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4.0 ASSESSMENT OF RADIOLOGICAL CONSEQUENCES

This section addresses the radiological conseguences associated with an HCDA.

These radiological analyses are based on the desian described in Section 2 and

the thermal and structural analyses presented in Section 3. Section 4.1

discusses the development of the radiological source terms considered in the

cases analyzed. A wide range of assumptions on materials initially released

to the RCB is used. Section 4,2 provides the results of radiological

calculations for atmospheric releases. Section 4.3 considers potential

releases to the groundwater., The overall conclusions on radiological

conseguences are provided in Section 4.5. The radiological calculations and
results are based on the heterogeneous core design. 5

4.1 HCDA RADIOLOGICAL SOURCE TERM

The radiological consequences associated with the TMBD8 scenario are based on
a complete core meltdown. The release of radicactive material from the
reactor cavity to the RCB is considered in two parts: an initial release
phase, and a sodium boil-up phase. The types and amounts of radioactivity
released from the RC depend on how much damage occurs to the head as a result
of the HCDA, which in turn, depends on how much energy is assumed to be
released as a result of the HCDA. Four cases, representing varying degrees of
immediate leakage through the head, were evaluated. The first case represents
the best estimate consequence of a hypothetical core disruptive accident.
Subsequent cases assume greater initial releases through the reactor vessel

head.

4-1
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4.1.1 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 immeaiately from the molten fuel. Although no appreciable release
of these nuclides to the RC3B would be expected until after the penetration of
the reactor vessel and guurd vessel and subsequent release through the RC to
RCB vent {beyond 1000 seconds), the radiological analvses 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 RCB atmosphere as the sodium pool boils.

One hundred percent of the halogens (principally I) and the rema‘ning
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 RCB atmosphere in proportion to the sodium vaporization (i.e., no
credit for partitioning).

The term volatile, as used here, refers to the elements Cesium (Cs),
Rubidium (Rb), Tellurium (Te), Selenium (Se), and Antimony (Sb). In
addition to these five, Reference 4-1 includes Xenon (Xe), Krypton (xr),
lodine (1), and Bromine (Br) in the category of volatile fission products.
This report refers to L4ese four additional elements as noble gases (Xe and
Kr) and halogens (1 and Br), but it does recognize the volatility of these
four additional elements as they are also considered to be 100% released
from the molten fuel. References 4-2 and 4-3 present the results of a
study of existing experimental and theoretical data on the volatility of
elements in molten fuel. This study generated a list of volatility factors
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for fission products. These factors represent conservative estimates of
the percent release of elements from molten fuel. The volatility of Xe,
Kr, 1, and Br are given as 100%. The volatility of Cs, Rb, Te, Se, anc Sb
are given as 90%. The next largest volatility factor given is 4% which is
significantly lower than the 90 to 100% values. Elements with factors of
4% and lower are considered in the class of non-volatiles.

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 condilions
associated with the release of volatile fission products from the sodium
pool, residence in the RUB and release from the RCB 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 equilibriun
with the RCB atmosphere (minutes) is short compared to the average
residence time in the RCB (hours). The RCB atmosphere temperature (peak
s9000F , 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
seccnd premise 1s reported in Reference 4-11.

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 pool (Reference 4-4). These
suspended fuel particles would contain a proportionate amount of solid
fission products.

4-3
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Based on a recent survey (Keference 4-5) of experimental data on liquig
carry-over from commercial evaporators and entrainment of solid particles
in the vapor stream from an evaporating 1iquid pool, it was concluded that
the decontamination factor (pertitioning factor) for plutonium particles
woulag be at least a factor of 1000.

Partitioning of soliag fission products in the sodium as it vaporizes is

based on the method summarized in Reference 4-6., The cortiined partitioning
of the fuel anc soaium results in a release of 1% of the total non-volatile
solid fission product inventory. A more detailed evaluation of the overall

solidg fission product release is presentea in Appenaix E.

The fuel release during the sodium boilup phase is estimated by considering

the twu attenuating mechanisms discussed above, i1.e., 15% of the fuel

particulate remaining in suspension following meltdown and reparticulation,

ana a partition factor of 1000. This would result in approximately 320 | 5
grams of plutonium being carried into the RCE atmosphere with the boiling

sodium. See Appendix E for a more detaileo discussion of plutonium release

from the boiling sodium.

Aduitional mechanisms for transporting plutonium from the reactor cavity to
the RCE have been investigated and found to be negligible in comparison to
the 320 grams considered above. These additional mechanisms are also

5
discussed in Appendix E.

The initial release phase and boilup phase source terms described above for
a non-energetic core meltdown are used in Case 1 in Table 4-1.

Post Boil-Dry Phase

After the soCium pool in the reactor cavity has evaporated a bare
fuel/stee] aebris bed is left. Most of the fission product release is
¢ pecteg to occur prior to boil-off (Reference 4-1). Potential mechanisms

O
]
P
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for further release of fission products and plutonium from the dry debris
bed are: (1) surface vaporization; (2) particle levitation; and (3) gas
sparging. The first two mechanisms are considered for plutonium in
Appendix E and are shown to result in a negligible contribution to the
release associated with the boiling sodium pool. The volatile fission
products are assumed to have been completely released. The non-volatile
fissi0n products have vapor pressures similar to or lower tnan the vapor
pressure of fuel (Reference 4-4). 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 release of fission products and plutonium due to gas sparging has also
been evaluated (see Appendix E). The results of this 2valuation show that
those products whose releases are enhanced the most by sparging are the
more volatile products which the analysis already consigers to be totally
released. The release of the other less volatile products by sparging is
accounted for by the 1% release fraction assigned to tne 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 26 grams over a
several month period and this has been assumed to be released to the RCE.
The evaluation of this additional plutonium source is discussed in Appendix
E. Assuming a 99% tilter efficiency ana taking credit for aerosol fallout
and plate-out, about 0.1 gram of plutonium could be released to the
atmosphere over a several month period beginning at sodium boildry (v 5
days) after the start of the accident.

4.1.2 Energetic HCDA

Initial Release Phase

The case described in Section 4.1.1 is based on the expected .onsequence of
a hypothetical core disruptive accident; namely a non-energetic -ondition
and consequently, no significant immegiate release of sodium or

8
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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 analyzed (Case 2 in Table 4-1) is similar te the expected
case (Case 1) except that an energetic hypothetical core disruptive
accident s assuned. The available work energy, if the fuel vapor were
expanded to one atmosphere, i1s 661 MJ. The fraction of the core inventory
of fuel which is vaporized and transported to the cover gas region as a
vapor 1s conservatively 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 struciure (Reference 4-3), The results of this
analysis inaicate that 7.3% cf the core fuel inventory coula 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 Yimited. To represent this condition, an inmediate
release of 1000 pounds of sodium and gas leak rate of 1000 standard cubic

centimeters per second for the first 1000 seconds are usea.

The combination of the 1000 scc/sec leak rate anag aerosol depletion in the
cover g5 region woula Timit the amount of fuel and fission products in the
initial release phase to 0.026% of the core inventory. This fraction was
assumea to be released at time zero in Case 2 describea in Table 4-1.

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.

.
“
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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 ana fission products in the initial phase, correspongingly iesser
amounts of these products would be present in the sodium boil-up phase.

Ine source terms for these four hypothetical accident scenarios are

sutnmar ized in Table 4-1.

F1ssion product and activation product activity levels are based on the
end-of -equilibrium-cycle core inventory identified in Table 12.1-32 of the
PSAK. Tne enc-of-equilibrium=cycle plutonium inventory was used because it
results in a slightly higher doce value than the
beginning-of-equilibrium-cycle plutonium for an initial core loading of
FFTF grade fuel.

Post Bol I-U."y Phase

The same considerations apply here as discussed in Section 4.1.1,
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4.2 RADIOLOGICAL DOSES FROM ATMOSPHERIL RE'EASES
4.2.1 Methods and Data Base
Aeroso) Depletion

The radiological release fram the RCB to the environment depends on the
concentration of suspended radioactivity in the RCB and the RCB vent rate.
The RCB vent rate (which includes the effect of purging) is varied as
required to maintain the hydrogen concentration at an acceptable level
(«b%) (see Section 3.2.2). The suspended concentration of radiocactivity
in the RCB is a function of the source generation rate, RCB vent rate, and
aerosol deposition rate. The HAA-3 computer code calculates the time
dependent suspended aerosol concentration taking these interacting effects
into account. For a more detailed discussion of the HAA-3 code and its
basis see Appendix D. The rate of aerosol depletion calculated by HAA-3 14
input to the COMRADEX code.

COMRADEX Radiological Analysis

COMRADEX computes the time-rate of release of radioactivity from the RCB,
The COMRADEX calculations include the effects of radioactivity decay and
aerosol depietion within containment, COMRADEX aiso determines, 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.

Meteorology

The atmospheric dispersion parameters (X/Q's) used for the TMBDB evaluation
are provided in Table 4-2. These dispersion factors are based on the "50%
cumulative freguency" (atmospheric dispersion more favorable 50% of the
time) X/Q values (Reference 4-7).

4-8
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4,2.2 Radiological Doses

Using the methods described in Section 4.2.1 the radiological doses at the

Exclusion Boundary (0.42 miles) and the Low Population Zone (2.5 miles)

were calculated for the four different scurce terms gescribed in Section
jSes dre sworar 12ed i Table 4-3,  Tha i, P10 dos

include the plutonium released after boil-dry to 30 deys. Plutonium

release beyond 30 days could result in an additional 0.03 rem to the LPZ

bone surface gose, C(ontrol room doses were providec in Section £.2.15.

Tne 30 day dose conse,uences 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 2.1 rem and the maximum thyruid dose would be about
85 rem. The maximum bone surface dose is about 6.1 rem.

The results also show that the 30 day consequences are not strongly
sensitive to the degree of severity of the initial release source term, As
the initial release to the RCB increases, the rate of aeroscl agepletion
increases which acts as an inverse feedbeck to limit the release from the
RCB. Tne 2 hour duse consequences are somewhat more sensitive to the
magnitude of the initial head release. This is because the aerosol
depletion effects are a somewnat delayed reaction, and therefore do not
reach their full effectiveness until later in the event. The 2 hour dose
consequences of all four cases are still guite low. 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 | through 4, the RCB pressure and temperatures would not result in

failure of the containment barrier,

'able 4-4 compares the conseguences, in terms of curies released, of a
comparable scenario (core meltdown with enough containment leakage to

prevent containment faillure by overpressure) for CRBRP and light water
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4.5 CONCLUSIONS ON RADIOLOGICAL CONSEQUENCES

Radiological releases associated with the TMBDB accident scenario have been
assessed., The consequences of both atmospheric releases and groundwater
releases were considered, To examine the sensitivity of the atmospneric
onseguences to larger releases than expected, several cases of varying
aegrees of severity were evaluated., The results of these analyses show the
radiological dose consequences to be acceptably low and insensitive to the

initial release phase over the range of releases considered,

Grounawater contamination levels resulting from reactor cavity melt-tnrougn
were snown to be lower than the preaicted concentrations foliowing an

assumed LwWK meltdown and even lower tnan tne 10CFR20 MPC values for routine

releases,

[t 1s concluged that the radiological conseauences of a hypotnetical core
disruptive accident would be acceptable considering the nighly improbable

nature of the conditions analyzed.
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TABLE 4-1

CORE SOURCE TERMS RELEASED TO THE PEACTOR CONTAINMENT BUILDING
FOR HYPOTHETICAL ACCIDENT SCENARIOS CONSIDERED

Initial Release Phase Sodium Boil-Up Phase

Case 1 100% Noble Gases 100% Halogens

100% Cs and Rb 100% other Volatile F.P,

1% solid F.P,
0.015% Fye!
1.1 x 10° 1b. of Na
Case 2 100% Noble Gases
100% Cs and Rb
1000 ib. of Na with 100PPB Pu

0.026% Fuel*, Solig F.P.,

100% Halogens

100% other Volatile F.P.
1% solid F.P.

0.015% Fuel

Halogens 1.1 x 10° 1b. of Na
Case 3 100% Noble Gases 1% of remaining 99% of solid F.P.
100% Halogens 0.015% Fuel
160% all Volatiles 1.1 x 10% 1b. of Na
1% Fuel*
1% Solid F.P.
1000 1b. of Na
Case 4 100% Noble Gases 1% of remaining 95% of solid F.P.
100% Halogens 0.015% Fuel
100% all Volatiles 1.1 x 10% 1b. of Na
5% Fuel*
5% Solid F.P.
3300 1b. 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 26 grams of plutonium released from the molten pool, which has
been assumed to be freely transmitted to the &'E over a several month
period and 1s considered the same for all four cases.

=% N iy
*Inc iudes piuton

ium in hlankets and core.
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to sparging is not significant relative to that resulting from tne boiling
sogium pool, Sparging effects after boildry were found to be more
significant as discussed below.

E.4 PLUTONIUM RELEASE AFTER SODIUM BOILDRY

After tne sodium pool in the reactor cavity has evaporatea, a bare
fuel/steel depris melt i1s left. This debris melt continues to decompose the
concrete beneatn it, releasing carbon gioxide and steam whicn bubbles
through the pool. The remaining concrete constituents melt and become mixed

with tne fuel/steel melt as a result of tne bubbling action.

The conditions described above give rise to several possiole moges of
release of plutonium wnich have been investigated. These are: (a)
plutonium vapor transport, (b) plutonium particle levitation, and (c)
plutonium gas sparging. Each of these plutonium release modes will be
adaressed 1n the following paragraphs,

During tne post sodium boildry period communication is assumed between the
reactor cavity and the reactor containment building. This results in a
natural convection current through the cavity. Tne potertial mass transport
of plutonium via this convection depends on the debris temperature and the
convection velocity. Tne debris surface temperature at tne top of the crust
was determined to be ~2500°F. Tue methods and assumptions related to

the calculation of bed surface temperature are discussed in Section 3.2.3.1
of this report. The convection velocity was calculated as follows: First,
tne natural circulation neat transfer rate was calculated (for a specified
PuGg surface temperature) using the correlation in Reference E-8 for nheat
transfer from a hot disk to a large volume of gas. Next, an expression for
the temperature rise of the circulating gas was deriveg as a function of gas
flow rate. Finally, expressions for tne form pressure 10ss were derived and
set egual to an expression for the bDuOyancy pressure driving forces
(acceleration and frictional losses were conservatively ignored). This last

E-4

(Sal









CRBRP-2
Vol. 2, Rev. 5

dissulved plutonium and reducing Somewnat the sparging that coula occur.

Using tne mogel of reterence E-b as before, coupled witn data from reference
E-14 to evaluate the released fraction of plutonium, a sparged plutonium mass
of 23 grams is predicted during tne first 30 days of the event, This amount
15 based on a hignly conservative temperature ot 4500°F for tne molten
concrete and core debris mixture. More realistic temperatures lower than
4500°F woulg greatly reduce tne sparged mass. Beyond 30 aays, anotner 3 grams
of plutonium could be sparged.

The 26 grams of plutonium sparged during the entire course of the event would
be reduced by aerosol effects within the RCB such that less than half woula be
released to thne TMBDB cleanup system. Tne release to the environment woula be
reduced by anotner factor of ~100 by the 99% efficient cleanup system,

leaving only about one-tenth of one gram of sparged plutonium to escape i1nto

the enyironment during the course of the event.

£.5 CONCLUSIONS ON PLUTONIUM RELEASE

An evaluation of potential plutonium release from the reactor cavity to the
RCB guring sodium boiling and following boildry nas been made. This
evaluation ingicates tnat, in addition to that considered in tne initial
release pnase, about 320 grams of plutonium coula be releasea from the boilling
sodium, and about 26 grams could be released to the RCB over a several month

period tollowing boildry due to gas sparging.
E.6 FISSION PRODUCT RELEASE TO THE RCB

The overall release fraction of fission products from the fuel to the RCE
atmosphere 1s the product of the release fraction from tne molten fuel and the
release fraction from tne sodium pool. References E-10 and E-11 present the
results of an evaluation of existing experimental and theoretical data on tne
volatility of elements in molten fuel. Tnis study developed a list of
volatility factors for fission products. Tnese factors represent conservative
estimates of the percent release of elements from molten fuel, The volatility
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of those elements in the categories of noble gases ana halogens is 100%.

Those elements in the category of volatile fission products nhave volatility
factors of 90%. The remaining fission products, in the category of solid
fission products, have volatility factors of 4% or less. Of those in the 4%
group only a few are present in the CRBRP EQEC fission product inventory in
sufficient quantities to be significant. Strontium and barium have factors of
?2%. All other fission proaucts nave factors of l%x. Tnese release fractions

from molten fuel are summarized in Table E-1.

Once releasea from the fuel to the liguiag sodium, adaitional partitioning of
the fission products can occur during vaporization of the sodium. A method
for calculating the extent of fission product release from a sodium pool as a
function of sodium vaporized using the Rayleigh equation is reported in
References E-12 ana E-13.

A.

F] =] (1 - Fha) i

where:
Fy = fraction of a given element released
FNa = fraction of sodium vaporized
A. = parameter for given element (from Ref. E-12)

Reference £-12 shouws that measured values of cesium release from vaporized

sodium agree with values predicted by this method.

The TMBDE base case CACECO analysis indicates that 76% of the soaium pool 1s
vaporized. Using 0.706 for FNa and the Ai values from Reference E-12, the
fraction of fission products released can be calculated for a number of
products of interest. The fractions of these products releasec from sodiun
are given in Table E-2.

For the TMBEDB analysis the overall release of fission products from the molten

fuel to the RCB atmosphere is determined by considering the product of the
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factors in Tables E-]1 and E-2. A complete set of release factors for all
elements is not available; however, values for some elements from each group
are available and were applied to the other elements within the group. The
noble gases are assumed to be released directly from the fuel to the RCB with
no attenuation or delay by the sodium pool. The volatile elements cesium and
rubidium are also assumed to be released with no attenuation or delay by the
souium, The early release of (s and Rb 15 suggestea by Reference £-13 which
show' almost 100% release of these elements before less than 10% of the sodium
ha. vaporized., Table E-2 indicates that on the order of one third of the

iudine, in the form of Nal, would be released from the sodium. It is

conservatively assumed that 100% of the iodine is released as the sodium

vaporizes.

Ot the remaining fission products, the next largest release fraction from the
sodium is 0.074. Applying this factor to the fuel release fractions for the
solid fission product group gives overall release fractions of 0.003 for those
few elements in the 4% group, 0.0015 for Sr and Ba, and 0.0007 for the
remaining majority of the soliag fission products. Thus the largest overall
release of any single solia fission product is about 0.3%.

[he TMbUB radiological analysis conservatively assumes the overall release of
all the solid fission products to be 1% during the socium boiling phase.

The majority of the fission prodgucts reaching the RCB would be in the form of
liguic or solid oxides. Some chemically uncombined fission products may also
be released from the sodium as vapor but would condense in the RCE atmosphere
(Section 4.1.1 discusses the behavior of the volatile fission products).
These fission products would physically co-agglomerate and settle with the
predominately Nazo aerosol. Co-agglomeration of a mixture of aerosocl
products is addressed in Section 4.1.1. A kinetic analysis of the conversion
ot iodine to sodium-iodide shows that on the order of 0.2% of the available
1gdine could rénain in the elemental form and, as such, wouid be less subject

to aerosol depletion and filtration. If the entire 0.2% of elemental jodine
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were released unattenuated by the containment cleanup system, it woula result
in an additional 30 day LPZ dose to thie thyroid of about 40 rem.

E.7 EFFECT OF COZ REACTION WITH NaOH ON FISSION PRODUCT
RELEASE FROM THE RCB

This section adares: 5 the effect of CO2 reactions with airborne NaOH, as it
may affect the behavior and release of airborne radicactivity.

Because of the slow reaction rate of CO2 with NaOH, relative to the high RCB
vent rate during the TMBDE scenario, it is not likely that a significant
amount of CUZ would react with NaUH before being vented. Any CUZ that

does react woula most likely react directly with Na to form ha2CO3. tEven

if an infinite heat transfer coefficient between the reactor cavity atmosphere
and the cell liner is assumec to estimate the CO2 release and all of this

CU; reacted completely with either Na or NaQH, the resulting NazCu3

would be no more than 8% of the total aerosol products. This amount of sodium
carbonate would not have a significant effect on the overall aerosol behavior
and amount of ragioactivity reaching the filter system.

Because of the limited solubility of Na2C03 in water, more water must be
used in a wet filter/scrubber system to remove Na2C03 than would be needed
to remove pure NaQH. Results of the TMBDB Air Cleaning System Pcrformance
Tests as described in Appendix A.7 show that removal efficiencies for

Nai,t‘()3 are comparable to those for other aerosol products (99% or

greater ), when sufficient quantities of water are used. Thus, the formation

of hazco presents no increased radiological conseqguence.
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Tible G.4-2 shows the dose consequences of from 1 to 50% fuel and fission
products released initially without the accompaniment of the sodium which
would be expected to be associated with such initial releases. Here the 2
hour bone surface dose is seen to be in direct proportion to the percent fuel
released. The 2 hour thyroid doses show no benefit from aercsol depletion
during the first two hours. The results in Table G.4-2 show that even for a
50% initial release, with minimal credit for aerosol depletion from sodium,
the dose consequences are not excessive.

Finally, Table G.4-3 shows the effect of reducing the sodium in the initial
release for the case of a 10% fuel and fission product release through the
head assuming an integral containment. The lower bound case of no sodium is
compared to the case with 1,000 pounds of sodium. There is very little
difference in tne 2 hour doses between the 0 and 1,000 pounds of sodium cases
because there is little aerosol depletion during the first two hours. The 30
day doses are slightly higher with no sodium but are not highly sensitive to
the aerosol effects of the initial release. This is due to the 30 day doses
bheing more dependent on the boilup phase of the scenario.

The overall conclusion to be drawn from the results of this analysis is that
the TMBDB scenario is not sensitive to a wide range of initial releases
through the head with an integral containment barrier.

G.4.3 RCB Atmosphere Response To Initial Head Release

CACECO Code Model

The CACECO Code model, descrihed in Section 3.2 and Appendix C.1, was modified
to simulate the initial release of sodium and fuel through the head. To
simulate the initial release of fuel and fission products, the latent heats of
the fuel and various fission products were calculated up to the fuel vapor
point. The energy calculated was then superimposed on top of the decay curve

for a ten second interval. The appropriate partitioning factors were then

B

s

F
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calculated (i.e., code input that distributes decay heat to a designated
cell). Similarly the sodium at 1000°F was assumed to be injected to
containment and burn completely within a ten second interval.

Results

Using the revised CACELU model, the containment conditions computed are liste+
in Tables G.4-1, 2 and 3 for the various cases. Tables G.4-2 and 3 indicate
containment atmosphere temperature and pressure are more sersitive to the
initial sodium release assumed than to the initial fuel release. The most
severe results were found when 7,000 pounds of sodium and 7.5% of the fuel and
solid fission products were assumed initially released to containment., The
cortainment atmosphere temperature and pressure were founc to be 1030% and
24.4 psig. The containment metal temperature is not significantly affected by
the sharp transient in atmosphere temperature because of its large heat
capacity (at 1000 seconds the metal temperature is only !40°F). The
containment could withstand all of the short term transients resulting from
the initial head releases considered.

Conclusions

The calculations indicate that containment integrity after the initial release
of fuel and fission products and sodium is not challenged for a2 wide range of
assumptions. Considering the worst assumption (7,000 pounds of sodium and
7.5% fuel and fission products) containment integrity would be maintained
following the initial head release.The general conclusion is that the TMBDB
scenario has sufficient margin with respect to the amount of sodium and fuel

assumed to be initially released.

G.4-3






2 Hour

£EB

30 Day

LPZ

EFFECT OF INITIAL FUEL AND FISSION PRODUCT RELEASE

TABLE G.4-2

wWITH SODIUM RELEASE FIXED AT 1000 LB.

Bone Surtace
Red Marrow
Lung

Liver
Thyroid

Whole Boay

Bone Surface
Red Marrow
Lung

Liver
Thyroid

wnole Boay

Temperature (9F)

Pressure (psig)

Dose (rem)

Initial Release of Fuel and Fission Products*

1% 5%
6.47 32.1
0.56 2.60
0.72 2.19
0.18 I.44
23.4 23.3
1.09 1.30
2.45 8.17
0.27 0.7¢
0.82 b kS
0.18 U.42
8.13 7.67
1.73 .75

RCB Atmospnere Congitions**

1.49

0.70

270 290
4.6 5.0

310
Oat

50%
320.8
25.5
17.8
12.7
23.3

3.71

70.2
5.68
4.75
3.10
7.21

2.20

450
9.5

*Initial release of noble gases, halogens, and volatile fission products to
RCB = 100%.

**Peak values for 1 hour.
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