core disruptive accidents (HCDAs).
This paper specifically considers a large sodium spill in a deinerted cell,
site suitability assessment and HCDA consequences.

The aerosol analyses reported here have used the HAA-3B computer code .
available from the Argonne Code Center. The analytical model accounts for
particle production (source term); Brownian and gravitational agglomeration;
and settling, plating and leakage removal mechanisms. The source-term
particles are assumed to be evenly and instantaneously distributed throughout
the chamber and the particle size distribution is log-normal. The
calculation of radiological doses typically uses the COMRADEX-III computer
codeU], available from the Argonne Code Center. The input to COMRADEX
includes the rate of aerosol depletion as a function of time predicted by
the HAA-3B computer code.

2.0 ACCIDENTS WITHIN THE DESIGN BASE

Aerosol phenomenology is applied to assess the consequences of several
of the design base accidents that have been postulated for CRBRP. This
phenomenology includes both the production and attenuation of sodium and
fuel material aerosols. These aerosols with their associated radioactivity
control the resultant doses to off-site areas, provide hostile environments
for operating equipment in the adjacent areas and impact the operation of
on-site equipment following release to the air through mechanisms such
as their ingestion by safety related equipment (for example, the emergency
diesel generators and the shutdown heat removal system). The Project is
considering the effects of aerosols on the design of safety related
equipment. The discussion here will be limited to the Site Suitability
Source Term and events associated with systems containing primary sodium
coolant. These systems are contained within the Reactor Containment
Building (RCB) or the Reactor Service Building and aerosol release from
these buildings is controlled by confinement and/or filtration.



2.1 SITE SUITABILITY ASSESSMENT

In assessing the suitability of a specific site for the construction
of a nuclear power plant, one of the factors considered is the predicted
radiological doses resulting from a postulated major core release which has
consequences that conservatively envelop all accidents postulated for
evaluation during the design. For CRBRP, the source terms for this
postulated release have been defined by NRC on a non-mechanistic basis. They
consist of the instantaneous release to the RCB atmosphere of 100% of the
noble gases, 25% of the halogens, 1% of the fuel material, and 1% of the
remaining fission products. The total quantity of aerosol material is 90 Kg
of plutonium and uranium-oxide and 5 Kg of fission products. Subsequent to
its release from the core, the aerosol material agglomerates and settles
to the floor or plates out on the walls of the RCB; the radioactivity
decays and a fraction of the suspended material leaks from the building.

The depletion of the airborne aerosol and the amount plated on the
walls and settled to the floor are predicted with the HAA-3B codef1!. The
aerosol source particle distribution is assumed to be log-normal with a
count mean particle radius of 0.1 microns and a geometric mean deviation of
2 microns. The particle density is 10.7 Kg/m3. The RCB design leakage rate
of 0.1% per day is used for the accident duration. The aerosol
mass concentration in the RCB as a function of time is shown in Figure 1.
The initial concentration is 0.9 gm/m^.

Of the total leakage from the RCB, 99% is to the confinement annulus
which encloses the RCB steel shell. This volume is maintained at a negative
pressure with respect to ambient atmosphere. Following RCB isolation in the
event of an accident, the air within this volume is recirculated through
filters and a fraction (less than 30%) of the filtered air is discharged to
compensate for inleakage and to maintain the negative pressure. Of the
remaining 1% leakage from the RCB, 0.6 is leaked directly to the outside
atmosphere and 0.4 is leaked to the RSB. The latter is filtered before
release to the atmosphere.

The off-site exposure from this postulated release is given in Table I.
The dose with the least margin to the established limits is the 2 hour bone
dose at the site boundary. Aerosol depletion has reduced this dose by about
6 percent. Considerable aerosol attenuation occurs in the longer term.
As indicated on Figure 1, less than 1 percent of the initial concentration
remains after 10 days. When the radiological releases are weighted by
the dispersion factors, the 30 day bone and lung doses are reduced by more
than a factor of two as a result of aerosol depletion.

2.2 SODIUM FIRES

A major source of aerosols for CRBRP is the leaking of sodium from
equipment and its subsequent burning. Equipment containing primary sodium
coolant is normally housed in steel lined cells inerted with nitrogen in
which the oxygen concentration is maintained below two volume percent. The
small size of these cells, the limited leakage and the low oxygen
concentration significantly limit the amount of sodium burning and aerosol
generation in the event of a sodium spill.



A major sodium spill from a sodium storage vessel (1.1 x 10 Kg)
when the cell containing it is de-inerted for maintenance operations has
been postulated to evaluate the adequacy of the RCB design. Normal
operating procedures would not permit this large quantity of sodium
to be in the storage vessel when the cell is deinerted. In addition,
access hatches between the cell and the operating floor of the RCB are
assumed open thus making all air above the operating floor available
for sodium burning. (The RCB volume above the operating floor is
1.0 x 10^ m3) . The rate of sodium burning is predicted with the two
cell version of the SOFIRE Code Î J which includes provisions for natural
circulation of the atmosphere between the cell and the upper portions of
the RCB. It has been conservatively assumed that 27 percent of the
sodium monoxide produced is introduced uniformly throughout the upper
region of the RCB. The HAA-3B Code is then used to predict the aerosol
concentration and the COMRADEX-III Code is used to evaluate the off-site
doses. The significant aerosol characteristics for these predictions
are a source particle radius of 0.3 microns, a mean deviation of 2 microns
and a density of 2.27 Kg/m3.

Figure 2 shows the aerosol production rate. The total aerosol
produced is 28,300 Kg. The oxygen concentration in the PCB atmosphere
decreases from 23 percent to 0.7 percent during the 400 lî û s considered.
The aerosol concentration is shown on Figure 3. The peak concentration is
11.5 gm/m3 at 3 hours and remains above 1.5 gm/rn3 at 400 hours. At this
time, the aerosol deposition on the floor of the RCB is 10.8 Kg/m^ and
plateout on the walls amounts to 0.13 Kg/m2.

The off-site exposure resulting from this postulated event is shown
on Table II. The values are low relative to the limits established for
judging acceptability. In developing these doses, it has been assumed
that the radioactivity contained in the aerosol is equivalent to that
contained in the sodium prior to burning and that ten days have elapsed
between the initiation of the accident and full power operation of the
reactor. The sodium considered is the primary coolant drained from the
system to the storage vessel following shutdown.

Aerosol settling has a significant effect on the concentrations within
the RCB. This can be seen from Figure 3. The maximum amount of aerosol
airborne at any time is less than 1150 Kg, as compared to 28,300 Kg of
aerosol introduced into the RCB atmosphere. Significant reduction in the
off-site doses results from this depletion. However, the predicted off-site
doses would still be small compared to the limits even if no aerosol
effects were considered.

The amounts of sodium burning and aerosol production are significantly
lower in the equipment cells when the atmosphere is inerted. The largest
inerted cell within CRBRP has a free volume of 3230 m3. Consumption of all
the contained oxygen would produce less than 300 Kg of sodium monoxide.
While the inerted cells are not specifically designed to retain sodium
aerosols, leakage must be very low (0.36% per day at 2.5 inches of water
pressure differential) to maintain the required cell atmosphere purity
during normal operation. Very little of the aerosol is expected to leak
from such steel lined cells.



2.3 ENVIRONMENTAL QUALIFICATION OF EQUIPMENT

Radiation doses and chemical environments resulting from both the site
suitability assessment and the large sodium fire are being considered in the
development of requirements for the environmental qualification of Class IE
equipment within the RCB. Similar requirements are being developed for
mechanical equipment. For safety related equipment outside the RC3, such
as emergency diesel generators and the shutdown heat removal system, limiting
aerosol conditions arise from consideration of non-radioactive sodium fires
in air environments. These accidents are outside the scope of the present
paper but are being considered in the design of all safety related equipment.

3.0 ACCIDENTS BEYOND THE DESIGN BASE

The study of consequences of accidents beyond the design base in
CRBRP has focused on hypothetical core disruptive accidents. The Project
and the Nuclear Regulatory Commission have agreed that the initiators of
HCDAs can and must be reduced to a probability low enough to justify their
exclusion from the spectrum of design basis accidents. Nevertheless,
prudence dictates that additional measures be taken to reduce residual
risks from potential accidents having a lower probability than design basis
accidents. Accordingly, margins beyond the design base have been included
to mitigate the consequences of such low probability accidents.

The overall approach used in providing margins beyond the design base
has been described in previous papers [4,5] an<j w±i± not be repeated here,
except where information is required to understand the radiological analyses
(includxng aerosol effects) described herein.

The important features that provide margin beyond the design base
and thereby mitigate radiolgoical consequences include:

1. A system that prevents overpressure in the reactor cavity
by venting to the upper part of the reactor containment
building.

2. A system to permit venting and purging of the reactor
containment building to prevent overpressure or excessive
hydrogen concentrations.

3. A containment cleanup system that processes all vented or
purged materials. This cleanup system is designf i to have
a minimum efficiency of 99% for vented materials in the solid
or liquid state and 97% for vapors (Nal, SeC>2 and Sb2O3) subject
to condensation in the cleanup system. No credit is taken
for removal of noble gases in the cleanup system.

3.1 SOURCE TERMS

The calculation of radiological consequences of an HCDA considers the
release to the reactor containment building to occur in phases:

1. An initial release phase that considers potential releases
through the reactor vessel head seals and releases through
the reactor cavity vent within a few hours after reactor
vessel and guard vessel penetration (assumed to occur at
1000 seconds)•



2. A sodium boil-up phase that considers releases during the
time that sodium in the reactor cavity is boiling
(typically 100 to 200 hours).

3. A post sodium boil-dry phase that considers the long term
releases from a molten pool of fuel, fission products and
concrete.

Table III presents source terms for four cases which involve
different initial releases. The initial release depends on the leakage
through the head which, in turn, may depend on the energetics assumed to
be associated with the HCDA. The best estimate of the consequences of an
HCDA in CRBKP is that it would be non-energetic; i.e., no substantial
dynamic loads would be imposed on the reactor coolant boundary. Case 1
in Table III is intended to represent this best estimate case. Cases 2,
3 and 4 are intended to represent more pessimistic assumptions on energy
release and leak paths through the head. Discussion of the bases for the
source terms used in the four cases is provided below.

3.1.1 NON-ENERGETIC CORE MELTDOWN

Initial Release Phase

The initial release phase includes materials that, because of their
physical state or high volatility, are not expected to be retained to an
appreciable extent in the liquid sodium. For a non-energetic meltdown,
100% of the noble gases (Kr, Xe) and 100% of the more volatile elements
(Cs, Rb) are assumed to be released immediately from the molten fuel.
Although no appreciable release of these nuclides to the reactor containment
building would be expected until after the penetration of the reactor vessel
and guard vessel and subsequent release through the reactor cavity vent
(beyond 1000 seconds), the radiological analyses conservatively are based
on the release at time zero.

Boil-Up Phase

During the sodium boil-up phase the non-gaseous radioactivity trapped
in the sodium pool enters the reactor containment building atmosphere as
the sodium pool boils.

One hundred percent of the halogens (principally I) and the remaining
volatile elements (Se, Sb, Te) are assumed to have been released from the
molten fuel, uniformly distributed in the sodium pool, and then released to
the reactor containment building atmosphere in proportion to the sodium
vaporization (i.e., no credit for partitioning).

It was assumed that after release from the sodium pool 100% of the
volatiles will co-agglomerate with sodium based particulates. That
assumption is based on two premises. First, the volatiles are in a non-
gaseous state (i.e., they are either a liquid or solid aerosol) and as such
are capable of agglomerating. Second, an aerosol composed of different
chemical species will coagulate into single aggregates and settle as one
material.



An evaluation of the first premise, based on the physical conditions
associated with the release of volatile fission products from the sodium
pool, residence in the reactor containment building and release from the
building has been made. The volatiles are assumed to be released from the
sodium pool as a gas at a temperature corresponding to the temperature of
burning sodium. The time required for these volatile fission products
to reach thermal equilibrium with the reactor containment building
atmosphere (minutes) is short compared to the average residence time in
the building (hours). The reactor containment building atmosphere
temperature (peak ̂ 900°F, average <750°F over the release period) is well
below the boiling points of the volatile fission products and their oxides
so they would condense to liquids or solids very quickly and have ample
time to agglomerate before being vented. Experimental evidence supporting
the second premise is reported in Reference 6.

The non-volatile fission products would be quenched in the sodium and
form particulates. Based on measurements of particle size distributions in
the ANL M-series tests, approximately 15% of the fuel could exist in
particles small enough to remain suspended in the sodium poolf?]. These
suspended fuel particles would contain a proportionate amount of solid fission
products.

Based on a surveyl°J of experimental data on liquid carry-over from
commercial evaporators and entrainment of solid particles in the vapor
stream from an evaporating liquid pool, it was concluded that the
decontamination factor (partitioning factor) for plutonium particles would
be at least a factor of 1000.

Partitioning of solid fission products in the sodium as it vaporizes
is based on the method summarized in Reference 9. The combined partitioning
of the fuel and sodium results in a release of 1% of the total non-volatile
solid fission product inventory.

The fuel release during the sodium boilup phase is estimated by
considering the two attenuating mechanisms discussed above, i.e., 15%
of the fuel particulate remaining in suspension following meltdown and
reparticulation, and a partition factor of 1000. This would result in
approximately 300 grams of plutonium being carried into the RGB atmosphere
with the boiling sodium.

Post Boil-Dry Phase

After the sodium pool in the reactor cavity has evaporated, a dry fuel/
steel debris bed is left which may then melt into the underlying concrete.
Most of the fission product release is expected to occur prior to this
time^ •*. Potential mechanisms for further release of fission products
and plutonium from the dry debris bed are: (1) surface vaporization;
(2) particle levitation; and (3) gas sparging. Evaluations of the first
two mechanisms indicate that they would result in a negligible contribution
to the plutonium release associated with the boiling sodium pool. The volatile
fission products are assumed to have been completely released earlier. The
non-volatile fission products have vapor pressures similar to or lower than
the vapor pressure of fuelf^J. Thus, like the fuel, no significant fraction
of the remaining fission products would be released from the molten surface
due to the first two mechanisms.



The evaluation of the release of fission products and plutonium due
to gas sparging indicates that those products whose releases are enhanced
the most by sparging are the more volatile products which the analysis
already considers to be totally released. The release of the other less
volatile products by sparging is accounted for by the 1% release fraction
assigned to the non-volatile fission products in the boil-up phase source
term. Plutonium release from the molten pool by sparging could be on the
order of 13 Kg over a several month period and this has been assumed to be
released to the reactor containment building during the post sodium
boil-dry phase. Based on the 99% filter efficiency and taking credit for
aerosol fallout and plate-out in the reactor containment building (but
not in the reactor cavity), about 45 grams of plutonium could be released
to the atmosphere over a several month period beginning at sodium boildry
(̂ 5 days) after the start of the accident.

3.1.2 ENERGETIC HCDA

Initial Release Phase

The case described in Section 3.1.1 is based on the expected consequence
of a hypothetical core disruptive accident; namely a non-energetic condition
and consequently, no significant immediate release of sodium or non-volatile
fission products through the reactor vessel head. Several variations of
the expected case were analyzed using successively more pessimistic assumptions
on the initial releases through the reactor vessel head.

The second case in Table III is similar to the expected case (Case 1)
except that an energetic hypothetical core disruptive accident is assumed.
The available work energy, if the fuel vapor were expanded to one atmosphere,
is 661 MJ. The fraction of the core inventory of fuel which is vaporized
and transported to the cover gas region as a vapor is based on a single
hemispherical bubble model which takes no credit for heat losses from the
bubble while rising through the sodium pool and core structure!!!].
The results of this analysis indicate that 7.3% of the core fuel inventory
could reach the cover gas space in the form of vapor. Since the reactor
vessel, head and primary system are designed to retain their structural
integrity for the dynamic loadings corresponding to the 661 MJ condition,
the immediate releases would still be limited. To represent this condition,
an immediate release of 1000 pounds of sodium and gas leak rate of 1000
standard cubic centimeters per second for the first 1000 seconds are used.

The combination of the 1000 sec/sec leak rate and aerosol depletion in
the cover gas region (which results in very lot* concentration within 100
seconds) would limit the amount of fuel and fission products in the initial
release phase to 0.026% of the core inventory. This fraction was assumed to
be released at time zero in Case 2 described in Table III.

The two additional cases evaluated (Cases 3 and 4) arbitrarily employed
progressively larger initial releases of fuel, sodium, and the less
volatile fission products. These cases were useful to examine the
sensitivity of the consequences to releases that are much larger than expected.



Boil-Up Phase

The release associated with the sodium vapor phase for Case 2 is similar
to that of Case 1. As Cases 3 and 4 were considered more severe and released
more fuel and fission products in the initial phase, correspondingly lesser
amounts of these products would be present in the sodium boil-up phase.
The source terms for these four hypothetical accident scenarios are summarized
in Table III.

Post Boil-Dry Phase

The same considerations apply as discussed for Case 1.

3.2 RADIOLOGICAL DOSE CALCULATIONS

3.2.1 METHODS AND DA?\ BASE

The radiological release from the reactor containment building to the
environment depends on the concentration of suspended radioactivity in the
reactor containment building, the pressure, the vent rate from the building
(including the effects of purging), and the effectiveness of the containment
cleanup system.

The suspended concentration of radionuclides is a function of the. source
generation rate, the containment vent rate and the aerosol deposition rate.
These interacting effects are taken into account using the riAA-3ii computer
code.

The COMRADEX computer code is used to calculate the release of radio-
activity from the reactor containment building, including the effects of
radioactive decay, aerosol depletion (from HAA-3B) and the containment cleanup
system. COMRADEX calculates, as a function of time and downwind location,
doses resulting from direct gamma shine, inhalation of radioactive material,
and cloud submersion taking into account atmospheric dispersion. The
atmospheric dispersion factors for these margin beyond the design base
analyses are based on the "50% cumulative frequency" (atmospheric dispersion
more favorable 50% of the time) values applicable to the CRBRP site.

Dose conversion factors (rem/ci) used in the COMRADEX code to calculate
specific organ doses were taken from References 12 and 13 where possible.
Factors for isotopes not given In these References are from Reference 14.

The radiological analyses consider that the reactor containment building
leaks at a low rate (based on the design leak rate of 0.1%/day at 10 psig)
during the first 36 hours, during which time the normal containment safety
systems are effective. This includes a filter system that filters the
containment building leakage, except for 1% which is assumed to bypass the
filter system. Starting at 36 hours, the containment is vented to atmospheric
pressure and subsequently purged to maintain hydrogen concentrations at
acceptable levels. The vented materials enter the containment cleanup system,
which has the efficiencies defined previously.



3.2.2 RESULTS OF DOSE CALCULATIONS

Using the methods described in Section 3.2.1 the radiological doses at
the Exclusion Boundary (0.42 miles) and the Low Population Zone (2.5 miles)
were calculated for the four different source terms described in Section 3.1.
These doses are summarized in Table IV. The 30 day LPZ doses include the
plutonium released after boil-dry to 30 days. Plutonium release beyond
30 days could result in an additional 10 rem to the LPZ bone dose.

The dose consequences of the four cases that assumed varying degrees
of severity of the hypothetical accident are all quite low for accidents
beyond the design base. For example, the maximum whole body dose is predicted
to be about 3 rem and the maximum thyroid dose would be about 100 rem. Bone
doses are about 30 rem. The 30 day LPZ doses are generally more limiting
than the two hour exclusion boundary doses.

3.2.3 IMPORTANCE OF AEROSOL DEPLETION MECHANISMS

The results in Table IV show that the 30 day LPZ doses are not strongly
sensitive to the degree of severity of the initial release source term.
As the initial release to the reactor containment building increases, the
rate of aerosol depletion increases which acts as an inverse feedback to
limit the release from the reactor containment building. Consequently,
so long as the initial release does not result in failure of the containment
barrier, the radiological consequences are relatively insensitive to the
magnitude of the release. For the full range of releases considered in
Cases 1 through 4, the reactor containment building pressure and temperatures
would not result in failure of the containment barrier.

The dose reduction factors attributed to aerosol depletion mechanisms
are provided in Table V. This shows that the aerosol effects are much more
important when the initial releases are high and this results in a relative
insensitivity of the doses to the initial release.

In addition to the dose reduction provided by aerosol attenuation,
another important aspect of aerosol attenuation is the reduction in the
quantity of material that the containment cleanup system must handle. The
vaporization of the sodium and subsequent chemical reactions in the containment
building result in the production of massive quantities of aerosols.
Considering aerosol attenuation, up to 140,000 kg (300,000 lbs.) may enter
the cleanup system. Without aerosol attenuation, the quantity could be nearly
six times as much and this would have a substantial impact on the design of
the containment cleanup system.

During the post sodium boil-dry phase, the aerosol concentration in
the reactor containment building due to sparged materials from the molten
pool are low and aerosol attenuation processes are less effective than during
earlier times. However, the long term release of plutonium is still reduced
by about a factor of three by aerosol attenuation in the reactor containment
building. Scoping analyses of the effectiveness of aerosol attenuation within
the reactor cavity during the post sodium boil-dry phase indicate that
attenuations of about a factor of three could result. This has not
been included in the current analyses but could be an important area for
future work.



4.0 SUMMARY AND CONCLUSIONS

A reasonable understanding of aerosol phenomenology exists and tools
are available to predict the effect of the principal attenuating mechanisms.
Sufficient comparisons have been made with experimental data to support the
acceptability of the analytic models for most conditions of interest.

The radiological analyses for CRBRP include aerosol effects in a number
of areas. Based on those assessments, the following conclusions and
recommendations are made:

1. For the site suitability assessment, the two hour bone dose
at the site boundary is most limiting and is not sensitive
to aerosol depletion. With the non-mechanistic definition of the
radiological source by NRC for this assessment, little can be
gained by refining the applicable aerosol technology. However,
aerosol attenuation reduces the predicted 30 day lung and bone
doses at the low population zone boundary by more than a factor of
two. Current technology appears adequate for predicting the
attenuation of these low density aerosols.

2. For the major sodium spill in the de-inerted cell within
the RCB, significant reductions in the off-site doses result
from the depletion of aerosols. Considerable margins exist, however,
between the predicted doses and the established limits. Present
technology appears adequate for predicting the consequences of
this event.

3. The aerosol attentuation within the reactor containment
building is important in assessing the consequences of HCDAs.
Non-gaseous releases are reduced by about a factor of six,
which reduces both radiological consequences and the requirements
imposed on the containment cleanup system. A reasonable
data base exists to support these analyses.

4. A large aerosol attenuation within the cover gas space following
an HCDA is predicted. Because of the high density, temperature
and nature of the aerosols, the prediction of attenuation is
uncertain. However, based on comparing Cases 3 and 4 to Case 2
in Tables IV and V, the radiological consequences are not very
sensitive to the initial releases through the head. Therefore,
the reduction of uncertainties in this area is not considered to
have high priority.

5. In the post sodium boil-dry phase, the principal mechanisms for
release is gas sparging from the pool of molten materials. Current
assessments do not consider the aerosol attenuation in the
reactor cavity for these sparged materials and the resulting dose
contribution from these materials is significant. Scoping
calculations indicate aerosol attenuations of about a factor
of three. Further assessments of this area are recommended.
Contributors to the uncertainty in this part of the calculation
include:



A. Uncertainty in the quantity of fuel and fission
products released by sparging and the amount of
other materials (e.g., from molten concrete) that
could contribute to the aerosol. Potential for
crust formation and its effect are also uncertain.

B. Uncertainty in leak paths and surfaces available for
plateout (recognizing that some internal structures
may have failed by this time).

C. Uncertainty in temperature of the reactor cavity
atmosphere and the plateout surfaces, also uncertainty
in the condition of the surfaces (coated with oxides,
etc.).

A combination of analytic and experimental work may be required
to reduce these uncertainties so that credit for aerosol
attenuation in this area can be taken.

6. Attenuation of aerosols as they pass through potential leak paths
has been observed but credit for reduced leakage has not been
taken in the current analyses. This could be important in risk
assessments although the leak paths may not be well defined.
This is considered to be an area for future refinement of the
realistic assessment of highly improbable events.
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TABLE I

OFF-SITE EXPOSURE FOR SITE SUITABILITY SOURC'i TERM

Organ

Bone

Lung

Thyroid

Whole Body**

Dose
CP*

Dose (Rem)

Limits For
Evaluation

15

7.5

150

20

2-Hour
Site Boundary
(0.42 Miles)

9.3

4.1

17.7

3.5

30-Day
Low Population Zone

(2.5 Miles)

5.3

2.3

9.6

1.5

TABLE II

OFF-SITE EXPOSURE FOR RCB SODIUM FIRE ACCIDENT

Organ

Bone

Lung

Thyroid

Whole Body**

Dose (Rem)

Dose Limits For
CP* Evaluation

15

7.5

150

20

2-Hour
Site Boundary
(0.42 Miles)

3.3xl0"5

1.4xlO~4

4.9xlO~4

1.6xlO~5

30-Day
Low Population Zone

(2.5 Miles)

6.1xl0~5

2.5xl0~4

9.0xl0~4

2.9xl0"5

Construction Permit limits are specified by NRC at lower values than
Operating License limits (10CFR100).

**Includes inhalation, external gamma cloud, and direct gamma shine exposures.



TABLE III

CORE SOURCE TERMS RELEASED TO THE
FOR HYPOTHETICAL ACCIDENT

REACTOR CONTAINMENT BUILDING
SCENARIOS CONSIDERED

Case 1

Case 2

Case 3

Case 4

Initial Release Phase

100% Noble Gases

100% Cs and Rb

100% Noble Gases

100% Cs and Rb

454 kg (1000 lb.) of Na
with 100 PPB Pu

0.026% Fuel*, Solid F.P.,
Halogens

100% Noble Gases

100% Halogens

100% All Volatiles

1% Fuel*

1% Solid F.P.

454 kg (1000 lb.) of Na

100% Noble Gases

100% Halogens

100% All Volatiles

5% Fuel*

5% Solid F.P.

1500 kg (3300 lb.) of Na

Sodium Boil-Up Phase

100% Halogens

100% Other Volatile F.P.

1% Solid F.P.
0.015% Fuel
0.5 x 106 kg of Na

100% Halogens

100% Other Volatile F.P.

1% Solid F.P.

0.015% Fuel
0.5 x 106 kg of Na

1% of Remaining 99% of Solid F.P.

0.015% Fuel

0.5 x 106 kg of da

1% of Remaining 95% of Solid F.P.

0.015% Fuel

0.5 x 106 kg of Na

Note: After boil-dry the only significant contribution to the source term
is plutonium release due to gas sparging. This additional source
amounts to about 13 kg of plutonium released from the molten pool,
which has been assumed to be freely transmitted to the RCB over a
several month period and is considered the same for all four cases.

*lncludes plutonium in blankets and core.



2 Hour
Exclusion
Boundary

30 Day
Low
Population
Zone

TABLE IV

DOSE SUMMARY FOR HYPOTHETICAL ACCIDENT
SCENARIOS CONSIDERED

Organ

Bone
Lung
Thyroid
Whole Body

Bone
Lung
Thyroid
Whole Body

Case 1

0.0043
0.0035
0.0067
0.16

32 .1
3.08

99.2
2.98

TABLE V

Doses in

Case 2

0.028
0.0055
0.0096
0.16

32.1
3.09

99.2
2.97

Rem

Case 3

0.93
0.15

11.3
0.24

32.7
2.15
5.31
2.54

Case 4

3.83
0.39
9.51
0.32

33.2
2.15
1.72
2.41

DOSE REDUCTION FACTORS DUE TO AEROSOL EFFECTS
WITHM THE REACTOR CONTAINMENT BUILDING IN
HYPOTHETICAL ACCIDENT SCENARIOS CONSIDERED

2 Hour
Exclusion
Boundary

30 Day
Low
Population
Zone

Organ

Bone
Lung
Thyroid
Whole Body

Bone
Lung
Thyroid
Whole Body

Case 1

1.05
1.01
1.03
1.00

3.0
4 . 1
4.8
2.1

Dose Without Aerosol Effects
Dose With Aerosol Effects

Case 2

1.03
1.01
1.03
1.01

3 . 1
4 .2
4 . 8
2 .2

Case 3

1.03
1.03
1.03
1.01

6 . 3
10.5
93

3.8

Case 4

1.22
1.23
1.22
1.11

19.4
28.1

286
8.5
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Figure 1. Aerosol Concentration in the RCB for Site Suitability Assessment
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Figure 2. Aerosol Production Rate During the RCB Sodium Fire Accident

Figure 3. RCB Aerosol Concentration During the RCB Sodium Fire Accident
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