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In Reference 1, PSEG Nuclear LLC (PSEG) submitted a license amendment request (H09-01)
for the Hope Creek Generating Station (HCGS). Specifically, the proposed change would modify
License Condition 2.B.(6) and create new License Conditions 1.J and 2.B.(7) as part of a pilot
program to irradiate Cobalt (Co)-59 targets to produce Co-60. In addition to the proposed license
condition changes, the proposed change would also modify Technical Specification (TS) 5.3.1,
"Fuel Assemblies," to describe the specific Isotope Test Assemblies (ITAs) being used.

In References 2 and 3, PSEG submitted responses to an NRC Request for Additional Information

(RAI) on the license amendment request. The NRC provided PSEG with a further RA! (RAI3);

PSEG responded to RAI3 in References 4 and 5. Subsequently, following discussion between

the NRC and PSEG, it was determined that additional information was needed based on the 4 O D (
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Reference 5 response; this additional information is provided in Attachments 1, 2 and 3 of this
submittal.

Attachment 1 provides a description and justification of changes to the LOCA dose calculation
(H-1-ZZ-MDC-1880) since the calculation was reviewed in HCGS Amendment 174. Attachment
1 identifies changes in Revision 4 of the calculation (previously docketed by Reference 5) and
supporting evaluations related to Revision 4. The combined changes are proposed as the new
licensing basis for HCGS. The impact of these changes on GEH NEDC-33529P, Revision 0,
Section 4.3 is also provided in Attachment 1. Specifically the impact to Section 4.3.4 (LOCA)
and Section 4.3.1 (CRDA) is described. Both Section 4.3.1 and 4.3.4 were previously updated in
the response to RAI#17 of Reference 2."

Attachments 2 and 3 provide the supporting evaluations discussed in Attachment 1.
Attachment 4 provides corrections to the proposed TS mark-up pages, previously provided in
Reference 2.

PSEG has also re-assessed the requested amendment approval date of October 1, 2010
provided in Reference 3 and proposes to revise that date to October 11, 2010.

PSEG has reviewed the information supporting a finding of no significant hazards consideration
that was provided in Reference 1. The additional information provided in this submittal does not
affect the bases for concluding that the proposed license amendment does not involve a
significant hazards consideration. No new regulatory commitments are established by this
submittal.

If you have any questions or require additional information, please do not hesitate to contact Mr.
Jeff Keenan at (856) 339-5429.

| declare under penalty of perjury that the foregoing is true and correct.

Executed on ’/ \ °/\°

"(Date)

Sincer

/ C—

Robert C. Braun
Sr. Vice President — Nuclear Operations

Attachments (4)

1 NEDC-33529P was subsequently updated per an Errata and Addendum submitted by PSEG letter LR-N10-0217,
dated June 24, 2010
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Commitment Coordinator — Hope Creek
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EVALUATION OF CHANGES TO ACCIDENT ANALYSES

The Co-60 LAR and subsequent RAI responses address the impact of the Isotope Test
Assemblies (ITA) on the radiological consequences of the loss-of-coolant accident
(LOCA) and the control rod drop accident (CRDA). The previous docketed accident
consequence analyses were based on the license amendment for extended power uprate
(Amendment 174). The accident analyses provided to support the Co-60 LAR are
documented in calculation H-1-ZZ-MDC-1880, Revision 4, and supporting Technical
Evaluations 80102291-0030 and 80102291-0040. The parameters, inputs, assumptions
and results of these current analyses are different from those evaluated in the Safety
Evaluation Report (SER) for Amendment 174. This supplement documents the
differences between Amendment 174 and the current analyses. This involves identifying
the changes (parameters, inputs and assumptions) to the analysis model, evaluating the
effect of each change, and justifying the use of the resulting accident model.

The LOCA analysis is used to demonstrate the adequacy of the Hope Creek engineered
safety features (ESF) systems to mitigate the radiological consequences of a LOCA. The"
analysis includes the evaluation of three potential release pathways following a LOCA:

1. Containment leakage,
2. Post-LOCA leakage from ESF systems outside containment, and
3. Main steam isolation valve (MSIV) leakage.

The changes that are made to each of these pathways are discussed in detail below. In
addition, the effect of the changes to parameters, inputs and assumptions on the following
items is also addressed below:

4. Control Room Model

5. Reactor Core Inventory

6. Co-60 ITA Safety Analysis Report (NEDC-33529P, Section 4.3)
7. Radiological Consequences

Table 1 contains a summary of the major parameters, inputs and assumptions, and
compares the parameters, inputs and assumptions used in the LOCA analysis in
Amendment 174 to those used in the current analysis to support the Co-60 LAR. The
resulting doses at the Exclusion Area Boundary (EAB), the outer boundary of the Low
Population Zone (LPZ) and in the control room (CR) are shown in Table 2. All doses are
within the limits specified in 10 CFR 50.67.

1. Containment Leakage Pathway

The radioactive material released from the core enters the drywell atmosphere and is
mixed in the drywell and wetwell (suppression chamber) volumes. It subsequently leaks
from primary containment to the secondary containment and then leaks to or is exhausted
to the environment. All of the assumptions and parameters used in the Co-60 LAR to
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evaluate the amount of activity released through this pathway remain the same as
Amendment 174 assumptions and parameters, except as indicated below.

Containment Leak Rate

In Amendment 174 the containment leak rate was established as 0.5% per day in
accordance with the plant’s Technical Specifications. At 24 hours following the accident,
the leak rate was reduced by a factor of two to 0.25% per day based on the reduction in
pressure in the containment.

In the Co-60 LAR the assumption of a reduction in leak rate at 24 hours was eliminated.
The containment leak rate is set to 0.5% per day at the start of the accident and remains
constant over the course of the accident (30 days). This is a conservative change in the
containment leakage pathway model since it increases the amount of activity released
from the containment and therefore increases the dose.

Mixing in Primary Containment

In Amendment 174 it is assumed that the activity released to the drywell atmosphere is
instantaneously mixed in the total primary containment volume (the sum of the drywell
and wetwell volumes).

In the Co-60 LAR it is assumed that initially the activity released to the drywell is
uniformly mixed in the volume of the drywell only. After two hours, it is assumed the
activity is mixed in the total primary containment volume. This change was made based
on the recognition that processes that cause mixing between the drywell and wetwell
(e.g., blowdown to the suppression pool, operation of vacuum breakers, etc.) do not
operate continuously, although eventually there should be fairly good mixing between the
two volumes. Assuming that there is no mixing for the first two hours conservatively
accounts for the time dependent nature of the mixing. It is more conservative than the
Amendment 174 assumption since the concentration in the activity released from the
containment is higher for the first two hours, causing an increase in doses.

Plateout of Elemental Iodine on Containment Surfaces

Amendment 174 does not take credit for removal of any activity from the containment
atmosphere, except for removal of aerosol activity by natural deposition. No credit is
taken for the activity that may be removed by the operation of the containment sprays,
even though it is likely they will be operating following a LOCA. The Co-60 LAR also
does not credit operation of the containment sprays for activity removal.

The Co-60 LAR includes the deposition (normally called plateout) of elemental iodine on
the surfaces inside containment in accordance with the guidance of Standard Review Plan
(SRP) 6.5.2. The formulation in SRP 6.5.2, Section II1.4.C.1i., is used to calculate the
containment elemental iodine removal coefficient. The reduction of the airborne
elemental iodine is consistent with the guidance provided in RG 1.183. Specifically,



Section 3.3 of Appendix A of RG 1.183 allows credit for removal of airborne
radioactivity, including both elemental and aerosol radioactivity, inside containment by
natural deposition. The Amendment 174 analysis does take credit for aerosol deposition,
but does not include elemental iodine plateout. The addition of the elemental iodine
plateout is consistent with the regulatory guidance that was applied in Amendment 174.

The chemical properties of the water film (such as the pH) on the wetted surfaces inside
containment are not considered in the plateout model. The technical basis for the
plateout model is described in NUREG/CR-0009. The model does not include any
explicit consideration of the water film and is therefore not dependent on the chemical
properties of the water film. The rationale for not considering the water film is that the
iodine is ultimately absorbed on the surface and is not retained in the water. The water
film layer is too thin to appreciably retard the iodine absorption process on the surface,
regardless of the reactivity of the liquid. Since the iodine is deposited on the surface
rather than absorbed in the water, the potential for re-evolution from the water film is not
part of the model. In addition, the overall absorption capacity of the containment
surfaces is larger than required to absorb all the iodine transported to the surfaces, so re-
evolution of iodine from the containment surfaces is not expected.

The containment spray system may recirculate suppression pool water, which contains
iodine, into the drywell. However, the pH of the suppression pool water will be greater
than 7, which will prevent iodine in the suppression pool water from re-evolving to the
containment atmosphere. Therefore, containment spray water that ends up on the
containment surfaces will not be a source for re-evolution of elemental iodine.

The amount of elemental iodine removed from the containment atmosphere is limited by
a decontamination factor (DF) of 200 as specified in SRP 6.5.2. The DF is intended to
limit the amount of elemental iodine removed from the atmosphere to account for some
re-evolution from the sump or suppression pool. Although re-evolution of elemental
iodine activity deposited on the containment surfaces is not expected, the amount of
elemental iodine removed from the containment atmosphere is limited by the DF of 200.

The use of the elemental iodine plateout model will result in a smaller amount of
radioactivity available for release from the containment. Since this will result in lower
doses, this change to the containment leakage model is non-conservative.

2. Post-LOCA ESF Systems Leakage Pathway

This leakage pathway involves the circulation of suppression pool water in ESF systems
outside the primary containment. The components of the ESF systems are expected to
leak, and the amount of leakage is monitored and controlled by a Technical Specification
required program. All of the assumptions and parameters used in the analysis for the Co-
60 LAR are the same as the assumptions and parameters used in the analysis for
Amendment 174, except as described below.



ESF Leak Rate

Amendment 174 assumes an ESF leak rate of 1 gpm, which is doubled in the ESF
systems leakage pathway model. The Co-60 LAR assumes an ESF leak rate of 2.85 gpm,
which is also doubled in the ESF systems leakage pathway model. The change in leak
rate was made to provide operational margin. The assumed leak rate of 2.85 gpm has
been incorporated as acceptance criteria in Hope Creek’s leakage reduction program,
which is maintained in accordance with Technical Specification 6.8.4.a. The use of a
higher leak rate is conservative since it results in more activity released to the
environment and, therefore, higher doses.

3. MSIV Leakage Pathway

The main steam lines penetrate both the primary and secondary containment boundaries
and therefore represent a release pathway that bypasses secondary containment. The
main steam lines at Hope Creek include the inboard MSIV, the outboard MSIV and the
turbine stop valve (TSV). The post-LOCA flow rate through these valves is based on the
Technical Specification leak test limit of 250 scth, with a maximum leak rate through any
one valve of 150 scth. To be conservative, it is assumed that one steam line ruptures
between the reactor pressure vessel (RPV) and the inboard MSIV. This is referred to as
the failed line. Then it is assumed that the inboard MSIV also fails on the failed line, and
the maximum amount of leakage (150 scth) is through the failed line. The remaining
lines are referred to as the intact lines, and the remaining leakage (100 scth) is through
these lines. All of the assumptions and parameters used in the analysis for the Co-60
LAR are the same as the assumptions and parameters used in the analysis for Amendment
174, except as described below.

Steam Line Volumes

The steam line volume refers to the volume used in the release model. In Amendment
174, the volume of the failed line was based on the shortest steam line, and was the
volume of the steam line between the RPV and the TSV, reduced by the volume between
the inboard and outboard MSIV. For the intact lines, two lines were assumed. The
volumes were based on the next two shortest steam lines and the steam line volumes
between the RPV and the TSV.

For the Co-60 LAR, the failed steam line volume is based on the volume between the
outboard MSIV and the TSV. This change was made to conservatively ignore deposition
in the portion of the steam line that is open to the drywell (i.e., the volume between the
inboard and outboard MSIVs). The drywell atmosphere in this pipe segment may be
reduced by deposition, but the activity could be replaced by higher activity drywell air.
The most conservative approach is to ignore deposition in the volume between the
inboard and outboard MSIVs. Similarly for the intact steam line, the volume is the
volume between the outboard MSIV and the TSV, which conservatively ignores the
steam line between the RPV and the inboard MSIV, which can communicate directly to
the drywell atmosphere, and conservatively ignores the volume between the inboard and



outboard MSIVs. Also, the Co-60 LAR only considers one steam line with a flow rate of
100 scth rather than two steam lines with a flow rate of 50 scth each.

The change in deposition volume has two effects on the MSIV leakage model. First, the
smaller volumes result in a more rapid turnover of the activity in the deposition volume,
decreasing the holdup time and the corresponding decay of radioactivity. This is also the
effect of using a single intact steam line since the total volume of the intact steam lines is
smaller. Second, the effective removal efficiency for the steam line is decreased because
the deposition area of the smaller volumes is smaller. Therefore, these changes to the
steam line volumes are conservative because they lead to an increase in the amount of
activity released and, therefore, an increase in dose.

Steam Line Flow Rates

The steam line flow rates are based on leak testing limits for the MSIVs, which are given
in scth (standard cubic feet per hour). The LOCA analysis for Amendment 174 uses the

Technical Specification limits directly as inputs to the model. These values are based on
standard conditions of atmospheric pressure and temperature (68 °F, 14.7 psia).

The alternative to using the flow rates at standard conditions is to use the flow rates that
correspond to the test conditions that are assumed in the surveillance procedure that is
used to demonstrate compliance with the Technical Specification. This is the
recommended approach in RIS 2001-19. In the analysis for the Co-60 LAR, the leak
rates into the steam lines are adjusted for the peak pressure and temperature in
containment. The resulting change in flow rates is shown in Table 1. The total flow rate
into the steam lines changes from 4.167 cfm (250 scth at standard conditions) to 1.346
cfim (250 scfh at containment conditions). The decrease in flow rate is consistent with
RIS 2001-19; however, it is non-conservative since it results in less activity entering the
steam lines and available for release to the environment.

A similar change is made to the flow rates out of the steam lines to the environment. In
Amendment 174, the total flow rate is 250 scth. In the analysis for the Co-60 LAR, the
flow rate out of the steam lines is based on a steam line temperature of 550 °F and
atmospheric pressure. The steam line temperature of 550 °F is bounding for the
operating steam line temperature of 546 °F identified in the HCGS line index. As
indicated in Table 1, this results in an increase in the flow rate out of the steam lines from
4.167 cfm (250 scth at standard conditions) to 7.966 cfm (250 scth at steam line

_conditions). This is a conservative change to the MSIV pathway model since it decreases
the holdup time in the steam line, resulting in less decay, more activity released to the
environment and higher doses.

In the analysis that supported Amendment 174, the steam line flow rate was set at
maximum values initially and then reduced by a factor of two at 24 hours. As discussed
in the containment leakage model, this was changed in the Co-60 LAR to use the
maximum values for the duration of the accident. This is a conservative change since
more activity is released to the environment, resulting in higher doses.



The net effect of the changes to the MSIV flow rates is non-conservative. The change to
the flow rate out of the steam line is conservative and not reducing the flow rate at 24
hours is conservative, but the non-conservative decrease in flow rate into the steam line is
the more significant change, causing the amount of radioactivity released to the
environment and the resulting doses to decrease.

Steam Line Flow Model

There are two flow models that are commonly used to model the transport of the
containment atmosphere through the steam lines. The first is the plug flow model, which
assumes that all activity that enters the steam line moves at the same flow rate down the
length of the steam line (no mixing). Thus the residence time in the steam line (the
holdup time) is determined by the flow rate and the steam line volume. The second is the
well mixed model described in AEB-98-03. This model assumes that when activity
enters a steam line volume, it is uniformly mixed throughout the volume, so that some of
the activity is available for release immediately from the steam line.

The analysis for Amendment 174 assumes plug flow through the steam lines, whereas the
analysis used to support the Co-60 LAR assumes a well mixed model. Because of the
shorter holdup time for the well mixed model, the change would be conservative because
it results in more radioactivity released to the environment and a higher dose.

Steam Line Deposition Area

The analysis for Amendment 174 assumes the entire internal surface of the steam line is
available for aerosol deposition. Since the primary method for deposition of aerosols is
gravitational settling, it is logical that the deposition would occur only on the bottom of
the steam line. In the analysis used to support the Co-60 LAR, the deposition area was
changed to the projected horizontal area of the steam line, which is consistent with the
guidance provided in RIS 2006-04 and is conservative compared to the total inside
surface area since it decreases the effective removal efficiencies of the steam lines.

Steam Line Deposition Rates and Removal Efficiencies

The analysis in Amendment 174 credits aerosol deposition in the steam lines for the
duration of the accident. In the analysis used to support the Co-60 LAR, credit for
deposition of both elemental and aerosol activity is terminated at 96 hours, even though
the release continues out to 30 days. This is conservative since more activity is released
to the environment resulting in higher doses.

The aerosol effective removal efficiencies are recalculated for the change in steam line
volume indicated above. The aerosol effective removal efficiencies are also a function of
the flow rate through the main steam line. The recalculated aerosol effective removal
efficiencies are based on the flow rate from the steam line to the environment, which is
maximized by using a steam line temperature of 550 °F for the duration of the accident.



For the elemental iodine removal efficiencies, the steam line volumes used to calculate
the removal efficiencies are slightly larger than the volumes used for the aerosol removal
efficiencies. This may be slightly non-conservative, but since the elemental iodine
removal efficiency is based on the ratio of surface area to volume, this effect will be very
small.

The elemental iodine removal efficiencies are also based on the time dependent
temperature in containment. The same time dependent temperature distribution was used
in the analyses for both Amendment 174 and the Co-60 LAR. It is recognized that
initially the steam line will be at a higher temperature than the containment, and that it
will take some time for the steam line temperature to come into equilibrium with the
containment atmosphere. The higher temperature decreases the deposition velocity for
elemental iodine, so not considering the steam line temperature in the evaluation of the
effective removal efficiencies for elemental iodine is non-conservative. To evaluate the
effect of a higher steam line temperature over a longer period of time, an evaluation was
performed using an elemental removal iodine efficiency based on 550 °F for the first 96
hours (no credit is taken for either aerosol deposition or elemental iodine removal in the
steam lines after 96 hours). The extended use elemental iodine removal efficiencies
based on the high steam line temperature causes total dose increases from about 1% for
the control room to about 2% for the EAB. Although the effect is small, it is not
insignificant. '

However, the assumptions used to address the steam line temperature are conservative.
In particular, the flow rate from the drywell into the steam line is based on a constant
temperature of 298 °F for the duration of the accident, even though the drywell
temperature will drop below this value within a few hours. This conservatively
overestimates the amount of activity entering the steam line. The flow rate out of the
main steam line is also based on constant temperature, which is the maximum steam line
temperature, even though this temperature will decrease substantially over the course of
the accident. This produces a conservative estimate of the aerosol effective removal
efficiency. It also produces a shorter holdup time in the steam line, which is
conservative. In addition, although the steam line temperature and pressure will be
higher than the drywell pressure and temperature for the first part of the accident,
inhibiting flow through the steam line, assuming that the maximum flow through the
steam line starts at the beginning of the accident (time = 0) is conservative.

The use of the constant maximum steam line temperature to estimate the elemental iodine
removal efficiencies is conservative since the steam line temperature will drop to drywell
conditions within the first 96 hours of the accident. Using a more realistic steam line
temperature profile will result in an increase in the elemental iodine removal efficiency
which will result in doses that are less the doses calculated for a constant steam line
temperature. Given the small effect of constant temperature elemental iodine removal on
the doses, the use of the drywell temperature profile for the iodine removal efficiency, as
described in Revision 4 of calculation H-1-ZZ-MDC-1880, when combined with the



conservative assumptions described above results in a conservative estimate of the doses
due to releases through the MSIV leakage pathway.

4. Control Room Model

The calculation of the post-LOCA doses to the control room operator includes credit for
the operation of the control room emergency filter system (CREFS). The assumptions
and parameters used in the control room model for the Co-60 LAR are the same as the
assumptions and parameters used in the analysis to support Amendment 174, except as
indicated below.

Control Room Unfiltered Inleakage

The control room unfiltered inleakage use in the analysis to support Amendment 174 is
350 cfm. In the analysis to support the Co-60 LAR, the unfiltered inleakage was
decreased to 250 cfm. The amount of unfiltered inleakage is a plant specific parameter
that is confirmed by testing performed in accordance with the Control Room Envelope
Habitability Program, which is implemented in accordance with Technical Specification
6.16. Control room inleakage tests indicate that there is less than 200 cfm of inleakage
into the Hope Creek control room and that essentially all of the inleakage is filtered. As
part of the implementation of the Co-60 LAR the acceptance criterion in the procedure
for control room inleakage testing will be changed to 250 cfm.

The control room inleakage parameter determines the amount of activity that bypasses
the control room intake filter and enters the control room directly. Therefore it has a
large effect on the control room dose. The change to the control room model is non-
conservative because decreasing the amount of unfiltered inleakage decreases the amount
of activity entering the control room and therefore decreases the dose to the control room
operator.

5. Reactor Core Inventory

Reactor Power Level

The core inventory used in the analysis that is the basis for Amendment 174 is based on a
reactor power level of 4031 MWt and a maximum discharge bundle exposure. The core
inventory used in the analysis to support the Co-60 LAR is based on a reactor power level
of 3917 MWt and the average core inventory. This reactor power level is the current
licensed power level of 3840 MWt plus 2% for instrument uncertainty, consistent with
RG 1.183. The lower power level reduces the amount of activity in the core that is
available for release and therefore reduces the doses, although the change in burnup
associated with the change from maximum discharge bundle to core average will also
affect the amount of activity available for release. The net effect of the two changes is
expected to be small (less than 3%).



Effect of ITAs

The model used in the LOCA analysis for the Co-60 LAR does not include any increase
in the Co-60 source term that may be caused by the Co-60 Isotope Test Assemblies (ITA)
included in the Co-60 LAR. As discussed below, Attachment 14.2 to calculation H-1-
ZZ-MDC-1880, Revision 4, demonstrates that the effect of the ITAs is negligible.

6. Co-60 ITA Safety Analysis Report (NEDC-33529P. Section 4.3)

Section 4.3.4 (LOCA)

NEDC-33529P Section 4.3.4 provides a sensitivity evaluation on the effect of adding the
Co-60 ITA to the HCGS core, based on Revision 3 of the LOCA dose calculation, H-1-
Z2Z-MDC-1880. It was concluded there is negligible impact. Attachment 14.2 to
calculation H-1-ZZ-MDC-1880, Revision 4, demonstrates that the effect of the ITAs is
also negligible.

The impact of 12 GE14i assemblies on the HCGS licensing basis LOCA source term and
radiological consequences was evaluated. The Co-60 ITA activity was conservatively
increased to account for uncertainty in release of Co-60 present in high concentrations in
the cobalt isotope rods. This evaluation determined control room, EAB, and LPZ doses
due to post LOCA radioactivity releases from containment via three release pathways,
i.e., containment leakage, ESF leakage, and MSIV leakage using the combined core
inventory including the inventory from 12 Co-60 Isotope Test Assemblies. The addition
of the Co-60 ITA inventory had negligible impact. The resulting dose consequences
remained essentially unchanged.

The additional changes incorporated into the Technical Evaluation 80102291-0040 will
not alter the conclusions of Attachment 14.2 that the resulting dose consequences remain
unchanged. There is no change to the Co-60 ITA inventory; the increase in the doses due
to the additional Co-60 activity is insignificant.

Section 4.3.1 (CRDA)

The changes to the LOCA analysis model have no impact on the CRDA evaluation
provided in NEDC-33529P. The evaluation results and conclusions in Section 4.3.1,
based on the Calculation H-1-CG-MDC-1795 (Revision 5). “Control Rod Drop Accident
Radiological Consequences,” remain unchanged. The changes to the LOCA analysis do
not affect the CRDA analysis. This includes assumed control room inleakage, the CRDA
analysis did not credit CREFS initiation. Revision 5 of the CRDA calculation only
corrected typographical errors; Revision 4 was previously docketed to support the HCGS
EPU Amendment 174. Therefore the parameters, inputs and assumptions used in
Amendment 174 remain valid.



7. Radiological Consequences

The post-LOCA radiological consequences for the analysis to support the Co-60 LAR are
shown in Table 2, along with the corresponding doses from Amendment 174. This table
illustrates that the radiological consequences are smaller than the limits of RG 1.183 and
10 CFR 50.67. The effect of the changes to the LOCA model on each release pathway is
discussed below. In addition to these changes, the change in the core inventory will have
a small effect on the dose consequences.

Containment Leakage

The dose contribution from containment leakage in the Co-60 LAR analysis is about the
same as the analysis for Amendment 174 for the EAB and LPZ. This is because the
increase in radioactivity released to the environment caused by (1) maintaining the
containment leak rate constant (rather than decreasing it at 24 hours), and (2) dilution in
the entire containment volume at two hours, is offset by the reduction in elemental iodine
available for release to the environment because of plateout on containment surfaces.

The control room dose, however, is reduced by nearly a factor of two. This is the effect
of decreasing the unfiltered control room inleakage rate.

Post-LOCA Leakage from ESF Systems Outside Containment

The dose contribution of ESF leakage in the Co-60 LAR analysis is increased by nearly a
factor of three over the Amendment 174 analysis due to the increase in ESF leak rate
from 1 gpm to 2.85 gpm. The increase in the control room dose is less because of the
effect of the decrease in unfiltered inleakage.

MSIV Leakage

The dose contribution from MSIV leakage in the Co-60 LAR analysis remains about the
same as the Amendment 174 analysis for the EAB and LPZ. This is because the changes
to the MSIV leakage model that increase leakage, including (1) decreasing the steam line
volume and deposition area, (2) not reducing the leak rate at 24 hours, (3) not crediting
deposition after 96 hours, and (4) increasing the flow rate from the steam line to the
environment, are offset by the changes that decrease leakage, including (1) the decrease
in flow rate from the containment into the steam line due to the use of containment
conditions rather than standard conditions, and (2) plateout of elemental iodine in
containment, which reduces the amount of iodine available for leakage. The control
room dose is decreased by a factor of two due to the change in assumed unfiltered control
room inleakage.
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Table 1. Parameters and Assumptions Used in Radiological Consequence Calculations for a LOCA

Parameter

SER Am 174 Value

Co-60 LAR Value

Reactor power
Drywell air volume
Containment air volume
Primary Containment Dilution Volume
0 -2 hours
2 hours — 30 days
Reactor building air volume
Containment leak rate to environment
0 -24 hours
—1-30days
Reactor building pressure drawdown time
Aerosol deposition rate in drywell
Elemental iodine deposition rate in containment
Elemental iodine decontamination factor
Reactor building mixing efficiency
FRVS vent exhaust filter efficiencies
Elemental iodine
Organic iodine
Aerosol (particulate)
FRVS recirculation filter efficiencies
Elemental iodine
Organic iodine
Aerosol (particulate)
FRVS recirculation flow rate
ECCS leak rate
ECCS iodine partition factor
ECCS leak initiation time
Sump volume

4,031 MWt (max. discharge bundle

exposure)
1.69E+5 ft°
3.06E+5 ft*

3.06E+5 ft°
3.06E+5 ft°
4.0E+6 ft°

0.5% per day

0.25% per day

375 seconds

10 percentile in RADTRAD
Not credited

Not credited

50%

90%
90%
99%

Not credited
Not credited
99%
1.08E+5 cfm
1gpm

10%

0 minutes
1.18E+5 ft*
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3917 MWt (Core Average)
1.69E+5 ft*
3.06E+5 ft°

1.69E+5 ft*
3.06E+5 ft°
4.0E+6 ft*

0.5% per day

0.5% per day

375 seconds

10 percentile in RADTRAD
SRP 6.5.2 Methodology
200

50%

90%
90%
99%

Not credited
Not credited
99%
1.08E+5 cfm
2.85 gpm
10%

0 minutes
1.18E+5 ft°



Table 1. Parameters and Assumptions Used in Radiological Consequence Calculations for a LOCA

Parameter

SER Am 174 Value

Co0-60 LAR Value

MSIV leak rate Into Steam Line
All four lines
Line with MSIV failed
First intact line
Second intact line
MSIV leak rate To Environment
All four lines
Line with MSIV failed
First intact line
Second intact line
Aerosol settling velocity on main steamlines
Aerosol settling area (well-mixed region volumes)
MSIV faulted line
MSIV intact lines
Steam line transport model
Steam line deposition period
Control room volume
CREFS outside air intake flow
CREFS recirculation flow
Control room isolation time
Unfiltered air in leakage rate into control room
0 to 30 minutes
30 minutes to 30 days
CREFS filter efficiencies
Elemental iodine
Organic iodine
Aerosol (particulate)

250 scfh (4.167 cfm)
150 scfh (2.50 cfm)

50 scfh (0.8333 cfm)
50 scfh (0.8333 cfm)

250 scth (4.167 cfm)
150 scfh (2.50 c¢fm)
50 scfh (0.8333 cfm)
50 scfh (0.8333 cfm)
8.1E-4 meters/second

1398 ft°
1476 ft*
Plug flow
0 — 30 days
8.5E+4 ft°
1000 cfm
2600 cfm
30 minutes

500 cfm
350 c¢fm

99%

99%
99%

12

250 scfh (1.347 cfm)
150 scfh (0.808 ¢fm)
100 scfh (0.539 cfm)

250 scfh (7.966 cfm)
150 scfh (4.783 cfm)
100 scfh (3.183 cfm)

8.1E-4 meters/second

1065 ft*
1062 ft*
Well mixed
0 - 96 hours
8.5E+4 ft?
1000 cfm
2600 cfm

30 minutes

500 cfm
250 cfm

99%
99%
99%



Table 2. Post-LOCA Dose (rem-TEDE)

SER Am 174 Value

Post-LOCA Co-60 LAR Value
Activity Release Control EAB LPZ Control EAB LPZ

Path Room Room
Containment Leakage 5.28E-01 3.87E-01 1.47E-01 1.05E+00 3.73E-01 1.62E-01
ESF Leakage 2.42E+00 5.22E-01 2.64E-01 1.25E+00 1.91E-01 9.79E-02
MSIV Leakage 9.99E-01 2.20E+00 4.79E-01 2.13E+00 2.63E+00 4.56E-01
CR Filter Shine 1.29E-02 0.00E+00 0.00E+00 2.46E-03 0.00E+00 0.00E+00
Total 3.96E+00 3.11E+00 8.90E-01 4.43E+00 3.19E+00 7.16E-01
10 CFR 50.67 Limit 5.00E+00 2.50E+01 2.50E+01 5.00E+00 2.50E+01 2.50E+01
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Technical Evaluation 80102291-0030

Effect of Water Chemistry on the Plateout of Elemental lodine in Containment



Document Number: Technical Evaluation 80102291-0030

Title: Effect of Water Chemistry on the Plateout of Elemental Iodine in Containment

1.0 REASON FOR EVALUATION / SCOPE:

PSEG letter LR-N10-0306 (Reference 1) transmitted to the NRC responses to requests for additional
information related to license amendment request H09-01 supporting the use of Co-60 isotope test
assemblies. Attachment 2 to LR-N10-0306 is Revision 4 to calculation H-1-ZZ-MDC-1880, “Post-
LOCA EAB, LPZ and CR Doses” (Reference 2). The NRC has identified additional issues associated
with this calculation. The purpose of this evaluation is to address the following draft discussion issue
identified by the NRC:

Issue: “Application of the SRP 6.5.2, “Containment Sprays as Fission Product Cleanup
System,” elemental iodine removal model.”

Discussion:  “A fundamental justification for applying this method to BWR containments should be
provided. Consideration of the lack of a credited spray system, pH vs. time for the
credited surfaces, and the transport of buffered water to the credited deposition surfaces,
etc., needs to be addressed...”

20 METHODOLOGY

The resolution of this issue requires a discussion of the effect of the chemistry of the water that is on the
wetted surfaces inside containment on the elemental iodine wall deposition model in Standard Review
Plan (SRP) 6.5.2 (Reference 3). The approach is to review and evaluate the technical basis for the SRP
6.5.2 model to determine whether the chemistry of the water affects the model. If there are no effects,
then evaluation of the chemical properties of the water on the wetted surfaces inside containment is not
required.

3.0 EVALUATION

Section 2.1.2 of calculation H-1-ZZ-MDC-1880, Revision 4, describes reduction of airborne activity
inside containment. It includes the deposition of elemental iodine on the walls inside containment in
accordance with the guidance of SRP 6.5.2. As documented in Section 7.11 of the calculation, the
formulation in SRP 6.5.2, Section I11.4.C.1., is used to calculate the containment elemental iodine
removal coefficient. The SRP does not identify a specific reference for the wall deposition model,
although previous revisions to the SRP cited page 17 NUREG/CR-0009, “Technological Bases for
Models of Spray Washout of Airborne Contaminants in Containment Vessel,” (Reference 4). The
current revision of the SRP contains NUREG/CR-009 in the Reference Section. A review of
NUREG/CR-0009 determined that the‘ issue of deposition of elemental iodine on containment walls is
addressed in Section 5.1.2 of the NUREG. The pages from NUREG/CR-0009 that address the wall
plateout model are included as Attachment 1. Equation (14) on page 17 of NUREG/CR-0009 is

1




identical to the equation of wall deposition in SRP 6.5.2 Section I11.4.C.i, page 6.5.2-11. Therefore it is
concluded that NUREG/CR-0009 is the technical basis for the SRP 6.5.2 wall deposition model.

The technical basis for the washout models is discussed in Section 6 of NUREG/CR-0009. Section
6.1.9 specifically addresses the wall deposition of elemental iodine. Section 6.1.9 of NUREG/CR-0009
is included as Attachment 2. The transport model involves four distinct transport processes that occur in
sequence. These processes are bulk gas transport, gas boundary transport, liquid film transport and

adsorption on the wall surface, as illustrated in the following figure from page 63 of NUREG/CR-0009,
below.

RUREG-CR-0009

‘- CENTER OF

PROTECTIVE PAINT 6AS SPACE

|_WATER FILM '

1 .

__TRANSPORT IN WATER FILM

|

petes | )
| /GAS BOUNDARY LAYER B!

{_ BULK GAS TRANSPORT
TT—T—SORPTION 1N PAINT

gt
| "™GAS BOUNDARY LAYER TRANSPORT
 STEEL WALL ~

"FIGURE 6. Schematic Representation of
Iodine Surface Deposition

The discussion in NUREG/CR-0009 indicates that the controlling step is the transport through the gas
boundary layer. The other processes are not considered limiting for the following reasons.

o The bulk gas phase is well mixed (NUREG/CR-0009, pg 63). Mixing is induced by thermal
gradients, operation of sprays or thermally generated steam flows. Therefore, mass transfer
through the bulk gas phase is not expected to be a controlling factor in iodine plateout.

o Itis expected that the walls inside containment will be covered with water. NUREG/CR-~0009
indicates only part of the containment surfaces may be covered with water. This is different
from SRP 6.5.2, which refers to wetted-surface area. However, the water film would be too thin
to appreciably retard the iodine absorption process INUREG/CR-0009, page 65).

e Ultimately the iodine sorbs onto the exposed surfaces, where it is held by both chemical reaction
and by physical solubility. Since the overall absorption capacity of the surfaces is larger than

2




required to absorb all the iodine transported to the wall, sorption will not limit wall deposition
(NUREG/CR-0009, page 68).
As discussed above, the controlling step in the process is the transport through the gas boundary layer.
For this reason, the SRP 6.5.2 removal coefficient for wall deposition is a function of containment
volume, wall surface area and the mass transport coefficient for the gas boundary layer.

The technical basis for the SRP model does not include any explicit consideration of the water film and
is therefore not dependent on pH. The rationale for not considering the water film is that the iodine is
ultimately absorbed on the wall surface and is not retained in the water. As indicated on page 65 of
NUREG/CR-0009, the water film layer is too thin to appreciably retard the iodine adsorption process on
the wall, regardless of the reactivity of the liquid. Since the iodine is deposited on the wall rather than
absorbed in the water, the potential for re-evolution from the water film is not part of the model. In
addition, the overall absorption capacity of the containment surfaces is larger than required to absorb all
the iodine transported to the wall, so re-evolution of iodine from the containment surfaces is not
expected (NUREG/CR-0009, page 68).

Section 2.1.2 of calculation H-1-ZZ-MDC-1880 contains a discussion about the effects of the operation
of containment spray system on elemental iodine. The containment spray system may recirculate
suppression pool water, which contains iodine, into the drywell. However, the pH of the suppression
pool water will be greater than 7, which will prevent iodine in the suppression pool water from re-
evolving to the containment atmosphere. Therefore, containment spray water that ends up on the
containment surfaces will not be a source for re-evolution of elemental iodine.

The amount of elemental iodine removed from the containment atmosphere is limited by a
decontamination factor (DF) of 200. The DF is intended to limit the amount of elemental iodine
removed from the atmosphere to account for some re-evolution from the sump or suppression pool.
Although re-evolution of elemental iodine activity deposited on the containment surfaces is not
expected, the amount of elemental iodine removed from the containment atmosphere is limited by the
DF 0f 200. -

4.0 CONCLUSIONS

Based on the evaluation presented above, it is concluded that the technical basis for the SRP 6.5.2
elemental iodine wall deposition model is NUREG/CR-0009. The elemental iodine wall deposition
model is independent of the chemistry of the water film on the containment surfaces. Therefore it is not
necessary to address the chemistry of the water film, which includes the pH versus time and the
transport of buffered water to the credited surfaces to maintain the pH.

5.0 REFERENCES

1. “Response to Request for Additional Information — License Amendment Request (H09-01)
Supporting the Use of Co-60 Isotope Test Assemblies (Isotope Generation Pilot Project),”
PSEG Nuclear LLC letter LR-N10-0306, August 12, 2010

2. Hope Creek Calculation H-1-ZZ-MDC-1880, “Post-LOCA EAB, LPZ and CR Doses,”
Revision 4

3. U.S. Nuclear Regulatory Commission, NUREG-0800 Standard Review Plan 6.5.2,
“Containment Spray as a Fission Product Cleanup System,” Revision 4
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6.0

6.1

6.2

A.K. Postma, R.R. Sherry, and P.S. Tam, “Technological Bases for Models of Spray
Washout of Airborne Contaminants in Containment Vessel,” NUREG/CR-0009, October
1978

ATTACHMENTS

Attachment 1: NUREG/CR-0009, Section 5.1.2

Attachment 2: NUREG/CR-0009, Section 6.1.9
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NUREG-CR~-0009

by the staff, but could find application in realistic
analyses of spray performance.

5.1.2 Deposition of Iodine on Interior Containment
Surfaces

Surface deposition of iodine occurs as the result of
several transport processes which occur in series. Regions
of transport include: the bulk gas phase, the gas boundary
layer, the liquid film, and the solid wall surface. Of
these, transport in the gas boundary layer has been shown
to be the controlling step(zg).

Several models have been proposed to describe fission
product removal due to surface deposition. Of these, the
Knudsen-Hilliard(Bo) model and the Yuille-Baston(3l) model
appear to be in good agreement with available experiments.
The Knudsen-Hilliard model views deposition as a gas film
transport process to vessel surfaces. The gas film mass
transfer coefficient is predicted from natural convection
heat transfer correlations by a mass transfer-heat transfer
analogy. The Yuill-Baston model is based on the pene-
tration theory for mass transfer, and uses a natural
convection heat transfer model to estimate gas flow
velocifies. Of the two models, the Knudsen-Hilliard
modei offers several advantages and has been adopted by
the staff.

In the Knudsen-Hilliard model, the bulk gas in the
containment atmosphere is assumed to be well-mixed by
natural convection, by steam flows, and by spray opera-

tion. A gas boundary layer is established adjacent to
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containment surfaces. For a laminar boundary layer the
mass transfer coefficient across the gas boundary layer
is predicted by ,

k L 1
_%_ = 0.59(Gr Sc)* (12)
where kg = film mass transfer coefficient,
L = length measured along deposition surface,
D = diffusivity of iodine in gas phase,

Gr = Grashov number,
Sc = Schmidt number.

For turbulent boundary flow, the mass transfer coefficient
is predicted using

k L '
2 =0.13 (cr sc) 173 (13)

D

The transition from laminar flow to turbulent flow
occurs at a critical Grashov number. Important variables.
in the Grashov number include length, L, and temperature
difference between the gas and the wall surface. There-
fore the plate length at which the flow transition occurs
depends on thermal conditions in the containment vessel.

Hilliard and Coleman(32) found that Containment
System Experiment tests were best explained by assuming
that transition from laminar to turbulent flow occured
ten feet from the top of the test vessel. This value
was in good agreement with predicted transition lengths.
These transition lengths apply for thermal conditions
which occur after blowdown transients are over, and @
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where heat transport takes place with gas film temperature
differences of 1°F to 2°F. They would conservatively
apply to post-LOCA situations consistent with spray opera-

. tion.

The iodine removal rate constant for a particular
compartment in the containment is given by

A, = a.f‘,— (14)

where An = removal rate constant due to surface
deposition,
kg = average mass transfer coefficient,
A= éurface area for wall deposition,

V = volume of contained gas.

.As is described in section 6.1.9, the value of kg
should not exceed 0.137 cm/sec. This maximum value is
based on CSE tests, and its use assures that the predicted
deposition rates remain within the range where the
Knudsen-Hilliard model applies.

5.1.3 Overall Absorption Rate

The overall removal rate is the sum of that due to

spray operation and natural convection plate-out:
A= Xs + A (15)

: |
Thus the airborne concentration at any time, t, after

the release 0f an instantaneous source term is

17
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For sodium hydroxide solutions at pH of 9.5,
available information suggests that Ho is greater than
v5000(33’44). Calculations made using an Ho value of
5000 will result in conservative estimates of iodine
washout. V \ | ' |

Hydrazine, in low concentration levels, has also

(17,33)

been studied experimentally and use of Ho equal

to 5000 assures conservative predictions for hydrazine

sprays.
Sodium thiosulfate at 1% by weight, has been studied
by a number of investigators(16’19’33'52). Of the spray

" solutions designed for use in containments, the ‘basic

thiosulfate solution is the most powerful from a chemical

reduction standpoint. Use of an instantaneous partition
coefficient of 100,000 appears to be justified.

6.1.9 Deposition of Iodine on Containment Surfaces

Surface deposition of iodine occurs as the result of

several transport processes which occur in series. These

are depicted in Figure 6.
Each of the transport steps shown in Figure 6 is

potentially important in gas absorption, and each will te

briefly discussed in relation to iodine absorption under
accident conditions.
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"FIGURE 6. Schematic Representation of
Iodine Surface Deposition

Mass Transfer in the Bulk Gas Phase

Transport of iodine molecules from the bulk of the
gas space over to a boundary layer represents the longest
transport step from a physical size standpoint.“ Such
transport would be dominant if the bulk gas were stagnant.
However, numerous experiments in containment vessels(30'32)
have demonstrated that in a single compartment, the bulk
gas phase is well mixed. The mixiﬁg is induced by thermal

gradients, by operation of sprays or air cleaners, and by
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thermally generated steam flows. As shown by large scale

experiments(32)

only very small thermal sources are re-
quired to mix a large vessel to the point where boundary
layer transport dominates. Therefore, mass transfer
through the bulk gas phase is not expected to be a con-
trolling factor.in iodine plateout in a single compartment
of a containment vessel.

It should be noted that internal surfaces, such
as those presented by shield walls, would trap iodine as
well as the outer containment wall. In large scale CSE
tests, the total exposed surface was about twice that
afforded by the outer vessel walls, and all of the surface
had to be accounted for to obtain agreement between thecry
and experiment(Bz). Therefore the discussion of surface

deposition presented here applies to all massive structures

'in the containment along which natural convective flows

can freely develop.

Gas Boundary Layer Transport

Mass transport resistahce through the gas boundary
layer is expected to be important for absorption of all
reactive gases where uptake at the wall is rapid. Since
iodine is present in parts per million concentration A
levels, effects due to high concentrations on the boundary

layer transport processes are insignificant. Based on a

film model the iodine flux is defined by

N, = k_(C - C_.) (6S)A
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where NA = iodine flux, g/cmzsec,
kg = mass transfer coefficient, cm/sec,
Cgb = iodine_concentration in bulk gas, g/cm3,

= iodine concentration at gas-liquid

interface, g/cm3.

gi

If the iodine is rapidly absorbed by the wall, then
Cgb >> Cgi and the gas boundary layer resSistance controls
the absorption rate. As will be shown later in this

report, this is the case for deposition of elemental
iodine in containment vessels.

° Transport In Water Film

The surfaces inside a containment vessel following
a LOCA will be covered in part by water, and thefefore
the water film may play a role in the overall deposition
process. Water films could, theoretically, either enhance
or retard iodine deposition, depending on the value of
the iodine partition coefficient in the aqueous film. For
reactive liquid films, absorption would be enhanced,

ensuring that cgi/cgb z

0. If the wall surface were com-
pletely covered by a water film, in which the iodine
partition coefficient were a minimum value, the water
could represent a minor diffusion barrier. However the
following order of magnitude calculation indicates that
the water film would be too thin to appreciably retard
the iodine ébsorption process.

At steady state, the iodine absorption rate per unit

@ area in the gas and liquid films is
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D, (C,.~C, )
- - - L 21 “Aw
12 flux = kg (Cgb Cgi) ; (66)
where DL = jodine diffusivity in water, cmz/sec,
6§ = thickness of liquid film, cm.

The maximum impeding effect of. the water layer would be
present if ng, the iodine concentration in liquid at

the wall, is zero. Setting C, = 0, and using the usual
surface saturation (Cli = H Cgi)' Eg. (66) may be written
as

C D .H
gb_. L L, (67)
C_. k_ &
gi g '
where H = equilibrium partition coefficient.

Mass transfer resistance in the liquid phase will be
unimportant if Cgb/cgi > 10. This will occur if the

reciprocal Sherwood number DLH/kgé is greater than 9.

For a typical case: DL =3 x 10_4 ftz/hr
H = 5000
k =8 ft/hr ‘ .
g -4
§ = 0.0l cm = 3 x 10 ft

ne

Using these values, DLH/kgG 625. Therefore it is con-
cluded that liquid phase mass transfer resistance will be
negligible for elemental iodine sorption on surfaces.

A water film would absorb iodine regardless of

whether the solid wall were adsorbing or non-adsorbing.
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'An order of magnitude estimate of the wall liquid absorp-
tion rate may be obtained by considering a strip of unit
width along the wall extending from the top of the con-
tainment vessel to therperating floor. 1If the wall film
ligquid (originating from spray drops and steam condensate)

becomes saturated with iodine the total gquantity absorbed
will be:

[§

]

rec ' ' (68) |

12 absorbed
' g

.

where r wall film flow rate,
H = equilibrium partition coefficient,
Cg = gas phase concentration of I2.

For a typical case, we estimate T i 3»ft3/hr ft and
Hi= 5 x 103. The absorption rate, 3 x 10° Cg ft3hr”

may be compared to absorption where the wall is a perfect

1

sink,_kgACg.' In this case A will be numerically equal to
the height of the wall surface, approximately 100 ft.

I, absorbed by liquid film (3) (5x10%)¢c

I, absorbed for perfect sink case (8) (100)cC

d = 18.75
)

From this calculation it appears that the wall ligquid

film alon=2 is capable of absorbing all the iodine which

could be transported to a wall which was a perfect sink
for iodine.
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Sorption of Iodine by Paint and Other Surfaces

4Iodine deposition on painted surfaces, on concrete,
and on stainless steel surfaces has been studied extensively
in the United States and abroad. The broad picture which.
emérges from the many studies is that iodine sorbs onto
the exposed surface, and then diffuses into the material
where it is held by both irreversible chemical reaction
and by physical solubility. The overall absorption capac-.
ity is typically much larger than required to absorb all
the iodine transported to the wall. For example, a typical
reactor core at equilibrium for a 1000 MW plant would"
contain some 25 kg of iodine(53). Of the 50% which could
be released from the core, less than 10% would be adsorbed
by surfaces if sprays operate. Therefore only 25(0.5) (0.1), @
or 1.25 kg of iodine at most would be available for surface ‘
deposition. If this iodine were distributed uniformly on
surfaces within the containment vessel above the opefating
deck, the surface density would be roughly

6
1.25 x 12 mg = 0.0035 mg/cmz. This is a very low

3.5 x 10 cm

surface loading and is appreciably less than the sorptive
capacity (0.04 mg/cmz) of the least sorptive paint

(vinyl base) studied by Rosenberg, et al.(54). For most
paints used in containment vessels, the sorptive capacity
is an order of magnitude higher than the value listed
above for the vinyl paint. Therefore, it appears that
the painted surfaces have the capacity to retain all Ehe

iodine which could be deposited on them. Similar results

have been reported for other surfaces, including stainless o
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(55)

stee1(54), mild steel(ss)and concrete

. ' Review of Iodine Deposition Measurements

Deposition on Small Specimens

Results of an extensive research program on deposition
of elemental iodine and methyl iodide on paints commonly
" used in containment vessels were reported by Rosenberg,
et al.(54). Several kinds of laboratory scale expérimenté
were performed. First was a "screening chamber" in which
12 deposition coupons (1 inch sguare) could be expcsed
‘.- simultaneously to an iodine-containing atmosphere. The
" deposition coupons were supported from a glass shaft which
was rotated at speeds of 1, 25, and 250 rpm to evaluate
the effect of gas velocity on adsorption. The coupons
were removed periodically from the chamber and the iodine
deposit analyzed by means of gamma ray spectroscopy.

In a second apparatus, a single deposition coupon was
suspended in a glass vessel so that iodine deposited from
a flowing gas stream could be assayed continuously using
a gamma ray scintillation probe.

_ Deposition under condensing steam conditions was
measured within a cylindrical chamber (1 ft x 1 ft), the
walls of which were warmed by a heating tape to control
the condensation rate.

Iodine deposition from the liquid phase was measured
by suspending coated discs (10 cm diameter) in ligquid
saturated with tagged iodine crystals.

Typical results from vapor phase sorptibn and desorption
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tests are shown in Figure 7. Important features of the
data in Figure 7 include the following. First, there is

an initial rapid sorption rate which is constant with

time. After several hours, the paint becomes saturated

with iodine, and the sorption rate slows. The paint

becomes completely saturated after about 10 hours and for

longer times no additional deposition occurs. When

iodine~-free gas is passed across the specimen, a fraction

of the iodine is desorbed, and the remainder is bound
irreversibly.

TOTAL MASS OF 1, SORBED, Mo PER cu?

! ] |} ! ) | ) I I 1 )

0.6 F : RUN VP 302-5 AT 170°C

ATM = 50% AIR/STREAH
Iy CONC = 170 we/1

IHITIAL DEPOSITION VELOCITY = 0.3 cm/skc
0.1 COATING: PHEWOLINE 302, 0.05 mm THICK
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TIME, b

FIGURE 7. Typical Results of Vapor Phase
' Iodine Sorption-Desorption

Experiments Reported by Rosenberg, et a1, 34
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Experiments were conducted with the coatings des-
cribed in Table 4.

TABLE 4. Commerical Coatings

Studied by Rosenberg et al.(54)

Coating Name Céating Class Manufacturer
Amercoat 33 HB Vinyl . Americoat Corp.
Amercoat 66 Epoxy : Americoat Corp.
Amercoat 1756 Acrylic latex Americoat Corp.
Dimetcote No. 3  Inorganic zinc Americoat Corp.

_ primer
Carboline 3300 Acrylic latex . Carboline Co.
.Phenoline 302 " Phenolic Carboline Co.
Phenoline 368 Phenolic - Carboline Co.
Carbo-zinc 11 Inorganic zinc Carboline Co. :
primer
Turco Contam- Vinyl Turco Products, Inc.
Affix Rem :
Corlar 588 Epoxy du Pont
Strathclyde Iron Oxide = Federated Paints, Ltd.
L primer

Selected results obtained for vapor phase deposition at
115°C and 1 atm pressure are shown in Table 5.

These results show that for most coatings, the
observed deposition velocity is larger than the value of
the mass transfer coefficient precdicted for the walls of
the containment vessel, approximately 0.07 cm/sec.
Therefore, for most of the paints, the wall may be consid-

ered a perfect sink for iodine even in the absence of an

71




NUREG-CR-0009

absorptive liquid film. Also, the absorptive capacity,

at a minimum, is an order of magnitude larger than required
to adsorb the quantity of iodine which will be deposited

on surfaces if sprays operate.

TABLE 5. Typical Iodine Sorption Results(54)
Reported by Rosenberg, et al.
for Vapor Phase Deposition at 115°C

Coating Name ‘Initial Iodine Iodine

Deposition Capacity at Irreversibly
Velocity, Saturation, Retained,
cm/sec mg/cm %

Amercoat ~0.0206 0.0744 55.1
Turco Contam e
Affix Rem 0.00984 0.0327 71.3
‘Amercoat 0.0389 0.271 40.6
‘carboline 3300  0.101 0.223 39.3
Phenoline 302 0.148 . 0.458 67.6
Phenoline 368 0.184 0.697 86.5
Amercoat 66 0.491 0.976 . 56.6
Corlar 0.675 ©1.21 43.1
Dimetcote No.3 0.707 10.3 100.0
Carbo-zinc 11 0.678 9.70 99.4

The deposition velocities cbtained in this small
scale study would not be expected to apply directly to
reactor containment vessels, but serve as guidelines and
represent limiting cases for paiticular situations.
Measurements of iodine depocsition on small test cou-
pons have also been reported by Parker, et al. (56) : by @
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(32)
(58)

(57)

Hilliard and Coleman , by Nebaker, et al. , and

by Freeby, et al. The results of these latter
studies are supportive of the work of Rosenberg, et al.(54),

hence, will not be reviewed here.

Natural Transport Measurements In Small Vessels

Numerous tests of iodine plateout characteristics
have been carried out in vessels having volumes of the
order of one cubic meter. While these vessels are very
much smaller than reactor containmeht vessels, the tests
allow thermai and concentration effects to be fealistically
demonstrated.

Containment Research Installation (CRI)

The CRI system(ss)

‘ consists pfincipally of a stain-
less steel tank equipped with a removable liner to permit

deposition to be studied for various surfaces. The vessel

3

. 6 - .
volume is 4.6 x 10 cm~, and has an internal surface area

of 1.34 x 10° cm?.

Airborne iodine concentration in a typical test
fell raridly soon after release; then after the concen-
tration had fallen by more than an order of magnitude, the
concentration decreased more sldwly. The results of tests
carried out with a stainless steel liner are summarized in
Table 6.

Two important results from the tests are the follow-

: l
ing. First, the iodine deposition rate is not strongly
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dependent on the temperature of steam-air atmospheres or
on the initial iodine concentration. Second, the deposi-
tion velocities observed are egqual to or larger than 0.08
- cm/sec, a magnitude expected for natural convection gas
' phase limited transport in this vessel.
_ Results obtained in the CRI after a linér'covered
with an Amercoat paint was installed are summarized in
Table 7. )
The results obtained with the Amércoat paint are

in good agreement with those obtained with the stainless
steel liner.

- TABLE 6. Results of Iodine Tests Carried
Out in CRI With a Stainless Steel (56) G
Liner As Reported by Parker, et al. .

" Experiment Release © Maximum Initial Initial I,
mg/m Cc min. Velocity*,

cm/sec

100 I 4.8 25 0.35 1.14

A 103 I 25 3.4 0.117

' 104 I 6.7 125.5 1.6 1.25

107 s 3.4 110.5 4.5 0.089

110 SI 0.5 118 3.9 0.102

111 sI 0.05 115 3.0 0.133

114 H 0.27 111 4.6 0.0&7

* V. = 0.693 Volume _ 23.9

i d tsi Area t%

cm/sec
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TABLE 7. Results of Iodine Tests Carried

Out in CRI With an Amercoat Liner(sg)

Experiment Release Maximum Initial Initial 12
mg/m C min. Velocity?*,
cm/sec
115 0.0001 115 6 0.067
117 0.005 115 2.7 0.148
118 0.005 115 2.7 0.148
119 0.035 115 -5 0.080
120 0.125 115 4.2 0.095
*vd = 0-633  Volume _ 23.9 cm/sec

Thus, iodine deposition proceeded at about the same rate
in vessels having either painted walls or stainless steel
walls.

Aerosol Development Facility (ADF)

~

The Aerosol Development Facility (ADF)(GO) was
used to obtain pilot data for the large tests carried out
in the Containment Systems Experiment. Two different
vessels were used in the ADF tests. The PAT vessel

(painted aerosol tank) had a volume of 1.54 m3

. @n inter-
nal surface area of 8.0 m2, and had walls of carbon steel
painted with Phenoline 300, a modified phenolic coating.
The SAT vessel (stainless aerosol tank) had a volume of

0.90 m3, a surface area of 5.2 mz, and was made from 304 L
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stainless steel. Surface deposition tests carried out
in ADF tanks are summarized in Table 8.

Results obtained in the stainless steel vessel are
in good agreement with those obtained in the painted

vessel. Hilliard(so)

concluded that the iodine deposition
velocity (mass transfer coefficient) was governed by mass
transfer resistance in the gas phase. In Runs SB-48 and

' SB-50, the steam flux was a factor of 10 below the value
used in other expériments. The iodine removal rate was
reduced by a factor of four due to this lower condensation
raté.

The ADF results appear to agree well with those

obtained at ORNL in the CRI. Agreement of results ob-
tained with three types of surfaces supports the conclusion

that gas phase resistance controlled the mass transfer

rate. @

Contamination-Decontamination Experiment (CDE)

The Contamination-Decontaminétion (CDE) facility
was set up to provide piloting data for the LOFT experi-
ment(57'58). The test vessel was approximately 1.5 m in
diameter by 1.5 m in height. It had a volume of 2.4 m>
and a surface area of 10.7 m2. As indicated in the name
of this program, the emphasis was on the development of
procedures for decontamination of surfaces exposad to
fission products. Some data were obtained which can be
used to estimate the initial iodine ‘deposition velocity.
Available data from the CDE are summarized in Table 9.

The removal rates for elemental iodine given in
Table 9 are comparable to those obggined in ADF and CRI
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TABLE 9.

 CDE
Run No.

Composite of
6 Runs

. Tracer Run 10
Tracer Run 11

respectively.

rate decreases.

have influenced

W

‘limited by gas phase mass

CDE Iodine Deposition Rates

Initial 12

Removal t%
min

tial rate continues until the airborne
decays by a factor of 100 or more, and

The long term removal

less than 10% of the initial rate. If

-NUREG-CR-0009

(57,58)

Initial I,
Deposition
Velocity
cm/sec

0.065
0.52 - 0.17
0.52 - 0.17

at Battelle~Northwest and Oak Ridge National Laboratory,

From this review of small scale pilot scale tests, it
'is concluded that iodine deposits initially at a rate

transfer resistance. This ini-

concentration

then the removal
rate is typically
chemical reactions

within liquid or solid surfaces had controlled iodine plate-

out, then both iodine concentration and wall material would

the removal rate. Since neither of these
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variables was important, one is forced to conclude that gas
phase mass transfer resistance controlled the deposition
rate during early stages.
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Natural Transport Experiments in Large Vessels

A significant number of experiments at relatively
large scale have been carried out in the United States
and in Great Britain. These experiments are important
because they show the degree to which a large gas volume
can be considered well-mixed. They also provide data on
the removal rate,'so that predictions for.full—siied con-
tainment vessels can be made with a reasonably small
scaleup factor. Important tests are described as follows.

Containment Systems Experiment (CSE)

A total of six (6) natural- transport tests were
carried out as part of the Containment Systems Experiment
Program carried out at Battelle-Northwest(BZ). Two tests
were carried out in an inner vessel (called the dry well)
and four were done in the main containment vessel. The
inner vessel was 11 feet in diameter and 30 feet in
height, wnereas the main vessel was 25 feet in diameter
and 67 feet in height. Both vessels were painted inter-
nally with a phenolic resin paint, Phenoline 302*. The
vessels were heated internally by live steam injection.
In most tests a steady state temperature was maintained.
In one test (A-1l) steam flow was stopped after fission
product simulants were injected; the temperature then
decayed by heat loss through the insulated vessel walls.

Fission product simulants injected included cesium
oxide, uranium oxide, elemental iodine, and methyl iodide.

These substances were sampled by means of Maypack samplers,

* Product of th® Carboline Company, St. Louis, Missouri
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and analyzed by gamma ray spectroscopy.

In experiments in both vessels, gas samples were
obtained at seven to fourteen spatial locations to deter-
mine whether concentration gradients existed in the bulk
gas phase. ‘

Results of the six natural transport tests carried
out in the CSE facility that pertain to elemental iodine
are summarized in Table 10.

TABLE 10. CSE Natural Transport Tests

Run Vessel Atm. I, Release Initial I2 I2 Deposi;ion
No. Volu?e Timp. Cong. Removal t% Viéggézy
ft F mg/m min

D-1 4,200 252 0.66 8.0 0.097

D-2 4,200 250 0.94 9.5 0.081

A-1 21,000 181 1.17 9.0 0.137

A-2 21,000 1385 94.5 9.0 , 0.137

A-5 21,000 253 142 13.5 0.092
A-11 21,000 253 165 16.0 0.076

* In Run A-11, temperature decayed following fission
product injection.

The measured deposition veiocities varied from
0.076 cm/sec to 0.137 cm/sec depending on the thermal
conditions in the vessel. These values are somewhat
higher than the values obtained in ADF, and this is ex-
planable in terms of a higher gas phase mass transfer

coefficient. The deposition velocities shown in Table 10
L 4
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for the large scale CSE tests are in good agreement with
values obtained in CRI and CDE tests.
Several key conclusions from the CSE tests listed

by Hilliard and Coleman(32)

are the following.

® The e;perimental values of the initial removal rate
for elemental iodine were in good agreement with a
natural convection model in which it was assumed
that all mass transfer resistance resides in the
gas phase. '

® The gas phase limited rate for elemental iodine per-
sisted until the gas phase concentration decreased
to about 1% of the initial value. Thereafter the
concentration decreased at a slower rate.

® The concentrations of all fission product simulants
were essentialiy uniform throughout the gas space

i of a single compartment. ‘

Iodine Deposition In An Unheated Cubical Volume

Measurements of iodine deposition in an unheated
cubical room, whose surface was covered by a chlorinated
rubber-based paint, were reported by Croft, et al.(ss).
The room was 27.4 m3 in volume and had a surface area of
60.2 mz. Témperature within this masonry-walled room
was essentially in equilibrium with the outside space,
maintained at approximately 20°C. The room atmosphere
was unfiltered and was maintained in a gentle state of
agitation by a small fan. |

Elemental iodine was released ovér a time period

of 10 to 20 minutes, and the airborne| concentration was
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followed with time by means of Maypack samples. .Results

from these expe;iments are summarized in Table 11.
TABLE 11. IZ-Deposition In An Unheated
Cubical Room(ss)
Test Relative I, Release 12 Removal IZ'Deposition
No. Humidity Conc . Velocity
3 Halftime,
mg/m min cm/sec

1 85% 113 130 0.004

2 85% ‘ 237 - 170 0.0031

3

- 100% 190 140 0.0037

The iodine removal process was followed for 500 minutes,

" and was found to be first order (constant halftime) for

this

entire period.

The deposition velocities obtained in these tests

are one to two orders of magnitude smaller than obtained
in.most other tests. This lower deposition velocity is
consistent with the expected low gas phase mass transfer
coefficient expected for the unheated room. The small

fan could be expected to mix the bulk gas phase, but would

provide only a minimal flow of gas along the walls. The
results obtained would not be expected to apply directly

to water reactor LOCA conditions, but do demonstrate thzt

the iodine deposition velocity is controlled by the gas

phase mass transfer coefficient.
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Iodine Deposition in Zenith Reactor Containment

Surface deposition of elemental iodine was studied
in the secondary containment of the Zenith reacter(sl).
The reactor pit area, covered.by a steel bonnet, had a

3 with a total surface area of 700 m2.

volume of 500 m
Some 60% of the surface was concrete painted with chlor-
inated rubber-based paint, 40% was painted metal and 1%
was bare metal. Results of two experiments reported in

detail are summarized in Table 12.

TABLE 12, Results of I, Deposition in

‘Zenith Reactor Cohtainment(sl)
Test I, Release Ventilation Initial Eétimated
No. Cong. F%ow Rate I, Removal 12 Deposition
mg/m m”/min Ralftime velocity
) min
1 0.00078 0 21 0.039%

2 0.00074 85 3.7 0.02

The initial removal rate continued until the airborne
concentration decreased by two to three orders of mag-
nitude, and then decreased more slowly.

This experiment was similar to that carried out in

the painted room(ss)

in that there were essentially no
temperature gradients to promote a convective flow along
the walls of the pit region. It is obvious that more

. turbulence was present than in the cubical room because
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the iodine deposition velbcity was higher by an order of
magnitude.

These results would not be expected to apply to the
post accident situation in a water reactor because of
the absence of a typical wall AT in tﬂé,experiﬁént. The
experimental results are consistent with the postulate
that surface deposition is controlled by gas phase mass

transfer resistance.

Iodine Release in DIDO Reactor Containment Shell

n(62)

Stinchcombe and Goldsmit described the results

of experiments involving release of elemental iodine into
the DIDO containment shell. While the details of the
experimental facilities are somewhat sketchy, iodine dep-
osition velocities can be estimated. The DIDO shell had

3

a volume of 7000 m~, and if equipment surfaces are ignored,

a surface area of 1020 m2. The experimental releases
were done at ambient temperature and pressure. Results

of the tests are summarized in Table 13.

TABLE 13. Results of Iodine Deposition in

:DIDO Containment Vessel(sz)

\

Test I. Release 12 Removal Estimated I

No- o Ralftime  PUROS RO
mg/m min cm/secy'
A 0.00012 6.4 0.45
B 0.00012 8.3 0.34
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The iodine deposition velocity obtained in the DIDO
vessel is appreciably larger than obtained in most other
natural transport teéts. For example, these values are
roughly 100 times larger than obtained in the cubical
room tests of Croft, et al.(ss). The higher deposition
velocities are attributable to the mixing of the gas
phase by ventilg}ion equipment in the DIDO vessel and
to use of only wall surface area in calculating deposition
velocities.

The long term elemental iodine behavior was similar
to that typically obtained: the initial rapid removal
rate persisted until the concentration fell by about two
orders of magnitude, and then fell more slowly at longer
times. The observed high deposition velocity indicates
that the paint adsorption rate was not a limiting factor.

In a supporting experiment, Stinchcombe and Gold-
smith(62) studied the effect of condensing steam on iodine
deposition. The amount of iodine deposited on a cold,
condensing surface was the same as that on a non-cooled
silver surface subjected to the same gas flow. It was

.concluded that the deposition was entirely due to the

forced convection flow, and that the condensation of

‘'steam was unimportant in I2 deposition. This result is

(32) results which showed

that steam sweep was small compared to diffusional mass

in agreement with Hilliard's

transfer.

Conclusions From Large Vessel Iodine Experiments

The results of all reported large scale tests are
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consistent with small scale results in that initial iodine
deposition proceeds at a rate limited by gas phase mass
transfer, and then after the concentration decays by a
factor of 100 or so, the removal rate slows. There is

no evidence that the properties of the surface limit the
initial deposition rate. Nor is there evidenge that the
sweep effect of condensing steam is controlling. Therefore,
ones ability to predict iodine deposition under accident
conditions depends primarily on ones ability to predict

gas phase mass transfer coéfficiepts under accident con-

ditions.

Model For Surface Deposition of Elemental Iodine
In Containment Vessels ) O

Based on the experimental evidence, a satisfactory
model will be one which agrees with the following exper-
imentally derived behavioral characteristics.

® Initial deposition rate is limited by gas phase
mass transfer.

® The bulk volume of a single compartment is well

mixed. '

Steam flux plays a minor role in iodine depdsition.

® Effects of size scale must be included in the model.

(30,31,54,63,64)

On the several models which have

been proposed to describe fission product removal due .to

(30,31)

natural transport, two models account for the

effects noted above.

R TY T T DR T



NUREG-CR-0009

The Knudsen-Hilliard mode1(3°)

views deposition as

a film transport process to vessel surfaces. The mass
transfer coefficient across the gas film is predicted
from natural convection heat transfer correlations, by
using a mass transfer-heat transfer analogy. Prediction
of the mass transfer coefficient requires a knowledge of
the wall heat transfer rate. _ _

The Yuill-Baston model(3l) tackles the transport
process using the penetration theory of mass transfer(SS).
The mass transfer rate is predicted under gas exposure
times predicted for natural convection flows. Thermal
conditions at the wall are needed to predict the mass
transfer rate.

Both of these models yield predictions which are in
good agreement with measured rates of removal. Of the
two, the Knudsen-Hilliard model offers several advantages,
énd has been adopted for use in the SPIRT Code(47). A
listing of a recent version of this code, SPIRT 10 is
~appended to this feport. ~Reasons for selecting this

model are as follows:

® The film model accounts for the laminar to turbu-
lent transition boundary layer flow whereas the
penettation theory model treats the boundary layer
as stagnant.

® The film model is easier to visualize and use than
the penetration theory model.

® The film model appears to be better able to predict
scale-up effects because it accounts £for turbulent
flows which develop in large vessels.
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For laminar flow, the heat transfer rate is described by

hnc1
% = 0.59(GrTPr) (69)
where hnc = heat tranSfer coefficient on vertical

plate,
1 = length of surface,
k = thermal conductivity of gas,
GrT = Grashov number due to wall temperature
difference,

Pr = Prandtl number for gas.

The form of Eg. (69) was obtained from the theoretical
work of Schmidt and Beckman(ss), and the constant (0.59)
obtained empirically. A relationship of similar form

applies for turbulent flow (transition from laminar to

turbulent flow occurs at Grashov numbers between lO9 and

1012y,

h_ 1
nc

k

= 0.13(GrTPr)l/3 | (70)

Egs. (69) and (70) may be transformed through a mass

transfer-heat transfer analogy to give relationships to .

predict mass transfer coefficients(30).

k1l . :
c” _ ¥
'-'D—- = 0.59 (GrcSc) (71)

and for turbulent flow

88
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0.13(Gr _sc) /3 - (72)

where kc = mass transfer coefficient,

Grc = Grashov number accounting for molecular
weight difference between bulk gas and
inﬁerface,

D = molecular diffusivity of 12,
Sc = Schmidt number for iodine in gas.

These two equations allow a mass transfer coefficient
to be calculated once the temperatﬁre difference at the
wall is known. For typical LOCA conditions, Hilliard
(32) quote a distance of 10 feet from ﬁhe top
of the containment wall for the transition from laminar
to turbulent boundary layer flow. )

and Coleman

In addition to diffusional transport, Knudsen and
Hilliard(30) add a second mass transport term to account
for the sweep effect of condensing steam. The condensa-

tion mass transfer coefficient is given as

n_RT

_ Ps™p '
k, = 155 (73)
where k_ = steam sweep mass transfer coefficient,

= steam flux toward surfaces,

[

[

R = gas constant,

b = bulk gas temperature,
P

= total gas pressure.
!

The formulation of Eqg. (73) is|based on the concept that
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iodine is transported to the wall with the steam at a
velocity equal to the bulk flow velocity caused by the
condensation. The énhancement predicted by Eq. (73)
for bulk flow is probably an overestimate of the effect
Therefore the contribution of steam sweep will not be
included in the model chosen here. The net effect of
disregarding Eg. (73) is small, because steam sweep
predicted by Eg. (73) typically accounts for less than
10% of the overall mass transfer coefficient.

Predictions based on Egs. (71), (-2}  and (73) are
compared to experimental results obtained in CSE in
Table 14. The results shown in Table 14 were calculated
by assuming that all exposed surface areas inside the
CSE vessel were iodine deposition'surfaces.

TABLE 14. Comparison of Predicted Removal
Rates For Elemental Iodine by

Steam Sweep Effect and by Diffusion(32)
Predicted Halftime, min
CSE Run By Steam By Diffusion Measured
No. (a) (b) Half Life,
Sweep Across B.L. min
D-1 36 7.7 8.0 + 1
D-2 38 7.8 9.5 £+ 0.5
aA-1 130 106.0 . 2.0 = 4.0
A-2 122 9.9 9.0 * 0.5
A-5 475 16.1 13.% £ 0.3
A-11 500 , l6.8 16.0 * 0.5

(a) Calculated from Eg. (73)

(b) Calculated from Egs. (71) and (72), using a transi-
tion from laminar to turbulent boundary layer flow
at 10 feet from the top of the vessel

90
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Two important facts evident from these results are:
(1) the steam sweep effect is small, and (2) the measured
and predicted removal rates are in good agreement.

Typical mass transfer coefficients predicted for
turbulent flow for saturated steam-air mixtures have
been calculated by Knudsen and Hilliard(Bo). Exémples
are shown in Figure 8.

From the results pictured in Figure 8, it is obvious
that the‘mass transfer coefficient is not highly sensitive
to the bulk gas temperature. The transfer coefficient is
highly dependent on the inside temperature difference for
AT values less than 4°F. For higher AT values, only a
small increase in kc results from increasing the tempera-
ture difference.

From a practical standpoint, the temperature differ-
ence in the gas boundary layer will not fall below about
1°F for LOCA times of interest. Order of magnitude cal-
culations for two cases show this. First, for infinite
time (equilibrium) Hilliard and Coleman(32) show that a
AT of 1°F exists for heat transfer through 5 feet of con-
crete, where the internal temperature is 250°F and the
outside temperature is 80°F. Second, a transient heat
transferycalculétion made under the assumption that a
concrete wall 2 feet thick is heated from both sides by
an initial AT of 100°F, a 1-2°F AT will continue to exist
after 25 hr. Therefore, in the absence of a transient

heat transfer analysis, a minimum AT of 1°F can be assumed

to exist in all compartments exposed to steam in the LOCA.
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= 250°%F, P = 48.6 psia

120°F,' P = 17.0 psia

1
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FIGURE 8.

Mass Transfer Coefficients As a Function of
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Wall Plateout During Spray Operation

Spray operation would influence surface deposition
in two ways. First, the sprays would impart turbulence
to the gas phase, thereby increasing the mass transfer
coefficient. Second, spray operation would affect the
temperature gradient at solid surfaces, and thereby
dffect the mass transfer rate.

Spray Induced Turbulence Promotion of Mass Transfer

While we know of no data of direct applicability to
spray induced turbulence in containment vessels, an order
of magnitude estimate of the effect may be obtained by
examining the enhancement in wall plateout observed in
CSE tests on air cléaning(67). |

The CSE air cleaning tests of interest involved the
operation of a cléanup loop inside the main compartment.
Contaminated air was drawn into a series of filters and
adsorbents, and then discharged back into the containment
atmosphere. Air motion resulting from the operation of
the air cleaning loop enhanced the ‘iodine plateout rate

on vessel surfaces. The enhanced wall plateout in air

cleaning tests is summarized in Table 15.




TABLE 15.
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Enhancement of Iodine Surface
Deposition In CSE Air
A Cleaning Experiments(67)
CSE Run Number A-13 ‘A-14 A-15
Air Flow Rate, CFM 1000 1000 - 1000
Gas Temperature, °F 96 250 250
Ao - Observed, min~! 0.095 0.141 0.115
F/V - loop, min * 0.0475 0.0475 0.0475
(Ao-F/V) - wall
deposition, min ™t 0.0475 0.0935 0.0675
A (natural convection), min~t 0.0266 0.0432 0.0257
A (enhancement), min™t 0.0209 0.0503 0.0418

A-16

1800
246
0.182

'0.086

0.086
0.0532

0.0428 g

In Table 15, Ap; is the observed removal rate constant
which resulted from both surface deposition and cleanup
in the aircleaning components. P?/V,

the ratio of air-

cleaning loop flow rate to vessel volume, is the removal
rate constant due to the loop itself. X (natural con-

vection) is the removal )\ which was observed due to

natural convection plateocut when the loop was not operated.

Thus, A (enhancement) is the observed removal rate con-

stant minus the A's due to loop cleanup and wall plateout
due to natural convection.

As shown from Table 15, there is an appreciable

enhancement in wall plateout caused by loop operation.

The kinetic energy per unit volume of gas may be calcu-
lated by
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| F.2
Energy/Time _ Mv2 _ PF. (7)
Volume (VOlume)(ch) (21,000)(ch) (74)
where p = gas density,
v = gas velocity
F = loop flow rate,
A = area of discharge duct,
M = mass of air per unit time,

9. = gravitational constant.

This is the kinetic energy carried by the exiting gas
stream from the air cleaning loop per unit time. The
enhanced deposition rate, expressed as a deposition
‘ velocity, is plotted Figure 9 as a function of energy

' dissipated per unit time per unit volume. From these
data, it appears that surface deposition is greatly
enhanced for low values of energy, and that an upper
level or saturation value is attainéd at an energy dis-
sipation rate of about 0.001 ft 1b/sec £t3.

For a PWR spfay system oberating at 40 psid at 3000
6 £t3, the kinetic
energy dissipated by the sprays is about 0.02 £t 1b/sec

ft3. This value is about 4 times larger than the highest

gpm in a containment vessel of 2 x 10

value shown on Figure 9; hence, a deposition velbcity
of at least 0.07 cm/sec would be predicted as a result of
~spray enhancement of surface deposition.

6.1.10 Approach to Equilibrium by Recirculated Spray

|
e When spray water is recirculated to the spray headers,

95 ‘
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Technical Evaluation 80102291-0040

Effect on LOCA Radiological Consequences of Increased MSIV Flow Rate Based
on Main Steam Line Temperature and a Single Main Steam Piping Compartment
Volume



Document Number: Technical Evaluation 80102291-0040

Title: Effect on LOCA Radiological Consequences of Increased MSIV Flow Rate Based on Main
Steam Line Temperature and a Single Main Steam Piping Compartment Volume

1.0 REASON FOR EVALUATION / SCOPE:

The purpose of this assessment is to determine the Control Room (CR), Exclusion Area Boundary
(EAB), and Low Population Zone (LPZ) doses based on the MSIV leakage downstream of the outboard
MSIV calculated using a single main steam compartment volume for the intact main steam line and for
the failed main steam line with an assumed steam line wall temperature of 550°F. The intact and failed
main steam line compartment volumes extend from the outboard MSIV to the turbine stop valve (TSV).
This assessment does not take credit for aerosol deposition and elemental iodine removal in the piping
from the Reactor Pressure Vessel (RPV) nozzle to the outboard MSIV in both the failed and intact steam
lines. This assessment demonstrates that the most limiting CR dose in H-1-ZZ-MDC-1880, Revision 4,
remains bounding for the CR dose and the offsite dose increases remain less than minimal with respect
to the dose consequences in the current licensing basis analysis.

2.0 METHODOLOGY

The MSIV leak rates downstream of the outboard MSIV in both the MSIV failed and intact lines are
calculated in Section 3.0 using a steam line temperature of 550°F downstream of the outboard MSIV for
the entire duration of the accident. These MSIV leak rates are used in Table 6 to determine the aerosol
removal efficiencies. Table 7 shows the increased MSIV leak rates due to the change in steam line wall
temperature. The RADTRAD Plant Scenario (psf) File HIN300MS00.psf (from H-1-ZZ-MDC-1880,
Revision 4) is modified using the revised MSIV leakage and aerosol removal efficiencies.

The elemental iodine removal filter efficiencies modeled from 0 to 96 hours are taken from Tables 1L &
IM of H-1-ZZ-MDC-1880, Revision 4. Use of these elemental iodine removal filter efficiencies
introduces a small amount of non-conservatism because they are developed using different total surface
areas and volumes. The well mixed volume information used in this assessment is taken from H-1-ZZ-
MDC-1880, Revision 4, and modified appropriately to incorporate the required changes.

The maximum CR inleakage is measured to be 155 £ 10 cfm in the recently performed (year 2009)
Tracer Gas Test (Ref. 10.46 as cited in H-1-ZZ-MDC-1880, Revision 4). In the last two Tracer Gas
Tests, all CR inleakage was consistently measured to be filtered. Although all CR inleakage is filtered,
the analyses in Revision 4 assumed 300 cfm unfiltered inleakage, which is conservative. This
assessment assumes the CR unfiltered inleakage is 250 cfim, including 10 cfm for ingress/egress. Use of
250 cfim in this assessment reduces the control room dose. This assumption remains conservative with
respect to the fact that all CR inleakage is filtered!

The resulting doses due to the revised MSIV leakage and aerosol/elemental iodine removal filter
efficiencies are listed in Section 4.0.




3.0 DETERMINATION OF MSIV LEAKAGE RATES

3.1 MSIV Leakage During 0-2 hrs

Note: References and Sections cited in this Section 3.1 refer to references and sections in H-1-ZZ-
MDC-1880, Revision 4.

Note: The RADTRAD runs model MSIV leakage beginning at 0 minutes, which is prior to the
2 minute start of the gap release per Section 5.3.1.5.

Total Drywell volume = 169,000 ft* (Ref. 10.16)
Total MSIV leakage measured @ 50.6 psig = 250 scth

Per the ideal gas law, PV=nRT or PV/T = nR. Given that nR is a constant for the air leakage, PV/T at
post-LOCA conditions is equal to PV/T at STP conditions.

P @LOCA = Drywell peak pressure = 50.6 psig (Ref. 10.17, Section 3.3.1)

T @LOCA = Drywell peak temperature = 298°F (Ref. 10.17, Section 3.3.1) = 298°F + 460 = 758°R
P @STP = Standard pressure = 14.7 psia

T @STP = Standard temperature = 68°F = 68°F + 460 = 528°R

V @STP = MSIV leakage based @ 50.6 psig = 250 scth

V @LOCA = (PV/T @STP) x (T/P @LOCA)
0-2 hrs MSIV leakage @ drywell peak pressure of 50.6 psig and temperature of 298°F
=250 scfh x [14.7 psia / (50.6 psig + 14.7 psia)] x [758°R / 528°R]

=250 scth x 0.225 x 1.436 = 80.78 cth
= (80.78 ft’/hr x 24 hr/day) x 100% / 1.69E+05 ft* = 1.147 %/day
= (80.78 ft*/hr) / (60 min/hr) = 1.346 cfm

The 0-2 hrs 250 scth MSIV leakage is released via two of the four Main Steam (MS) lines. A maximum
allowable leak rate of 150 scth is postulated from the shortest MS line with its inboard MSIV failed.
The remaining leak rate of 100 scth is postulated from the shortest of the three intact MS lines (i.e., the
second shortest of the four MS lines). No leakage is postulated from the remaining two intact MS Lines.

0-2 hrs allowable leakage from the MS line with a failed MSIV (at maximum 150 scth leak rate)
= (150 scth / 250 scth total) x 80.78 cth = 48.47 cth = 0.808 cfm

0-2 hrs allowable leakage from the shortest intact MS line (at maximum 100 scth leak rate)

= (100 scth / 250 scfh total) x 80.78 cth = 32.31 cth = 0.539 cfm




3.2 MSIV Leakage During 2-720 hrs

Note: References and Sections cited in this Section 3.2 refer to references and sections in H-1-ZZ-
MDC-1880, Revision 4.

Two hours after a LOCA the drywell and suppression chamber volumes are expected to reach an
equilibrium condition and the post-LOCA activity is expected to be homogeneously distributed between
these volumes. The homogeneous mixing in the primary containment will decrease the activity
concentration and therefore decrease the activity release rate through the MSIVs. To model the effect of
this mixing, the MSIV flow rate used in the RADTRAD model is decreased by calculating a new leak
rate based on the combined volumes of the drywell and suppression chamber.

Drywell + Suppression Chamber free air volume = 306,000 ft* (Design Input 5.3.2.4)

2-720 hrs MSIV leakage @ drywell peak pressure of 50.6 psig = 80.78 cth (Section 7.2.2)
0.634 %/day

= (80.78 cth x 24 hr/day) x 100% / 3.06E+05 f* =

Corresponding MSIV leak rate = 80.78 cfh x (1.69E+05 ft* / 3.06E+05 f*) = 44.61 cfh
2-720 hrs allowable leakage from the MS Line with a failed MSIV (at maximum 150 scth leak rate)
= (150 scfh / 250 scth total) x 44.61 cth = 26.77 cth = 0.446 cfm
2-720 hrs allowable leakage from the shortest intact MS Line (at maximum 100 scth leak rate)
= (100 scfh / 250 scth total) x 44.61 cth = 17.84 c¢th = 0.297 cfm

3.3 MSIV Leakage To Environment

Note: References and Sections cited in this Section 3.3 refer to references and sections in H-1-ZZ-
MDC-1880, Revision 4.

MSIV Leakage into the pipe spool between outboard MSIV and TSV and environment from MSIV
failed line (MSIV Failed MS Line 1)

0-720 hrs

It is conservatively assumed that the MSIV leakage past the TSV expands to the atmospheric condition
as follows:

Upstream of outboard MSIV in MSIV failed line (Section 7.2.2):
V1= 48.47 cth P1=50.6 psig+14.7=653psia Til= (298°F + 460) = 758°R

Downstream of outboard MSIV in MSIV failed line (Atmospheric Condition):
V2 =TBD P2 =14.7 psia T2 = (550°F + 460) = 1010°R

MSIV Leakage into the pipe spool between outboard MSIV and TSV and environment from MSIV,
failed line (MS Line 1): '
V2= (PV/T @1) x (T/P @2)

= (65.3 psia x 48.47 cth / 758°R) x (1010°R / 14.7 psia)

~ 287 cth =4.783 cfm

3




34 MSIV Leakage into the pipe spool between outboard MSIV and TSV and environment from
MSIV shortest intact line (Intact MS Line 2)

Note: References and Sections cited in this Section 3.4 refer to references and sections in H-1-ZZ-
MDC-1880, Revision 4.

0-720 hrs

Upstream of inboard MSIV in the shortest intact MS Line (Section 7.2.2):
V1= 3231cth P1=50.6 psig+14.7=653 psia  T1=(298°F + 460) = 758'R

Downstream of inboard MSIV in intact line (assumed Atmospheric Condition);
V2 =TBD P2 = 14.7 psia T2 = (550°F + 460) = 1010°R

MSIV Leakage into the intact pipe spools between the inboard and outboard MSIVs and between the
outboard MSIV and TSV (and environment) from the intact line:

V2 =(PV/T @) x (T/P @2)

= (65.3 psia x 32.31 cfh/ 758°R) x (1010°R / 14.7 psia)

~ 191 c¢fh =3.183 cfm




4.0

4.1

RESULTS SUMMARY

The post-LOCA EAB, LPZ, and CR doses due to the increased MSIV leakage and 250 cfm of

CR unfiltered air inleakage are summarized in the following table. The CR Filter shine is per
H-1-ZZ-MDC-1880, Revision 4, and conservatively based on 300 cfm of CR unfiltered air

inleakage.
Post-LOCA Post-LOCA TEDE Dose (Rem)
Activity Release Receptor Location
Path Control Room EAB LPZ
Containment Leakage 5.28E-01 3(3871E1;?)1 1.47E-01
ESF Leakage 2.42E+00 3.22E-01 2.64E-01
(14.2 hr)
: 2.20E+00
MSIV Leakage 9.99E-01 2.3 hr) 4.79E-01
Containment Purge 0.00E+00 0.00E+00 0.00E+00
Containment Shine 0.00E+00 0.00E+00 0.00E+00
External Cloud 0.00E+00 0.00E+00 0.00E+00
CR Filter Shine 1.29E-02 0.00E+00 0.00E+00
Total 3.96E+00 3.11E+00 8.90E-01
Allowable TEDE Limit 5.00E+00 2.50E+01 2.50E+01
RADTRAD Computer Run No.
Containment Leakage HEPU250CL00.00 | HEPU250CL00.00 | HEPU250CL00.00
ESF Leakage HEPU250ES00.00 | HEPU250ES00.00 | HEPU250ES00.00
MSIV Leakage H250MS550F3.00 | H250MS550F3.00 | H250MS550F3.00




4.2

Compliance of revised dose increases with the 10 CFR 50.59 rule is shown in the following table:

Current Proposed | Regulatory | Proposed | Minimal SRP
Design Basis Accident Total Total Dose Dose | 50.59 Dose | Dose
Dose Dose Limit Increase | Increase | Limit
(rem) (rem) (rem) (rem) (rem) (rem)
TEDE TEDE TEDE TEDE TEDE TEDE
A B C D=B-A |E=0.1{C-A)| F
Loss of Coolant Accident | H-1-ZZ-MDC- TES80102291-0040
(LOCA) 1880, Rev4
Control Room 4.04 3.96 5 -0.08 0.096 5
Exclusion Area Boundary 1.78 3.11 25 133 2.322 25
Low Population Zone 0.674 0.89 25 0.22 2.433 25
C From 10 CFR 50.67

F From Standard Review Plan 15.0.1, Section II




50 CONCLUSIONS

The results in Section 4.0 indicate that the EAB, LPZ, and CR doses are within their allowable TEDE
limits for the increased MSIV leakage rate.

Per the following table, the Control Room dose decreases from the CR dose consequence in Section 8.1
of H-1-ZZ-MDC-1880, Revision 4. This change is primarily due to the reduction in the CR unfiltered
inleakage rate from 300 cfm to 250 cfm.

Per the table in Section 4.1 and the following table, the EAB and LPZ doses have increased relative to
the dose consequences in Section 8.1 of H-1-ZZ-MDC-1880, Revision 4. However, per Section 4.2,
these offsite dose increases remain less than minimal with respect to the dose consequences in the
current licensing basis analysis. ‘

Post-LOCA Post-LOCA TEDE Dose (Rem)
Activity Release Receptor Location
Path Control Room EAB LPZ
MSIV Leakage per 2.20E+00
Assessment Section 4.0 9.99E-01 (2.3 hr) 4.79E-01
MSIV Leakage per 6.13E-01 S8l 2.63B-01
H-1-ZZ-MDC-1880, R4 ' (3.0 hr) '
Total Doses per
Assessment Section 4.0 3.96E+00 3.11E+00 8.90E-01
Total Doses per
H-1-ZZ-MDC-1880, R4 4.04E+00 1.78E+00 6.74E-01
Allowable TEDE Limit 5.00E+00 2.50E+01 2.50E+01




6.0

Note:

TABLES

The data in Table 3 is consistent with the data in Table 3 in H-1-ZZ-MDC-1880, Revision 4,
with the exception that this assessment does not take credit for aerosol deposition and elemental
iodine removal in the piping from the Reactor Pressure Vessel (RPV) nozzle to the outboard

MSIV in both the failed and intact steam lines. Therefore, these volumes are not reported in
Table 3.

Table 3
Hope Creek Main Steam Piping Volume

Main Steam Piping
Inside Volume
(ft))
Header A Header D
Failed Steam Line Intact Steam Line

Piping Between RPV Nozzle & Inboard MSIV

N/A N/A

Piping Between Inboard and Outboard MSIVs

N/A N/A

Piping Between Outboard MSIV and Turbine Stop valve

1139.04 1136.00




Note: The data in Table 5 is similar to the data in Table 5 in H-1-ZZ-MDC-1880, Revision 4. The difference is
that Table 5 in this assessment does not model aerosol deposition between the inboard and outboard MSIVs.

The failed line horizontal settling areas and horizontal pipe volumes are per data calculated in
Section 7.3.2.4 in H-1-ZZ-MDC-1880, Revision 4.

The intact line horizontal settling areas and horizontal pipe volumes are per data calculated in
Section 7.3.3.6 in H-1-ZZ-MDC-1880, Revision 4.

Table §
Rate Constant for MSIV Leakage Release Path with 40%/40% Settling Velocities

Settling Horizontal Horizontal Rate
Peach Bottom Velocity Settling Pipe Constant for
Steam Header Hs Area Volume Settling A,
(ft/hr) (ft?) ) (hr)
A B C D
MSIV Failed Line - Header A
Inboard MSIV To N/A N/A N/A N/A
Outboard MSIV
MSIV Failed Line - Header A
Qutboard MSIV To 9.56 631.62 1065.25 5.67
Turbine Stop Valve SV-3
MSIV Intact Line - Header B
Inboard MSIV To N/A N/A N/A N/A
QOutboard MSIV
MSIV Intact Line - Header B
Outboard MSIV To 9.56 629.82 1062.21 5.67
Turbine Stop Valve

A = 40 Percentile Settling Velocity = 0.00081 m/sec x 3.28 ft/m x 3600 sec/hr = 9.56 ft/hr for
main steam lines from outboard MSIV to TSV.

D =1, = (Ax B)/C




Note:

that Table 6 in this assessment does not model aerosol deposition between the inboard and outboard MSIVs.

The data in Table 6 is similar to the data in Table 6 in H-1-ZZ-MDC-1880, Revision 4. The difference is

Table 6
Gravitational Deposition Aerosol Removal Efficiency On Horizontal Pipe Surface With 40%/40% Settling Velocity
(250 scfh)
Post-
LOCA Settling Well Volumetric| Aerosol |Post-LOCA| Settling Well Volumetric| Aerosol
Time Rate Mixed Flow Removal Time Rate Mixed Flow Remaoval
Interval | Constant | Volume Rate Efficiency | Interval | Constant | Volume Rate Efficiency
MSIV
As \Z Failed As V; Intact
A B Line A B Line
(hr) (hr”) (ft) (ft'/hr) (Ye) (hr) (hr'") (ft)) (f}/hr) (%)
MSIV Failed Main Steam Line Between Inboard & Outboard
MSIVs Intact Main Steam Line Between Inboard & Outboard MSIVs
0-24 0-24
24-96 N/A 24-96 N/A
96-720 96-720
Post-
LOCA Settling Well Volumetric[ Aerosol |Post-LOCA| Settling Well Volumetric| Aerosol
Time Rate Mixed Flow Removal Time Rate Mixed Flow Removal
Interval | Constant | Volume Rate Efficiency | Interval | Constant | Volume Rate Efficiency
MSIV
Ag Vv, Failed As V, Intact
A B Line A B Line
(hr) (hr') (ft) (ft'/hr) (%) (hr) (hr') (ft) (ft/hr) (%)
MSIYV Failed Main Steam Line Between Outboard MSIV &
TSV Intact Main Steam Line Between Qutboard MSIV & TSV
0-24 5.67 1139.04 287.00 95.75 0-24 5.67 1136.00 191.00 97.12
24-96 5.67 1139.04 287.00 95.75 24-96 5.67 1136.00 191.00 97.12
96-720 5.67 1139.04 287.00 0.00 96-720 5.67 1136.00 191.00 0.00
A From Table 5
B From Table 3
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Note: The data in Table 7 is similar to the data in Table 7 in H-1-ZZ-MDC-1880, Revision 4, The tabulated
MSIV leak rates are per Sections 3.0 through 3.4 of this Assessment.

Table 7
MSIV Leak Rate In Different Control Volume (Total = 250 scfh & Max = 150 scfh)
MSIV Leak Rate In Various Control Volumes (cfh)/(cfm)
Post-LOCA Drywell To Volume V, Drywell To Intact Line
Time MSIV Failed To Intact Line Volume V,
Interval Volume V, Atmosphere Volume V, To
(hr) Atmosphere
0-2 48.47 287.00 32.31 191.00
0.808 4.783 0.539 3.183
2720 26.77 287.00 17.84 191.00
0.446 4.783 0.297 3.183

MSIV Leak Rate Information From Section 3.0

11




Note: The data in Tables 1L and 1M is identical to the data in Tables 1L and 1M in H-1-ZZ-MDC-1880,
Revision 4.

Table 1L

Elemental Iodine Removal Efficiency - MSIV Failed Line

Volume V11
Net Elemental
Post-LOCA Temp Iodine Todine
Time Degree Removal Removal
Rate Efficiency
A B
(hr) F (hr-1) (%)
0 340 0.3926 3247
3 320 0.4701 37.51
' 6 250 0.9312 60.59
24 208 1.4800 77.24
96 180 2.0759 87.46
240 170 2.3582 90.54
480 150 3.0789 95.40
720

A From Table 1J
B = 1-¢’*' where t = 1 hour for each time interval.

Table 1M

Elemental Iodine Removal Efficiency - Intact Line

Volume V33
Net Elemental
Post-LOCA Temp Todine Todine
Time Degree Removal Removal
Rate Efficiency
A B
(hr) F (hr-1) (%)
0 340 0.3327 28.30
3 320 0.3997 32.95
6 250 0.7976 54.96
24 208 1.2709 71.94
96 180 1.7847 83.22
240 170 2.0280 86.84
480 150 2.6492 92.93
720

A From Table 1K
B = 1-e™ where t = 1 hour for each time interval,
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7.0

7.1

7.2

7.3

ATTACHMENTS

Attachment 1: RADTRAD Output File HEPU250CL00.00
Attachment 2: RADTRAD Output File HEPU250ES00.00

Attachment 3: RADTRAD Output File H250MS550F3.00
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Attachment 1

RADTRAD Output File HEPU250CL00.00

HHHAEAHH AR TS SH AR AR AR H R A AR AR H A R RS R SRR
RADTRAD Version 3.02 run on 8/25/2010 at 0:28:20
HEGHGHH AR HH AR S B H H S R H R S S 4

BHEHAH SRR RS HGHR B E RS S S S H AR 44
File information
HHEHAH AR H SRR S RS S R R R S 44

Plant file name = G:\Radtrad 3.02\Accept\MDC-1880 R4\HEPU250CLO0.psf
Inventory file name = g:\radtrad 3.02\defaults\hepulocal def.txt
Scenario file name = G:\Radtrad 3.02\Accept\MDC-1880 R4\HEPU250CLO0.psf
Release file name = g:\radtrad 3.02\defaults\bwr_dba.rft
Dose conversion file name = g:\radtrad 3.02\defaults\fgrlls&l2.inp

#EHHH #i#4 #H#HH # % # HiHHH # # HHHH

# ## # # ## # # ¥ 4 # #

# # % # #O# # # # # 4 # #

H### faH# HEH# 0% # # fH##4 # # #

# # # # # #EO# # # #

# # # # # ## # # # #

# i H# # # # # # #H## #

Radtrad 3.02 1/5/2000
Cont. Leakage AST Analysis For Extended Power Uprate With Core Average
Exposure, 100% Mixing in Containment After 2 hrs, FRVS Vent Filter @ 90%, CREF
Initiation Delayed for 30 Minutes, and CR Unfiltered Inleakage = 250 cfm
Nuclide Inventory File:
g:\radtrad 3.02\defaults\hepulocal_def.txt
Plant Power Level:

3.9170E+03
Compartments:

5
Compartment 1:
Containment

3

1.6900E+05

— OoOoR

0
Compartment 2:
Reactor Bldg

15




3
4.0000E+06

O OO

0
Compartment 3:
Environment

2

0.0000E+00

[eNeoNoNe

(@]

Compartment 4:
Control Room
1
8.5000E+04

O OO

0
Compartment 5:
Void

3

1.0000E+05

o OO0 o

0
Pathways:
7
Pathway 1:
Containment Leakage to Environment
1
3
4
Pathway 2:
Containment Leakage to Reactor Bldg
1
2
4
Pathway 3:
FRVS Exhaust to Environment
2
3
2
Pathway 4:
Control Room Filtered Air Intake
3
4
2
Pathway 5:

16




CR Unfiltered Inleakage

3
4
2

Pathway 6:

Control Room to Environment

4
3
2

Pathway 7:
Containment to Void

1
5
4

End of Plant Model File

Scenario Description Name:

Plant Model Filename:

Source Term:

1
1

0.

1

9.
Overlying Pool:

0

0.

0
0
0
0

Compartments:

5

Compartment 1:

OPRPWWOOOORFR&aH£NODWOHOORFRRELO

1.0000E+00
g:\radtrad 3.02\defaults\fgrllsl2.inp
g:\radtrad 3.02\defaults\bwr_dba.rft

0000E+00

5000E-01

0000E+CO

.0000E+00

.0000E+00
.0000E+00
.0000E+Q0
.0000E+00

.0000E+00C

.0000E+01

4.8500E-02

3.1600E+00
1.7400E+00
0.0000E+00

1.5000E-03

17

1.0000E+00




Compartment 2:

.0800E+05

.0000E+00 0.0000E+00 0.0000E+00
.0400E-01 9.9000E+01 0.0000E+00
.2000E+02 9.9000E+01 0.0000E+00

Compartment 3:

OO0 O0O0COHHOBB OO NFRQOQWREFEFOODOORO

Compartment 4:

.6000E+03

.0000E+00 0.0000E+00 0.0000E+0Q0
.0000E-01 9.9000E+01 8.9000E+01
.2000E+02 9.9000E+01 9.9000E+01

Compartment 5:

OO0 00000 OE OO0ONUOWNRFROOOOR O

Pathways:
7

Pathway 1:
0

0
0
0

18

0.000CE+00
0.0000E+00
0.0000E+00

0.0C00E+00
9.9000E+01
9.9000E+01




Pa

Pa

o
v
OO0 T OO0 JOaENM_MPREOIRPRODOOOOFTONNNOLDNNMNREFRFOORHROOOOOOOOOOTdORrRONFOOOOOOo

.0000E+00
.0400E-01

hway 2:

.0000E+00
.0400E-01
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.4000E+01
.2000E+02

hway 3:

.0000E+00
.0400E-01
.3700E-01
.1040E+00
.1040E+Q0
.1040E+00
.2000E+02

hway 4:

5.
0.

OwL Lo, O

O~ ~JoOoRFF P

0000E-01
0000E+00

.0000E+00
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
.0000E-01
. 0000E+00

.9800E+04
.9800E+04
.5740E+04
.4920E+03
.4250E+403
.3130E+03
.0000E+00

O W WwWWwwwo

.0000E+00
.9000E+01
.9000E+01
.9000E+01
.9000E+01
. 9000E+01
.0000E+00
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O W wwwwo

.0000E+00
.0000E+01
.0000E+01
.0000E+01
.0000E+01
.0000E+01
.0000E+0Q0

O W WwWwww o

.0000E+00
.0000E+01
.0000E+01
.0000E+01
.0000E+01
.0000E+01
.0000E+00Q




.C000E+00 5.0000E+02 0.0000E+00
.0000E-01 1.1000E+403 9.9000E+01
.2000E+02 0.0000E+00 0.0000E+00

Pathway 5:

.0000E+00 0.0000E+00 0.0000E+Q0
.0000E-01 2.5000E+02 0.0000E+00Q
.2000E+02 0.0000E+00 0.0000E+00

Pathway 6:

.0000E+00 5.0000E+02 0.0000E+00
.0000E-01 1.3500E+03 1.0000E+02
.2000E+02 0.0000E+Q0 0.0000E+00

Pathway 7:

OO0 QOO0 OO0 T OO0 ONUTOWRFROODOOOHOOOOOOONUIOWROOOOOIT OOOoOOCOO~NUOoODWREFOOOo

0.0000E+00
9.9000E+01
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
1.0000E+02
0.0000E+00
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0.0000E+00
9.9000E+01
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
1.0000E+02
0.0000E+00




0
0
1
3
0
2
7

0

Dose Locations:

3

.0000E+00
.0000E+00
.2000E+02

Location 1:
Exclusion Area

3
1
2
0
7
1
2
0
7

0

.0000E+00
.2000E+02

.0000E+00
.2000E+02

Location 2:

Low

O ~IMNOODdE JOUNODLNOIDPRE W

Population

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.4000E+01
.6000E+01
.2000E+02

.0000E+00
.0000E+Q0
.4000E+01
.2000E+02

Location 3:
Control Room

Ef

HH~JONONPFEFJONPKEF O

.0000E+00
.2000E+02

.0000E+00
. 4000E+01
.6000E+01
.2000E+02

1.1470E400
6.3400E-01
0.0000E+0Q0O

Boundary

1.9000E-04
0.0000E+00

3.5000E-04
0.0000E+Q0O

Zone

. 9000E-05
.2000E-05
.0000E-06
.0000E-06
.7000E-06
.7000E-07
.0000E+00

OB A

.5000E-04
.8000E-04
.3000E-04
.0000E+00

ON PP W

w

.5000E~-04
.0000E+00Q

o

.0000E+00
.0000E-01
.0000E-01
.0000E+00Q

O oo

ective Volume Location:

21




Si

JOVNDONOMKSE VWD ONOO

.0000E+00
.0000E+0Q0
.0000E+00
.4000E+01
.6000E+01
.2000E+Q2
ulation Parameters:

.0000E+00
.0000E+00
.0000E+00
.4000E+01
. 6000E+01
.2000E+02

=N W

O UV N U

Output Filename:
G:\Radtrad 3.043

1
1
1
0
0

.2500E-03
.0500E-04
.0400E-04
.1000E-04
.5800E~-04
0.

0COQ0E+00

.0000E-01
.0000E-01
.0000E+00
.0000E+00
.0000E+00
.0000E+00

End of Scenario File
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RADTRAD Version 3.02 run on 8/25/2010 at 0:28:20
FHE#H GG HRHEH SR H SRS RS RS RHHH R AR AR AR SR SRS B R R H R

FHASHHH SR HBHERHHH B R B R B E R R A A H A B R R R R R R R Y
Plant Description
FHASHHH AR HRAH RS HAH AR AR RS H R R R H R AR R E R AR R R R R R

Number of Nuclides = 60
Inventory Power = 1.0000E+00 MWth
Plant Power Level = 3.9170E+03 MWth

i

Number of compartments 5

Compartment information

Compartment number 1 (Source term fraction 1.0000E+00
)

Name: Containment

Compartment volume = 1.6900E+05 (Cubic feet)
Removal devices within compartment:

Spray (s)

Deposition

Pathways into and out of compartment 1
Pathway to compartment number 3: Containment Leakage to Environment
Pathway to compartment number 2: Containment Leakage to Reactor Bldg
Pathway to compartment number 5: Containment to Void

Compartment number 2
Name: Reactor Bldg

Compartment volume = 4,.0000E+06 (Cubic feet)
Removal devices within compartment:
Filter(s)

Pathways into and out of compartment 2
Pathway to compartment number 3: FRVS Exhaust to Environment
Pathway from compartment number 1: Containment Leakage to Reactor Bldg

Compartment number 3
Name: Environment
Pathways into and out of compartment 3

Pathway to compartment number 4: Control Room Filtered Air Intake
Pathway to compartment number 4: CR Unfiltered Inleakage
Pathway from compartment number 1: Containment Leakage to Envircnment
Pathway from compartment number 2: FRVS Exhaust to Environment
Pathway from compartment number 4: Control Room to Environment
Compartment number 4
Name: Control Room
Compartment volume = 8.500CE+04 (Cubic feet)
Removal devices within compartment:
Filter(s)

Pathways into and out of compartment 4
Pathway to compartment number 3: Control Room to Environment
Pathway from compartment number 3: Control Room Filtered Air Intake
Pathway from compartment number 3: CR Unfiltered Inleakage

23




Compartment number 5
Name: Void
Compartment volume = 1.0000E+05 (Cubic feet)
Pathways into and out of compartment 5
Pathway from compartment number 1l: Containment to Void

Total number of pathways = 7

24




BHEGHHSAH S AR RS R H S 4 B R R R SRR H 8
RADTRAD Version 3.02 run on 8/25/2010 at 0:28:20
FHEHSHEHBHHHEAH S GHS AU HEHHEHH A AR H R R SRS A H R R

BEABHHAHHA AR A HE SRR E R AR R B R AR R B R H R R R S R

Scenario Description

FHAHHHHHH AR B AR AR R R R R R R R R

Radicactive Decay is enabled

Calculation of Daughters is enabled

RELEASE NAME = BWR, NUREG-1465, Tables 3.11 & 3.13,
Release Fractions and Timings

Jun

GAP EARLY IN-VESSEL
0.5000 hrs 1.5000 hrs

NOBLES 5.0000E-02 9.5000E-01
IODINE 5.0000E-02 2.5000E-01
CESIUM 5.0000E-02 2.0000E-01
TELLURIUM 0.0C0Q00E+00 5.0000E-02
STRONTIUM 0.0000E+00 2.0000E-02
BARIUM 0.0000E+00 2.0000E~-02
RUTHENIUM 0.0000E+00 2.5000E-03
CERIUM 0.0000E+00 5.0000E-04
LANTHANUM 0.0000E+00 2.0000E-04
Iodine fractions

Aerosol = 9.5000E-01

Elemental = 4.,8500E-02

Organic = 1.5000E~-03
COMPARTMENT DATA
Compartment number 1: Containment

Sprays:
Time (hr)
0.0000E+00
2.0000E+00
4,0000E+00
Natural Deposition

Reactor type:

Percentile =

Compartment number

Elemental Removal Data

Removal Coef. (hr”-1)
3.1600E+00
1.7400E+00
0.0000E+00
(Powers' model): Aerosol data
3
10 (%)
2: Reactor Bldg

Compartment Filter Data

Time (hr)

0.0000E+00
1.0400E-01
7.2000E+02

Compartment number

Compartment number

Flow Rate Filter Efficiencies (%)

{cfm) Aerosol Elemental Organic
1.0800E+05 0.0000E+00 0.0000E+00 0.0000E+00
1.0800E+05 9.9000E+01 0.0000E+00 0.0000E+00
1.0800E+05 9.9000E+401 0.0000E+00 0.0000E+00
3: Environment
4: Control Room

25




Compartment Filter Data

Time (hr) Flow Rate Filter Efficiencies (%)

(cfm) Aerosol Elemental Organic
0.0000E+00 2,6000E+03 0.0000E+00 0.0000E+00 0.0000E+00
5.0000E-01 .6000E+03 9.9000E+401 9.9000E+01 9.9000E401
7.2000E+02 2.6000E+03 9.%000E+01 9,9000E+01 9.9000E+01

[\

Compartment number 5: Void
PATHWAY DATA
Pathway number 1: Containment Leakage to Environment

Convection Data

Time (hr) Flow Rate (% / day)
0.0000E+00 5.0000E-01
1.0400E-01 0.0000E+00

Pathway number 2: Containment Leakage to Reactor Bldg

Convection Data

Time (hr) Flow Rate (% / day)
0.0000E+00 0.0000E+00
1.0400E~01 5.0000E-01
1.0000E+00 5.0000E-01
2.0000E+00 5.0000E-01
4,0000E+00 5.0000E-01
8.0000E+00 5.0000E-01
2.4000E+01 5.0000E-01
7.2000E+02 0.0000E+00

Pathway number 3: FRVS Exhaust to Environment

Pathway Filter: Removal Data

Time (hr) Flow Rate Filter Efficiencies (%)

{cfm) Aerosol Elemental Organic
0.0000E+00 1.9800E+04 0.0000E+00 0.0000E+0Q0 0.0000E+00
1.0400E-01 1.9800E+04 9.9000E+01 9.0000E+01 9.0000E+01
4.3700E-01 1,5740E+04 9.9000E+01 9.,0000E+01 9.0000E+01
2.1040E+00 8.4920E+03 9.9000E+01 9.0000E+01 9.0000E+01
4.,1040E+00 7.4250E+03 9.9000E+01 9.0000E+01 9.0000E+01
8.1040E+00 7.3130E+03 5.9000E+01 9,0000E+01 9.0000E+01
7.2000E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00

Pathway number 4: Control Room Filtered Air Intake
Pathway Filter: Removal Data

Time (hr) Flow Rate Filter Efficiencies (%)

(cfm) Aerosol Elemental Organic
0.0000E+00 5.0000E+02 0.0000E+00 0.0000E+00Q 0.0000E+00
5.0000E-01 1.1000E+03 9.9000E+01 9.9000E+01 9.9000E+01
7.2000E+02 0.0000E+00 0.0000CE+Q0 0.0000E+00 0.0000E+00

Pathway number 5: CR Unfiltered Inleakage
26




Pathway Filter: Removal Data

Time (hr) Flow Rate Filter Efficiencies
(cfm) Rerosol Elemental
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
5.0000E-01 2.5000E+02 0.0000E+00 0.0000E+00
7.2000E+02 0.0000E+0O 0.0000E+00 0.0000E+00
Pathway number 6: Control Room to'Environment
Pathway Filter: Removal Data
Time (hr) Flow Rate Filter Efficiencies
(cfm) Aerosol Elemental
0.0000E+0CO 5.0000E+02 0.0000E+00 0.0000E+00
5.0000E-01 1.3500E+03 1.0000E+02 1.0000E+02
7.2000E+02 0.0000E+00 0.0000E+00 0.0000E+00
Pathway number 7: Containment to Void
Convection Data
Time (hr) Flow Rate (% / day)
0.0000E+00 1.1470E+00
2.0000E+00 6.3400E-01
7.2000E+02 0.0000=+00
LOCATION DATA
Location Exclusion Area Boundary is in compartment

Location X/Q Data

Time (hr) X/Q0 (8 * m~-3)
0.0000E+00 1.9000E-04
7.2000E+02 0.0000E+00

Location Breathing Rate Data

Time (hr) Breathing Rate (m"3 * sec”-1)
0.00C0E+00 3.5000E-04
7.2000E+02 0.0000E+00

Location Low Population Zone is in compartment 3

Location X/Q Data

Time (hr) X/Q (s * m~-3)
0.0000E+00 1.9000E-05
2.0000E+00 1.2000E~-05
4,0000E+00 8.0000E-06
8.0000E+00 4,0000E-06
2.4000E+01 1.7000E-06
9.6000E+01 4,7000E-07
7.2000E+02 0.0000E+00

Location Breathing Rate Data

Time (hr) Breathing Rate (m"3 * sec”-1)
0.0000E+00 3.5000E-04
8.0000E+00 1.8000E-04
2.4000E+01 2.3000E-04
7.2000E+02 0.0000E+00
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Organic
0.0000E+00
0.0000E+00
0.0000E+0Q0

(%)
Organic
0.0000E+0Q0
1.0000E+02
0.0000E+00




Location Control Room is in compartment 4

Location X/Q Data

Time (hr) X/Q (s * m~-3)
0.0000E+00 1.2500E~-03
2.0000E+00 8.0900E-04
8.0000E+00 3.0400E-04
2.4000E+01 2.1000E-04
9.6000E+01 1.5900E-04
7.2000E+02 0.0000E+00

Location Breathing Rate Data

Time (hr) Breathing Rate (m*3 * sec”-1)
0.0000E+00 3.5000E-04
7.2000E+02 0.0000E+00

Location Occupancy Factor Data

Time (hr) Occupancy Factor
0.0000E+00 1.0000E+00
2.4000E+01 6.0000E-01
9.6000E+01 4.0000E-01
7.2000E+02 0.0000E4+00

USER SPECIFIED TIME STEP DATA - SUPPLEMENTAL TIME STEPS

Time Time step
0.0000E+00 1.0000E-01
2.0000E+00 5.0000E-01
8.0000E+00 1.0000E+00
2.4000E+01 2.0000E+00
9.6000E+01 5.0000E+00
7.2000E+02 0.0000E+00
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RADTRAD Version 3.02 run on 8/25/2010 at 0:28:20
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BHASHHHHHHHHHHAH AR AR AR RHH R A RS S R S R R B
Dose Output

BHHHEHEEHF A R R R R T R R B

Exclusion Area Boundary Doses:

Time (h) = 0.1040 Whole Body Thyroid TEDE
Delta dose (rem) 7.1431E-03 1.2071E+00 .8955E~02
Accumulated dose (rem) 7.1431E-03 1.2071E+00 5.8955E-02

a3

Low Population Zone Doses:

Time (h) = 0.1040 Whole Body Thyroid TEDE
Delta dose (rem) 7.1431E-04 1.2071E-01 5.8955E-03
Accumulated dose (rem) 7.1431E-04 1.2071E-01 5.8955E-03

Control Room Doses:
Time (h) = 0.1040 Whole Body Thyroid TEDE

Delta dose (rem) 3.2182E-05 1.3767E-01 .9416E-03
Accumulated dose {(rem) 3.2182E-05 1.3767E-01 ©5.9416E-03

(&)

Exclusion Area Boundary Doses:

Time (h) = 0.4370 Whele Body Thyroid TEDE
Delta dose (rem) 5.8459E-04 8.6321E-03 9.2765E-04
Accumulated dose {(rem) 7.7277E-03 1.2157E+00 5.9883E-02

Low Population Zone Doses:

Time (h) = 0.4370 Whole Body Thyroid TEDE
Delta dose (rem) 5.8459FE-05 8.6321E-04 9.2765E-05
Accumulated dose (rem) 7.7277E-04 1.2157E-01 ©5.9883E-03

Control Room Doses:

Time (h) = 0.4370 Whele Body Thyroid TEDE
| Delta dose (rem) 1.9343E-04 8.6864E-01 3.7475E-02
Accumulated dose (rem) 2.2561E-04 1.0063E+00 4.3417E-02
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Exclusion Area Boundary Doses:

Time (h) = 0.5000 Whole Body
belta dose (rem) 2.4218E-04
Accumulated dose (rem) 7.9699E-03

Low Population Zone Doses:

Time (h) = 0.5000 Whole Body
Delta dose (rem) 2.4218E-05
Accumulated dose (rem) 7.969%E-04
Control Room Doses:

Time (h) = 0.5000 Whole Body
Delta dose (rem) 3.4496E-05
Accumulated dose (rem) 2.6011E-04

Exclusion Area Boundary Doses:

Time (h) = 1.0000 Whole Body
Delta dose (rem) 8.2542E-03
Accumulated dose (rem) 1.6224E-02

Low Population Zone Doses:

Time (h) = 1.0000 Whole Body
Delta dose (rem) 8.2542E~-04
Accunmulated dose (rem) 1.6224E-03
Control Room Doses:

Time (h) = 1.0000 Whole Body
Delta dose (rem) 4.5034E-04
Accumulated dose (rem) 7.1046E-04

Exclusion Area Boundary Doses:

Time (h) = 2.0000 Whole Body
Delta dose (rem) 1.0090E-01
Accunmulated dose (rem) 1.1713E-01

Low Population Zone Doses:

Time (h) = 2.0000 Whole Body
Delta dose (rem) 1.0090E-02
Accumulated dose (rem) 1.1713E-02
Control Room Doses:

Time (h) = 2.0000 Whole Body
Delta dose (rem) 7.9321E-03
Accumulated dose (rem) 8.6425E-03

Exclusion Area Boundary Doses:

Thyroid
3.3411E-03
1.2190E+00

Thyroid
3.3411E-04
1.2190E-01

Thyroid
1.5364E-01
1.1600E+00

Thyroid
6.6700E-02
1.2857E+00

Thyroid
6.6700E-03
1.2857E-01

Thyroid
6.6665E~01
1.8266E+00

Thyroid
4.6044E-01
1.7462E+00

Thyroid
4,6044E-02
1.7462E-01

Thyroid
3.3882E-01
2.1654E+00
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TEDE

.7486E-04
.0257E-02

TEDE

.7486E-05
.0257E-03

TEDE

.6261E-03
.0043E~02

TEDE

.1145E~02
.1403E-02

TEDE

.1145E-03
.1403E-03

TEDE

.9048E-02
.9091E-02

TEDE

.2342E-01
. 9482E-01

TEDE

.2342E-02
.9482E-02

TEDE

.3160E-02
.0225E-01




Time (h) = 2.1040 Whole Body
Delta dose (rem) 1.9273E-02
Accumulated dose (rem) 1.3640E-01

Low Population Zone Doses:

Time (h) = 2.1040 Whole Body
Delta dose (rem) 1.2172E-03
Accumulated dose (rem) 1.2930E-02
Control Room Doses:

Time (h) = 2.1040 Whole Body
Delta dose (rem) 1.8021E-03
Accumulated dose (rem) 1.0445E-02

Exclusion Area Boundary Doses:

Time (h) = 4,0000 Whole Body
Delta dose (rem) 3.0827E-01
Accumulated dose (rem) 4.4467E-01

Low Population Zone Doses:

Time (h) = 4.0000 Whole BRody
Delta dose (rem) 1.9470E-02
Accumulated dose (rem) 3.2400E-02
Control Room Doses:

Time (h) = 4,0000 Whole Body
Delta dose (rem) 3.6921E~02
Accumulated dose (rem) 4.7365E-02

Exclusion Area Boundary Doses:

Time (h) = 4,1040 Whole Body
Delta dose (rem) 2.0636E-02
Accumulated dose (rem) 4.6531E-01

Low Population Zone Doses:

Time (h) = 4.1040 Whole Body
Delta dose (rem) 8.,6889E~-04
Accumulated dose (rem) 3.326%E-02
Control Room Doses:

Time (h) = 4.1040 Whole Body
Delta dose (rem) 2.4593E-03
Accumulated dose (rem) 4.9825E-02

Exclusion Area Boundary Doses:

Time (h) = 8.0000 Whole Body
Delta dose (rem) 6.9652E-01
Accumulated dose (rem) 1.1618E+00

Thyroid
7.378%E-02
1.8200E+00

Thyroid
4,6604E-03
1.7928E-01

Thyroid
2.6900E-02
2.1923E+00

Thyroid
6.4373E-01
2.4637E+00

Thyroid
4,.0657E-02
2.1993E-01

Thyroid
2.4399E-01
2.4363E+00

Thyroid
2.,3230E-02
2.4869E+00

Thyroid
9.7813E-04
2.2091E-01

Thyroid
7.7869E-03
2.4441E+00

qhyroid
5.0098E-01
2.9879E+00
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TEDE

.2984E-02
.1781E-01

TEDE

.4516E-03
.0934E-02

TEDE

.1143E-03
.0536E-01

TEDE

.3934E-01
.5714E-01

TEDE

.1432E-02
.2366E-02

TEDE

.8844E-02
.5421E-01

TEDE

.1640E-02
.7878E-01

TEDE

.1117E-04
.3277E-02

TEDE

.8133E-03
.5702E-01

TEDE

.1454E-01
.2933E+00




Low Population Zone Doses:

Time (h) = 8.0000 Whole Body
Delta dose (rem) 2.9327E-02
Accumulated dose (rem) 6€.2596E-02
Control Room Doses:

Time (h) = 8.0000 Whole Body
Delta dose (rem) 9.7178E-02
Accumulated dose (rem) 1.4700E-01

Exclusion Area Boundary Doses:

Time (h) = 8.1040 Whole Body
Delta dose (rem) 1.7282E-02
Accumulated dose (rem) 1.1791E+400

Low Population Zone Doses:

Time (h) = 8.1040 Whole Body
Delta dose (rem) 3.6384E-04
Accumulated dose (rem) 6.2959E-02
Control Room Doses:

Time (h) = 8.1040 Whole Body
Delta dose (rem) 2.4797E~-03
Accunmulated dose (rem) 1.4948E-01

Exclusion Area Boundary Doses:

Time (h) = 24,0000 Whole Body
Delta dose (rem) 1.6584E+00
Accumulated dose (rem) 2.8375E+00

Low Population Zone Doses:

Time (h) = 24.0000 Whole Body
Delta dose (rem) 3.4913E-02
Accumulated dose (rem) 9.7872E-02
Control Room Doses:

Time (h) = 24.0000 Whole Body
Delta dose (rem) 1.1224E-01
Accumulated dose (rem) 2.6172E-~01

Exclusion Area Boundary Doses:

Time (h) = 96.0000 Whole Body
Delta dose (rem) 2.7843E+00
Accumulated dose (rem) 5.6218E+00

Low Population Zone Doses:

Thyroid
2.1094E-02
2.4201E~01

Thyroid
1.5651E-01
2.6006E+00

Thyroid
1.1125E-02
2.9990E+00

Thyroid
1.2045E-04
2.4213E-01

Thyroid
2.9328E~03
2.6036E+00

Thyroid
1.5203E+00
4.5194E+00

Thyroid
1.6461E-02
2,5859E-01

Thyroid
1.6712E-01
2.7707E+00

Thyroid
5.0974E+00
9.6167E+00
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TEDE

.0086E-02
.3363E-02

TEDE

.0309E-01
.6012E~01

TEDE

.7638E-02
.3110E+00

TEDE

.6769E-04
.3731E-02

TEDE

.5744E-03
.6269E-01

TEDE

.7055E+00
.0165E+00

TEDE

.5424E-02
.0915E-01

TEDE

.1743E-01
.8012E-01

TEDE

.9403E+00
.9568E+00




Time (h) = 96.0000 Whole Body
Delta dose (rem) 2.4913E-02
Accumulated dose (rem) 1.2278E-01
Control Room Doses:

Time (h) = 96,0000 Whole Body
Delta dose (rem) 7.3665E-02
Accumulated dose (rem) 3.3538E-01

Exclusion Area Boundary Doses:

Time (h) = 720.0000 Whole Body
Delta dose (rem) 4.4491E+00
Accumulated dose (rem) 1.0071E+01

Low Population Zone Doses:

Time (h) = 720.0000 Whole Body
Delta dose (rem) 1.1006E-02
Accumulated dose (rem) 1.337%E-01
Control Room Doses:

Time (h) = 720.0000 Whole Body
Delta dose (rem) 5.8988E-02
Accumulated dose (rem) 3.9437E-01

842

Thyroid
2.9971E-02
2.8856E~01

Thyroid
2.2586E-01
2.9965E+00

Thyroid
1.2896E+01
2.2513E+01

Thyroid
2.0963E-02
3.0952E-01

Thyroid
2.8741E-01
3.2840E+00

=

TEDE

.5829E~-02
.3488E-01

TEDE

.0575E-02
.6070E-01

TEDE

.8418E+00
.0799E+01

TEDE

.1644E-02
.4663E-01

TEDE

.7740E-02
.2844E-01
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I-131 Summary
FHESHH AR R R A R R R R R e

Containment
Time (hr) I-131 (Curies)
0.001 5.8100E+03
0.104 1.0064E+06
0.437 3.7210E+06
0.500 4.2472E+06
0.800 9,0699E+06
1.000 1.2313E+07
1.300 1.6572E+07
1.600 2.0304E+407
1.900 2.3630E+07
2.000 2.4660E+07
2.104 2.1602E+07
2.500 1.5613E+07
2.800 1.1408E+07
3.100 8.3060E+06
3.400 6.0522E+06
3.700 4.4141E+06
4.000 3.2232E+06
4.104 2.6192E+06
4,500 1.9124E+06
4,800 1.4123E+06
5,100 1.0426E4+06 h

0.0000E+00
0.0000E+00
1.3896E+02
1.7384E+02
4,3211E+02
6.8206E+02
1.1106E+403
1.5526E+03
1.9806E+03
2.1178E+03
2.2383E+03
2.2893E+03
2.0416E+03
1.7204E+03
1.4024E+03
1.1208E+03
8.8595E+02
8.1541E+02
5.9628E+02
4.7339E+02
3.7807E402
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Reactor Bldg
I-131 (Curies)

I-131

NMOUNMNONNNNNNERPERRRFRP P e W

Environment
(Curies)
.3623E-04
,1690E+01
.1775E+01
.1807E+01
.2094E+01
.2453E+01
.3309E+01
.4569E+01
.6231E+01
.6872E+01
.7581E401
.9145E+01
.0305E+01
.1365E+01
.2306E+01
.3134E+01
.3862E+01
.4094E+01
.4800E+01
.5279E+01
.5722E+01




-
QOWWWOVWHIIITOOOO L n

O N =
o B O
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-
3
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OO I~d~IJoonoonuuuoos &S BDWWWNNDMNNFERERERPREOOOOO

.400
.700
.000
. 300
. 600
.800
.200
.500
.800
.000
.104
.504
.804
.100
. 400
.700
.000
.300
.000
. 000
720.

000

(hr)

.001
.104
. 437
.500
.800
.000
.300
.600
. 900
.000
.104
.500
.800
.100
.400
.700
.000
.104
.500
.800
.100
. 400
.700
.000
.300
. 600
. 300
.200
.500
.800
.000
.104
.504

NWOWOWRRFRRFERPFPRFERFEFNNDDNWWSE T 0

Control Room
(Curies)
.9170E-08
.4063E-03
.0489E~03
.9907E-03
.3332E-03
.0896E-04
.4435E-04
.2803E-04
.1936E-04
.2830E-04
.0751E-04
.9758E-04
.6412E-04
.4258E-04
.2518E-04
.0997E-04
.6704E-05
.2569E-05
.3075E-05
.4033E-05
.7691E~-05
.311%E-05
.9837E-05
.7476E-05
.575%E~05
.4489E-05
.3532E-05
.2796E-05
.2220E-05
.1761E-05
.1506E~05
.4969E-05
.1657E-05

I-131

NDWH DD DS DS DML OO N OOURREFEFRFRPRPWWWWAEOREDNWWW

.6922E+405
.2623E+05
.0831E+05
.1106E+05
.3086E+05
. 6472E+05
.1017E+405
.6517E+05
.2806E+05
.0700E+05
.8855E+05
.6515E+05
.4783E+05
.3336E+05
.209%4E+05
.1044E+05
.0156E+05
.4040E+04
.0564E+04
.7728E+04
.9862E+03

[ R e e ol R el = R S O N YoV

I-131 '(Curies)
.7131E-04
.6817E+01
.3008E+02
.4996E+02
.4940E+03
.5169E+03
.5910E+03
.2341E+03
.0379E+04
.1530E+04
.2192E+04
.4184E+04
.5234E+04
.5994E+04
.6542E+04
.6938E+04
.71222E+04
.7300E+04
.7522E+04
.7637E+04
.7716E+04
.7775E+04
.7821E+04
.7857E+04
,7884E+04
.7904E+04
.7918E+04
.7928E+04
.7933E+04
.7936E+04
.7936E+04
. 7935E+04
.7931E+04

PR R ERERRPR R RRREEBERERERERPRRRPRRBRPRRRRBERBRJSNRE SN

w
B

.1021E+02
.6144E+02
.2599E+402
.9860E+02
.7954E+02
.6400E+02
.5179E+402
.4206E+02
.3425E+02
.2989E+02
.2784E+02
.2125E+02
.1747E+02
.1446E+02
.1197E+02
.0982E+02
.0821E+02
.0678E+02
.5833E+01
.1914E+01
.6923E+00

Void

NP WWWwWWwwwihhhhdNodDDMNDNNDRD NN DD

.6138E+01
.6534E+01
.6916E+01
.7288E+01
.7651E+01
.8009E+01
.8362E+01
.8711E+01
.9056E+01
.9286E+01
.9404E+01
.9852E+01
.0186E+01
.0515E+01
.0846E+01
.1177E+01
.1508E+01
.1837E+01
.6531E+01
.1234E+02
.9073E+402




O Y wow

24

720

.804
.100
. 400
.700
10.
10.
.000
96.
.000

000
300

000

N e el

.7915E-05
.6272E-05
.5517E-05
.5168E-05
.4998E-05
.4908E-05
.4210E-05
.3679E-06
.4157E-07

.7927E+04
.7920E+04
.7913E+04
.7905E+04
. 7896E+04
.7887E+04
.7310E+04
.4243E+04
.0916E+03

N H Rl e

BHEASBHABHHRES B HRAHH S A AR E R A R H A R R R S R R R R R
Cumulative Dose Summary

BHASH R H A E R R A R A A R R R T R R R R R

Time
(hr)

OCOWWYWOOOJIJdToOooonaoaanumuoyds S DWW WNNMNNMNNNRPEPRPRERPRPOOOOO

.001
.104
. 437
.500

800

.000
.300
.600
.900
.000
.104
.500
.800
.100
. 400
.700
.000
.104
.500
.800
.100
. 400
.700
.000
.300
. 600
.900
.200
.500
.800
.000
.104
.504
.804
.100
.400
.700
.000
.300
.000

Exclusion Area Bounda

DWW WWWWWNENNNOMNNNDNDNNMNODNNMNNMNMNNNNNMDNDNNNNNNRHERPRPR PR RRRRRRW

Thyroid

{rem)

.4708E-05
.2071E+00
.2157E+00
.2190E+00
.2485E+00
.2857E+00
.3748E+00
.5062E+00
.6794E+00
.7462E+00
.8200E+00
. 9823E+00
.1021E+00
.2108E+00
.3067E+00
.3905E+00
.4637E+00
.4869E+00
.5571E+0G0
.6043E+00
.6477E+00
. 6881E+00
. 7264E+00
.7632E+00
. 7988E+00
.8335E+00
.8675E+00
. 9009E+00
. 9339E+00
.9664E+00
. 9879E+00
.9990E+00
. 0409E+00
.0720E+00
.1025E+00
.1332E+00
.1638E+00
.1943E+00
.2246E+00
.5194E+00

W e s 1 s P P P PP OO d OO DS WWNNREF PO~ U 0

TEDE
(rem)

.6937E-06
.8955E-02
. 9883E-02
.0257E-02
.4452E-02

1403E-02

.1277E-02
.2506E-01
.7461E-01
.9482E-01
.1781E-01
.7401E-01
.2389E-01
.7817E-01
.3568E-01
.9556E-01
.5714E-01
.7878E-01
.5191E-01
.0812E-01
.6470E-01
.2138E~01
.7797E-01
.3427E-01
.9013E-01
.0454E+00
.1000E+00O
.1539E+00
.2069E+00
.2591E+00
.2933E+00
.3110E+00
.3768E+00
.4250E+00
.4717E+00
.5180E+00
.5634E+00
.6079E+00
.6514E+00
.0165E+400

DNDNONNDNNODNNDNNONNNNOONNODNODNDNODNDNNOONDMNDNODNODNDNNNNNODONNNDNNMRPRPRPRFRRRFRRRRFPRRRERRW

.5859E-01

Low Population Zone

Thyroid TEDE
(rem) {rem)
.4708E-06 1.6937E-07
.2071E-01 5.8955E-03
.2157E~01 5.9883E-03
,2190E-01 6.0257E-03
,2485E-01 6.4452E-03
.2857E~-01 7.1403E-03
.3748E-01 9.1277E~-03
.5062E-01 1.2506E-02
.6794E-01 1.7461E-02
.7462E-01 1.9482E-02
.7928E-01 2.0934E-02
.8953E-01 2.4484E-Q2
.8709E-01 2.7634E-02
.0396E-01 3.1062E-02
.1002E-01 3.46%94E-02
.1531E-01 3.8476E-02
.1993E-01 4.2366E-02
.2091E-01 4.3277E-02
.2387E-01 4.6356E-02
.2586E-01 4.8723E-02
.2768E-01 5.1105E-02
.2938E-01 5.3482E-02
.3100E-01 5.5874E-02
.3255E-01 5.8245E-02
.3404E-01 6.0597E-02
.3551E-01 6.2825E-02
.3694E-01 6.5225E-02
.3834E-01 6.7493E-02
.3973E-01 6.8725E-02
.4110E-01 7.1921E-02
.4201E-01 7.3363E-02
.4213E-01 7.3731E-02
.4258E-01 7.5102E-02
.4292E-01 7.6108E-02
.4325§—01 7.7080E-02
.4358%-01 7.8046E-02
.4391E-01 7.8992E-02
.4424@—01 7.9918E-02
.4457F-01 8.0825E-02
1

.0915E-01
35
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Control Room

Thyroid

{(rem)

.2385E-08
.3767E-01
.0063E+00
.1600E+00
.6576E+00
.8266E+00
.9711E+00
.0616E+00
.1391E+00
.1654E+00
.1923E400
.2705E+00
.3142E+00
.3513E+00
.3835E+00
.4117E4+00
.4363E+00
.4441E+00
.4696E+00
.4856E+00
.4897E+4+00
.5125E+00
.5243E+00
.5354E+00
.5459E+00
.5561E+00
.5660E+00
.5757E+00
.5851E+00
.5945E+00
.6006E+00
.6036E+00
.6116E+00
.6159E+00
. 6196E4+00
. 6230E+00
.6264E4+00
,6296E+00
.6329E+00
.7707E+00

WNHMDODNDMDDONNNNMNNDNDMNMNMNDNNMNNDNNONNNDRRRRRRRRERERPRRRREREREOOCNDIOGDS OO

TEDE
(rem)

.6491E~10
.9416E-03
.3417E-02
.0043E-02
.1579E-02
.9081E-02
.6256E-02
.2269E-02
.9400E-02
.0225E-01
.0536E-01
.1608E-01
.2352E-01
.3083E-01
.3848E-01
.4623E-01
.5421E-01
.5702E-01
.6764E-01
.7558E-01
.8352E-01
.9146E-01
.8943E-01
.0742E-01
.1541E-01
.2339E-01
.3136E-01
.3928E-01
.4715E-01
.5496E-01
.6012E-01
.6269E-01
.7105E~-01
.7613E-01
.8046E-01
.8434E-01
.8785E-01
.9107E-01
.9409E-01
.8012E-01




96.000 9.6167E+00 5.9568E+00 2.8856E-01 1.3498E~01 2.9965E+00 4.€070E-01
720.000 2,2513E+01 1.0798E+01 3.0952E~01 1.4663E~01 3.2840E+00 5.2844E-01

FHEGUEREHHHHHHHHH A A RASHAHHH R AR R R A HHH RS HFH A BB R BB HH S
Worst Two-Hour Doses
Note: All of the dose locations are shown below but the
worst two-hour dose is only meaningful for the EAB
dose location. Please disregard the two-hour worst
doses for the other dose locations
PRHEFHAHEHAR AR R ARG B A S AR U R HHH AR A AR R R R R R

Exclusion Area Boundary
Time Whole Body Thyroid TEDE
(thr) (rem) {rem) (rem)
3.1 3.6740E-01 4.3691E-01 3.8653E-01

Low Population Zone
Time Whole Body Thyroid TEDE
(hr) (rem) (rem) (rem)
1.6 2.1605E-02 6.2928E-02 2.4709E-02

Control Room
Time Whole Body Thyroid TEDE
(hr) (rem) (rem) (rem)
0.0 8.6425E-03 2.1654E+00 1.0225E-01
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Attachment 2

RADTRAD Output File HEPU250ES00.00

FHEGAHS SR BHEHA SRR HHH A AR R A R S S A
RADTRAD Version 3.02 run on 8/25/2010 at 0:28:20

HEEHSHA A H S HRAHAHRGH AR H R H B H R F R HFH R R AR AR R e

BHHHB RS E RS RS H S S S HHF AR R H R R R S 1 4
File information
BHEH SSRGS B B H SR R SR A H R A

Plant file name = G:\Radtrad 3.02\Accept\MDC-1880 R4\HEPU250ES00.psf
Inventory file name = g:\radtrad 3.02\defaults\hepulocal def.txt
Scenario file name = G:\Radtrad 3.02\Accept\MDC~1880 R4\HEPU250ES00.psf
Release file name = g:\radtrad 3.02\defaults\bwr_i.rft
Dose conversion file name = g:\radtrad 3.02\defaults\fgrllegl2.inp

HHHHS 4 #hia4 4 #  HHHHH # # 0 HEHHH

# ## # # # 4 # # # #

# # # # # # 4% # 4 # # # #

HHH#H B4 e # 0% # # # # #

# $# # $ # ## # # # #

# # # ## #% # # # #

# 4 # # # # # SRR L #

Radtrad 3.02 1/5/2000
ESF Leakage AST Analysis For Extended Power Uprate With Core Average Exposure,
- FRVS Vent @ 90%, ESF Leakage Flashing Factor = 10%, ESF Leakage = 2.85 gpm,
and CR Unfiltered Inleakage = 250 cfm
Nuclide Inventory File:
g:\radtrad 3.02\defaults\hepulocal def.txt
Plant Power Level:
3.9170E+03
Compartments:
4
Compartment 1:
Sump
3
1.1800E+05

o O OO

0
Compartment 2:
Reactor Bldg

3

37




4.0000E+06

[eNeN S NeoNe]

Compartment 3:
Environment

2

0.0000E+00

OO OO0

0
Compartment 4:
Control Room

1

8.5000E+04

O = OO0

0
Pathways:
6
Pathway 1:
ESF Leakage to Environment
1
3
2
Pathway 2:
ESF Leakage to Reactor Bldg
1
2
2
Pathway 3:
FRVS Exhaust to Environment
2
3
2
Pathway 4:
Control Room Filtered Air Intake
3
4
2
Pathway 5:
CR Unfiltered Inleakage
3
4
2
Pathway 6:
Control Room Exhaust to Environment
4
3
2
End of Plant Model File
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Scenario Description Name:
Plant Model Filename:

Source Term:
1
1 1.0000E+00
g:\radtrad 3.02\defaults\fgril&l2.inp
g:\radtrad 3.02\defaults\bwr_i.rft
0.0000E+00
1
0.0000E+00 9.7000E-01 3.0000E-02
Overlying Pool:
0
0.0000E+00
0
0
0

0
Compartments:

4
Compartment 1:

Compartment 2:

.0800E+05

.0000E+00 0.0000E+00 0.0000E+00
.0400E-01 9.9000E+01 0.0000E+00
.2000E+02 9.9000E+01 0.0000E+00

OO NPRPOWHPFPOOOORROF OO0 O0C0OO0OO0OO

Compartment 3:
0

OO OO0 Ot

0
Compartment 4:

39

1.0000E+00

0.0000E+00
0.0000E+00
0.0000E+0Q0




OO JUO WNFOOOORFO

.6000E+03

.0000E+00
.0000E-01
.2000E+02

Pathways:

6

Pathway 1:

ke
w
OO OO OO OO NNONDNE

R OO0 O0OOHOOOOCOOFHONMNPFEFOOOOO

0
1

.0000E+00
.0400E-01

hway 2:

.0000E+00
.0420E-01
.0000E+00
.0000E+0Q0
.0000E+Q0
.0000E+00
.4000E+01
.2000E+02

hway 3:

0.0000E+00

9.

9000E+01

9.9000E+01

7.
0.

[ RN N S N R e =]

6200E-02
0000E+00

.0000E+00
.6200E-02
. 6200E-02
.6200E-02
.6200E-02
.6200E-02
.6200E-02
.0000E+00

0.0000E+00
9.
9.

0.
0.

OO OO OO OO0

9000E+01
9000E+01

0000E+0Q0
0000E+0Q0

.0000E+0Q0
.0CO0E+0Q0
. 0000E+00C
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00C

40

0.0000E+00

9.

9000E+01

9.9000E+01

0.
0.

OO OO OO OO0

O000E+00
0000E+00

.0000E+00C
.0000E+00
.0000E+0Q0
.0000E+00
.0000E+0Q0
.0000E+0Q0
.0000E+00
.000CE+00

0.
0.

OO OCOOO0O OO0

0000E+00
0000E+00

.0000E+00
.0000E+00
.0000E+0Q0
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00




.0000E+00
.0400E-01
.3700E-01
.1040E+00
.1040E+00
.1040E+00
.2000E+02

hway 4:

.0000E+00
.0000E-01
.2000E+02

Pathway 5:

.0000E+00
.0000E-01
.2000E+02

O WRPROOODOO T OOOO0OOONJUOWRFROODOODOT OOOOOOJTOSENBMPEPOIFRLOOO

Pathway 6:

OCOOO T OO OO OO

.9800E+04
.9800E+04
.5740E+04
.4920E+03
.4250E+03
.3130E+03
.0000E+00

O~ ) 02

5.0000E+02
1.1000E+03
0.0000E+0Q0

0.0000E+00
2.5000E+02
0.0000E+00

.0000E+00
.9000E+01
.9000E+01
.9000E+01
.9000E+01
.9000E+01
.0000E+00

O W WwWWWwWwo

0.0000E+00
9.95000E+01
0.0000E+00

0.0000E+00
0.0000E+0Q0
0.0000E+00

.0000E+00
.0000E+01
.0000E+01
.0000E+01
.0000E+0Q1
.0000E+01
.0000E+Q0

O WwWwwwwao

0.0000E+00
9.9000E+01
0.0000E+00

0.0000E+00
0.0000E+00C
0.0000E+00

.0000E+00
.0000E+01
.0000E+01
.0000E+01
.0000E+01
.0000E+01
.0000E+00

O W WWYWWwWoo

0.0000E+00
9.9000E+01
0.0000E+00

0.0000E+00
0.0000E+00Q
0.0000E+00




OO0 QOO O0OJULOWEr O

Dose Locations:

3

.0000E+00
.0000E-01
.2000E+02

Location 1:
Exclusion Area Boundary

~NO N DO N R W

0

.0000E+00
.2000E+02

.0000E+00
.2000E+02

Location 2:

Low

O~ N Oh P ~JWONDODENO NP W

Population

.0000E+00
.0000E+00
.00C0E+00
.0C00E+00
.4000E+01
.6000E+01
.2000E+02

.0000E+00Q
.0000E+00C
.4000E+01
.2000E+02

Location 3:
Control Room

4
0
1
2
0
-
1
4
0
2

.0000E+00
.2000E+02

. 0000E+00
. 4000E+01

5.0000E+02
1.3500E+03
0.0000E+00

1.9000E~04
0.0000E+00

3.5000E-04

0.0000E+00

Zone

. 9000E-05
.2000E-05
.0000E-06
.0000E-06
.7000E-06
.7000E-07
.0000E+00

O > = O

.5000E-04
.B000E-04
.3000E-04
.0000E+00

O N = W

3.5000E-04
0.0000E+00

1.0000E+00
6.0000E-01

0.0000E+00
0.0000E+00
0.0000E+00

42

0.0000E+0Q0
0.0000E+00
0.0000E+Q0Q

0.0000E+00
0.0000E+Q0
0.00CCE+00




9.6000E+01 4.0000E-01
7.2000E+02 0.0000E+00
Effective Volume Location:
1
6
0.0000E+00 1.2500E-03
2.0000E+00 8.0900E-04
8.0000E+00 3.0400E-04
2.4000E+01 2.1000E-04
9.6000E+01 1.5900E-04
7.2000E+02 0.0000E+00
Simulation Parameters:
6
0.0000E+00 1.0000E-01
2.0000E+00 5.0000E-01
8.0000E+00 1.0000E+00
2.4000E+01 2.0000E+00
9.6000E+01 5.0000E+00
7.2000E+02 0.0000E+00C

Output Filename:
G:\Radtrad 3.044
1
1
1
0
0

End of Scenario File
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FHESHHHH R HHHH R H SRR HH RS R R H RS A 4R B RS R A A B
RADTRAD Version 3.02 run on 8/25/2010 at 0:28:20

FHAFHHHAAHHHH R HHHHHH B AR HHE A R AR A B A R R R R R R R e H

FREFHGHHHHGH AR H AR AHHHHHAH AR SRR RHAA SRR H S S
Plant Description
BHARHHFAHAHAHBRE R RGHSHETAEHEA R R E R R  H R R R R R R

Number of Nuclides = 60

1.0000E+00 MwWth
3.9170E+03 MWth

Inventory Power =
Plant Power Level =

Number of compartments = 4
Compartment information

Compartment number 1

)

Name: Sump
Compartment volume = 1.1800E+05
Pathways into and out of compartment

Pathway to compartment number 3:
Pathway to compartment number 2:

Compartment number 2

Name: Reactor Bldg

Compartment volume = 4.0000E+06

Removal devices within compartment:
Filter(s)

Pathways into and out of compartment

Pathway to compartment number 3:
Pathway from compartment number 1:

Compartment number 3
Name: Environment
Pathways into and out of compartment

(Source term fraction =

1.0000E+00

(Cubic feet)

1
ESF Leakage to Environment
ESF Leakage to Reactor Bldg

(Cubic feet)

2
FRVS Exhaust to Environment
ESF Leakage to Reactor Bldg

3

Pathway to compartment number 4: Control Room Filtered Air Intake
Pathway to compartment number 4: CR Unfiltered Inleakage
Pathway from compartment number 1: ESF Leakage to Environment
Pathway from compartment number 2: FRVS Exhaust to Environment
Pathway from compartment number 4: Control Room Exhaust to Environment
Compartment number 4
Name: Control Room
Compartment volume = 8.5000E+04 (Cubic feet)

Removal devices within compartment:
Filter(s)
Pathways into and out of compartment

Pathway to compartment number 3:
Pathway from compartment number 3:
Pathway from compartment number 3:

Total number of pathways = 6

4
Control RoPm Exhaust to Environment
Contrel Reopm Filtered Air Intake

CR Unfiltered Inleakage

FHESHHEEH AR R SRR R R R R R R R R

RADTRAD Version 3.02 run on

8/25/2010
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Scenario Description

FHAGHHHAHH AR R B A R R R R R R e 0

Radioactive Decay is enabled
Calculation of Daughters is enabled
RELEASE NAME = NUREG 1465 BWR
Release Fractions and Timings

GAP EARLY IN-VESSEL

0.5000 hrs 1.5000 hrs
NOBLES 0.0000E+00 0.0000E+00Q
TODINE 5.0000E-02 2.5000E-01
CESIUM 0.0000E+00 0.0000E+00
TELLURIUM 0.0000E+00 0.0000E+Q0
STRONTIUM 0.0000E+00 0.0000E+00
BARIUM 0.0000E+00 0.0000E+00
RUTHENIUM 0.0000E+0Q0 0.0000E+00
CERIUM 0.0000E+00 0.0000E+00
LANTHANUM 0.0000E+00 0.0000E+0Q

Iodine fractions

Aerosol = 0.0000E+00
Elemental = 9.7000E-01
Organic = 3.0000E-02

COMPARTMENT DATA
Compartment number 1: Sump
Compartment number 2: Reactor Bldg
Compartment Filter Data
Time (hr) Flow Rate Filter Efficiencies (%)

(cfm) Rerosol Elemental Organic
0.0000E+0Q0 1.0800E+05 0.0000E+00 0.0000E+00 0.0000E+00
1.0400E-01 1.0800E+05 9.9000E+01 0.0000E+00 0.0000E+00
7.2000E+02 1.0800E+05 9.9000E+01 0.0000E+00 0.0000E+00

Compartment number 3: Environment
Compartment number 4: Control Room
Compartment Filter Data

Q

Time (hr) Flow Rate Filter Efficiencies (%)
(cfm) herosol Elemental Organic

0.0000E+00 2.6000E+03 0.0000E+00 0.0000E+0Q0 0.0000E+00

5.0000E-01 2.6000E+03 9.9000E+01 9.9000E+01 9.9000E+01

7.2000E+02 2.6000E+03 9.9000E+01 9.9000E+01 9.9000E+01

PATHWAY DATA

Pathway number 1: ESF Leakage to Environment
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Pathway Filter: Removal Data
Time (hr) Flow Rate . Filter Efficiencies (%)

(cfm) RAerosol Elemental Organic
0.0000E+00 7.6200E-02 0.0000E+00 0.0000E+00 0.0000E+00
1.0400E-01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00

Pathway number 2: ESF Leakage to Reactor Bldg

Pathway Filter: Removal Data

Time (hr) Flow Rate Filter Efficiencies (%)

(cfm) Aerosol Elemental Organic
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
1.0420E-01 7.6200E-02 0.0000E+00 0.0000E+00 0.0000E+00
1.0000E+00 7.6200E-02 0.0000E+00 0.0000E+00 0.0000E+00Q
2.0000E+00 7.6200E-02 0.0000E+00 0.0000E+00 0.0000E+00
4.0000E+00 7.6200E-02 0.0000E+00 0.0000E+00 0.0000E+00
8.0000E+00 7.6200E-02 0.0000E+Q0 0.0000E+00 0.0000E+00
2.4000E+01 7.6200E-02 0.0000E+00 0.0000E+00 0.0000E+00
7.2000E+02 0.0000E+400 0.0000E+00 0.0000E+00 0.0000E+00

Pathway number 3: FRVS Exhaust to Environment

Pathway Filter: Removal Data

Time (hr) Flow Rate Filter Efficiencies (%)

{(cfm) Aerosol Elemental Organic
0.0000E+Q0Q 1.9800E+04 0.0000E+00 0.0000E+00 0.0000E+00
1.0400E-01 1.9800E+04 38.9000E+01 9.0000E+01 9.0000E+01
4,.3700E-01 1.5740E+04 9.9000E+01 9.0000E+01 9.0000E+01
2.1040E+00 8.4920E+03 9.9000E+01 9.0000E+01 9.0000E+01
4.1040E+00 7.4250E+03 9.9000E+01 9.0000E+01 9.0000E+01
8.1040E+00 7.3130E+03 9.9000E+01 9.0000E+01 9.0000E+01
7.2000E+02 0.0000E+4+00 0.0000E+00 0.0000E+00 0.0000E+00

Pathway number 4: Control Room Filtered Air Intake

Pathway Filter: Removal Data

Time (hr) Flow Rate Filter Efficiencies (%)

{cfm) Aerosol Elemental Organic
0.0000E+00 5.0000E+02 0.0000E+00 0.0000E+00 0.0000E+00C
5.0000E-01 1.1000E+03 9.9000E+01 9.9000E+01 9.9000E+01

7.2000E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pathway number 5: CR Unfiltered Inleakage
Pathway Filter: Removal Data

Time (hr) Flow Rate Filter Efficiencies (%)

(cfm) Aerosol Elemental Organic
0.0CO00E+00 0.0000E+00 0.0000E+00 0.0000E+CO 0.0000E+00
5.0000E~01 2.5000E+02 0.0000E+0Q0 0.0000E+00 0.0000E+00
7.2000E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00

Pathway number 6: Control Room Exhaust tc Environment
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Pathway Filter:
Time {(hr)

0.0000E+00
5.0000E-01
7.2000E+02

LOCATION DATA

Location Exclusion Area Boundary

Removal Data

Flow Rate Filter Efficiencies (%)

(cfm) Aerosol Elemental Organic
5.0000E+02 0.0000E+00 0.0000E+00 0.000QE+00
1.3500E+03 0.0000E+00 0.0000E+00 0.000QE+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00

is in compartment 3

Location X/Q Data

Time {(hr)
0.0000E+00
7.2000E+02

X/Q (s * m~-3)
1.8000E-04

0.0000E+00

Location Breathing Rate Data

Time (hr)
0.0000E+00
7.2000E+02

Location Low Population Zone

Breathing Rate (m"3 * sec”™-1)
3.5000E-04
0.0000E+00

is in compartment 3

Location X/Q Data

Time (hr)

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.4000E+01
.6000E+01
.2000E+02

~] O N oSN O

Location Breathing Rate

Time (hr)
0.0000E+00
8.0000E+00
2.4000E+01
7.2000E+02

Location Control Room

X/Q (s * m"-3)
.9000E-05
.2000E-05
.0000E~-06
.0000E-06
.7000E-06
.7000E-07

.0000E+00

O o O

Data

Breathing Rate (m*3 * sec”-1)
3.5000E~04
1.8000E-04
2.3000E~04
0.0000E+00

is in compartment 4

Location X/Q Data

Time (hr) X/Q (s * m*-3)
0.0000E+00 1.2500E-03
2.0000E+00 8.0900E-04
8.0000E+00 3.0400E-04
2.4000E+01 2.1000E-04
9.6000E+01 1.5900E-04
7.2000E+02 0.0000E+00

Location Breathing Rate Data

Time (hr) Breathing Rate (m~3 * sec”-1)
0.0000E+00 3.SOOQE—O4
7.2000E+02 0.0000E+00

Location Occupancy Factor Data

Time (hr)

Occupancy Factor
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0.0000E+00 1.0000E+00

2.4000E+01 6.0000E-01
9.6000E+01 4.0000E-01
7.2000E+02 0.0000E+00

USER SPECIFIED TIME STEP DATA - SUPPLEMENTAL TIME STEPS

Time Time step
0.0000E+00 1.0000E-01
2.0000E+00 5.0000E~-01
8.0000E+00 1.0000E+00
2.4000E+01 2.0000E+00
9.6000E+01 5.0000E+00
7.2000E+02 0.0000E+00
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Dose Output
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Exclusion Area Boundary Doses:

Time (h) = 0.1040 Whole Body Thyroid TEDE
Delta dose (rem) 1.1200E-03 2.2383E-01 8.2111E-03
Accumulated dose (rem) 1.1200E-03 2.2383E-01 8.2111E-03
Low Population Zone Doses:

Time (h) = 0.1040 Whole Body Thyroid TEDE
Delta dose (rem) 1.1200E-04 2.2383E-02 8.2111E-04
Accumulated dose (rem) 1.1200E-04 2.2383E-02 8.2111E-04
Control Room Doses:

Time (h) = 0.1040 Whole Bedy Thyroid TEDE

Delta dose (rem) 5.0348E-06 2.5461E-02 .1167E-04
Accumulated dose (rem) 5.0348E-06 2.5461E-02 8.1167E-04

(e

Exclusion Area Boundary Doses:

Time (h) = 0.1042 Wheole Body Thyroid TEDE
Delta dose (rem) 2.2152E-11 4.5956E-09 .6766E~-10
Accumulated dose (rem) 1.1200E-03 2.2383E~-01 8.2111E-03

—

Low Population Zone Doses:

Time (h) = 0.1042 Whole Body Thyroid TEDE
Delta dose (rem) 2.2152E-12 4.5956E-10 1.6766E-11
Accumulated dose (rem) 1.1200E-04 2.2383E-02 8.2111E-04

Control Room Doses:

Time (h) = 0.1042 Whole Body Thyroid TEDE
Delta dose (rem) 1.9527E-08 1.0250E-04 .2649E-06
Accumulated dose (rem) 5.0543E-06 2.5564E-02 8.,1494E-04
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Exclusion Area Boundary Doses:

Time (h) = 0.4370 Whole Body
Delta dose (rem) 6.4329%E-05
Accumulated dose (rem) 1.1844E-03

Low Population Zone Doses:

Time (h) = 0.4370 Whole Body
Delta dose (rem) 6.4329E-06
Accumulated dose (rem) 1.1844E-04
Control Room Doses:

Time (h) = 0.4370 Whole Body
Delta dose (rem) 2.9875E-05
RARccumulated dose (rem) 3.492%E-05

Exclusion Area Boundary Doses:

Time (h) = 0.5000 Whole Body
Delta dose (rem) 2.6556E-05
Accunmulated dose (rem) 1.2109E-03

Low Population Zone Doses:

Time (h) = 0.5000 Whole Body
Delta dose (rem) 2.6556E-06
Accumulated dose (rem) 1.2109E-04
Control Room Doses:

Time (h) = 0.5000 Whole Body
Delta dose (rem) 5.1668E-06
Accumulated dose (rem) 4.0086E-05

Exclusion Area Boundary Doses:

Time (h) = 1.0000 Whole Body
Delta dose (rem) 5.6442E-04
Accumulated dose (rem) 1.7753E-03

Low Population Zone Doses:

Time (h) = 1.0000 Whole Body
Delta dose (rem) 5.6442E-05
Accumulated dose (rem) 1.7753E-04

Control Room Doses:

Time (h) = 1.0000 Whole Body
Delta dose (rem) 2.4704E-05
Accumulated dose (rem) 6.4800E-05

Exclusion Area Boundary Doses:

Thyroid
1.4171E-02
2.3800E-01

Thyroid
1.4171E-03
2.3800E-02

Thyroid
1.6387E-01
1.8943E-01

Thyroid
6.1327E-03
2.4413E-01

Thyroid
6.1327E~04
2.4413E-02

Thyroid
3.0642E-02
2.2008E-01

Thyroid
1.4275E-01
3.8688E-01

Thyroid
1.4275E-02
3.8688E-02

Thyroid
1.5573E-01
3.7580E-01

50

o,

ol

o

TEDE

.1257E-04
.1237E-03

TEDE

.1257E-05
.7237E-04

TEDE

.2146E-03
.0296E-03

TEDE

.2039E-04
.9441E-03

TEDE

.2039E-05
.9441E-04

TEDE

.7352E-04
.0031E-03

TEDE

.0700E-03
.4014E-02

TEDE

.0700E-04
.4014E-03

TEDE

.9405E-03
.1944E-02




Time (h) = 2.0000 Whole Body
Delta dose (rem) 4.2468E-03
Accumulated dose (rem) 6.0222E-03

Low Population Zone Doses:

Time (h) = 2.0000 Whole Body
Delta dose (rem) 4,2468E-04
Accumulated dose (rem) 6.0222E-04
Control Room Doses:

Time (h) = 2.0000 Whole Body
Delta dose (rem) 6.0023E-05
Accumulated dose (rem) 1.2482E-04

Exclusion Area Boundary Doses:

Time (h) = 2.1040 Whole Body
Delta dose (rem) 7.4299E-04
Accumulated dose (rem) ©6.7652E-03

Low Population Zone Doses:

Time (h) = 2.1040 Whole Body
Delta dose (rem) 4,6926E-05
Accumulated dose (rem) ©.4914E-04
Control Room Doses:

Time (h) = 2.1040 Whole Body
Delta dose (rem) 1.0898E-05
Accumulated dose (rem) 1.3572E-04

Exclusion Area Boundary Doses:

Time (h) = 4.0000 Whole Body
Delta dose (rem) 1.207%E-02
Accumulated dose (rem) 1.8844E-02

Low Population Zone Doses:

Time (h) = 4.0000 Whole Body
Delta dose (rem) 7.6290E-04
Accumulated dose (rem) 1.4120E-03
Control Room Doses:

Time (h) = 4.0000 Whole Body
Delta dose (rem) 2.1455E-04
Accumulated dose (rem) 3.5027E-04

. |
Exclusion Area Boundary Doses:

Time (h) = 4,1040 Whole Body
Delta dose (rem) | 8.5773E-04
Accumulated dose (rem) 1.9702E-02

Thyroid
1.2949E+00
1.6818E+00

Thyroid
1.2949E-01
1.6818E-01

Thyroid
3.9722E-01
7.7302E-01

Thyroid
2.4712E-01
1.9289E+00

Thyroid
1.5608E-02
1.8378E-01

Thyroid
7.1878E-02
8.4490E-01

Thyroid
4,7303E+00
6.6592E+0C

Thyroid
2.9876E-01
4.8254E-01

Thyroid
1.2603E+00
2.1052E+00

Thyroid
3.7283E-01
7.0320E+00
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TEDE

.5001E~02
.8015E-02

TEDE

.5001E-03
.9015E-03

TEDE

.2561E-02
.4504E~02

TEDE

.5105E-03
.7526E-02

TEDE

.3750E~04
.4390E-03

TEDE

.2699E~-03
.6774E-02

TEDE

.6034E-01
.2786E-01

TEDE

.0127E-02
.6566E-02

TEDE

.9718E-02
.6492E-02

TEDE

L 2521E-02
.4038E-01




Low Population Zone Doses:

Time (h) = 4.1040 Whole Body
Delta dose {(rem) 3.6115E-05
Accumulated dose (rem) 1.4482E-03
Control Room Doses:

Time (h) = 4,1040 Whole Body
Delta dose (rem) 1.7571E-05
Accumulated dose (rem) 3.6784E-04

Exclusion Area Boundary Doses:

Time (h) = 8.0000 Whole Body
Delta dose (rem) 3.5580E-02
Accumulated dose (rem) 5.5282E-02

Low Population Zone Doses:

Time (h) = 8.0000 Whole Body
Delta dose (rem) 1.4981E-03
Accumulated dose (rem) 2.9462E-03
Control Room Doses:

Time (h) = 8.0000 Whole Body
Delta dose (rem) 1.1710E-03
Accumulated dose (rem) 1.5389%9E-03

Exclusion Area Boundary Doses:

Time (h) = 8.1040 Whole Body
Delta dose (rem) 1.083%E-03
Accumulated dose {(rem) 5.6366E-02

Low Population Zone Doses:

Time (h) = 8.1040 Whole Body
Delta dose (rem) 2.2818E-05
Accumulated dose (rem) 2.9691E~03
Control Room Doses:

Time (h) = 8.1040 Whole Body
Delta dose (rem) 4,4522E-05
Accumulated dose (rem) 1.5834E-03

Exclusion Area Boundary Doses:

Time (h) = 24.0000 Whole Body
Delta dose (rem) 1.6596E-01
Accumulated dose (rem) 2.2232E-01

Low Population Zone Doses:

Thyroid
1.5698E-02
4.9824E-01

Thyroid
9.4303E-02
2.1995E+00

Thyroid
1.8091E+01
2.5123E+01

Thyroid
7.6174E-01
1.2600E+00

Thyroid
4,8570E+00
7.0565E+00

Thyroid
6.1173E-01
2.5735E+01

Thyroid
6.6233E-03
1.2666E+00

Thyroid
1.5324E-01
7.2097E+00

Thyroid
1.2503E+02
1.5076E+02
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TEDE

.2720E-04
.7093E-02

TEDE

.9676E-03
.9460E-02

TEDE

.9957E-01
.38985E-01

TEDE

.5245E-02
.2338E~-02

TEDE

.5259E-01
.2205E-01

TEDE

.0109E-02
.6006E-01

TEDE

.2880E-04
.2567E-02

TEDE

.8104E-03
.2686E-01

TEDE

.0306E+00
.8907E+00




Time (h) = 24,0000 Whole Body Thyroid TEDE
Delta dose (rem) 3.4939E-03 1.3537E+00 4.5337E-02
Accumulated dose (rem) 6.4629E-03 2.6203E+00 8.7904E-02

Control Room Doses:

Time (h) = 24.0000 Whole Body Thyroid TEDE
Delta dose (rem) 4.3795E-03 1.3414E+401 4.1906E-01
Accumulated dose (rem) 5.9629E-03 2.0624E+01 6.4591E-01

Exclusion Area Boundary Doses:
Time (h) = 96.0000 Whole Body Thyroid TEDE

Delta dose (rem) 2.5510E-01 5.4093E+02 .6803E+01
Accumulated dose (rem) 4.7742E-01 6.9170E4+02 2.1694E+01

=

Low Population Zone Doses:

Time (h) = 96.0000 Whole Body Thyroid TEDE
Delta dose (rem) 2.2824E-03 3.1805E+00 .9582E-02
Accumulated dose (rem) 8.7454E-03 5.8008E+00 1.8749E-01

(o]

Control Room Doses:

Time (h) = 96.0000 Whole Body Thyroid TEDE
Delta dose (rem) 2.6277E-03 2.3944E+01 7.3515E-01
Accumulated dose (rem) 8.5906E-03 4.4568E+01 1.3811E+00

Exclusion Area Boundary Doses:
Time (h) = 720.0000 Whole Bedy Thyroid TEDE

Delta dose (rem) 3.3150E-01 1.5330E+03 .7011E+01
Accumulated dose (rem) 8.0892E-01 2.2247E+03 6.8705E+01

sy

Low Population Zone Doses:

Time (h) = 720.0000 Whole Body Thyroid TEDE
Delta dose (rem) 8.2003E-04 2.4920E+00 .6701E-02
Accumulated dose (rem) 9.5654E~-03 8.2927E+00 2.6419E-01

~J

Control Room Doses:

Time (h) = 720.0000 Whole Body Thyroid TEDE
Delta dose (rem) 9.4437E-04 3.4157E+01 .0410E+00
Accumulated dose (rem) 9.5350E-03 7.8725E+01 2.4221E+00

[

843
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I-131 Summary
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Sump Reactor Bldg Environment

Time (hr) I-131 (Curies) I-131 (Curies) I-131 (Curies)
0.001 5.8102E+03 0.0000E+00 6.2534E-05
0.104 1.0873E+406 0.0000E+00 2.1906E+00
0.104 1.0894E+06 0.0000E+00 2.1906E+00
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. 437
.500
.800
.000
.300
. 600
.900
.000
.104
.500
.800
.100
. 400
.700
.000
.104
.500
.800
.100
. 400
.700
.000
.300
.600
. 900
.200
.500
.800
.000
.104
.504
.804
.100
.400
.700
.000
.300
.000
.000
.000

(hr)

.001
.104
.104
.437
.500
.800
.000
.300
. 600
. 900
.000
.104
.500
.800

NMNMNNWWWWWWWWWWWwWWwWwWwWwWwLwWwWwwWwWwwWwwwwwwwwdhNnPE oS

Ceontrol Room
(Curies)
.8444E-08
.3833E-04
.3828E~04
.0656E~04
.1072E-04
.3256E-04
.8947E~-04
.5581E~04
.3073E-04
.8593E-04
.B609E-04
.7962E-04
.9207E-04
.2654E-04

I-131

SO OO WNhWoOOYSYOY

.5654E+06
.2229E+06
.0440E+0Q7
.3915E+07
.9121E+07
.4320E+07
.9512E+07
.1242E+07
.1230E+07
.1185E4+07
.1151E+07
.1117E+07
.1083E+07
.1049E+07
.1016E+407
.1004E+07
.0959E+07
.0926E+07
.0892E+07
.0858E+07
.0825E+07
.0791E+07
.0758E+07
.0724E+07
.0691E+407
.0657E+07
.0624E+07
.0591E+07
.0568E+07
.0557E+07
.0513E+07
.0479E+07
.0447E+07
.0413E+07
.0380E+07
.0347E+07
.0314E+07
.8843E+07
.2208E+07
.3042E+06

DO J OO N UMUTU D DD BB WWWWNNNMNNNDEFEREQOOOWNH W
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.5054E+01
.6388E+01
.3136E+02
.1746E+02
.8799E+02
.0504E+02
. 6530E+02
.6112E+02
.0618E+03
.4747E+403
.7732E+03
.0597E+03
.3348E403
.5990E+03
.8526E+03
.9381E+03
.2720E+03
.5146E+03
. 7486E+03
.9743E+03
.1920E+03
.4018E+03
.6042E+03
.7994E+03
.9875E+03
.1689E+03
.3437E+03
.5123E+03
.6212E+03
.6768E+03
.8880E+03
.0398E+03
.1842E+03
.3253E+03
.4613E+03
.5924E+03
.7188E+03
.3458E+03
.8467E+03
.1418E+02

NORASEWWWWWNONNMNMNNOMNMNNRRPREREPRPOODJIJOUVBRWWNRERPRPOOWDNDNODD

.3299E+00
.3903E+00
.9877E+00
.8022E+00
.9176E4+00
.4075E400
.4589E+01
.6744E+01
.9228E+01
.5634E+01
.1842E+01
.9169E+01
.7568E+01
.6997E+01
.7415E+01
.1250E+01
.4948E+01
.6287E+01
.0842E+02
.2132E+02
.3497E+02
.4932E+02
.6437E+02
.8008E+02
.9643E+02
.1340E+02
.3096E4+02
.4909E+02
.6149E+02
.6803E+02
.9341E402
.1303E+02
.3287E402
.5346E+02
.7449E402
.9597E4+02
.1787E4+02
.6816E+03
.6703E+03
.9879E+04




WWWOROODIIJTOAOAOSOWLVOU .S D DD WWww

10

24

.100
. 400
.700
.000
.104
.500
.800
.100
.400
.700
.000
.300
. 600
.2800
.200
.500
.800
.000
.104
.504
.804
.100
. 400
.700
.000
10.

300

.000
96.
720.

000
000

OV 00 H O W WWIWE I R RNN P B R O

.1693E-04
.2866E-04
.0468E-03
.1649E-03
.2053E-03
.2385E-03
.3099E-03
.3947E-03
.4834E-03
.5720E-03
.6587E-03
.7430E-03
.8244E-03
.9031E-03
.9789E-03
.0521E-03
.1227E-03
.1683E-03
.8379E-03
.1821E~03
.0142E-03
.5403E~04
.3925E-04
.4438E-04
.5776E-04
.7432E-04
.3808E-03
.0385E-04
.3152E-05

BEEAHH RS HE AR AR AR B R R R R R R R R

Cumulative Dose Summary

FHEBHHHHEHHARA RSB SAAERA RS H R R A R R R R e R

Time
(hr)

0.
.104
.104
.437
.500
.800
.000
.300
. 600
. 900
. 000
.104
.500
.800
.100
.400
.700
.000
.104
.500

b D WWWNDNDNONNRPE RO O0000

001

Exclusion Area Bounda

OJON O WWNOR R OUOWWNNhDND DO

Thyroid
(rem)

.3881E-06
.2383E-01
.2383E-01
.3800E~-01
.4413E-01
.0464E-01
.8688E-01
.9976E-01
.4959E~-01
.4671E+00
.6818E+00
.9289E+00
.5642E+00
.1775E+00
.8986E+00
.7224E+00
.6441E+00
.6592E+00
.0320E+00
.3601E+00

NMNMNNNRFRPFRF~RRPRPOOYOUEWNE - OO ON

TEDE
(rem)

.3446E-07
.2111E-03
.2111E-03
.7237E-03
.9441E-03
.1103E-02
.4014E-02
.1492E-02
.3686E-02
.1608E-02
.9015E-02
.1526E-02
.9311E-02
.1023E-01
.3473E-01
.6261E-01
. 9371E-01
.2786E-01
.4038E-01
.8489E-01

Qb WWNNDRERERRPR O WwWWwWRNNDND DO

Low Population Zone

Thyroid
(rem)

.3881E-07
.2383E-02
.2383E-02
.3800E~-02
.4413E-02
.0464E-02
.8688E-02
.9976E~02
.4959E-02
.4671E-01
.6818E-01
.8378E-01
.2391E-01
.6264E-01
.0819E-01
.6022E-01
.1843E-01
.8254E-01
.9824E-01
.5416E-01
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PFRPRPRREPEODIOO00NWNE OO0 N

TEDE
(rem)

.3446E-08
.2111E-04
.2111E-04
.7237E-04
.9441E-04
.1103E-03
.4014E-03
.1492E-03
.3686E~03
.1608E-03
.9015E-03
.4390E-03
.8149E-03
.1361E-03
.0683@—02
.2445@—02
.4409E-02
.6566E-02

]

.7093E-02
.8967E-02

NN R RO WwWwN PN NS

Control Room

Thyroid
(rem)

.1200E-09
.5461E-02
.5564E-02
.8943E-01
.2008E-01
.2723E-01
.7580E-01
.5017E-01
.5349E-01
.0747E-01
.7302E-01
.4490E-01
.0781E+00
.2421E+00
.4208E+00
.6228E+00
.8507E+00
.1052E+00
.1995E+00
.5661E+00

OO D WWNONNFERFRERFREREIONO O

TEDE
(rem)

.3135E-10
.1167E-04
.1494E-04
.0296E-03
.0031E-03
.0404E-02
.1944E-02
.4299E-02
.7567E-02
.2434E-02
.4504E-02
.6774E-02
.4135E-02
.9307E-02
.4943E-02
.1306E-02
.8484E-02
.6492E-02
. 9460E-02
.0997E-02




W WWowawaa XD ~Jd-~JI~d0YN Y UT U U

24

.800
.100
. 400
.700
.000
.300
. 600
.900
.200
.500
.800
.000
.104
.504
.804
.100
. 400
.700
10.
10.
.000
96.
720.

000
300

000
000

NOFWWWRWNNMNNONNNONNNE R PP RB R

.4553E+00
.0624E+01
.1863E+01
.3168E+01
.4538E+01
.5970E+01
.7460E+01
.9007E+01
.0608E+01
.2261E+401
.3962E+01
.5123E+01
.5735E+01
.8102E+401
.9928E+01
.1769E+01
.3674E+01
.5616E+01
.7594E+01
.9606E+01
.5076E+02
.9170E+02
.2247E+403

AN R RPRPREEOWWOWO0OW--Iy0 WU Ud b WwWw

.2151E-01
.6049E-01
.0173E-01
.4513E-01
.9060E-01
.3803E-01
.8735E-01
.3846E-01
.9128E-01
.4575E~01
.0177E~-01
. 3995E-01
.6006E-01
.3781E-01
.9769E-01
.0580E+00
.1204E+00
.1839E+00
.2486E+00
.3143E+00
.8907E+00
.1694E+01
.8705E+01

D UINR P PR PR R R OO0 -]-do o

.0027E-01
.4947E-01
.0163E-01
.5661E-01
.1429E-01
.7457E-01
.3733E-01
.0025E+00
.0699E+00
.1394E+00
.2111E+00
.2600E+0Q0
.2666E+00
.2922E+00
.3120E+00
.3319E+00
.3526E+00
.3736E+00
.3950E+00
.4168E+00
.6203E+00
.8008E+00
.2927E+00

N QO s o i B D BB DD DWW W WD NN

.0509E-02
.2150E-02
.3886E-02
.5714E-02
. 1628E~-02
.9625E-02
.1702E-02
.3854E-02
.6078E-02
.8371E-02
.0730E-02
.2338E-02
.2567E-02
.3451E-02
.4131E~02
.4817E-02
.5525E-02
.6246E-02
.6979E-02
.1724E-02
.7904E-02
.8749E-01
.6419E-01

NN OO0 0NN DWW W

.8564E+00
.1638E+00
.4899E+00
.8352E+00
.1992E+400
.5814E+00
. 9810E+Q0
.3974E+00
.B299E+00
L2777E+400
.7403E+00
.0565E+00
.2097E+00
.6362E+00
.8748E+00
.0865E+00
.2929E+00
.4980E+00
.7048E+00
.9143E+00
.0624E+01
.4568E+01
.8725E+01

NFONMNMNMNDNNNMNNNMNNNMNNNNERERPRRERRRRROO

.0127E-02
.9791E~-02
.1004E-01
.2090E-01
.3233E-01
.4434E-01
.5689E-01
.6997E-01
.8355E-01
.9760E~01
.1212E-01
.2205E-01
.2686E-01
.4026E-01
.4777E-01
.5443E-01
.6092E-01
.6736E-01
.7386E-01
.8043E-01
.4591E-01
.3811E+0Q0
.4221E+00

FRAESEE RS A AR AR R R A R S R R R R

Note:

dose location.

Worst Two

-Hour Doses

All of the dose locations are shown below but the
worst two~hour dose is only meaningful for the EAB
Please disregard the two-hour worst
doses for the other dose locations

FHESHH B H SRR SRR H R A HH R H AR R R R R R R R R R R

Exclusion Area Boundary
Time
(hr)
14.2

Low Population Zone

Time
(hr)

6.0

Whole Body

(rem)

2.0817E-02

Whole Body

(rem)

8.3176E-04

Control Room
Time
(hr)

6.1

Whole Body

(rem)

7.5305E-04

Thyroid
(rem)
1.6227E+01

Thyroid
(rem)
4.4568E-01

Thyroid
(rem)
2.8772E+00

TEDE

(rem)

5.2210E-01

TEDE

(rem)

1.4710E-02

TEDE
(rem)

9.0335E-02
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Attachment 3

RADTRAD Output File H250MS550F3.00

BH AR SRR HH S R S H RS SR
RADTRAD Version 3.02 run on 8/28/2010 at 17:07:43
HEHHH S SRS RS AT H AR ARG A A AR H A A S 4 a4

BHHAHAHEEBH SRS H G HE S SR H SRS H S A SRR E R
File information

FHAGHEBHHAHAHHH B H AR HH R H RS H SRR A E R RS R R R R e R

Plant file name = G:\Radtrad 3.02\Accept\MDC-1880 R4\H250MS550F3.psf
Inventory file name = g:\radtrad 3.02\defaults\hepuloca def.txt
Scenario file name = G:\Radtrad 3.02\Accept\MDC-1880 R4\H250MS550F3.psf
Release file name = g:\radtrad 3.02\defaults\bwr_dba.rft
Dose conversion file name = g:\radtrad 3.02\defaults\fgrll&l2.inp

R #HH# o # # # HhHH# # # Hedh4

# I # #  ## # # # # # #

# # 4 # # 4 # # 4 # 4 # #

FHH##4 fdH4 #H## # 08 % #  #HHH# # # #

# # # # # $ % # # # #

# # # # # #H # # # #

# #H## # # # # & #HH#H #

Radtrad 3.02 1/5/2000
MSIV Leakage AST Analysis For MSIV leakage Calculated at 550F - EAR, LPZ, & CR
Doses - MSIV Leakage = 250 scfh and CR Unfiltered Inleakage = 250 cfm
Nuclide Inventory File:
g:\radtrad 3.02\defaults\hepuloca def.txt
Plant Power Level:
3.9170E+03
Compartments:
6
Compartment 1:
Containment
3
1.6900E+05

o oR

0
Compartment 2:
MSIV Failed Volume V1

57




3
1.1390E+03

[N ool

0

Compartment 3:

MSIV Intact Volume V2
3
1.1360E+03

[N eNeNe]

0
Compartment 4:
Control Room

1

8.5000E+04

O OO0

0
Compartment 5:
Environment

2

0.0000E+00

OO OO

0
Compartment 6:
Void

3

1.0000E+05

o O OO

0

Pathways:
8

Pathway 1:

Containment to MSIV Failed Volume V1
1
2
2

Pathway 2:

MSIV Failed Volume V1 to Environment
2

’
Pathway 3:
Containment to MSIV Intact Volume V2
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1
3
2
Pathway 4:
MSIV Intact Volume V2 to Environment
3
5
2
Pathway 5:
Control Room Filtered Air Intake
5
4
2
Pathway 6:
Control Room Unfiltered Inleakage
5
4
2
Pathway 7:
Control Room Exhaust to Environment
4
5
2
Pathway 8:
Containment to Void
1
6
4
End of Plant Model File
Scenario Description Name:

Plant Model Filename:

Source Term:
1
1 1.0000E+00
g:\radtrad 3.02\defaults\fgrllgl2.inp
g:\radtrad 3.02\defaults\bwr_dba.rft
0.0000E+00
1
9.5000E-01 4.8500E-02 1.5C00E-03 1.0000E+0Q0
Overlying Pool:
0
.0000E+00

0
0
0
0
0

Compartments:
6

Compartment 1:
0

.0000E+00

H O OR
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.0000E+00

.0000E+00 3.1600E400
.0000E+00 1.7400E+00
.0000E+00 0.0000E+00

.0000E+Q0

.0000E+01

Compartment 2:

5 00000000 FRFOB3O0OFRFRWWOODOORSEDNOWO

@]
@]

partment 3:

EleoNeoNoRoNoNaoNoR o]

Compartment 4:

.6000E+03

.0000E+00 0.0000E+00 0.0000E+00 0.0000E+0O
.0000E-01 9.9000E+01 9.9000E+01 9.9000E+01
.2000E+02 9.9000E+01 9.9000E+01 9.9000E+01

Compartment 5:

OO0 OZI OO0 NUTOWNROODOOrO
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0
0
Compartment 6:

OO0 O0OO0OO0 OO

Pathways:
8
Pathway 1:

.0000E+00
.0000E+00
.0000E+0Q0
.0000E+Q0
.0000E+00
.4000E+01
.2000E+02

Pathway 2:

. 0000E+00
.0000E+00
.0000E+00C
.0000E+0Q
.4000E+01
. 6000E+01
.2000E+02

OO0 O0CO0OOJONOAOWNONHOOOOOTOOOOOOINDANFFOIJHEHOOOOO

Pathway 3:

O B s 0

QO B DD

.0800E-01
.0800E-01
.4600E-01
.4600E-01
.4600E-01
.4600E-01
.00C0E+00

.7830E+00
.7830E+00
.7830E+00
.7830E+00
. 7830E+00
.7830E+00
.0000E+00

loNoNoNeNoNeNo]

O O W wWwWwWLWwWw

.0000E+00
.0000E+00
.0000E+00Q
.0000E+00
.0000E+00
.0000E+00
.0000E+00

.5750E+01
.5750E+01
.5750E+01
.5750E+01
.5750E+01
.0000E+00
.0000E+00
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OO OO0 OO0

OO Ny W wWw

. 0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

.2470E+01
.2470E+01
.7510E+01
.0590E+01
.7240E+01
.0000E+00
.0000E+00

OO0 COoO0oOo

OO OO OoCOoOCO

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

.0000E+0Q0
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00




.0000E+00
.0000E+00
.4000E+01
.2000E+02

OO OO OOONNNOMEFEOOOOO

)
o)

hway 4:

.0000E+00
.0000E+00
.0000E+Q0
.0000E+00
.4000E+0Q1
.6000E+01
.2000E+02

o
W
OO0 NUOWROODOOODOHFOOOOOONOUNMTWNOIP,OOOOO

hway 5:

.0000E+00
.0000E~01
.2000E+02

Pathway 6:

(@]

o NN WD

OWwWwwwww

5.
1.

.3900E~01
.9700E-01
.9700E~-01
.0000E+00

.1830E+00
.1830E+00Q
.1830E+00
.1830E+00
.1830E+00
.1830E+00
.0000E+0Q0C

0000E+02
1000E+03

0.0000E+00

o O oo

O O WWw W

0.
9.
0.0000E+00

.0000E+00
.0000E+00
. 0000E+D0
.0C00E+Q0

.7120E+01
.7120E+01
.7120E+01
.7120E+01
.7120E+01
.0000E+00
. 0000E+00

0000E+00
9000E+01

OO OO0

OO JUwhN

0.
9.
0.0000E+00

.0000E+00
.0000E+00
.0000E+00
.0000E+00

.8300E+01
.8300E+01
.2950E+01
.4960E+01
.1940E+01
.0000E+00
.0000E+00

0000E+00
9000E+01

[oNelNeNe]

OO0 OO O o0

0.
9.
0.

.0000E+00
.0000E+0Q0
.0000E+00
.0000E+00

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

0000E+00
9000E+01
0000E+0Q0




.0000E+Q0 0.0000E+00 0.0C00E+00
.0000E-0O1 2.5000E+02 0.0000E+00
.2000E+02 0.0000E+00 0.00C0E+00

Pathway 7:

.0000E-01 1.3500E+03 1.0000E+02
.2000E+02 0.0000E+00 0.0000E+00

Pathway 8:

.0000E+00 5.0000E-01
.2000E+02 0.000CE+00
0
Dose Locations:
3
Location 1:
Exclusion Area Boundary
5
1
2
0.0000E+00 1.9000E-04
7.2000E+02 0.0000E+00

0
0
0
0
1
3
0
5
7
0
0
0
0
0
0
t
0
0
0
0
0
1
3
0.0000E+00 5.0000E+02 0.0000E+400
5
7
0
0
0
0
0
0
t
0
0
0
0
0
0
0
0
0
0
1
2
0
7
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0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+0C
1.0000E+02
0.0000E+QOC

0.0000E+0C
0.0000E+00
0.0000E+00

0.0000E+00
1.0000E+02
0.0000E+00




1
2
0
7
0
Loc

.0000E+00
.2000E+02

ation 2:

3.
0.

5000E-04
00Q0O0E+00

Low Population Zone

5

N NN OOe P, JOUNOBNOIR

0
Loc
Ccon

Ef

Si

~JoNvoMMOOE SVUNONOGORHRTOUNOMR JONRF OB

.0000E+Q0
.0000E+00
.0000E+00C
.0000E+0Q0
.4000E+01
.6000E+01
.2000E+02

.0000E+00
.0000E+00
.4000E+01
.2000E+02

ation 3:
trol Room

.0000E+00
.2000E+02

. 0000E+00
.4000E+01
. 6000E+01
.2000E+02

OoOMN K W O =2 0

O W

ective Volume

.0000E+0Q0
.0000E+00
.0000E+0Q0
.4000E+01
.6000E+01
.2000E+02

NP =S oy

.9000E-05
.2000E-05
.0000E-06
.0000E-06
.7000E-06
. 7000E-07
.0000E+00

.5000E-04
.8000E-04
.3000E-04
.0000E+00

.5000E-04
.0000E+00

1.0000E+00
6.
4
0

0000E-01

.0000E~01
.0000E+00
Location:

.1700E-04
.00C0E-04
.4400E-04
.0000E-04
.4900E-05
0.

0000E+00

ulation Parameters:

.0000E+00
.0000E+00
.0000E+00
.4000E+01
.6000E+01
.2000E+02

O NP O

Output Filename:
G:\Radtrad 3.081

.0000E-01
.0000E~-01
.0000E+00
.0000E+00
.0000E+00
.0000E+00

64




e

0
End of Scenario File

65




HERHHASHBHH RS AR H RS HA AR AR AR H R R R R R R R R R R R

RADTRAD Version 3.02 run on 8/28/2010

at 17:07:43

FHESHHSHHAHH A S A AR B E R AR A AR R A R R R A R R

BHAGH B ERBESHAEHAAE RS R AR R R R R R R R R R R R

Plant Description

FHAFHAH AR H AR H A AR H R AR R AR H R R S A R R R

Number of Nuclides = 60

Inventory Power = 1.0000E+00 MWth
Plant Power Level = 3.9170E+03 MWth
Number of compartments = 6

Compartment information

Compartment number 1 (Source term fraction = 1.

)

Name: Containment

Compartment volume = 1.6900E+05 (Cubic feet)
Removal devices within compartment:

Spray (s)

Deposition

Pathways into and out of compartment 1
Pathway to compartment number 2: Containment
Pathway to compartment number 3: Containment
Pathway to compartment number 6: Containment

Compartment number 2
Name: MSIV Failed Volume V1
Compartment volume = 1.1390E+03 (Cubic feet)
Pathways into and out of compartment 2
Pathway to compartment number 5; MSIV Failed
Pathway from compartment number 1: Containment

Compartment number 3
Name: MSIV Intact Volume V2
Compartment volume = 1.1360E+03 (Cubic feet)
Pathways into and cut of compartment 3
Pathway to compartment number 5: MSIV Intact
Pathway from compartment number 1: Containment

Compartment number 4
Name: Control Room

Compartment volume = 8.5000E+04 {(Cubic feet)
Removal devices within compartment:
Filter (s)

Pathways into and out of compartment 4

0000E+00

to MSIV Failed Volume V1
to MSIV Intact Volume V2
to Void

Volume V1 to Environment
to MSIV Failed Volume V1

Volume V2 to Environment
to MSIV Intact Volume V2

Pathway to compartment number 5: Control Room Exhaust to Environment
Pathway from compartment number 5: Control Room Filtered Air Intake
Pathway from compartment number 5: Control Room Unfiltered Inleakage

Compartment number 5
Name: Environment
Pathways into and out of compartment 5
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Pathway
Pathway
Pathway
Pathway
Pathway

Compartment
Name: Void
Compartment

to compartment number 4: Control Room Filtered Air Intake

to compartment number 4: Control Room Unfiltered Inleakage
from compartment number 2: MSIV Failed Volume V1 to Environment
from compartment number 3: MSIV Intact Volume V2 to Environment
from compartment number 4: Control Room Exhaust to Environment

number 6

volume = 1.0000E+05 (Cubic feet)

Pathways into and out of compartment 6

Pathway

from compartment number 1: Containment to Void

Total number of pathways = 8
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BEBHSHGHS S HG 44 AHAERERRH ARG RS HH A SRS AR R H A SR AR R R 0 E
RADTRAD Version 3.02 run on 8/28/2010 at 17:07:43
BHAHHHHHH G EH AR RS S A H A H AR R R E R AR AR R AR S R R A A

FHAGBHAAREHAAHAHHHH A S R R R R S
Scenario Description

BHEHHAHBES RSB ERH B AR R S R R R R

Radiocactive Decay is enabled

Calculation of Daughters is enabled

RELEASE NAME = BWR, NUREG-1465, Tables 3.11 & 3.13, Jun
Release Fractions and Timings

GAP EARLY IN-VESSEL

0.5000 hrs 1.5000 hrs
NOBLES 5.0000E-02 9.5000E-01
IODINE 5.0000E-02 2.5000E-01
CESIUM 5.0000E-02 2.0000E-01
TELLURIUM 0.0000E+00 5.0000E-02
STRONTIUM 0.0000E+00 2.0000E~-02
BARIUM 0.0000E+00 2.0000E-02
RUTHENIUM 0.0000E+00 2.5000E-03
CERIUM 0.0000E+00 5.0000E-04
LANTHANUM 0.0000E+00 2.0000E-04

Iodine fractions

Aerosol = 9.5000E-01
Elemental = 4.8500E-02
Organic = 1.5000E-03

COMPARTMENT DATA
Compartment number 1: Containment

Sprays: Elemental Removal Data

Time (hr) Removal Coef. (hr~-1)
0.0000E+00 3.1600E+00
2.0000E+00 1.7400E+00
4,0000E+00 0.0000E+00
Natural Deposition (Powers' model): Aeroscl data
Reactor type: 3
Percentile = 10 (%)

Compartment number 2: MSIV Failed Volume V1
Compartment number 3: MSIV Intact Volume V2
Compartment number 4: Control Room
Compartment Filter Data
Time (hr) Flow Rate Filter Efficiencies (%)
{(cfm) Aerosol Elemental Organic
0.0000E+00 2.6000E+03 0.0000E+00 0.0000E+00 0.0000E+00

5.0000E-01 2.6000E+03 9.9000E+01 9.9000E+01 9.9000E+01
7.2000E+02 2.6000E+03 9.9000E+01 9.9000E+01 9.9000E+01

68




Compartment number 5: Environment

Compartment number 6: Void
PATHWAY DATA
1:

Pathway number Containment to MSIV Failed Volume V1

Pathway Filter: Removal Data

Time (hr) Flow Rate Filter Efficiencies
(cfm) Aerosol Elemental
0.0000E+00 8.0800E-01 0.0000E+00 0.0000E+00
1.0000E+00 8.0800E~01 0.0000E+00 0.0000E+00
2.0000E+00 4.4600E-01 0.0000E+00 0.0000E+00
4,.0000E+00 4,4600E-01 0.0000E+00 0.0000E+0O
8.0000E+00 4.4600E-01 0.0000E+00 0.0000E+00
2.4000E+01 4.4600E-01 0.0000E+00 0.0000E+00
7.2000E+02 0.0000E+00 0.0000E+00 0.0000E+00

Pathway number 2: MSIV Failed Volume V1 to Environment

Pathway Filter: Removal Data

Time (hr) Flow Rate Filter Efficiencies
{cfm) Aerosol Elemental
0.0000E+00 4,7830E+00 9.5750E+01 3.2470E+01
2.0000E+00 4.7830E+00 9.5750E+01 3.2470E+01
3.0000E+00 4.7830E+00 9.5750E+01 3.7510E+01
6.0000E+00 4,7830E+00 9.5750E+01 6.0590E+01
2.4000E+01 4.7830E+00 9.5750E+01 7.7240E4+01
9.6000E+01 4.7830E+00 0.0000E+00 0.0000E+0Q0
7.2000E+02 0.0000E+00 0.0000E+00 0.0000E+00

Pathway number 3: Containment to MSIV Intact Volume V2

Pathway Filter: Removal Data

Time (hx) Flow Rate Filter Efficiencies
(cfm) Aerosol Elemental
0.0000E+00 5.3900E-01 0.0000E+00 0.0000E+0Q0
2.0000E+00 2.9700E-01 0.0000E+00 0.0000E+00
2.4000E+01 2.9700E-01 0.0000E+00 0.0000E+00
7.2000E+02 0.0000E+00 0.0000E+00 0.0000E+00

Pathway number 4: MSIV Intact Volume V2 to Environment

Pathway Filter: Removal Data

Time (hr) Flow Rate Filter Efficiencies
(cfm) Aerosol Elemental
0.0000E+00 3.1830E+00 9,7120E+01 2.8300E+01
2.0000E+00 3.1§3OE+OO 9.7120E+01 2.8300E+01
3.0000E+00 3.1$BOE+OO 9.7120E4+01 3.2950E+01
6.0000E+00 3.1$3OE+OO 9.7120E+01  5.4960E+01
2.4000E+01 3.1830E+G0 9.7120E+01 7.1940E+01
'9.6000E+01 3.1830E+00 0.0000E+00 0.0000E+00
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(%)
Organic

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+0Q0
.0000E+0Q0

OO OO0 OCOo

Q

(%)
Organic
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

[oNeoNoNoReNoNo]

3

(%)
Organic
0.0000E+00
0.0000E+0Q0
0.0000E+00

0.0000E+0Q0

%

(%)
Organic

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
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7.2000E+02 0.0000E+00 0.0000E+00 0.0000E+0QO0 0.0000E+00
Pathway number ©5: Control Room Filtered Air Intake
Pathway Filter: Removal Data

Time (hr) Flow Rate Filter Efficiencies (%)

(cfm) Aerosol Elemental Organic
0.0000E+00 5.0000E+02 0.0000E+CQ 0.0000E+00 0.0000E+00
5.0000E-01 1.1000E403 9.9000E+01 9.9000E+01 9.9000E+01
7.2000E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00

Pathway number 6: Control Room Unfiltered Inleakage
Pathway Filter: Removal Data
Time (hr) Flow Rate Filter Efficiencies (%)

(cfm) Aerosol Elemental Organic
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
5.0000E-01 2.5000E+02 0.0000E+00 0.0000E+00 0.0000E+00
7.2000E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+0C

Pathway number 7: Control Room Exhaust to Environment
Pathway Filter: Removal Data
Time (hr) Flow Rate Filter Efficiencies (%)

(cfm) Aerosol Elemental Organic
0.0000E+00 5.0000E+02 0.0000E+00 0.0000E+00 0.0000E+00
5.0000E-01 1.3500E+03 1.0000E+02 1.0000E+02 1.0000E+02
7.2000E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00

Pathway number 8: Containment to Void

Convection Data

Time (hr) Flow Rate (% / day)
0.0000E+00 5.0000E-01
7.2000E+02 0.0000E+00

LOCATION DATA
Location Exclusion Area Boundary is in compartment 5

Location X/Q Data

Time (hr) X/Q (s * m™-3)
0.0000E+00 1.9000E-04
7.2000E+02 0.0000E+00

Location Breathing Rate Data

Time (hr) Breathing Rate (m*3 * sec”-1)
0.0000E+00 3.5000E-04
7.2000E+02 0.0000E+00

Location Low Population Zone is in compartment 5

Location X/Q Data

Time (hr) X/Q (s * m™~-3)
0.0000E+00 1.9000E-05
2.0000E+00 1.2000E-05
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4,0000E+00 8.0000E-06
8.0000E+00 4.0000E-06
2.4000E+01 1.7000E-06
9.6000E+01 4,7000E-07
7.2000E+02 0.0000E+00
Location Breathing Rate Data
Time (hr) Breathing Rate (m”"3 * sec”-1)
0.0000E+00 3.5000E-04
8.0000E+00 1.8000E~-04
2.4000E+01 2.3000E~-04
7.2000E+02 0.0000E+00
Location Control Room is in compartment 4

Location X/Q Data

Time (hr) X/Q (s * m"~-3)
0.0000E+00 6.1700E-04
2.0000E+00 4.0000E-04
8.0000E+00 1.4400E-04
2.4000E+01 1.0000E-04
9.6000E+01 7.4%00E~05
7.2000E+02 0.0000E+0QO0

Location Breathing Rate Data

Time (hr) Breathing Rate (m"3 * sec”-1)
0.0000E+00 3.5000E-04
7.2000E+02 0.0000E+00

Location Occupancy Factor Data

Time (hr) Occupancy Factor
0.0000E+00 1.0000E+00
2,4000E+01 6.0000E-01
9.,6000E+01 4.0000E-01
7.2000E+02 0.0000E+00

USER SPECIFIED TIME STEP DATA - SUPPLEMENTAL TIME STEPS
Time Time step

0.0000E+00 1.0000E-01

2.0000E+00 5.0000E-01

8.0000E+0Q0 1.0000E+00

2.4000E+01 2.0000E+00

9.6000E+01 4.0000E+00

7.2000E+02 0.0000E+00
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RADTRAD Version 3.02 run on 8/28/2010 at 17:07:43
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e 4 0 HEHEE HEHdE #  H#484
# # 4 # # # # # # #
# # 4 # # # i # #
# # # # # ik 5 S # #
# Fo# # # # # # #
# A # # # # # #
ik 3 HH## # # HH44 #

FHEGHEB A AR RHH NS H R E A E AR R R R H R R R R
Dose Output
FHEFHEHH SR H LA R R A R R R B R HH R R R

Exclusion Area Boundary Doses:

Time (h) = 0.5000 Whole Bedy Thyroid TEDE
Delta dose (rem) 2.2053E-03 1.3307E-01 7.3255E-03
Accumulated dose {(rem) 2.2053E-03 1.3307E-01 7.3255E-03

Low Population Zone Doses:
Time (h) = 0.5000 Whole Body Thyroid TEDE

Delta dose (rem) 2.2053E-04 1.3307E-02 .3255E~04
Accumulated dose (rem) 2.2053E-04 1.3307E-02 7.3255E-04

~J

Control Room Doses:

Time (h) =  0.5000 Whole Body  Thyroid TEDE
Delta dose (rem) 1.2625E-05 1.9956E-02 7.7862E~04
Accumulated dose (rem) 1.2625E-05 1.9956E-02 7.7862E~04

Exclusion Area Boundary Doses:

Time (h) = 1.0000 Whole Body Thyroid TEDE
Delta dose (rem) 2.0603E-02 8.5103E-01 5.6130E~02
Accumulated dose (rem) 2.2808E-02 9.8410E-01 6.3456E-02
Low Population Zone Doses:

Time (h) = 1.0000 Whole Body Thyroid TEDE

Delta dose (rem) 2.0603E-03 8.5103E-02 .6130E-03
Accumulated dose (rem) 2.2808E-03 9.8410E-02 6.3456E-03

(8}

Control Room Doses:

Time (h) = 1.0000 Whole Body Thyroid TEDE
Delta dose (rem) 3.5460E-04 1.0896E-01 .7170E~03
Accumulated dose (rem) 3.6723E-04 1.2891E-01 5.,4956E-03
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Exclusion Area Boundary Doses:

Time (h) = 2.0000 Whole Body
Delta dose (rem) 2.3544E-01
Accumulated dose (rem) 2.5825E-01

Low Population Zone Doses:

Time (h) = 2.0000 Whole Body
Delta dose (rem) 2.3544E-02
Accumulated dose (rem) 2.5825E-02
Control Room Doses:

Time (h) = 2.0000 Whole Body
Delta dose (rem) 8.4287E-03
Accumulated dose (rem) 8.7959E-03

Exclusion Area Boundary Doses:

Time (h) = 3.0000 Whole Body
Delta dose (rem) 4.5227E-01
Accumulated dose (rem) 7.1052E-01

Low Population Zone Doses:

Time (h) = 3.0000 Whole Body
Delta dose (rem) 2.8565E-02
Accumulated dose (rem) 5.4389E-02
Control Room Doses:

Time (h) = 3.0000 Whole Body
Delta dose (rem) 2.1853E-02
Accumulated dose (rem) 3.0649E-02

Exclusion Area Boundary Doses:

Time (h) = 4,0000 Whole Body
Delta dose (rem) 4,8300E-01
Accumulated dose (rem) 1.1935E+00

Low Population Zone Doses:

Time (h) = 4,0000 Whole Body
Delta dose (rem) 3.0505E-02
Accumulated dose (rem) 8.4894E-02
Control Room Doses:

Time (hp = 4,0000 Whole Body
Delta dose (rem) 2.7481E-02
Accumulated dose (rem) 5.8130E-02

Exclusion Area Boundary Doses:

Thyroid
6.8854E+00
7.8696E+00

Thyroid
6.8854E-01
7.8696E-01

Thyroid
8.7167E-01
1.1006E+00

Thyroid
1.2515E+01
2.0385E+01

Thyroid
7.9044E-01
1.5774E+00

Thyroid
1.7406E+00
2.8412E+00

Thyroid
1.2105E+0C1
3.2490E+01

Thyroid
7.6450E-01
2.3419E+00

Thyroid
1.7296E+00
4.5708E+00
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TEDE

.6560E-01
.2905E-01

TEDE

.6560E-02
.2905E-02

TEDE

.3799E-Q2
. 9294E-02

TEDE

.0847E+00
.7138E+00

TEDE

.8510E-02
.3142E-01

TEDE

.0869E-01
.6798E-01

TEDE

.1060E+00
.B8198E+00

TEDE

.9851E-02
.0127E-01

TEDE

.1609E-01
.8407E-01




Time (h)} = 6.0000 Whole Body
Delta dose (rem) 9.0232E-01
Accumulated dose (rem) 2.0958E+00

Low Population Zone Doses:

Time (h) = 6.0000 Whole Body
Delta dose (rem) 3.7992E-02
Accumulated dose (rem) 1.2289E-01
Control Room Doses:

Time (h) = 6.0000 Whole Body
Delta dose (rem) 5.9490E-02
Accumulated dose (rem) 1.1762E-01

Exclusion Area Boundary Doses:

Time (h) = 8.0000 Whole Body
Delta dose {(rem) 7.4524E-01
Accumulated dose (rem) 2.8411E+00

Low Population Zone Doses:

Time (h) = 8.0000 Whole Body
Delta dose (rem) 3.1378E-02
Accumulated dose (rem) 1.5427E-01
Control Room Doses:

Time {(h) = 8.0000 Whole Body
Delta dose (rem) 5.4509E-02
Accumulated dose (rem) 1.7213E-01

Exclusion Area Boundary Doses:

Time (h) = 24.0000 Whole Body
Delta dose (rem) 2.7472E+00
Accumulated dose (rem) 5.5882E+00

Low Population Zone Doses:

Time (h) = 24,0000 Whole Body
Delta dose {(rem) 5.7835E-02
Accumulated dose (rem) 2.1210E-01
Control Room Doses:

Time (h) = 24.0000 Whole Body
Delta dose (rem) 9.3680E-02
Accumulated dose (rem) 2.6581E-01

Exclusion Area Boundary Doses:

Time (h) = 96.0000 Whole Body
Delta dose (rem) 3.5881E+00
Accumulated dose {(rem) 9.1763E+00

Thyroid
1.9189E+01
5.1679E+01

Thyroid
8.0797E-01
3.1499E+00

Thyroid
2.8426E+00
7.4134E+00

Thyroid
1.2597E+01
6.4275E+01

Thyroid
5.3038E-01
3.6B03E+00

Thyroid
1.9023E+00
9.3156E+00

Thyroid
3.5174E+01
9.9449E+01

Thyroid
3.8083E-01
4.0611E+00

Thyroid
2.0278E+00
1.1343E+01

Thyroid
5.7839E+01
1.5729E+02
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TEDE

.8897E+00
.7095E+00

TEDE

.9566E-02
.8083E-01

TEDE

.0606E-01
.9013E-01

TEDE

.3961E+00
.1056E+00

TEDE

.8783E-02
.3962E-01

TEDE

.5290E-01
.4304E-01

TEDE

.3026E+00
.0408E+01

TEDE

.4676E-02
.1429E-01

TEDE

.8566E-01
.286%E-01

TEDE

.3768E+00
.5785E+01




Low Population Zone Doses:

Time (h) = 96.0000 Whole Body Thyroid TEDE
Delta dose (rem) 3.2104E-02 3.4008E-01 4.2621E-02
Accumulated dose (rem) 2.4420E-01 4.4012E+00 4.56%91E-01

Control Room Doses:

Time (h) = 96,0000 Whole Body Thyroid TEDE
Delta dose (rem) 4.5112E~02 1.2225E+00 8.2968E-02
Accumulated dose (rem) 3.1092E-01 1.2566E+01 9.1166E-01
Exclusion Area Boundary Doses:

Time (h) = 720.0000 Whole Body Thyroid TEDE

Delta dose (rem) 5.6486E+00 1.6309E+02 .0629E+01
Accumulated dose {rem) 1.4825E401 3.2038E+02 2.6414E+01

fu

Low Population Zone Doses:

Time (h) = 720.0000 Whole BRody Thyroid TEDE
Delta dose (rem) 1.3973E-02 2.6512E-01 2.2069E-02
Accumulated dose (rem) 2.5818E-01 4.6663E+00 4,7898E-01

Control Room Doses:

Time (h) = 720.0000 Whole Body Thyroid TEDE

Delta dose (rem) 3.5126E-02 1.7116E+00 B8.7394E-02

Accumulated dose (rem) 3.4605E-01 1.4278E+01 9.9905E-01
837
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I-131 Summary
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Containment MSIV Failed Volume V1 MSIV Intact Volume V2
Time (hr) I-131 (Curies) I-131 (Curies) I-131 (Curies)
0.001 5.8100E+03 4.6295E-04 3.0883E-04
0.400 3.5187E+06 2.1080E+02 1.4225E+4+02
0.500 4,2430E+06 3.1558E+02 2.1357E+02
0.800 8.9371E+06 8.3174E+02 5.6665E+02
1.000 1.2182E+07 1.3831E+03 9.4607E+02
1.300 1.6447E+0Q07 2.4732E+03 1.7033E+03
1.600 2.0187E+07 3.8134E+03 2.6459E+03
1.9%00 2.3521E+07 5.3472E+03 3.7387E+03
2.000 2.4555E+07 5.8935E+03 4,1314E+03
2.300 1.9304E+07 6.4824E+03 4.6147E+03
2.600 1.4040E+07 6.7593E+03 4,8926E+03
2.900 1.0218E+07 6.8102E+03 5.0179E+03
3.000 9,1924E+06 6.7902E+403 5.0341E+03
3.300 6.6963E+06 6.6494E+03 5.0245E+03
3.600 4,8823E+06 6.4216E+03 4,9497E+03
3.900 3.5636E+06 6.1396E+03 4.8307E+03
4,000 3.2095E4+06 6.0378E+03 4.7841E+4+03
4.300 2.3506E+06 5.7188E+03 4,6294E+03
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.600
.2800
.200
.500
.800
.000
.300
. 600
.900
.200
.500
.800
.000
. 300
. 600
. 800
.200
.500
.800
.100
. 400
.000
.000
.000

(hr)

.001
. 400
.500
.800
.000
.300
. 600
. 900
.000
.300
. 600
.900
.000
.300
. 600
. 900
.000
.300
.600
. 900
.200
.500
.800
.000
.300
. 600
.900
.200
.500
.800
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Control Room
(Curies)
.2371E-13
.8009E-05
.8073E-04
.7708E-04
. 3663E-04
.1099E-04
.3225E-03
.9424E-03
.1688E~-03
.1040E-03
.1437E-03
.1845E-03
.1920E-03
.1762E-03
.1397E-03
.0837E-03
.0616E-03
.9873E-03
.9052E-03
.8192E-03
.7321E-03
.6461E-03
.5628E-03
.5092E-03
.3907E-03
.3017E~-03
.2275E-03
.1619E-03
.1019E-03
.0461E-03

I-131
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.7255E+06
.2705E+06
.7705E+05
.1516E+05
.8165E+05
.0591E+05
.0909E+05
.2923E+05
.6338E+05
.0906E+05
. 6426E+05
.2730E+05
.0634E+05
. 7953E+05
.5883E+05
.4249E+405
.2866E+05
.1697E+05
.0708E+05
.8715E+04
.1634E+04
.0565E+04
.7730E+04
.9870E+03
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Environment

(Curies)
.2234E-09
.9821E-01
.2998E+00
.9192E+00
.5758E+00
.1190E+01
.9484E+01
.5420E4+01
.5895E+01
.1037E+02
.4698E+02
.8438E+02
.9684E+02
.3342E+02
.6914E+02
.0368E+02
.1489E+02
.4758E+02
.7878E+02
.0847E+02
.3668E+02
.6345E+02
.8884E+02
.0504E+02
.2706E+02
.4795E+02
.6778E+02
.8661E+02
.0449E+02
.2148E+02

I-131
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.3897E+03
.0605E+03
.7379E+03
.4297E+03
.1374E+03
.9514E+03
.6857E+403
.4355E+03
.2004E+03
.8799E+03
.7734E+03
.5802E+03
.4585E+03
.2862E+03
.1254E+403
.9757E+03
.B8363E+03
.7066E+03
.5859E+03
.4738E+03
.3695E+03
.4158E+01
.3756E+01
.8807E+00
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I-131
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.4598E+403
.2822E+03
.1016E+03
.9237E+03
.7502E+03
.6372E+03
.4722E+03
.3127E+03
.1589E+03
.0110E+03
.8690E+03
.71329E+03
.6453E+03
.5187E+03
.3978E+03
.2823E+03
.1721E+403
.0671E+03
.9670E+03
.8716E+03
.7808E+03
.0294E+02
.3732E+01
.8788E+00

void

(Curies)
.3623E-04
.5851E+02
.3939E+02
.44028+02
.0844E+03
.9805E+03
.1251E+03
.4892E+03
.9886E+03
.3838BE+03
.4104E+03
.1548E+03
.3542E+03
.8384E+03
.1887E+03
.4417E+03
.5092E+03
.6724E+03
.7896E+03
.8731E+03
.9327E+03
.9791E+03
.0016E+04
.0037E+04
.0062E+04
.0082E+04
.0097E+04
.0108E+04
.0116E+04
.0122E+04
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.000
.300
.600
.300
.200
.500
8.
10.
10.
24.
96.
720.

800
100
400
000
000
000
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.0110E-03
.2760E-04
.5171E-04
.6669E-04
.2176E-04
.9476E-04
.7605E-04
.6139E-04
.4889E-04
.7388E-05
.9377E-05
.6309E~06
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.3235E+02
.4798E+02
. 6285E+02
.7703E+02
. 9053E+02
.0342E+02
.1573E+02
.2750E+02
.3875E+02
.0132E+03
.7589E+03
.0148E+03

00 WO R R e

.0124E+04
.0127E+04
.0128E+04
.0127E+04
.0126E+04
.0124E+04
.0121E+04
.0118E+04
.0114E+04
.8364E+03
.2566E+03
.3322E+03
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Cumulative Dose Summary
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Time
(hr)
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.001
.400
.500
.800
.000
.300
. 600
.200
.000
.300
. 600
.900
.000 .
.300
. 8600
.900
.000
.300
. 600
.3800
.200
.500-
.800
.000
.300
.600
.900
.200
.500
.800
.000
.300
. 600
.9200
.200
.500
.800

Exclusion Area Bounda
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Thyroid

{rem)

.2842E-10
.1550E-02
.3307E-01
.0401E-01
.8410E-01
.1868E+00
.0861E+00
.7811E+00
.8696E+00
.1447E+01
.5239E+01
.9100E+01
.0385E+01
.4149E+01
.7813E+01
.1345E+01
.2490E+01
.5817E+01
.8983E+01
.1986E+01
.4830E+01
.751%E+01
.0061E+01
.167%E+01
.3876E+01
.5955E+01
.7921E+01
.9782E+01
.1543E+01
.3212E+01
.4275E+01
.5802E+01
.7249E+01
.8624E+01
. 9930E+01
.1172E401
.2354E+01

SO MU O DSBS WWWNNNDNNONRPBEREREOODOTWEON JWRE

TEDE
(rem)

.2231E-11
.9203E-03
.3255E-03
.8953E-02
.3456E-02
.5524E-01
.0230E-01
.3600E-01
.2905E-01
.3606E-01
.2634E+00
. 6005E+00
.7138E+00
.0515E+00
.3855E+00
.7126E+00
.8198E+00
.1347E+00
.4380E+00
.7322E+00
.0139E+00
.2841E+00
.5430E+00
.7095E+00
.9463E+00
.1728E+00
.3895E+00
.5866E+00
.7947E+00
.9840E+00
.1056E+00
.2813E+00
.4493E+00
.6100E+00
.7638E+00
.9111E+00
.0521E+00

WWWWwWwwWwWwwWWwWwWwWwWWwWwW WD NNDNRERRERRESISORNOOEREJD

{rem)

.2842E~-11
.1550E-03
.3307E-02
.0401E-02
.8410E-02
.1868E-01
.0861E-01
.7811E-01
.86396E-01
.0129E+00
.2524E+00

4962E+00

.5774E+00
.8151E+00
.0466E+00
.2696E+00
.3419E+00
.4820E+00
.6153E+00
.7418E+00
.8615E+00
.9747E+00
.0818E+00
.1499E+00
.2424E+00
.3299E+00
.4127E+400
.4911E+00
.5652E+00
.6355E+00
.6803E+00
.6968E+00
.7125E+00
.7273E+00
.7415E+00
.7549E+00
.71677E+00
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Low Population Zone
Thyroid

TEDE
{rem)

.2231E-12
.9203E-04
.3255E-04
.9953E-03
.3456E-03
.5524E-02
.0930E~-02
.3600E-02
.2905E-02
.2295E-02
.0297E-01
.2426E-01
.3142E-01
.5275E-01
.7384E-01
.9450E-01
.0127E-01
.1453E-01
.2734E-01
.3969E-01
.5155E-01
.6292E-01
.7382E-01
.8083E-01
.9080E-01
.0034E-01
.0946E-01
.18138E-01
.2653E-01
.3450E~-01
.3962E-01
.4252E-01
.4531E-01
.4799E-01
.5056E-01
.5302E-01
.5540E-01
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Control Room

Thyroid

(rem)

.2717E-14
.7395E-03
. 9956E~-02
.2142E-02
.2891E-01
.7779E-01
.3582E-01
.3305E-01
.1006E+00
.6190E+00
.1366E+00

6639E+00

.8412E+00
.3716E+00
.8944E+00
.4044E+00
.5708E+00
.0576E+00
.5241E+00
.9689E+00
.3916E+00
.7924E+00
.1719E+00
.4134E+00
.7540E+00
.0698E+00
.3658E+00
.6446E+00
.9079%E+00
.1570E+00
.3156E+00
.4996E+00
.6215E+00
.7143E+00
.7926E+00
.8626E+00
.9273E+00
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TEDE
(rem)

.7887E-15
.4031E-04
.7862E-04
.9209E-03
.4956E-03
.2924E-02
.6845E~02
.9481E-02
.9294E-02
.0542E-02
.2282E-01
.5651E-01
.6798E-01
.0281E-01
.3782E-01
.7260E-01
.8407E-01
.1800E-01
.5103E-01
.8301E-01
.1383E-01
.4345E-01
.7186E-01
.9013E-01
.1638E-01
.4129E-01
.6501E-01
.8763E-01
.0921E-01
.2982E-01
.4304E-01
.5924E-01
.7100E~01
.8036E-01
.8828E-01
.9526E-01
.015%E-01




10.100 7.3481E+01 7.1873E+00 3
10.400 7.4555E+01 7.3169E+00 3
24.000 9.9449E+01 1.0408E+01 4
96.000 1.5729E+02 1.5785E+01 4
720.000 3.2038E+02 2.6414E+01 4

. 7799E+00
.7916E+400
.0611E+00
.4012E+00
.6663E+00

s W W

.5768E-01
.5987E-01
.1429E-01
.5691E-01
.7898E-01

b 0

.9881E+00
.0046E+01
.1343E+401
.2566E+01
.4278E+01

O WO 0 2

.0741E-01
.1283E-01
.2869E-01
.1166E-01
.9905E-01
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Worst Two-Hour Doses

Note: All of the dose locations are shown below but the
worst two-hour dose is only meaningful for the EAB
dose location. Please disregard the two-hour worst

doses for the other dose locations
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Exclusion Area Boundary
Time Whole Body Thyroid
(hr) {(rem) (rem)
2.3 9.5066E-01 2.,4370E+01

Low Population Zone
Time Whole Body Thyroid
(hr) (rem) (rem)
1.6 6.0281E-02 1.6380E+00

Control Room
Time Whole Body Thyroid
(hxr) (rem) (rem)
2.6 5.4862E-02 3.3875E+00

TEDE

(rem)

2.1986E+00

TEDE

(rem)

1.4291E-01

TEDE

(rem)

2.2821E-01
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DESIGN FEATURES

5.3 REACTOR CORE

FUEL ASSEMBLIES

5.3.1 The reactor core shall contain 764 fuel assemblies. anad——shall—beJlimited-

o—these—assembliecs—which have boecn approvedforwse—inBWRs Each assembly shall
consist of a matrix of Zircalloy or ZIRLO fuel rods with an initial composition
of natural or slightly enriched uranium dioxide (UO2) as fuel material and water
rods. Limited substitutions of zirconium alloy or stainless steel filler rods
for fuel rods, in accordance with approved applications of fuel rod
configurations, may be used. Fuel assemblies shall be limited to those fuel
designs that have been analyzed with NRC staff approved codes and methods and
have been shown by tests or analyses to comply with all safety design bases. A
limited number of lead test assemblies that have not completed representative
testing may be placed in nonlimiting core regions.

A maximum of twelve GEl14i Isotope Test Assemblies may be placed in non-limiting
core regions, beginning with Reload 16 Cycle 17 core reload, with the purpose of
obtaining surveillance data to verify that the GE1l4i cobalt Isotope Test
Assemblies perform satisfactorily in service (prior to evaluating a future
license amendment for use of these design features on a production basis). Each
GE14i assembly contains a small number of Zircaloy-2 clad isotope rods
containing Cobalt-59. Cobalt-59 targets will transition into Cobalt-60 isotope
targets during cycle irradiation of the assemblies. Details of the GE14i
assemblies are contained in GE-Hitachi report NEDC-33529P, "“"Safety Analysis
Report to Support Introduction of GE14i Isotope Test Assemblies (ITAs) in Hope
Creek Generating Station,” Revision 0, dated December 20089.

CONTROL ROD ASSEMBLIES

5.3.2 The reactor core shall contain 185 cruciform shaped control rod
assemblies. The control material shall be boron carbide powder (Bs4C) and/or
hafnium metal. The absorber material has a nominal absorber length of 143
inches.

5.4 REACTOR COOLANT SYSTEM

DESIGN PRESSURE AND TEMPERATURE

5.4.1 The reactor coolant system is designed and shall be maintained:

a. In accordance with the code requirements specified in Section 5.2
of the FSAR, with allowance for normal degradation pursuant to the
applicable Surveillance Requirements,

b. For a pressure of:
1. 1250 psig on the suction side of the recirculation pump.
2. 1500 psig from the recirculation pump discharge to the jet

pumps.




C. For a temperature of 575°F.

VOLUME

5.4.2 The total water and steam volume of the reactor vessel and

recirculation system is approximately 21,970 cubic feet at a nominal steam
dome saturation temperature of 547°F.

5.5 METEOROLOGICAL TOWER LOCATION

5.5.1 The meteorological tower shall be located as shown on Figure 5.1.1-1.

HOPE CREEK ' 5-4 Amendment No. 33



