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Abstract

The code currently used by NRC’s emergency operations center for making dose projections for
atmospheric releases during radiological emergencies is RASCAL version 3.0.5 (Radiological
Assessment System for Consequence AnaLysis). This code was developed by NRC. The first version was
created about 20 years ago. Since then the code has been undergoing continual improvement to expand
its capabilities and to update the models used in its calculations. This report describes the models and
calculational methods used in RASCAL 3.0.5. This report updates and supercedes the information in
NUREG-1741, “RASCAL 3.0: Description of Models and Methods,” 2001.

RASCAL 3.0.5 evaluates releases from: nuclear power plants, spent fuel storage pools and casks, fuel
cycle facilities, and radioactive material handling facilities.

While RASCAL 3.0.5 operates as a single piece of software, it is really a set of inter-linked modules each
with a different function. These are:

1. Source term: this module calculates a time-dependent source term, which for nuclear power
plants, is composed of about 50 radionuclides including parents and daughters. This module is
unique in the world for its ability to model a wide variety of accidents based on plant conditions
for many different facility types.

2. Meteorological data processor: this module inputs weather observations and forecasts along with
local topography to generate time-dependent wind fields that will transport the plume.

3. Atmospheric transport and diffusion: this module uses the wind fields with a two-dimensional
Gaussian puff model to transport the plume downwind and to calculate concentrations of each
radionuclide as a function of time and location.

4. Dose calculator: this module calculates various types of doses resulting from airborne releases
(TEDE, thyroid, acute, etc.) to individuals at each location from three dose pathways - inhalation,
cloudshine, and groundshine. It also calculates the longer-term intermediate phase doses from
deposited radionuclides. The calculations are completely consistent with the EPA protective
action guide manual and the methods adopted by the Federal Radiological Monitoring and
Assessment Center (FRMAC).

5. Display of results: this module allows the user to display a wide variety of calculated results as
either a picture of the plume footprint on a map background for each of the result types or as
numeric table.

6. Uranium hexafluoride module: for uranium hexafluoride releases, RASCAL contains a heavy gas
model to account for the exothermic reaction with air and gravitational slumping of the plume.
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1 Nuclear Power Plant Source Term Calculations

RASCAL 3.0.5 has a module called “Source Term to Dose” that first calculates a time-dependent “source
term,” for the atmospheric release of radioactive materials. The source term is the rate at which
radioactive material is released from the facility into the atmosphere. The code next calculates the
atmospheric transport and dispersion and the deposition of the radioactive materials that were released.
Finally, the code calculates doses from the cloud shine, ground shine, and inhalation pathways as a
function of location.

This chapter describes how the “Source Term to Dose” module in RASCAL 3.0.5 calculates the time-
dependent source term for nuclear power plant accidents. The methods used in the RASCAL 3.0.5 source

term calculations for nuclear power plant accidents are based largely on the methods described in
NUREG-1228 (McKenna and Giitter 1988).

Before we describe the detailed methods that RASCAL 3.0.5 uses to calculate specific a source term
types, we first describe the nuclear power plant parameters that are used in the calculations.

1.1 Nuclear Power Plant Parameters
1.1.1 Core Inventories

For nuclear power plant source terms based on core damage, the radionuclide inventories assumed to be
in the reactor core are shown in Table 1.1.

The values in Table 1.1 are for low-enriched uranium fuel. The values were derived from Table 2.2 of
NUREG-1228 (McKenna and Giitter 1988). The derivation was done by dividing the fission product
inventories in NUREG-1228 by 3 to convert from Ci/MWe to Ci/MWt, and then rounding to 2 significant
figures. The inventories of nuclides with a half-life of more than one year were scaled up from a burnup
of 18,000 to 30,000 MWD/MTU.

The inventories in NUREG-1228 were derived from the Reactor Safety Study, WASH-1400. Table VI
13-1 of WASH-1400 ranked the nuclides in the core by importance to early health effects. The nuclides
with greater importance for early health effects were included in the NUREG-1228 core inventory list. In
additional, NUREG-1228 added noble gases that had lesser importance for early health effects because
noble gases are the most likely group of fission products to be released to the environment by a nuclear
power plant accident. According to Figure 2-4 of NUREG-1228, the iodine and tellurium nuclides
contribute almost two-thirds of the bone marrow dose for a major nuclear power plant release. Krypton,
cesium, strontium and barium are the other major contributors.
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Table 1.1 Nuclear Power Plant Core Inventory During Operation for Low Enriched Uranium
Fuel (30,000 MWD/MTU burnup)

Nuclide Core Inventory Ci/MWt
Ba-140 5.30e+04
Ce-144 2.80e+04
Cs-134 4.17e+03
Cs-136 1.00e+03
Cs-137 2.67e+03
1-131 2.80e+04
1-132 4.00e+04
1-133 5.70e+04
1-134 6.30e+04
1-135 5.00e+04
Kr-85 3.17e+02
Kr-85m 8.00e+03
Kr-87 1.60e+04
Kr-88 2.30e+04
La-140 5.30e+04
Mo-99 5.30e+04
Np-239 5.50e+05
Reference:

Derived from NUREG-1228, Table 2.2 (McKenna and Giitter 1988) which in turn derived

its table from WASH-1400

Nuclide Core Inventory Ci/MWt
Ru-103 3.70e+04
Ru-106 1.33e+04
Sb-127 2.00e+03
Sb-129 1.10e+04
Sr-89 3.10e+04
Sr-90 2.00e+03
Sr-91 3.70e+04
Te-129m 1.80e+03
Te-131m 4.00e+03
Te-132 4.00e+04
Xe-131m 3.30e+02
Xe-133 5.70e+04
Xe-133m 2.00e+03
Xe-135 1.10e+04
Xe-138 5.70e+04
Y-91 4.00e+04

The inventories in Table 1.1 are based on a burnup of 30,000 MWD/MTU. RASCAL 3.0.5 adjusts the
inventory of radionuclides that have a half-life exceeding one year to account for burnup. The inventory
for the specified actual burnup, /,.,,,,, is calculated only for nuclides with a half-life of more than one
year using the Equation 1.2 below. There is no burnup adjustment for nuclides with a half-life less than

one year.

Leavriner = T30 poo x

BURNUP serar

30,000 MWD MTU

(1.1)

If the reactor is shut down prior to the start of the release, the radionuclide inventories are adjusted to
account for radiological decay and ingrowth. In addition, at the end of each time step, the activities of the
nuclides present are adjusted to account for radiological decay and ingrowth. The minimum activity of a
nuclide allowed in a source term time step is 10™"° Ci.
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1.1.2 Coolant Inventories

RASCAL 3.0.5 uses coolant inventories for some accident types. The concentrations that RASCAL 3.0.5
uses for normal coolant are given in Table 1.2. Those normal coolant concentrations are taken from
ANSI/ANS 18.1-1999. During steady-state conditions, iodine and other fission products may escape from
fuel rods having clad defects and enter the reactor coolant system. Since the internal pressure in the fuel
rod is balanced with the coolant pressure outside the fuel rod during steady-state conditions, the rate of
escape is low. The fission products that do escape into the reactor coolant system are continually
removed by the reactor coolant system purification cleanup resulting in a low equilibrium concentration.

However, if a reactor transient causes the pressure of the reactor coolant system to decrease rapidly, the
escape rate from fuel rods can increase and cause a temporary increase, or “spike,” in the coolant
concentrations. There is also a belief that coolant water can enter fuel rods through cladding defects. If
the reactor coolant system pressure suddenly decreases, this water could leach off iodine and cesium salts
deposited on the inner clad surfaces, increasing the iodine and cesium available for escape during the
transient.

RASCAL 3.0.5 can also calculate an inventory for “spiked” coolant. RASCAL 3.0.5 assumes that the
concentrations of halogens (iodine) and alkali metals (cesium) in the coolant increase by the spiking
factor. RASCAL 3.0.5 uses a default spiking factor of 100, but the user can enter a different value.



Table 1.2 Radionuclide Concentrations in Reactor Coolant

PWR coolant BWR coolant PWR coolant BWR coolant

Nuclide concentration concentration Nuclide concentration concentration
Cilg Cilg Cilg Cilg

Ba-140 1.30e-08 4.00e-10 Mo-99 6.40e-09 2.00e-09
Ce-144 4.00e-09 3.00e-12 Np-239 2.20e-09 8.00e-09
Co-58 4.60e-09 1.00e-10 Ru-103 7.50e-09 2.00e-11
Co-60 5.30e-10 2.00e-10 Ru-106 9.00e-08 3.00e-12
Cs-134 3.70e-11 3.00e-11 Sr-89 1.40e-10 1.00e-10
Cs-136 8.70e-10 2.00e-11 Sr-90 1.20e-11 7.00e-12
Cs-137 5.30e-11 8.00e-11 Sr-91 9.60e-10 4.00e-09
H-3 1.00e-06 1.00e-08 Tc-99m 4.70e-09 2.00e-09
1-131 2.00e-09 2.20e-09 Te-129m 1.90e-10 4.00e-11
1-132 6.00e-08 2.20e-08 Te-131m 1.50e-09 1.00e-10
1-133 2.60e-08 1.50e-08 Te-132 1.70e-09 1.00e-11
1-134 1.00e-07 4.30e-08 Xe-131m 7.30e-07 0
1-135 5.50e-08 2.20e-08 Xe-133 2.90e-08 0
Kr-85 4.30e-07 0 Xe-133m 7.00e-08 0
Kr-85m 1.60e-07 0 Xe-135 6.70e-08 0
Kr-87 1.70e-08 0 Xe-138 6.10e-08 0
Kr-88 1.80e-08 0 Y-91 5.20e-12 4.00e-11
La-140 2.50e-08 4.00e-10
Mn-54 1.60e-09 3.50e-11

Reference: ANSI/ANS 18.1-1999.

1.1.3 Reactor Coolant System Water Mass

The mass of water in the reactor coolant system for each plant is stored in the RASCAL 3.0.5 facility
database. The values are in kilograms of water. The values are converted into gallons for display to the
user by the user interface.

The RCS coolant system water masses were estimated for each reactor. The document ANSI/ANS 18.1

Radioactive Source Term for Normal Operation of Light Water Reactors provided the following
information:
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Reactor Mass of water in reactor vessel Source table
(BWR) or RCS (PWR)

BWR 1.7e5 kg 1
reference at 3,400 MWt

PWR - with u-tube SG 2.5e5 kg 2
reference at 3,400 MWt

PWR with once-thru SG 2.5e5 kg 3
reference at 3,400 MWt

For each reactor, the actual licensed power (MWt) was divided by the reference power (3,400 MWt),
then multiplied by the mass of the water (kg from above table) to estimate the coolant mass.

For example, Beaver Valley Unit 1 (a PWR) had a licensed power of 2,652 MWt. Thus:
(2652 /3400) x 2.5e¢5 = 1.95¢e5 kg of water in the RCS

This method produces only the approximate mass. More accurate site-specific values could be obtained
from plant technical specifications, but the improved accuracy was not thought to be worth the effort.

1.1.4 Reactor Containment Volumes

The containment volumes in the RASCAL 3.0.5 database were taken from NUREG/CR-5640 (Lobner,
Donahoe, and Cavallin, 1990). For PWRs, the volumes are the total containment volumes. For BWRs,
the volumes are the drywell volumes. Units in the database are in cubic feet.

1.1.5 Reactor Power Levels

Reactor power levels are listed in the RASCAL 3.0.5 database in units of MWt. These represent the
maximum power at which the reactor is allowed to operate. This value is used as the default value for
average reactor power but may be changed by the user from the RASCAL 3.0.5 user interface. These
values were originally taken from the U.S. Nuclear Regulatory Commission Information Digest. They
have been updated for RASCAL 3.0.5 to be current with NRC approved power upgrades as of December
2006.

Website: www.nrc.gov/reactors/operating/licensing/power-uprates.html

1.1.6 Fuel Burnup

Two burnup numbers are contained in the RASCAL 3.0.5 database. The first is the average fuel burnup
(MWD/MTU) for each reactor. A value of 30,000 MWD/MTU is used in the database for all reactors.
This represents a core that is roughly two-thirds of the way to end of core life assuming typical current
fuel management practices. The value changes with time and with the mix of old and new fuel in the
core. The value should represent an average over the entire core. The user can change the value if more
information is available, but usually this will not significantly change the calculated projected doses.
This burnup number is used to adjust the available inventory of radionuclides with a half-life greater than
one year (see Section 1.1.1).
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The second burnup number is the average burnup for spent fuel in storage. A value of 50,000
MWD/MTU is used in the database. Again, the user may change the value if a better number is available.
The spent fuel burnup is used to generate source terms for spent fuel accidents using the method in
Section 1.1.1.

1.1.7 Number of Assemblies in the Core

The RASCAL 3.0.5 database contains the number of fuel assemblies in each reactor core. The values are
taken from NUREG/CR-5640 (Lobner, Donahoe, and Cavallin, 1990). The numbers are used only with
spent fuel accident calculations when estimating the source term activity for a fuel assembly (see Chapter
2).

1.1.8 Design Pressure

A design pressure for each reactor containment is included in the RASCAL 3.0.5 database. The values
are in pounds per square inch. The design pressures are taken from NUREG/CR-5640 (Lobner, Donahoe,
and Cavallin, 1990). This value is not changeable by the user from the RASCAL 3.0.5 user interface. The
design pressure is not used in RASCAL 3.0.5 calculations, but the user can compare the actual
containment pressure with the design pressure to determine if the actual leak rate is likely to be near or
below the design leak rate.

1.1.9 Design Leak Rate

A design leak rate for each reactor containment is included in the RASCAL 3.0.5 database. The values
are in percent of containment volume per day at design pressure. The design leak rates are taken from
NUREG/CR-5640 (Lobner, Donahoe, and Cavallin, 1990). This value is not changeable by the user from
the RASCAL 3.0.5 user interface. The design leak rate is the default containment leak rate, but the
RASCAL 3.0.5 user can select any other leak rate more appropriate for a particular accident.

1.2 Source Term Types
1.2.1 Basic Method to Calculate Source Terms

A source term is defined as the activities of each radionuclide released to the environment as a function
of time. The basic method to calculate a source term is to divide the nuclear power plant into
compartments and then calculate the activities entering the compartment and the activities being removed
from the compartment during time steps of fairly short duration. The time steps generally have a 15-
minute duration.

As an example, consider a loss-of-coolant accident after reactor shutdown in which fuel is damaged and
radionuclides are released to the containment and then to the atmosphere. The first compartment is the
fuel. RASCAL 3.0.5 will first calculate the release from the fuel to the containment atmosphere. Since
the reactor is shutdown, no new fission products are being produced. The radionuclide inventory of the
fuel is being depleted during each time step by radiological decay and by release to the containment. In
addition, there will be ingrowth of some radionuclides in the fuel due to the radiological decay of their
parents.
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The second compartment is the containment atmosphere. The activity entering the containment
atmosphere during a time step is the activity released from the fuel during that time step. Activity is
removed from containment atmosphere during the time step by radiological decay, removal processes
(for example, removal by containment sprays), and leakage to the environment.

Time steps may be of varying length. A source term time step starts whenever the user changes any of the
time-dependent data or every 15 minutes, whichever occurs first. Time steps may be no less than 1
minute and must be an integral number of minutes. Before passing the source term to the atmospheric
transport model, RASCAL 3.0.5 converts the source term time steps into 15-minute time steps that start
on the hour because the atmospheric transport models require that regularity.

The remainder of this chapter describes in detail how RASCAL 3.0.5 calculates the time-dependent
source term for various accident types.

1.2.2 Time Core Is Uncovered Source Term

Perhaps the most powerful and important source term type that RASCAL 3.0.5 calculates is based on the
time that the core is uncovered. Almost all of the radioactivity at a nuclear power plant is contained in
fuel rods. A large release is not possible unless many fuel rods are substantially damaged. The only way
this can reasonably occur is by loss of water from the primary coolant system so that the reactor core is
left uncovered by water. If a user estimates how long a reactor core will not be covered with water,
RASCAL 3.0.5 can estimate the amount of core damage that will occur and from that estimate the
activity of each fission product nuclide that will be released from the core.

When a RASCAL 3.0.5 user specifies how long the core is uncovered, RASCAL 3.0.5 will estimate how
much core damage will occur based on the damage timings in Tables 1.3 for BWRs and 1.4 for PWRs.
(Tables 1.3 and 1.4 are taken from Tables 3-12 and 3-13 in NUREG-1465, Soffer et al. 1995.) For
example, if a BWR or PWR core is uncovered for 15 or 30 minutes, the estimated damage is 50% or
100% cladding failure, respectively. If a BWR core is uncovered for 1 hour, the estimated damage will be
100% cladding failure plus 33% core melt.

1-7



Table 1.3 BWR Event Timings and Fraction of Core Activity Inventory Released

BWR core inventory release fraction
Nuclide group

Cladding failure Post-vessel melt-
(gap release Core melt phase through phase
phase) (in-vessel phase) (ex-vessel phase)
(0.5 hr duration) (1.5 hr duration) (3.0 hr duration)
Noble gases (Kr, Xe) 0.05 0.95 0
Halogens (1, Br) 0.05 0.25 0.30
Alkali metals (Cs, Rb) 0.05 0.20 0.35
Tellurium group (Te, Sb, Se) 0 0.05 0.25
Barium, strontium (Ba, Sr) 0 0.02 0.1
Noble metals (Ru, Rh, Pd, Mo, Tc, 0 0.0025 0.0025
Co)
Cerium group (Ce, Pu, Np) 0 0.0005 0.005
Lanthanides (La, Zr, Nd, Eu, Nb, Pm, 0 0.0002 0.005

Pr, Sm, Y, Cm, Am)
Reference: Table 3-12 from NUREG-1465 (Soffer et al. 1995)

The fractions shown in these tables are for the particular phase. They are not cumulative. Thus, the total
fraction of core inventory released in a vessel melt-through accident is the sum of the fractions for
cladding failure, core melt, and vessel melt-through.

The data in Tables 1.3 and 1.4 are the result of an expert elucidation process that considered a range of
severe accident sequences. These release fractions do not envelop all potential severe accident sequences,
nor do they represent any particular accident sequence. However, the timings in Tables 1.3 and 1.4 for
the start of each fuel damage state was based on the accident sequence that could lead to the earliest fuel
failures. The timings and release fractions in Tables 1.3 and 1.4 are essentially based on a large break
loss-of-coolant accident with the reactor at full power and without the operation of emergency core
cooling systems. This situation leads to very rapid uncovering of the core.

However, if there were a small break in the reactor coolant system or the emergency core cooling systems
initially operated successfully, the core will remain covered while the rate of decay heat production
decreases. At lower decay heat production rates, the duration of each release phase is likely to increase
and the release fractions during each release phase may well be overestimated by Tables 1.3 and 1.4.
However, RASCAL 3.0.5 does not adjust its releases to account for that situation. Users of the time-core-
is-uncovered source term option should understand that RASCAL 3.0.5 is likely to overestimate the
speed and magnitude of the release and thus also overestimate the projected radiological doses. RASCAL
3.0.5 users should inform decisionmakers of that fact.
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Table 1.4 PWR Event Timings and Fraction of Core Activity Inventory Released

PWR core inventory release fraction
Nuclide group

Cladding failure Post-vessel melt-
(gap release Core melt phase through phase
phase) (in-vessel phase) (ex-vessel phase)
(0.5 hr duration) (1.3 hr duration) (2.0 hr duration)
Noble gases (Kr, Xe) 0.05 0.95 0
Halogens (I, Br) 0.05 0.35 0.25
Alkali metals (Cs, Rb) 0.05 0.25 0.35
Tellurium group (Te, Sb, Se) 0 0.05 0.25
Barium, strontium (Ba, Sr) 0 0.02 0.1
Noble metals (Ru, Rh, Pd, Mo, Tc, Co) 0 0.0025 0.0025
Cerium group (Ce, Pu, Np) 0 0.0005 0.005
Lanthanides (La, Zr, Nd, Eu, Nb, Pm, 0 0.0002 0.005

Pr, Sm, Y, Cm, Am)
Reference: Table 3-13 from NUREG-1465 (Soffer et al. 1995)

For PWRs, the time the core is uncovered should be the time that the coolant drops below the top of the
active fuel. At this level cladding failure will begin. The gap activity in each fuel rod is released suddenly
when the cladding fails at some location due to overpressure. The rods near the center of the core will
fail earliest with additional rods failing as the core continues to heat. This process takes about half an
hour.

For BWRs, the cladding damage does not start until the water uncovers about 1/3 of the way down the
fuel element. Prior to that time boiling water below will keep the fuel cool enough to prevent melting of
the cladding.

For calculations using the time core is uncovered source term type, RASCAL 3.0.5 will first calculate the

activity released from the fuel to either the containment atmosphere or to the coolant as appropriate for
the release pathway that the user has selected. The equation is

A:(k) = I AF:(k) (1.2)
where
I, = the core inventory of radionuclide i
AF (k) = the available fraction of the inventory of radionuclide i available for release from the fuel

during time step k

To illustrate how AF(k) is calculated, consider a PWR for the fourth 15-minute time step (45 minutes to
60 minutes), during which time we are entirely in the core melt phase. During the core melt phase, 95%
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of the noble gases would be released over 1.3 hours according to Table 1.4.The available fraction for the
release of noble gas activity from the fuel to the containment, AF,,(4), during that fourth 0.25 hour
duration time step would be:

0.95%

AFw(4) = 025k (1.3)

If the user enters a time at which the core is recovered with water, core damage is assumed to stop and
the release of material from the core stops at that time.

1.2.3 Ultimate Core Damage State Source Term

The user can specify the maximum damage that is expected to occur by selecting a core-damage state
directly. The state that is selected will establish the source term. The user can select: normal coolant
activity, spiked coolant activity, or 1 to 100% cladding failure.

The user also selects the time at which the maximum damage is expected to occur. For example, if the
user believes that a maximum damage of 10% cladding failure may occur, the user enters the time at
which he believes 10% of the cladding will have failed.

Normal Coolant

For normal coolant releases, RASCAL 3.0.5 uses the coolant concentrations from Table 1.2 decayed
from the time of shutdown to the time entered as the point of maximum damage.The reactor coolant
system inventory /, is the concentration of radionuclide 7 times the total coolant mass.The available
fraction for release is the mass of coolant escaping during the time step divided by the total coolant mass.

Spiked Coolant

Spiked coolant may be seen following reactor shutdown, startup, rapid power change, and reactor coolant
system depressurization. Rapid increases in the iodine and other fission-product concentrations in the
coolant as high as 3 orders of magnitude may occur. The default spiking factor is 100, but the user can
select a spiking factor from 1 to 1000.

For spiked coolant releases, RASCAL 3.0.5 uses the coolant concentrations (Table 1.2). The
concentration of all halogens (iodine) and alkali metals (cesium) in the coolant are multiplied by the
spiking factor.

For both normal and spiked coolant releases, only the steam generator and containment bypass release
pathways is available. The user must specify the mass leak rate at which coolant escapes the reactor

coolant system. Generally, the leak rate can be assumed to be the same as the makeup flow needed to
maintain the water level.

Cladding Failure

For cladding failure, RASCAL 3.0.5 uses available fractions (4Fs) determined from Tables 1.3 and 1.4.
Thus, for example, if the user entered 4% cladding failure for a BWR, the iodine release from the fuel
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would be: core inventory of iodine x 0.04 (fraction of cladding that failed) x 0.05 (the halogen available
fraction for 100% cladding failure in Table 1.3).

In RASCAL 3.0.5, the user can no longer select core melt or vessel melt-through as he could in previous
versions of RASCAL. For accidents proceeding to core melt, the user interface screen tells the user to

use the “time core is uncovered” source term type. For accidents with core melt, the timing of the release
would not be at all realistic using the ultimate core damage state source term option. In addition, while
the user may have a relatively good idea of when core damage may begin, he may have less knowledge of
when the maximum damage will occur. For these reasons, it is required that for accidents that are
expected to proceed into core melt, the use of the “time core is uncovered” source term type should give
more realistic results.

1.2.4 Containment Radiation Monitor Source Term

RASCAL 3.0.5 can use containment radiation monitor readings to estimate source terms that occur
through the containment leakage release pathway. The user enters containment radiation monitor
readings and the times of the readings. The entry of multiple readings allows the modeling of core
damage that is progressing with time.

Figures 1.1 through 1.5 show the containment radiation monitor readings that can be expected due to
radionuclides in the containment atmosphere from coolant or core damage. The figures show the
calculated monitor readings at 1 hour and 24 hours after shutdown. These figures are taken from Figures
A.5 through A.12 in RTM-96 (McKenna, et al. 1996). The bars in these figures represent the calculated
containment radiation monitor readings for 1 to 100% of the labeled core-damage state.

The data in these figures were calculated for a reactor power of 3000 MWt. RASCAL 3.0.5 scales the
monitor reading entered by the user to account for the difference in the 3000 MWt reactor power used to
produce the figure and the actual reactor power. This scaled monitor reading, R, is calculated by

3000% ALR
< S itk i

14
FPowear (14

where

MR = the containment monitor reading entered,
Power = the reactor power, MWt.

To estimate a source term from the scaled monitor reading, RASCAL 3.0.5 first determines which figure
should be used based on the containment type and, for BWRs, the monitor location (dry well or wet
well). Next, RASCAL 3.0.5 determines if the data for containment “sprays on” or for “sprays off” should
be used.

RASCAL 3.0.5 then adjusts the data in the figure for the time between shutdown and the monitor
reading. If the hold-up time entered is less than 1 hour, the data for 1 hour is used without adjustment. If
the holdup time is greater than 24 hours, the data for 24 hours is used without adjustment. If the holdup
time is between 1 hour and 24 hours, RASCAL 3.0.5 does a linear interpolation to calculate a new 1 to



100% bar for actual holdup time (the time between the shutdown time and the time of the monitor
reading).

Figures 1.1 to 1.5 show the containment monitor readings for: (1) normal coolant, (2) spiked coolant, (3)
cladding failure, and (4) core melt. If a containment radiation monitor reading exceeds the value of 1%
core melt, RASCAL 3.0.5 assumes that core melt has begun and uses a core melt source term