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1. PURPOSE/OBJECTIVE o

The objective of this calculation is to determine the radiological consequences of a Control Rod
Ejection Accident (CREA) at the Byron and Braidwood Generating Stations, based on the use of
Alternative Source Terms (AST) as defined in Regulatory Guide (RG) 1.183 (Ref. 1).

This re-aAnalysis of the design basis rod ejection accident, using the RG 1.183 methodology, seeks
to achieve an increase in existing operating margin that can be distributed to various plant
systems. Specific design basis changes that are being sought include:

* Anincrease in the Containment leakage rate, from 0.1
percent per day to 0.2 percent per day,

e - Anincreased allowance in the amount of time required for

- the Control Room (CR) to be isolated (i.e., Mode 2), to 30

minutes,

e Control Room Intake charcoal adsorber filter credit
reduction from 99% to 95%, and

¢ Anincrease in the maximum allowable unfiltered inleakage
into the Control Room, from 100 cfm to 1000 cfm.

Each of these new design basis assumptions will have the benefit of allowing for relaxation in the
current plants licensing basis; in terms of testing, surveillance, and other requirements.

This analysis is performed using governing methodologies, assumptions, and inputs for both the
Byron and Braidwood plants, and is therefore conservative and applicable to all four units.
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2. METHODOLOGY AND ACCEPTANCE CRITERIA

2.1. General Description

2.1.1. Case 1: Containment Leakage CREA

For Case 1, the ejected control rod is postulated to breach the reactor pressure vessel (RPV),
effectively causing the equivalent of a small break loss of coolant accident. In this case, all activity
from damaged fuel that has been mixed with the primary coolant of the Reactor Coolant System
(RCS) leaks dlrectly to the containment volume. This flashed release will instantaneously and
homogeneously mix with the containment atmosphere (Ref. 1), and subsequently, be available for
release to the environment via a Containment leak rate limit, or L,, conservatively increased from
0.1% per day to 0.2% per day for this accident analysis. As is historically the case at Byronand
Braidwood (B/B), and as per RG 1.183 (Ref. 1) guidance, the leak rate is conservatively reduced
by 50% after 24 hours, based on the Containment pressure decreasing over time.

2.1.2. Case 2: Steam Generator PORV Release CREA

For Case 2, no breach of the RPV is postulated following the rod ejection. In this case, reactor
coolant system (RCS) integrity is maintained and all activity from damaged fuel that has been
mixed with the RCS leaks to the secondary side coolant through the Steam Generator (SG) tubes
via the Tech. Spec. primary to secondary coolant leakage rate of 1.0 gpm. From here, activity is-
available for release to the environment by steaming of the SG Power-Operated Relief Valves
(PORVs). An average rate of release is used, and has been calculated in reference 7. In addition
to the activity released from the primary to secondary coolant, pre-existing Tech. Spec. iodine
activity in the secondary coolant system is postulated to also be released.

The doses from either accident scenario should not exceed the acceptance shown in Section 2.9.
2.2. Fuel Damage and Core Source Term

For conservatism, the CREA core source terms are those associated with a DBA power level of
3658.3 MWih, as per reference 6, which includes an additional 2% power over that of the full
licensed power to account for uncertainty.

The sudden rod ejection and localized temperature spike associated with the CREA resuits in the
damage of less than 10% of the core (Ref. 6). The TODI No. BYR-04-020 & BRW-2004-0029 of
reference 6 shows that only 2.5 % of the damaged core releases melted fuel activity, i.e., a
0.00375 fraction of the total core melts. Therefore for both cases, the source term available for
release is associated with this fraction of melted fuel and the fraction of core activity existing in the

gap.

In addition, to comply with the guidance of reference 1, peaking was addressed. Historically at 8/B
no peaking factor was applied to core activity for the CREA analysis; this was likely due to the
conservative factors applied to fuel burnup and damage assumptions. As indicated in the B/8
UFSAR Section 15.4.8.2.2 (Ref. 2), only 10% of the fuel rods enter into the DNB phase following a
design basis CREA, therefore only 10% will be damaged. However, historical analyses assumed
15% of the fuel is damaged, thereby assuming a 1.5 factor of additional activity. As also stated in
the B/B UFSAR (Section 15.4.8.3), the assumption of 15% damaged fuel was “to provide additional
conservatism in the radiological consequence analysis™. For this analysis, to satisfy the guidance of
R.G. 1.183 (Ref. 1), the 1.7 radial peaking factor, used for the conservative single assembly 8/B
Fuel Handling Accident (FHA) analyses is added to the activity-available for release during this
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accudent This approach conservatively accounts for any radial peaking the core may have
experienced.

2.3. Activity Release Fractions

Release fractions and transport fractions are per Regulatory Guide 1.183, Appendix H and Table 3
(Ref. 1). To comply with this regulatory guidance, 10% of the core inventory of iodine and noble
gas is assumed to be in the fuel-clad gap. Additionally, Table 3 of reference 1 shows that 12% of
the core cesium and rubidium should be assumed to be in the fuel-clad gap and postulated to be
released in its entirety from the damaged 15% of the total core. However, to accommodate the
consideration of extended fuel burnup, in excess of the reference 1 assumptions, the cesium and
rubidium release fraction is doubled. Although analyses have shown that isotopic activity fractions
in the fuel-clad gap may in fact decrease when “burning” the fuel longer than the 62 GWd/MTU
specified in reference 1, this 100% increase in the gap fractions is used as an accepted and
conservative means of bounding all extended burnup phenomena. With regard to the fraction
released from melted fuel, it is assumed that 90% of the core inventory of iodine and noble gas,
and 76% of the core cesium and rubidium remain available for release due to melting (these are
the remaining fractions of activity that are not in the fuel-clad gap). Again in compliance with RG
1.183 (Ref. 1), it would be assumed that 100% of the noble gases, 25% of the iodines, and 50% of
the cesium and rubidium (considered particulate/aerosol nuclides) released from the melted fuel
would be available for release from containment. However, for this analysis the assumption of
25% of the iodines being available for release was increased to 50%. This was done to prevent a
“double counting” of the iodine removal due to plate-out in containment, because this analysis
credits Powers’ Natural Deposition model for plateout (Ref. 15), as opposed to the historically
assumed 50% plateout. See Attachment D for the detailed derivation of the release fraction
“values.

These activity release fractions are input to the RADTRAD code through the use of the Release
Fractions and Timing (RFT) file.

2.4. Airborne Activity Removal Mechanisms in Containment

As discussed below only natural deposition, decay, and leakage are credited.

2.4.1. Natural Deposition

RG 1. 183 (Ref. 1) guidance on thls issue is:

“Reduction in airborne radioactiviry in the conlammem by natural deposmon
" within the containment may be credited, Acceptable models for removal of
iodine and aerosols are described in NUREG/CR-6189, “A Simplified Model of
Aerosol Removal by Natural Processes in Reactor Containments”. The larter
model is incorporated into the analysis code RADTRAD. The prior practice of
deterministically assuming that a 50% plateout of iodine is released from the
fuel is no longer acceptable to the NRC staff as it is inconsistent with the
characteristics of the revised source terms.”

For B/B, the RADTRAD computer program, including the Powers Natural Deposition aigorithm
-based on NUREG/CR-61889, is used for modeling aerosol deposition in Containment. No natural
deposition is assumed for elemental or organic iodine. The lower bound (10%) level of deposition

" credit is used.
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2.4.2. Decay Credited

Decay of radioactivity is credited in all compartments, prior to release. This is implemented in
RADTRAD using the half-lives in the Nuclide Inventory File (NIF). The RADTRAD decay plus
daughter option is used. In reality, daughter products such as xenon from iodines or iodines from
tellurium are unlikely to readily escape from the matrix in which the parent iodine or tellurium is
contained. Nevertheless, the RADTRAD feature to include daughter effects is selected for
conservatism.

2.4.3. Depletion from Leakage Credited

For analyses of doses due to release from containment, the dose results from leakage. itis
reasonable to credit the small amount of depletion from the containment inventory associated with
this leakage. This is calculated inherently by the RADTRAD code.

2.5. Steaming Release Rates and Partitioning Factors

Activity that originates in the primary RCS is released to the secondary coolant by means of the
primary-to-secondary coolant leak rate. This design basis leak rate value is a total of 1.0 gpm {Ref.
6). Forinput into RADTRAD this rate is converted from gallons per minute to cubic feet per minute,
making it equal to 0.1337 cfm, as shown in Section 4.2. .

For Case 2, the release to the environment is associated with the secondary coolant steaming from
the Steam Generators. Because of this release dynamic, RG 1.183 (Ref. 1) allows for a reduction
in the amount of activity released to the environment based on partitioning of nuclides between the
liquid and gas states of water. For lodine, the partitioning factor of 0.01 was taken directly from the
suggested guidance of reference 1. However, there is no explicit guidance with regard to other
particulate nuclides. Reviewing the specified AST release fractions of reference 1, it is concluded
that the only nuclides other than lodines to be released from the core source term are Cesiums,
Rubidium, and Noble Gases. For cesiums and rubidium, a partitioning factor of 0.0055 is used,
bounding the applicable ANSI Standard, ANS/ANSI-18.1-1999 (Ref. 14). This value bounds the
actual 0.00529 factor that is shown for Cs-134 in reference 14, which has the {argest partitioning
factor of these such isotopes. Because of the volatility of noble gases, no partitioning is postulated
for any such isotopes.

Based on the extensive derivation of mass releases from this accident for the recent power uprate

calculation effort, and because these releases are unaffected by any of the reference 1 AST
assumptions, the bounding power uprate calculation releases for this accident are utilized directly.

The methodology used to model steaming of activity through PORVs, following the postulated
CREA event of Case 2, uses an average cumulative release rate through the SG valves that, for
simplicity and conservatism, is reduced in steps. The above discussed partitioning factors are
applied to these release rates, which were derived from the total time increment mass releases in
reference 7. The following table shows the time steps, isotopic partitioning factors, and associated
release rates; conversion of this data was performed using a basis of cooled liquid conditions (i.e.,
62.4 Ibm/ft® density), as specified by the applicable guidance of RG 1.183 {Ref. 1).:

Total Steam ) . Steam Steam Steam
Mass lodine Cesium Noble Gas Release Rate | Release Rate | Release Rate
Time Interval Release * | Partitioning | Partitioning Partitioning for lodines for Cesiums | _-for Noble
(hrs) {lbm) - Factor Factor Factor {cfm) {ctm) Gases {cfm)
0 - 0.0556 600,000 . - 0.01 0.0055 1 2.8833e+01 1.5858e+01 2.8833e+03
0.0556 - 1.1111 1,900,000 0.01 0.0055 1 4.8055e+00 2.6430e+00 4.8055e+02
1.1111-720 0 0.01 0.0055 1 0 0 0
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2.6. Dose Conversion Factors

The revised Dose Conversion Factors (DCFs) from the U.S. Federal Guidance Report 11 & 12
(Ref. 16, 17) are used for this analysns The RADTRAD code inputs these values directly from its
internal database.

2.7. Control Room Dose Model

For this analysis, as performed using the RADTRAD code, the air volumes characterizing the
Control Rooms (CR) at the Byron and Braidwood plants are found to be 230,830 ft* and 232,872 ft3
(Refs. 5, 8), respectively. These volumes exclude the Upper Cable Spreading Rooms, whichdo .
not have return air flow, and do not require occupancy during post-accident conditions (Ref. 5).

For conservatism and simplicity, these volumes are conservatively modeled as one characteristic
200,000-ft> volume applied universally for AST analyses.

Using this smaller value, associated with the high flow rates discussed below, is conservative
because it leads to the CR reaching its maximum activity concentration faster than if the actual,
substantially larger, volume were used. This volume is also well above the 70,275 ft* Main Control
Room shield volume. Therefore, internal cloud shine dose remains conservatively calculated. '

As seen in reference 6, Byron and Braidwood plants have a recirculation fiow of 43,500 cfm and
make-up airflow of 6000 cfm (+ 10%), totaling 49,500 cfm of total combined flow to the Control
Room volume. However, as per reference 12, there could be a failure scenario where open inlet
and outlet dampers on the unused CR make-up train result in an additional 1500 cfm of filtered
intake into the CR during Mode 2 operation. Therefore, for conservatism, as stated in reference -
12, this 1500 cfm was rounded up to 2000 cfm, and is added to the 49,500 cfm total combined flow
during Mode 2. Of this 51,500 cfm, a separate volume designated as the “upper cable spreading
room”, or upper CSR, receives an un-recirculated intake flow of 1319 cfm at Byron, and 2430 c¢fm
at Braidwood (Ref. 10). Because they are un-recirculated, these flows are subtracted from the
51,500 cfm total combined flow, making the Mode 2 adjusted combined flows to the Byronand
Braidwood Control Rooms 50,181 cfm and 49,070 cfm, respectively. To then calculate the Mode 2
adjusted make-up flow to the CR volume, the ratios of these adjusted combined flows to the CR
volume, over the total combined flow, are multiplied by the 8000 ¢fm make-up flow. This
respectively results in Mode 2 make-up flows of 7795 cfm (+10%) and 7623 cfm (110%) to the
Byron and Braidwood Control Rooms.

Following CR Mode 2 isolation, the credited CR filtration is 99% for the HEPA and 95% for the
charcoal filters, and the intake flow rate is 8575 cfm, which is the upper 10% bound of the Byron .
7795 cfm make-up flow shown above. The charcoal filtration efficiency of 95% reflects a reduction
(from the Ref. 5 value of 99%) in the filter credit taken. This intake rate is used because, with the
specified intake, inleakage, and recirculation flow rates, filter efficiencies, and CR volume,
sensitivity analyses have shown for this analysis that it is conservatlve to maximize the Mode 2
airflow into the Control Room.

The CR intake is assumed to be unfiltered for the Mode 1 first 30 minutes of the accident, to
simulate a newly analyzed allowance for manual CR Mode 2 isolation. During this 30-minute
period, it is conservative to assume that the possible 2000 cfm of filtered intake does not fiow
through the Control Room. This is because this filtered flow would act to “clean” the unfiltered air
being brought in by the other unfiltered flows (i.e., normal intake @nd unfiltered inleakage)-during
these 30 minutes. Sensitivity analyses using RADTRAD confirmed that such additional fittered
intake during Mode 1 would lower the CR dose consequences. Therefore, before CR emergency
Mode 2 isolation the adjusted combined flows to the Byron and Braidwood Control Rooms -become
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48,181 cfm and 47,070 cfm, respectively, and subsequently actual make-up flows become 5840
cfm (£10%) and 5705 cfm (£10%) to Byron and Braidwood, respectively. So, the unfiltered intake
flow rate into the CR during this initial 30-minute period is assumed to be 6424 cfm; the upper 10%
bound of the Byron 5840 cfm make-up flow shown above.

As the B/B Control Rooms are modeled, a conservatively reduced (by the - 10% lower bound)
recirculation train flow rate of 39,150 cfm is used (Refs. 6,10). This recirculation train is filtered by
an 80% aerosol particulate (pre-filter) and 90% elemental and organic iodine (charcoal) filters. No
reduction in the efficiency of these filters was sought.

For additional conservatism and to allow for margin in future analyses, an unfiltered inleakage rate
allowance of 1000 cfm is modeled for the accident duration.

Any air that enters the CR originates from a source that is characterized by a dispersion factor,
calculated using ARCONBY6, in reference 11. The total dose in the Control Room over the 720-hour
period is the result of the released activities that enter through the air intake, either filtered or
unfiltered.

2.8. EAB and LPZ Dose Model

Between the Byron and Braidwood plants, the Exclusion Area Boundary (EAB) and Low Population
Zone (LPZ) */o’s have been determined in reference 11, and at worst-case, are respectively
located 445m and 1810m from the postulated release locations.

2.9. Acceptance Criteria

Radiological doses resulting from a design basis CREA for a control room operator-and a person
located at EAB or LPZ are to be less than the regulatory dose limits as given in Table 2.

Table 2. Regulatory Dose Limits

Dose Type Control Room (rem) EAB and LPZ {rem)
TEDE Dose 5° ' 6.3°
Notes:

810 CFR 50.67 (Ref. 4)
® Regulatory Guide 1.183 (Ref. 1)
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1
3. ASSUMPTIONS
1. Core inventory was based on a DBA power level of 3658.3 MWth, which is 102% of

10.

the Rated Thermal Power Level of 3586.6 MWih, to account for measurement
uncertainty.

10% of the fuel is damaged during the initiation of this accident, and is assumed to
have failed (Ref. 6).

10% of the core inventory of noble gases and iodines are released from the fuel gap
(Appendix H of Ref. 1). Release fractions of other nuclide groups contained in the
fuel gap are detailed in Table 3 of Regulatory Guide 1.183 (Ref. 1), and to account
for gap fraction uncertainty due to expected extended fuel burnup, fractions from the
referenced table are doubled.

2.5% of the failed fuel rods will melt during the CREA, as per reference 6.

100% of noble gases and 50% of the iodines contained in the melted fuel fraction are
assumed to be released to the reactor coolant (Appendix C of Ref. 1). Fractions of
other nuclides released from the melted fuel are used from Table 1 of Regulatory
Guide 1.183 (Ref. 1). Though these are described as LOCA values for fuel melt
release, they are used to conservatively supplement for “silent” gundance in regards
to the other nuclide groups.

The activity released from the fuel from either the gap or from fuel pellets is assumed
to be instantaneously mixed with the reactor coolant within the pressure vessel (Ref.

1).

All iodine released from the SGs is assumed to be of the elemental species. This is
done for RADTRAD simulation considerations, and is consistent with the RG 1.183
specification of 97% elemental and 3% organic, because elemental and organic
iodine are identically treated by the computer model (Ref. 1).

The Control Room HVAC emergency Mode 2 at B/B is initiated 30 minutes after the
start of this design basis accident.

For the Containment leakage ca_se; all leakage is assumed to be at an increased L,
of 0.2% per day for the first 24 hours and 0.1% per day thereafter.

For conservatism, a peaking factor of 1.7, based on the FHA singlev fuel assembly
radial peaking factor, is added to the activity available for release, in order to account
for any operational radial peaking the core may have experienced.
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4, DESIGN INPUT

4.1. #/q Calculations (Meteorology)

The CR ¥/g values input to RADTRAD were taken from the ARCONO6 results of the B/B Design
Analyses BYR04-050 & BRW-04-0044-M, as performed by Washington Group international (Ref.
11). The */o's used are, conservatively, the worst-case combination of values from each Unit of
each respective plant; whether it be Byron or Braidwood. :

All releases from PORVs to the Environment utilize the */q associated with releases from the
PORV/Safety Valve house to either the normal Control Room Fresh Air Intake or the Control Room
Turbine Building Emergency Air Intake. Releases from Containment utilize a "diffuse” source */q
from the Containment Building to the respective CR intakes, as described in reference 11. Activity
released during the initial 30 minutes of the accident goes to the normal CR fresh air intake; after
this period, when the CR is assumed to have been isolated, the emergency air intake located in the
Turbine Building is used.

All releases from the PORV/Safety Valve house are considered elevated releases due to the high
steaming rates, therefore per regulatory guidance, the associated */o's have been reduced by a
factor of 5, as justified below.

4.1.1. Justification for Application of Elevated Release Credit
Regulatory guidance of RG.1.194 (Ref. 5), indicates a factor of 5 reduction in the ground level X/Q
value calculated with ARCONO6 is justified for energetic releases from steam relief valves or
atmospheric dump valves, if (1) the release point is uncapped and vertically oriented and (2) the
time-dependent vertical velocity exceeds the 95th-percentile wind speed (at the release point
height) by a factor of 5.

As a precedent for such a factor of 5 credit applied to a plant similar to Byron and Braidwood, the
Virginia Electric and Power Company letter to the NRC of November 20, 2003 (Ref. 13) was
reviewed. This letter shows PORV steam exhaust releases are uncapped, vertically oriented, and
have vertical velocities about an order of magnitude above the threshold needed to qualify for the
factor of 5 reduction, for the bounding choked sonic flow conditions of the saturated steam release.

. - Like North Anna, the Byron and Braidwood PORVs are uncapped and vertically orieted. The

- 95th-percentile wind speeds for Byron are 7.61 meters per second at Byron or 6.89 meters per
second at Braidwood for the 30 foot tower level, and 11.26 meters per second atByron and 10.92
meters per second at Braidwood for the 250 foot tower level. These wind speeds are comparable
to those provided for North Anna in the referenced letter. The Byron and Braidwood PORYV release
rates for all steam release accidents are greater than those developed for North Anna in the
referenced letter. :

“Therefore, it is concluded that the factor of 5 reduction is acceptable at Byron and Braidwood for all
. steam release accidents involving PORYV release from the steam generators.

The CR atmospheric relative concentrations used for P.ORV releases are as follows:

%o =1.77E-03 sec/m® (0-0.5 hours) (2-hr limiting CR Fresh Air Intake o)

*/o =8.14E-04 sec/m® (0.5-2 hours) (2-r limiting CR Emergency Air Intake Yo)
%/ =6.98E-04 sec/m® (2-8 hours) (6-hr limiting CR Emergency Air Intake /o)
/o =3.12E-04 sec/m® (8-24 hours) (16-hr limiting CR Emergency Air Intake Y)
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/o =1.95E-04 sec/m® (24-96 hours) (72-hr limiting CR Emergency Air Intake /o)
/o =1.67E-04 sec/m® (96-720 hours) (624-hr limiting CR Emergency Air intake ¥/o)

The CR atmospheric relative concentrations used for Containment leakage releases are as follows:

%o =1.73E-03 sec/m?® (0-0.5 hours) (2-hr limiting CR Fresh Air intake %o)

*/q =1.01E-03 sec/m?® (0.5-2 hours) (2-hr limiting CR Emergency Air Intake ¥/g)

%/q =7.25E-04 sec/m® (2-8 hours) (6-hr limiting CR Emergency Air Intake ¥o)

/o =3.07E-04 sec/m® (8-24 hours) (16-hr limiting CR Emergency Air Intake /o)

/o =2.07E-04 sec/m® (24-96 hours) (72-hr limiting CR Emergency Air Intake */q)
*o.=1.46E-04 sec/m?® (96-720 hours) (624-hr limiting CR Emergency Air Intake ¥/a)

The EAB and LPZ PAVAN calculated */g values input to RADTRAD were also taken from
the results of the B/B Design Analyses BYR04-050 & BRW-04-0044-M, (Ref. 11). The £EAB

and LPZ */g’s used are as follows:
EAB /o =5.36E-04 sec/m? (0-2 hours) (8-hr EAB *q)

LPZ /o =9.32E-05 sec/m® (0-2 hours) (2-hr limiting LPZ %)
/o =4.50E-05 sec/m® (2-8 hours) (8-hr limiting LPZ %)
%/ =3.12E-05 sec/m® (8-24 hours) (16-hr limiting LPZ */o)
/o =1.41E-05 sec/m® (24-96 hours) (72-hr limiting LPZ */o)
%o =4.54E-06 sec/m® (96-720 hours) (624-hr limiting LPZ */q)

4.2. Plant Data

Note: All volumes and volumetric flow rates are shown here in ft® and cfm, and the method of
conversion described in reference 1 and Section 2.5 of this analysis was used when needed.

« DBA Power Level (Ref. 6) | 3658.3 MWth
« RCS Primary Coolant Volume (Ref. 6) 7285 ft®
) Secondary Coolant \/olume (4 SGs Combined) (Ref. 6) 4789 ft°
e Containment Volufne (RefL 6) o : 2,850,000
« Primary to Secondary Coolant Leak Rate (Ref.6) - 0.1337 cfm
e Containment Leak Rate, L, (New Design Commitmént) | 0.2 % / day
¢ Core Failed Fue! Rod Percentage (Ref. 6) C15%
e Core Melted Fﬁél 'Peréentage (Ref. 6) - | » 0.375 %
N e [sotopic Releasé Frqgtions, as per Reg. Guide 1.183 (Ref. 1) See Section 2.3

4.3. Control Room Data
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e Volume of Control Room, ft* (Ref. 9,6) 200,000
+« Control Room Normal Intake Flow, scfm (hef. 6) ‘ 8575
« Control Room Recirculation Flow, scfm (Ref. 6) 39,150

¢ Maximum Allowable Unfiltered In-leakage, scfm (New Design Commitment, Ref. 6) 1000

4.4. Source Terms

The AST values used in this analysis were derived using guidance outlined in Reg. Guide 1.183. A
list of 60 core isotopic nuclides and their curie per megawatt activities was extracted from
Attachment A of B/B Design Analyses BYR04-047 & BRW-04-0041-M, Rev. 1 (Ref. 8) for input into
the RADTRAD NIF (see Attachment B). The release fractions associated with all of these nuclide
groups, as detailed in Regulatory Guide 1.183, were applied to their given groups, and input into
the RADTRAD “RTF" files, as seen in Attachment C. RADTRAD uses these two files combined
with the power of 3658.3 MWth (Ref. 6) to develop the source terms for this CRDA.
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6. CALC_ULATIONS

6.1.  Source Term Calculation

For the RADTRAD calculation, a list of 60 core isotopic nuclides and their activities were extracted
from Attachment A of B/B Design Analyses BYR04-047 & BRW-04-0041-M, Rev. 1 (Ref. 8) for
input into the RADTRAD NIF (see Attachment B). RADTRAD uses these activities, in curies per
megawatt, then applies nuclide release fractions and a specified core power to calculate a core
source term. The AST release fractions associated with all of these nuclide groups are derived
using guidance outlined in Regulatory Guide 1.183, as described in Section 2.3 above. The final
gap release and fuel melt release fractions are then input into the RADTRAD “RTF”, as seen in
Attachment C. RADTRAD applies the input core power of 3658.3 MWth (Ref 6) to these two input
files to develop the core source term activities for this CREA.

6.2.. Dose Calculations
The RADTRAD v. 3.03 computer code is used to determine B/B Units 1 & 2 CREA doses at the
three dose points cited in Reg. Guide 1.183 (Ref. 1); the Exclusion Area Boundary {(EAB), Low
Population Zone (LPZ), and Control Room. RADTRAD is a simplified model of RADionuclide
Transport and Removal And Dose Estimation developed for, and endorsed by, the NRC as an
acceptable methodology for reanalysis of the radiological consequences of design basis accidents.

RADTRAD estimates the releases using the reference Alternative Source Term source ferms and
assumptions. The RADTRAD code uses a combination of tables and/or numerical models of
source term reduction phenomena to determine the time-dependent dose at user-specified
locations for a given accident scenario. The code system also provides the inventory, decay chain,
and dose conversion factor tables needed for the dose calculation. The technical basis for the
RADTRAD code is documented in NUREG/CR-6604 (Ref. 15).

See Section 2 and subsequent sections for descriptions of the calcufational simulations detailed in
the tables that follow.

6.2.1. Case 1: Doses from Containment Leakage

6.2.1.1. RADTRAD Run Compartment information

Compartment : 3 '
, 1 2 3 . 4
" Number '
. - Name |pn . Secondary Loop - ‘
- O |Primary Loop - Resctor Steam Generator Containment Control Room
Coolant System (RCS) | . Volumes (4 SGs) )
Type Other Other __Other Control Room
Volume (ft") 7285 -~ 4789 2,850,000 200,000
Source Texm 0.000 ' 0.000 1.000 ' 0.000
- Fraction , -
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Compartment
Features

None

None

Natural Deposition:

See Section 2.4.1

Recirculating Filters:

39,150cfm Flow Rate
0-0.5 hrs - No Filtration
(30-minute initiation
time)
0.5-720 hrs - 80%
Aerosol, 80%
£lemental & Organic

Comments

Compartment

This compartment is
not used for this
Containment leakage
Case, therefore the
source term fraction is
0 .

5
Number oY
Name Environment .
Type Environment
Volume (ft°) NA
Source Te.rm 0.000
Fraction
_ Compartment N/A
Features

This compartment is
not used for this
Containment leakage
Case, therefore the
source term fraction is

Comments

6.2.1.2. RADTRAD Run Transfer Pathway Information

Powers PWR - Design
Basis Accident 10%
deposition used. No
elemental iodine
removal coefficient.

Actual Control Room
proper volume is
smaller, therefore this
value is conservative.

Mechanism
" Details

1.1111hrs, 1.337E-01¢fm,
equal to 1.0 gpm leak rate
ending in 4000 sec when
equilibrium is reached;
1.1111-720hrs, 0.0cfm.

Fitter Efficiency - Efficiency is
entered as 0.0% for all
chemical forms of iodine, for
the accident duration because
there is no credited filtration
removal mechanism for’
Primary Loop to Secondary
Loop leakage. T

0.0556hrs, 2.883E+03cfm;’
0.0556-1.1111hrs,
4.806E+02cfm; 1.11114-
720hrs, 0.0cfm,

Filter Efficiency - Efficiency is
entered as 0.0% for all
chemical forms of iodine, for
the accident duration because
there is no credited filtration
removal mechanism from the
Secondary Loop to the
environment.

Pathway Number -2 3 4
Name . Secondary Loop - .
g:‘r:r;rgamt;;;o, Steam Generator Containment Leak to Env(ifc;lr:?rzzgt'?;aégz trol
L ak:ray o P Volumes (4 SGs) to the Environment R
eakag Environment oom
From - To 1-2 2-5 3-5 5-4
Me{;i:::z Fiter Filter Air Leakage Filter
. Filter Panel — Fiow rate - 0- - |Filter Pane! - Flow rate - 0- - | Air Leakage Panel ~ Leak rate |Filter Panel -~ Flow rate - 0-
- Transfer 0.5hrs, 6.424E+03cfm; 0.5-

" |- 0-24hrs, 0.2%/day; 24-

720hrs, G.1%/day.

720hrs, 8.575E+03cfm.

Filter Efficiency - Efficiency is
entered as 99% for aerosol
activity, and 95% for

ek Mal and organic forms
of iodine, after CR Mode 2 is
initiated in 30 min, and then
for the duration of the
accident. This corresponds to
the presence of the HEPA
fiter, and relaxed charcoal
testing requirements analyzed
as scceptable by this

caiculation, respectively.
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Comments

" |this Case, and is only

This Pathway does not
contribute to dose for

included for

- jcompleteness.

" {contribute to dose for

See Section 2.7.

Increased Tech. Spec.
Containment leak rate
{imit, L, from 1@ per
day to 2% per day.
Reduced leakage to -
50% after the first da

This Pathway does not

this Case, and is only
included for
completeness.

Comments

Pathway Number . 5 6
Name | {Unfiltered Inleakage) (Control Room ;
Environment to Control | Exhaust) Contro! Room §
. - Room to Environment
From - To | 5-4 4-5
Transfer . .
. Filter Filter
Mechanism |
" |Fitter Panel ~ Fiow rate - 0-  {Filter Panel - Fiow rate - 0-
Tranffer 0.5hrs, 1.000E+03cfm; 0.5- 0.5hrs, 7.424E+03cfm; 0.5-
Mechanism - [720nrs, 1.000E+03ctm. 720hrs, ©.575E+03cfm.
Detan!s Fitter Efficiency - Efficiency is |Filter Efficiency - Efficiency is
: entered as 0.0% for all entered as 100.0% for all
chemical forms of iodine, for  [chemical forms of iodine, for
the accident duration, all time periods. This is the
because this is an unfiltered  |exhaust from the control room
path. to the environment; the
filtration prevents & double
counting of the iodine release.
Although RADTRAD 3.03
documentation indicates that
this effect has been
eliminated, this was still done
. for compl
See Section 2.7. See Section 2.7.

6.2.1.3. RADTRAD Run Dose Location Information

Dose Location
Lo 1 2
Number 3
Name Control Room Exclusion (éfg)Boundary Low Population Zone (LPZ)
In Compartment Control Room (4) Environment (5) “Environment (5)
Breathing Rate : .1 0-8hrs: 35E-04 | 0-8hrs: 3.5E-04
(m/sec) | 0-720brs: 3.5E-04 | 8-24 hrs: 1.8E-04 | 8- 24 trs: 1.8E-04
: | 24 - 720 hrs: 2.3E-04 | 24 -720 hrs: 2.3E-04
Occupancy | 0-8 hrs: 10 v
Fractions | 8-24hrs: 0.6 .| Worst 2-hour Period: 10 | 0-720 hrs: 1.0
24 - 720 hrs: 04
Disl‘;:z::::: ‘ See Section 4.1 See Section 4.1 See Section 4.1
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Core Power |

6.2.1.4. RADTRAD Run Source Term & Dose Conversion Factor Inforr’ﬁation .

3658.3 MWth

NNCISI0 CLOTS.

- See Section 2.2 and reference 6.

Nuclide Inventory

ORIGEN calculated specific B/B core
inventory for 60 MACCS isotopes. Inventory
is calculated at DBA power shown above, and
input into the NIF file.

See Attachment B, Section 4.4, and reference |
8. '

Release Fractions
& Timing

User defined Release Fractions calculated
from B/B CREA specific fuel damage and RG
1.183 specified isotopic inventory fractions.
Release timing is not delayed, consistent with
RG 1.183 guidance. Fractions and timing are
shown in RFT file.

See Section 2.2 and 2.3, Attachment C, and
references 1 and 6.

Dose Conversion

RADTRAD Library of FGR 11 & 12 values for

References 16 and 17.

Factors 60 MACCS isotopes.
eca
DD ’ l?t& Enabled - Therefore Decay and Daughter
AUghIer | products are considered.
Products .
lodine Chemical Aerosol: 0.0000 User defined iodine chemical fractions,
Fractions Elemental: 1.0000 consistent with RG 1.183 guidance, as
I Organic: 0.0000 manipulated in calculation.
6.2.2. Case 2: Doses from Steam Generator PORV Releases

6.2.2.1.. RADTRAD Run Compartment Informétion

Compartment
Number ! 2 3 4
Name Primary Loop 1 - Primary Loop 2 - Primary Loop 3 - Secondary Loop 1 -
Reactor Coolant Reactor Coolant Reactor Coolant Steam Generator
System (RCS) System (RCS) - System (RCS) Volume {4 SGs)
Type Other Other Other Other
. Volume (ft°) 7285 7285 7285 4789
Source Term 1.000 1.000 1.000 0.000
Fraction
- Compartment None None None None
Features
Comments |Compartment used for |Compartment used for |Compartment used for [Compartment used for
' lodine Transport only. |Noble Gas Transport  [Fission Product lodine Transport only. |
Separated from fission |only. Separated from {Transport only.: Separated from fission
products and noble gas [iodine and fission Separated from iodine {products and noble gas
in order to apply products in order to products and noble gas |{in order to apply '
specific partitioning apply un-partitioned in order to apply specific partitioning
factors to the steaming ' {steaming flows. specific partitioning factors to the steaming
flows. factors to the steaming {flows.
flows. -
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Compartment : .
. 5 6 7 8
Number
Name| Secondary Loop2 - Secondary Loop 3 -
Steam Generator Steam Generator Control Room Environment
Volumes (4 SGs) Volumes (4 SGs)
Type Other Other Control Room Environment
Volume (ft°) 4789 4789 200,000 N/A
Source Term 0.000 0.000 0.000 0.000
Fraction
Compartment Recirculating Filters:
Features -39,150cfm Flow Rate
: 0-0.5 hrs - No Filtration
None None (30-minute initiation N/A

time)
0.5-720 hrs - 80%
Aerosol, 90%
Elemental & Organic

Comments

Compartment used for
Noble Gas Transport
only. Separated from
iodine and fission
products in order to
apply un-partitioned
steaming flows.

Compartment used for
Fission Product
Transport only.
Separated from iodine
products and noble gas
in order to apply
specific partitioning
factors to the steaming

flows.

Actual Control Room
proper volume is

“Ismaller, therefore this

value is conservative.

- 6.2.2.2. RADTRAD Run Transfer Pathway Information

b

Pathway Number 1 2 3 4
Name ( 6 dine Activit {Noble Gas Activity {Fission Product
y s
Leakage Path) Primary pl;ier::fygf o':;itg) i Actg:xit:‘:;arggs gfth) {lodine Activity Refease
c Loop 1 - Reactor Reactor Coolant - Reactor Coolant Path) Secondary Loop
oolant System (RCS) System (RCS) to System (RCS) to 1 - Steam Generator
to Secondary Loop 1 - Secondary Loop 2 - Secondary Loop 3 - V-O'U"‘? (4 SGs) 1o
' L,S\;gﬁjr:“??:eslgtso)r Steam Generator- Steam Generator Environment
- Volumes (4 SGs) Volumes (4 SCs)
From - To 1-2 2-5 3-6 4-8
Transfer Fitter Filter Filter Filter
Mechanism .
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1

Fitter Panel - Fiow rate - 0-

Filter Pane! ~ Fiow rate - 0-

0-0.0556hrs, 2.883E+01cim;

Transfer Fitter Pane! - Flow rate - 0-
. 1.1111hrs, 1.337E-01cfm, 1.1111%hrs, 1.337E-01cfm, 1.1111hrs, 1.337E-01cfm, 0.0556-1.1111hrs,
Mechanism |equalto 1.0 gpm leak rate equal to 1.0 gpm leak rate equal to 1.0 gpm leak rate 4.806E+00cfm; 1.1111-
ol ending in 4000 sec when ending in 4000 sec when ending in 4000 sec when 720hrs, 0.0cfm.
Details 9 n - 8 g ,
equilibrium is reached; equilibrium is reached; equilibrium is reached;
*11.1111-720hrs, 0.0cfm. 1.1111-720hrs, 0.0cfm. 1.1111-720hrs, 0.0cfm. Fitter Efficiency - Efficiency is
: . lentered as 100% for aerosol
Filter Efficiency - Efficiency is |Filter Efficiency - Efficiency is |Filter Efficiency - Efficiency is | and organic chemical forms,
entered as 0.0% for all entered as 0.0% for all entered as 0.0% for all {0 ensure that only the activity
chemical forms of iodine, for  |chemical forms of iodine, for  |chemical forms of iodine, for | from iodine isotopes is
the accident duration because |the accident duration because [the accident duration because | transferred at these specific
there is no credited filtration  [there is no credited filtration  [there is no credited filtration - | partitioned fiow rates through
removal mechanism for removal mechanism for removal mechanism for the SG PORVs via this
Primary Loop to Secondary  |Primary Loop to Secondary  |Primary Loop to Secondary pathway. Because all iodine
Loop leakage. Loop leakage. - Loop leakage. has been defined as being in
the elemental chemical form
for this RADTRAD run, this is
an acceptabie caiculational
means for activity transport.
Comments [See reference 6. See reference 6. See reference 6. Partitioning factor
applied to steaming
rate through SG
PORVs for iodine
isotopes is based on
regulatory guidance.
See Section 2.5 {(Ref.
1, 6).

—

Pathway Number 5 6 8
. Name | (Noble Gas Activity (Fission Product )
; ; . | ' ] }
Release Path) Activity Release Path) (Filtered Intake) {Unfiltered infeakage)
~Secondary Loop 2 - Secondary Loop 3 - Environment to Control | Environment to Control
Steam Generator Steam Generator Room Room
Volumes (4 SGs) to Volumes (4 SGs) to
. Environment Environment .
From - To 5-8 6-8 8-7 8-7
nsier . , N .
Tra‘ sfe Filter Filter Filter Filter
Mechanism
Transfer 0-0.0556hrs, 2.883E+03ctm; [0-0.0556hrs, 1.586E+01cfm; |Filter Panel ~ Fiow rate - 0- Filter Panel - Flow rate - 0-
. -.10.0556-1.1111hrs, 0.0556-1.1111hrs, 0.5hrs, 6.424E+03cfm; 0.5-  [0.5hrs, 1.000E+03cfm; 0.5-
Mechanism |4.806E+02cim; 1.1111- 2.643E+00cfm; 1.1111- 720hrs, 8.5TSE+03cim. 720hrs, 1.000E+03cfm.
Details 720hrs, 0.0cfm. 720hrs, 0.0cfm.
. Filter Efficiency - Efficiency is | Filter Efficiency - Efficiency is
Fiter Efficiency - Efficiency is |Filter Efficiency - Efficiency is |entered as 99% for aerosol entered as 0.0% for all
entered as 100% for all entered as 100% for activity, and 95% for chemical forms of iodine, for
chemical forms, in order to elemental and organic {elemental and organic forms | the accident duration,
-+ {ensure that only the activity chemical forms, to ensure of iodine, afier CR Mode 2 is - | because this is an unfiltered
- |from nobie gas isotopes is that only the activity from initiated in 30 min, and then . }path.
_ {trensferred at these un- ~ |fission product isotopes is for the duration of the :
partitioned flow rates through [transferred at these specific  {accident. This corresponds to
the SGC PORVs via this partitioned flow rates through {the presence of the HEPA -
pathway. the SG PORVs via this fitter, and relaxed charcoat -
pathway. Because testing requirements analyzed
" |RADTRAD treats all non- as acceptable by this
iodine and non-noble gas calculation, respectively.
isotopes &s being in the
aerosol chemical form, this is
[an gcceptabie calculational
v means for activity transport.
Comments [No partitioning factor is |Partitioning factor See Section 2.7. See Section 2.7.
‘ applied to the steaming |applied to steaming :
rate associated with rate through SG
noble gas isotopes. PORYVs for fission
_|See Section 2.5 and product isotopes is
- {reference 6. conservatively
calculated from ANSI

data. See Section 2.5

(Ref. 14, 6).




] REV.NO. 1

| PAGENO.22 ]

{ CALCULATION NO. BYR04-045 & BRW-04-0039-M

Pathway Number

9

Name (Control Room
: - |Exhaust) Control Room
: _ to Environment
From - To 7-8
Transfer .
. o Filte
Mechanism er

Transfer
Mechanism
Details

Fitter Pane! - Fiow rate - 0-
0.5hrs, 7.424E+03cfm; 0.5~
720hrs, 8.575E+03cim.

Filter Efficiency - Efficiency is
entered as 100.0% for all
chemical forms of iodine, for
all time periods. This is the
exhaust from the control room
to the environment; the
filtration prevents a double
counting of the iodine release.
Although RADTRAD 3.03 -
documentation indicates that
this effect has been
eliminated, this was still done
for completeness.

Comments

See Section 2.7.

6.2.2.3. RADTRAD Rin Dose Location Information

Dose Location
1 2 3
Number
/ Name Control Room Exclusion (efg)Boundary Low Population Zone (LPZ)
In Compartment Control Room (7) Environment (8) Environment (8)
Breathing Rate 0-8hrs: 35E-04 | 0-8hrs: 3.5E-04
(m3/sec) 0-720 hrs: 3.5E-04 | 8-24 hrs: - 1.8E-04 | 8- 24 hrs: 1.8E-04
24 - 720 hrs: 2.3E-04 | 24 - 720 hrs: 2.3E-04
Occupancy | 0-8hrs: 1.0 _ —
‘Fractions 8 - 24 hrs: . 0.6 | Worst 2-hour Period: 1.0 | 0-720 hrs: 1.0
- 124 -720 hrs: ‘04
Dispersion See Section 4.1.. See Section 4.1. See Section4.1.
- Factors : —
6.2.2.4. RADTRAD Run Source Term & Dose Conversion Factor Information
2 . RADIRAD Source Term rsion factors: - 0
Core Power 3658.3 MWth See Section 2.2 and reference 6.
ORIGEN calculated specific B/B core

Nuclide Inventory

input into the NIF file.

inventory for 60 MACCS isotopes. Inventory
is calculated at DBA power shown above, and

See Attachment B, Section 4.4, and reference

8.
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Release Fractions
& Timing

User defined Release Fractions calculated
from B/B CREA specific fuel damage and RG
1.183 specified isotopic inventory fractions.
Release timing is not delayed, consistent with
RG 1.183 guidance. Fractions and timing are
shown in RFT file.

See Section 2.2 and 2.3, Attachment C, and
references 1 and 6.

Dose Conversion

RADTRAD Library of FGR 11 & 12 values for

References 16 and 17.

‘Factors - 60 MACCS isotopes.
'Dzicagtg Enabled - Therefore Decay and Daughter
g products are considered.
Products .
lodine Chemical Aerosol: 0.0000 User defined iodine chemical fractions,
Fractions _ Eleme_ntal: 1.0000 consistent with RG 1.183 guidance, as
Organic: 0.0000 manipulated in calculation.

WGII has pre-qualified RADTRAD for application to perform such calculations, as documented in
the Computer Disclosure Sheet of Attachment F. The new design basis RADTRAD simulations
utilized the design input parameters as provided in Section 4.
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7. SUMMARY AND CONCLUSIONS

Table 7.1 provides the results from the simulations modeled using the RADTRAD 3.03
code. , : .

Table 7.1. RADTRAD Analysis Results

Control Room - ‘ o LPZ

(rem TEDE) (rem TEDE) ~_(rem TEDE)
549 4 - 1.983
Control Room . “ - EAB - LPZ
(rem TEDE) (rem TEDE) ~_(rem TEDE)
0.369 1.480 0.257

For the cases analyzed in this calculatioh, it is shown that a Case 1 CREA that breaches the RPV, |

and causes a containment leakage release, would be the bounding CREA scenario. Using the

design basis assumptions, described methodology, and credited margin relaxation of this analysis, -

the limiting CR dose is 2.55 rem TEDE. This limiting dose, and all other doses, are well below
their respective acceptance criteria, so it is verified that this design basis Control Rod Ejection
Accident is sufficiently mitigated at both Byron and Braidwood Generating Stations.



B-B CREA Case 1- - Large CR Volume, 1000cfm Inleak - 95 percent Intake Filt - Cont Leak Rate
Increase.o0

FHERERERHRH SR HAAR AR H AR 4 A AR E R R H A 0
RADTRAD Version 3.03 (Spring 2001) run on 11/17/2004  at 7:08:44
#######################################################################

'#######################################################################
: File information
FHEBEFHEB A A ERFHFFEH AR R R 4 S B SRR R A R B R R RS

* Plant file = C:\Documents and Settings\Aleem Boatright\My

Documents\My Work\Exelon\Byron & Braidwood\CREA\RADTRAD\Rev 1\B-B CREA Case 1
- Large CR Volume 1000cfm Inleak - 95 percent Intake Filt - Cont Leak Rate
Increase.psf

Inventory file = c:\program files\radtrad3—03\defaults\byron-braidwood
ast source terms.nif’
Release file = C:\Program Files\radtrad3- 03\Defaults\Byron—Braldwood

CREA~Release Fractlons (Rev 1) .rft
Dose Conversion file = c:\program files\radtrad3-03\defaults\fgrll&l2.inp"

#i#H4 #E44  H4444 # # #  HE4#4 4 # #4444
# # # # # #4 # 4 # # # #
# # # # # # 4 % 4 # 4 # #
#Hd#4 #HEE H444 # 04 # % #4444 4 # #
# 4 # #  ##% 4 # # #
# # # # # #  # # # #
# #i#4 4 # # $ 4 #H4# #

Radtrad 3.03 4/15/2001
Byron/Braidwood CREA - Case 1 - Small Break LOCA Containment Leakage
(0.2%/day) - Control Room @ 200,000 cu. ft. CR Volume with 8575cfm Intake -
1000cfm Unfilt Inleakage - 95% CR Intake Fiters - 80% Aerosol, 90% Elemental
& Organic Recirc Filtration
Nuclide Inventory File:
c:\program files\radtrad3- 03\defaults\byron—braldwood ast source terms.nif
Plant Power Level:

3.6583E+03
Compartments:

5 .
Compartment 1:
‘ Prlmary Loop ~ Reactor Coolant System (RCS)
3 7
- 7.2850E+03

‘ocoooo

Compartment 2: )
Secondary Loop - Steam Generator Volumes (4 SGs)
3 .
4.7890E+03
0
0 .
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B-B CREA Case 1 - Large CR Volume, 1000cfm Inleak - 95 percent Intake Filt - Cont Leak Rate
Increase.o0

0
0
¢}
Compartment 3:
Containment
3 .
2.8500E+06

O OOO

‘Compartment 4:
Control Room
1
2.0000E+05

OO OO

Compartment 5:
Environment

2

0.0000E+00

[eReNoNoNel

Pathways:
6
Pathway 1:
Primary Loop to Secondary Loop Leakage
1 i
2
2
Pathway 2:
Secondary Loop - Steam Generator Volumes (4 SGs) to Environment
2 .
5 .
2 .
Pathway -3: " .
Containment Leak to the Environment
3
5
4
Pathway 4: N N
(Filtered Intake) Environment to Control Room
5 o o
4
2 )
Pathway 5: ..~
(Unfiltered Inleakage) Environment to Control Room
5 B ’
4
2
Pathway 6:
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B-B CREA Case 1 - Large CR Volume, 1000cfm Inleak - 95 percent Intake Filt - Cont Leak Rate
i Increase.o0 :

{(Control Room Exhaust) Control Room to Environment
4 . .
5
2

End of Plant Model File

Scenario Description Name:

Plant Model Filename:

Source Term:

1

3 1.0000E+00 : _
c:\program files\radtrad3-03\defaults\fgrl1&12.inp
C:\Program Files\radtrad3-03\Defaults\Byron-Braidwood CREA-Release Fractions
(Rev 1) .xft '

0.0000E+00

1

9.5000E-01 4.8500E-02 1.5000E-03 1.0000E+00
Overlying Pool:

0

0.0000E+00
0
0
0

0
Compartments:
5
Compartment 1:
0

1
0
0
0
0
0
0
o .
Compartment 2:
0 .

1

0

0

0
0]
0
0
0
Compartment 3:
1
0
0
0
0
¢
3
1
1

.0000E+01
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B-B CREA Case 1 - Large CR Volume, 1000cfm Inleak - 95 percent Intake Filt - Cont Leak Rate
: Increase.of . -

1
1 . )
0.0000E+00 0.0000E+00 -
Compartment 4:

0

.9150E+04

.0000E+00 0.0000E+00 0.0000E+Q0 0.0000E+00
.0000E-01 8.0000E+01 9.0000E+01 = 9.0000E+01
.2000E+02 0.0000E+00 0.0000E+00 0.0000E+00

CO~NJUOWWHrROODOOKR

Co

3

partment 5:

OO0 O0OO0OOOOK+HO

Pathwaysﬁ
6 .
Pathway 1:

0000E+00 -1.3370E-01 0.0000E+00 0.0000E+00 0.0000E+00.
1111E+00 0.0000E+00. 0.0000E+00 0.0000E+00 0.0000E+00
.2000E+02 - 0.0000EfOO 0.0000E+00 0.0000E+00 0.0000E+00

Pa

hway 2:

0.0000E+00  2.8830E+03  0.0000E+00  0.0000E+00  0.0000E+00
5.5600E-02 4.8060E+02 0.0000E+00 0.0000E+00° 0.0000E+00
1.1111E+00 0.0000E+00 0.0000E+00  0.0000E+00 0.0000E+00
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B-B CRER Case 1.- Large CR Volume, 1000cfm Inleak - 95 percent Intake Filt - Cont Leak Rate .
: Increase.o0

.2000E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00

Pathway 3:

7
0
0
0
0
0
0
t
0
0
0
0
0
0
0
0
0
0
1
3

0.0000E+00  2.0000E-01
2.4000E+01 . 1.0000E-01
7.2000E+02  0.0000E+00
0

Pathway 4:

.0000E+00 6.4240E403 0.0000E+00 0.0000E+0C 0.0000E+00
.0000E-01 8.5750E+03 9.9000E+01 9.5000E+01 9.5000E+01
.2000E+02 - 0.0000E+00 0.0000E+00  0.0000E+00 0.0000E+00

Pathway 5:

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

OO0 O0OO0O0OO0ONUVODWHOODOOOHOOODOOONUOWHOOOOO
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B¥B CREA Case 1 - Large CR Volume, 1000cfm Inleak - 95 percent Intake Filt - Cont Leak Rate
- Increase.o0 .

Pathway 6:
=0 »
0
0
0
0
1
3 . o
0.0000E+00 7.4240E+03 1.0000E+02 1.0000E+02 1.0000E+02
5.0000E-01 9.5750E+03 1.0000E+02 1.0000E+02 1.0000E+402
7.2000E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0 .
0
0
0
0
0

Dose Locations:
3
Location 1:

Exclusion Area Boundary (EAB)

‘Location 3:-

Control: Room
p )

0

1

5
1
3 -
0.0000E+00 5.3600E-04
5.0000E-01 5.3600E-04
2.0000E+00 0.0000E+00
1 .
4
0.0000E+00 3.5000E-04
8.0000E+00 1.8000E-04
2.4000E+01 2.3000E-04
7.2000E+02 0.0000E+00
0 :

Location 2:

Low Population Zone (LP2Z)
5 .
1
7
0.0000E+00 9.3200E-05
5.0000E-01 ~ 9.3200E-05
2.0000E+00 - 4,5000E-05

" . 8.0000E+00 = 3.1200E-05
2.4000E+01 1.4100E-05

~9.6000E+01 4.5400E-06
7.2000E+402 0.0000E+00
1
4 . :
-'0.0000E+00  3.5000E-04

8.0000E+00 1.8000E-04
2.4000E+01 2.3000E-04
7.2000E+402 =~ 0.0000E+0Q0 -
0 T
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B-B CRER Case 1 - Large CR Volume, 1000cfm Inleak - 95 percent Intake Filt - Cont Leak Rate

Increase.o0

2

0.0000E+00  3.5000E-04

7.2000E+02 0.0000E+00

1

4

0.0000E+00 1.0000E+00 .
. 2-4000E+01 6.0000E-01

9.6000E+01 4.0000E-01

7.2000E+02 0.0000E+00
Effective Volume Location:

1 .

7. .

0.0000E+00 1.7300E-03

'5.0000E-01 1.0100E-03

2.0000E+00 7.2500E-04

8.0000E+00 3.0700E-04

2.4000E+01 2.0700E-04

9.6000E+01 1.4600E-04

7.2000E+02 0.0000E+00
Simulation Parameters:

1 .

0.0000E+00 0. 0000E+00

Output Filename:

C:\Documents and Settings\Aleem Boatrlght\My Documents\My Work\Exelon\Byron
- & Braidwood\CREA\RADTRAD\Rev 1\B~B CREAR Case 1 - Large CR Volume 1000cfm
Inleak - 95 percent Intake Filt - Cont Leak Rate Increase.o0

C O P

End of Scenario File
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B-B CREA Case 1 - Large CR Volume, 1000cfm Inleak - 95 percent Intake Filt - Cont Leak Rate
; Increase.o0 :
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B-B CREA Case 1 - Large CR Volume, 1000cfm Inleak - 95 percent Intake Filt - Cont Leak Rate
Increase.o0 .

#######################################################################
RADTRAD Version 3.03 (Spring 2001) run on 11/17/2004 at 7:08:44
#######################################################################

#######################################################################

. Plant Description
#######################################################################
Number of Nuclidcs'= 60

Inventory Power = 1.0000E+00 MWth

Plant Power Level = 3.6583E+03 Mwth
Number of compartments = 5

Compartment information

Compartment number 1 »
Name: Primary Loop - Reactor.Coolant System (R
Compartment volume =  7.2850E+03 (Cubic feet)
Compartment type is Normal
Pathways into and out of compartment 1 '
Exit Pathway Number 1: Primary Loop to Secondary Loop Leakage

Compartment number 2
Name: Secondary Loop - Steam Generator Volumes
Compartment volume =  4.7890E+03 (Cubic feet)
Compartment type is Normal :
Pathways into and out of compartment 2 '
Inlet Pathway Number 1: Primary Loop to Secondary Loop Leakage

Exit Pathway Number 2: Secondary Loop -~ Steam Generator Volumes (4
SGs) t
Compartment number 3 ' (Source term fraction = 1.0000E+00

) ,

Name: Containment

Compartment volume = 2.8500E+06 (Cubic feet)
Compartment type is Normal

Removal devices within compartment.

Deposition
Pathways into and out of compartment 3 ' '
Exit Pathway Number 3: Containment Leak to the Environment

- Compartment number 4
Name:: Control Room :
Compartment volume = 2.0000E+05 (Cubic feet)
. Compartment type is Control Room
Removal devices within compartment.
Filter (s)
‘Pathways into and out of compartment 4 o
Inlet Pathway Number 4: (Filtered Intake) Environment to Control Room
anet Pathway Number 5: (Unfiltered Inleakage) Environment to Control
Room - SRR »
Exit Pathway Number 6: (Control Room Exhaust) Control Room to

Env1ronment

Compartment number 5
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B-B CREA Case 1 - Large CR Volume, 1000cfm Inleak - 95 percent Intake Filt - Cont Leak Rate
Increase.o0

Name:vEnvironment
Compartment type is Environment
Pathways into and out of compartment 5

Inlet Pathway Number 2: Secondary Loop - Steam Generator Volumes (4
SGs) t ’ : :

Inlet Pathway Number 3
Inlet Pathway Number 6
Environment _ : o
Exit Pathway Number 4: (Filtered Intake) Environment to Control Room

Exit Pathway Number =~ 5: (Unfiltered Inleakage) Environment to Control
Room : . )

Containment Leak to the Environment
(Control Room Exhaust) Control Room to

‘Total number of pathways = 6
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B-B CREA Case 1 - Large CR Volume,

1000cfm Inleak - 95 percent Intake Filt - Cont Leak Rate
Increase.o0

' #######################################################################
~at  7:08:44

####################################################################### :

RADTRAD Version 3.03 (Spring 2001) run on 11/17/2004

'#######################################################################

Scenario Description

5#######################################################################

Radioactive Decay is enabled
Calculation of Daughters is enabled

Release Fractions and Timings

GAP EARLY IN-VESSEL LATE RELEASE @ RELEASE MASS
‘ 0.000010 hr 0.0000 hrs 0.0000 hrs (gm)
NOBLES 1.7000E-02 3.8250E-03 0.0000E+00 7.805E+01
IODINE 1.7000E-02 1.9125E-03 0.0000E+00 ‘1.972E+01
CESIUM 4.0800E~-02 1.6150E-03 0.0000E+00 6.129E+403
" TELLURIUM 0.0000E+00 0.0000E+00 0.0000E+00 0.000E+00
STRONTIUM .~ .0.0000E+00 0.0000E+00 0.0000E+00 - 0.000E+00
BARIUM 0.0000E+00 0.0000E+00 0.0000E+00 0.000E+00
RUTHENIUM 0.0000E+00 0.0000E+00 0.0000E+00 0.000E+00
CERIUM 0.0000E+00 0.0000E+00 0.0000E+00 0.000E+00
LANTHANUM 0.0000E+00 0.0000E+00 0.0000E+00 0.000E+00
Inventory Power = 3658. MWt
Nuclide Group Specific half Whole Body Inhaled Inhaled
Name Inventory life DCF Thyroid = Effective
(Ci/MWt) (s) (Sv-m3/Bg-s) (Sv/Bq) (Sv/Bq)
Kr-85 1 2.851E+402 3.383E+08 1.190E-16 ° 0.000E+00 0.000E+00
Kr-85m - 1 8.592E+03 1.613E+04 7.480E-15 0.000E+00 G.000E+00
Kr-87 1 1.696E+04 4.578E+03 4.120E-14 0.000E+00  0.000E+00
Kr-88 1  2.392E+04 1.022E+04 - 1.020E-13 0.000E+00 - 0.000E+00
Rb-86 3 6.480E+01 1.612E+06 4.810E-15 1.330E-09 1.790E-09
I-131 2 2.671E+04 6.947E+05 1.820E-14 2.920E-07 8.890E-09
I-132 2 3.863E+04 8.280E+03 1.120E~13 1.740E-09 1.030E-10
I-133 2 5.529E+04 7.488E+04 2.940E-14 4.860E-08 1.580E-09
I-134 2 6.143E+04 3.156E+403 1.300E-13 2.880E-10 3.550E~-11
- I-135 2 5.159E+04 2.380E+04 8.294E-14 8.460E-09 3.320E-10
Xe-133 1~ 5.396E+04 4.532E+05 ~1.560E-15 0.000E+00° 0.000E+00
Xe-135 -1 1.532E+04 3.272E+404 - 1,190E-14 0.000E+00 0.000E+00
Cs-134 3 . 5.306E+03 6.507E4+07  7.570E-14 1.110E-08 . 1.250E-08
. Cs-136 ~ 3. 1.503E+03 1.132E406 1.060E-13 - 1.730E-09 = 1.980E-09
Cs-137 -~ 3 3.077E+03 9.467E+08 - 2.725E~-14 7.930E-09 8.630E-09
- Nuclide ~ Daughter Fraction = Daughter Fraction Daughter Fraction
Kr-85m Kr-85 0.21 none 0.00 none - 0.00
Kr-87 Rb-87 1.00 _none 0.00 none 0.00
Kr-88 Rb-88 1.00 _none 0.00 none 0.00
Sr-90 - Y-90 1.00 none 0.00 none 0.00
Sr-91 Y-91m 0.58 Y-91 0.42 none 0.00
Sr-92 Y~92 1.00 none 0.00 none . 0.00
Y-93 - Z2r-93 1.00 none 0.00 none 0.00
Zr-95 Nb-95m 0.01 Nb-95 0.99 none 0.00
Zr-97 'Nb-97m 0.95" Nb-97 0.05 none 0.00
Mo-99 Tc-99m 0.88 Tc-99 0.12 none 0.00
Tc-99m Tc-99 1.00 none 0.00 none 0.00
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B-B CREA Case 1 -~ Large CR Volume, 1000cfm Inleak - 95 percent Intake Filt - Cont Leak Rate
: Increase.o0 .

Ru-103 Rh~103m 1.00 none 0.00 *. none 0.00
Ru-105 - -Rh-~105 1.00 . ~ none 0.00 . none 0.00
Ru~106 Rh~106 1.00 none 0.00 none 0.00
Sb-127 Te-~127m 0.18 Te-127 0.82 none 0.00
Sb-129 . Te-129m . 0.22 : Te~129 0.77 none 0.00
Te-127m Te-127 0.98 none 0.00 none 0.00
Te-129 1-129 1.00 . none 0.00 none - 0.00
Te-129m  Te-129 0.65 - I-129 0.35 none ) 0.00
Te-131m Te-131 0.22 I-131 0.78 none 0.00
Te-132 I-132 1.00 " none 0.00 none 0.00
I-131 Xe~131m 0.01 none 0.00 none 0.00
I-133 Xe~133m 0.03 - Xe-133 0.97 none 0.00
I-135 Xe-~135m 0.15 Xe~135 0.85 none 0.00
Xe-135 Cs-135 1.00 - . none 0.00 none ©0.00-
Cs-137 Ba-137m 0.95 none 0.00 "~ none 0.00
Ba-140 La-140 1.00 ' none 0.00 none 0.00
La-141 Ce-141 1.00 " none 0.00 none 0.00
Ce-143 Pr-143  1.00 none 0.00 none 0.00
Ce-144 Pr-144m 0.02 Pr-144 0.98 none 0.00
Nd-147 Pm~147 1.00 none 0.00 none 0.00
Np-239 Pu-239 1.00 . none 0.00 none 0.00
Pu~238 U-234 ‘1.00 none 0.00 none 0.00
Pu-239 U-235 1.00 ' none 0.00 none 0.00
Pu-240 U-236 1.00 - none 0.00 none 0.00
Pu-241 U-237 - 0.00 Am-241 1.00 none 0.00
Am-241 Np-237 1.00 ~ none 0.00 none 0.00
Cm-242 Pu-238 1.00 none 0.00 none 0.00
Cm-244 Pu-~240 1.00 ~ none 0.00 none 0.00
Iodine fractions
Aerosol = 9.5000E-01
Elemental = 4.8500E-02

Organic - = 1.5000E-03
COMPARTMENT DATA ‘
Compartment number 1: Primary Loop - Reactor Coolant System (R
Compartment number 2: Secondary Loop - Steam Generator Volumes
Compartment number - -3: Containment 7
Natural Deposition (Powers' model): Aerosol data
Reactor type: 1
Percentile = 10 (%)
Natural Deposition: Elemental Removal Data
Time (hr) - - Removal Coef. (hr"-1l)
. 0.0000E+00 " 0.0000E+00
'Cémpartment number 4:_Cbntfol'Room'
~ Compartment Filter Data
- Time (hr) - Flow Rate - Filter Efficienéies (%)
- o - Acfm) . Aerosol ‘Elemental Organic
0.0000E+00 3.9150E+04 0.0000E+00 0.0000E+00 0.0000E+00

5.0000E-01 3.9150E+04 8.0000E+01 9.0000E+01 9.0000E+01
7.2000E+02 3.9150E+04 0.0000E+00  0.0000E+00 0.0000E+00
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B-B CREA Case 1 - Large CR Volume, 1000cfm Inleak - 95 percent Intake Filt - Cont Leak Rate
o Increase.o( .

Compartment number 5: Environment
PATHWAY DATA
'Pathway number 1: Primary Loop to Secondary Loop Leakage

Pathway Filter: Removal Data

Time (hr) Flow Rate Filter Efficiencies (%)
_ (cfm) Aerosol’ Elemental Organic
* 0.0000E+00 1.3370E-01 0.0000E+00 0.0000E+00 0.0000E+00
1.1111E+400 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
C000E+00 0.0000E+00

7.2000E+02

0.0000E+00

Pathway number 2: Secondary Loop

0.

~ 0.0000E+00

Steam Generator Volumes (4 SGs) t

Pathway Filter: Removal Data

Filter Efficiencies (3)

Time (hr) Flow Rate

- (cfm) Rerosol Elemental Organic
0.0000E+00 2.8830E+03 0.0000E+00 0.0000E+00 0.0000E+00
5.5600E-02 = 4.8060E+02  0.0000E+00 0.0000E+00 0.0000E+00
1.1111E400 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
7.2000E+02 . 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00

Pathway number 3: Containment Leak to the Environment

Convection Data o
Flow Rate (% / day)

Time (hr)
0.0000E+00 2.0000E-01
2.4000E+01 1.0000E-01
7.2000E+02 0.0000E+00

'~ Pathway number " 4: (Filtered Intake) Environment to Control Room

Pathway Filter: Removal Data

~ Time (hr) 'Flow Rate Filter Efficiencies (%)

» (cfm) RAerosol .Elemental Organic
0.0000E+00 6.4240E+03 0.0000E+00 . 0.0000E+00 0.0000E+00
5.0000E-01 8.5750E+03 9.9000E+01 -9.5000E+01 -9,5000E+01
7.2000E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00

5Pathway number 5: (Unfiltered Inleakage) Environment to Control Room
Pathway Filter: Removal Data

Filter Efficiencies (%)

Time (hr) Flow Rate .

‘ {cfm) _ Aerosol " Elemental Organic
0.0000E+00 1.0000E+03 0.00C00E+00 0.0000E+00 0.0000E+00
5.0000E-01 1.0000E+03 0.0000E+00 = 0.0000E+00 0.0000E+00

7.2000E+02 = - 0.0000E+00  0.0000E+00 .~ 0.0000E+00 .0.0000E+00
Pathway number 6: (Coptrbl Room Exhaust) Control Room to Environment

Pathway Filter: Removal Data
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B-B CREA Case 1 - Large CR Volume, 1000cfm Inleak - 95 percent Intake Filt - Cont Leak Rate
Increase.ol ’ '

Time (hr) . Flow Rate Filter Efficiencies (%)

. : (cfm) * Aerosol Elemental = Organic-
"0.0000E+00 7.4240E403 1.0000E+02 - 1.0000E+02 .1.0000E+02
"5.0000E-01 9.5750E+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

LOCATION DATA , | |
Location Exclusion Area Boundary (EAB) is in compartment 5

Location X/Q Data

Time (hr) X/Q (s * m*=3)
© 0.0000E+00 5.3600E-04
" 5,0000E-~01 5.3600E-04
2.0000E+00 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 Low Population Zone (LPZ) is in compartment 5

Location X/Q Data

Time (hr) X/Q (s * m*-3)
0.0000E+00 9.3200E-05
5.0000E-01 9.3200E-05
2.0000E+00 4,5000E-05
8.0000E+00 3.1200E-05
2.4000E+01 1.4100E-05
9.6000E+01 4.5400E~-06
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

Locqtion Control Room ©is in compartment 4

Location X/Q Data ’ S
Time- (hr) . S X/Q (s -* m"-3)

0.0000E+00 1.7300E-03
'5.0000E-01 1.0100E-03"
".2.0000E+00 7.2500E-04
- 8.0000E+00" 3.0700E-04 .
. 2.4000E+01 2.0700E-04
.. 9.6000E+01 1.4600E-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
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B-B CREA Case 1 - Large CR Volume, ‘10ﬁ0cfm' Inleak - 95 percent Intake Filt - Cont Leak Rate
: ' Increase.o0 . ’

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 0.0000E+00
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' B-B CREA Case 1 - i.argé CR Volume, 1000cfm Inleak - 95 percent Intake Filt - Cont Leak Rate
- Increase.o0

#######################################################################
RADTRAD Version 3.03 (Spring 2001) run on 11/17/2004 at 7:08:44
#######################################################################
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####################################################################
' Dose, Detailed model and Detailed Inventory Output
FHEREAARF RSB EF AR S HHEHHH ISR ESH B S HF SRS H IR BB AR N4

Exclusion Area Boundary (EAB) Doses:
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Time (h) = 0.0000 Whole Body Thyroid TEDE

Delta dose (rem) 1.2190E-06 2,0171E-04 1.1623E-05

Accumulated dose (rem) 1.2190E-06 2.0171E-04 1.1623E-05

Low Population Zone {LPZ) Doses:

Time (h) = 0.0000 Whole Body Thyroid TEDE

Delta dose (rem) 2.1196E-07 3.5073E-05 2.0210E-06

Accumulated dose (rem) 2.1196E-07 3.5073E~05 2.0210E-06

Control Room Doses:

Time (h) =  0.0000. Whole Body  Thyroid TEDE

Delta dose (rem) 2.3123E-12 7.2498E-09 3.7626E-10

Accumulated dose (rem) 2.3123E-12 7.2498E-09 3.7626E-10

Containment Compartment Nuclide Inventory:

Time (h) = ' 0.0000 Ci kg Atoms Decay

Kr-85" - : 1.7731E+04 4.5193E-02 3.2018E+23 2.3617E+13

Kr-85m 5.3435E+05 6.4930E-05 4.6002E+20 7.1175E+14

Kr-87 -. ‘1.0548E406 = 3.7237E-05. 2.5775E+20 .1.4049E+15

Kr-88 1.4876E+06 1.1864E-04 8.1187E+20 1.9815E+15

Rb~-86 9.6720E+403 1.1887E-04 8.3237E+20  1.2883E+13

I-131 1.6611E+06 1.3399E-02 6.1595E+22 2,2126E+15

1-132 ~ 2.4024E+06 2.3275E-04 1.0618E+21 3.2000E+15
- I-133 ' 3.4385E+06 3.0354E-03 1.3744E+22 4.5801E+15

I-134 3.8204E+06" 1.4321E-04 6.4360E+20 5.0888E+15

I-135 3.2084E+06 9.1360E-04  4.0754E+21 4.2736E+15

Xe-133 3.3558E+06 1.7928E-02 8.1178E+22 4.4700E+15

Xe-135 9.5277E405 3.7309E-04 = 1.6643E+21 - 1.2691E+15

Cs-134 - 7.9197E+05 6.1211E-01 2.7509E+24 1.0549E+15

Cs-136 2.2434E+05 3.0609E-03 1,3554E+22 2.9882E+14

Cs-137 4.5927E+05 5.2801E+00 2.3210E+25 6.1174E+14



B-B CREA Case 1 - Large CR Volume, 1000cfm Inleak = 95 percent Intake Filt - Cont Leak Rate

Increase.o)

Containment Transport Group InVento

Time (h) = 0.0000 Atmosphere
Noble gases (atoms) 4.0456E+23
Elemental I (atoms) 3.9343E+21
Organic I (atoms) 1.2168E+20
Aerosols ‘(kg) - 5.9122E+00

I-131 (Thyro
I-131 (ICRP2

Dose Effective (Ci/cc)
Dose Effective (Cl/cc)
Total I (Ci)

Deposition Recirculating

Time (h) = 0.0000 Surfaces’
Noble gases (atoms) 0.0000E+00
Elemental I (atoms)’ 0.0000E+00
~Organic 1 (atoms) . 0.0000E+00
IAerosols'(kg) -'8.9055E-07

ry:

" Sump
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
id) '

Thyroid)

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

2.9051E-05

3.7161E~-05

.1.4531E+407

Containment Leak to the Environment Transport Group Inventory'

Tlme (h) = 0.0000 Leakage Transp
Noble gases (atoms) 1.6857E+14
Elemental I (atoms) 1.6393E+12
Organic I (atoms) 5.0700E+10
Aerosols  (kg) 2.4634E-09

ort

Exclusion Area Boundary (EAB) Doses:

Time (h) = 0.0000 Whole Body
Delta dose (rem) 2.5894E-06
3.8084E-06

Accumulated dose (rem)

Low Population Zone (LPZ) Doses:

Time (h) = 0.0000 Whole Body
Delta dose (rem) 4.5025E-07
Accumulated dose (rem) 6.6222E-07
Control Room Doses:
Time (h) = - 0.0000 ‘Whole Body -
Delta dose (rem) 9.5364E~12
. Accumulated dose (rem) 1.1849E-11
Containment Compartment Nuclide Inv
- Time (h) = 0.0000 ‘Ci :
Kr~85 : 2.1720E+04
Kr-85m . - 6.5457E+05
Kr-87 1.2921E+06
Kr-88 1.8223E+06
Rb-86 " 1.0055E+04
. I-131. 1.8480E+06
I-132 2.6727E+06
. I=-133 - 3.8254E+06
I1-134 . 4.2501E+06
I-135 3.5694E+06
4.1109E+06

Xe-133 : —
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- Thyroid

4.2583E-04
6.2754E-04

Thyroid
7.4044E-05
1.0912E-04

Thyroid
2.9805E-08
~3.7055E-08

entory:

5.5361E-02
7.9539E-05
4.5615E-05
1.4533E-04"
1.2357E-04
1.4906E~-02
2.5B93E-04
3.3769E-03
1.5932E-04
1.0164E-03
2.1962E-02

TEDE

2.4266E-05
3.5889E-05

TEDE

4.2194E-06
6.2404E-06

TEDE

1.5365E-09

' 1.9128E-09

Atoms
3.9223E+23

5.6353E+20
3.157SE+20
9.9454E+20

8.6532E+20
6.8525E4+22

1.1813E+21

1.5290E+22
7.1600E+20
4.533%E+21
9.9442E+22

'Décéy
5.2548E+13
1.5836E+15

3.1260E+15

4.4088E+15
2.6276E+13
4.6742E+15
6.7601E+15

'9.6755E+15

1.0750E+16
9.0281E+15
9.9457E+15



B-B CREA Case 1 - Large CR Volume, 1000cfm Inleak - 95 percent Intake Filt - Cont Leak Rate

Increase.o0

Xe-135 1.1671E+06 4,5704E~04
Cs-134 '8.2331E+05 6.3634E-01
Cs=-136 2.3322E+05 3.1821E-03
- . Cs-137 4.7745E+05 5.4891E+00
Containment Transport Group Inventory:
Time (h) = -0.0000 - Atmosphere Sump
Noble gases (atoms) 4.9558E+23 0.0000E+00
Elemental I (atoms) 4.3770E+21 0.0000E+00
Organic I (atoms) 1.3537E+20 0.0000E+00
Rerosols (kg) 6.1474E+400 0.0000E+00
Dose Effective (Ci/cc) I-131 (Thyroid)
Dose Effective (Ci/cc) Thyroid)

I-131 (ICRP2
Total I (Ci) )

0.0000

Time (h) = “Surfaces
Noble gases (atoms) 0.0000E+00
Elemental I (atoms) 0.0000E+00
Organic I (atoms) ° 0.0000E+00
Aerosols (kg) ~2.7071E-06

Deposition Recirculating

Filter
0.0000E+00

0.0000E+00 .

0.0000E+00
0.0000E+00

2.0388E+21
2.8598E+24
1.4090E+22
2.4128E+25

3.2319E-05

4.1341E-05
1.6166E+07

2.8237E+15
2.1516E+15
6.0946E+14
1.2477E+15

Containment Leak to the Environmert Transport Gtoup Inventory:

Time (h) = 0.0000 Leakage Transport
Noble gases (atoms) 5.4362E+14
Elemental I (atoms) 5.1023E+12
Organic I (atoms) -+ 1.5780E+11

.. 7.4882E-09

Aerosols (kg)

Exclusion Area Boundary (EAB) Doses:

Time (h) = 0.0556 Whole Body
Delta dose (rem) ... 1.5223E-02
Accumulated dose (rem) :1;5227E-02
Low Population Zone. (LPZ) Doses:

Time (h) = 0.0556  Whole Body
Delta dose (rem) . 2.6470E-03
Accumulated dose (rem) '2.6477E-03
Qontrol Room Doses:’ '

" Whole Body

Time (h) = 0.0556
Delta dose (rem) - 1.5103E-04
Accumulated dose (rem)  1.5103E-04
Containment Compartment Nuclide Inv
Time (h) = 0.0556- . Cci
‘Kr-85 -2.1720E+04 -
© Kr=85m 6.4896E+05
Kr-87 1.2535E+06
Kr-88 1.7978E+06
Rb-86 "1.0037E404
I-131 1.8447E+406
2.6241E+06

I-132
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Thyroid

2.4894E+00

TEDE
1.4043E-01

2.4900E+00 1.4046E-01

Thyroid

4.3286E~01
4.3297E-01

Thyroid

4.6799E-01
4.6799E-01

entory:‘

kg
5.5361E-02
7.8858E~-05
4.4253E-05
1.4337E-04

1.2335E-04

1.4880E-02
2.5422E-04

TEDE
2.4417E-02

2,4423E-02

TEDE
2.3688E-02
2.3688E-02

 Atoms
3.9223E+23

'5.5870E+20

3.0632E+20

9,8113E+20

8.6379E+20
6.8402E+22
1.1598E+21

Decay
1.6085E+17
4.8267E+18
9.4252E+18
1.3404E+19
7.4336E+16
1.3663E+19
1.9597E+19



B-B CREA Case 1 - Large CR Volume, 1000cfm Inleak - 95 percent Intake Filt - Cont Leak Rate

Increase.o0

I-133 3.8122E+406
.. I-134 4.0609E+06
- I-135 3.5430E+06
Xe=-133 4.1107E+06
Xe-135 - 1.1750E+06
Cs=-134 8.2193E+05
Cs-136 © 2.3280E+05
Cs=-137 4.7665E+05
Containment Transport Group Invento
Time (h) = 0.0556 " Atmosphere
- Noble gases (atoms) 4.9556E+23 .
Elemental I (atoms) 4,3712E+21
Organic I (atoms) 1.3519E+420
Aerosols (kqg) ’ 7 6.1371E+00
Dose Effective (Ci/cc) I-131 (Thyro
“Dose Effective (Ci/cc) I-131 (ICRP2

Total I (Ci)

Deposition Recirculating

Time (h) = 0.0556 Surfaces
Noble gases (atoms) 0.0000E+00
" Elemental I (atoms) 0.0000E+00
Organic I (atoms) 0.0000E+00
Aerosols (kg) 1.0287E-02

.3653E-03
.5223E-04
.0089E-03
.1961E-02
.6011E-04
.3527E-01
3.1763E-03
5.4798E+00

O DN W

ry:
Sump
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
id)
Thyroid)

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

1.5238E+22

6.8413E+20

.5004E+21
.9439E+22
.0525E+21
.8550E+24
.4065E+22
.4088E+25

ISR SN SRR

3.2235E-05

4.1168E-05
1.5885E+07

2.8259E+19
3.0745E+19

"2.6315E+19

3.0439E+19
8.6252E+18
6.0871E+18
1.7242E+18
3.5300E+18

Containment Leak to the Environment Transport Group Inventory:

Time (h) = 0.0556 Leakage Transp
Noble gases (atoms) 2.2959E+18
Elemental I (atoms) 2.0278E+16
Organic I (atoms) 6.2714E+14
Aerosols (kg) 2.8456E-05

ort

Exclusion Area Boundary (EAB) Doses:

Time (h) .= '0.5000 Whole Body
Delta dose (rem) 1.1126E-01
1.2649E-01

) Accumulated dose (rem)

Low Populatioh Zone (LPZ) Doses:

" Time (n) =  0.5000 -~ Whole Body

- Delta dose (rem) 1.9347E-02
Accumulated dose (rem) 2.1994E-02

\Control Room Doses:

Time (h) = _ 0.5000  Whole Body
Delta dose (rem) 8.1609E-03
8.3119E-03

Accumulated dose (rem)

Thyrbid
1.9683E+01
2.2173E+01

Thyroid - -
3.4226E+00

3.8555E+00

Thyroid
2.7807E+01
2.8275E+01

Containment Compartment Nuclide Inventory:

0.5000

Time (h) = Ci

Kr-85 . '2.1720E+404
- Kr~85m 6.0582E+05

Kr-87 9.8381E+05
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kg
5.5360E-02
7.3615E-05
3.4732E-05

TEDE
1.1017E400
1.2422E+00

TEDE
1.9157E-01
2.1599E-01

TEDE

'1.4076E4+00

1.4313E+00

~ Atoms

3.9222E+23
5.2156E+20
2.4042E+20

Decay
1.4465E+18
4.1950E+19
7.5321E+19



B-B CREA Case 1 - Large CR Volume, 1000cfm Inleak - 95 percent Intake F
) . Increase.ol

Kr-88

1.6129E+06 1.2863E-04

Rb-86 "9.8964E+03 1.2163E-04
1-131 1.8184E+06 1.4668E-02
1-132 ° 2.2661E+06 2.1954E-04
I-133 3.7086E+06 3.2738E-03
I-134 . 2.8216E+06 '1.0577E-04
~I-135 3.3388E+06 9.5073E-04
Xe-133. 4.1095E406 2.1954E-02
Xe-135 1.2334E+06 4.8299E-04
Cs-134 - 8.1096E+05 6.2679E-01
Cs-136 2.2947E+405 3.1309E-03
Cs-137 4.7029E+05 5.4068E+00
Containment Transport Group Inventory:
Time (h) = 0.5000° Atmosphere Sump
Noble gases (atoms) 4,9542E+23 0.0000E+00
"Elemental I ({(atoms) ‘4 -3280E+21 0.0000E+00
Organic I (atoms) 1.3385E+20 0.0000E+00
Rerosols (kg) ; 6.0550E+00 0.0000E+00
Dose Effective (Ci/cc) I-131 (Thyroid) _
Dose Effective (Ci/cc) I-131 (ICRP2 Thyroid)

" Total I (Ci) ‘

. Deposition Recirculating

Time (h) = 0.5000 Surfaces Filter
Noble gases (atoms) 0.0000E+00 0,0000E+00
Elemental I (atoms) 0.0000E+00 0.0000E+00
Organic I (atoms) 0.0000E+00 0.0000E+00
Aerosols (kg) 9.1901E~02 0.0000E+00

8.8025E+20
8.5169E+20
6.7428E+22
1.0016E+21
1.4823E+22
4.7534E+20
4,.2410E+21
9.9408E+22
2.1546E+21

.2.8169E+24

1.3864E+22
2.3767E+25

3.1581E-05
3.9866E-05
1.3953E+07

ilt - Cont Leak Rate

1.1425E+20
6.6346E+17
1.2193E+20
1.6388E+20
2.5054E+20
2.3195E+20
2.2966E+20
2.7368E+20
7.9321E+19
5.4346E+19
1.5386E+19
3.1516E+19

Containment Leak to the Environment Transport Group Inventory:

Time (h) = 0.5000 Leakage Transport
Noble gases (atoms) 2.0646E+19
Elemental I (atoms) 1.8151E+17
Organic I (atoms) 5.6138E+15
Aerosols (kg) 2.5421E-04

Exclusion_Area Boundary (EAB) Doses:

Time (h) = 1.1111  Whole Body
. Delta dose (rem) - 1.2572g-01
© Accumulated dose (rem) 2,.5221E-01

" Low Population Zone (LPZ) Doses:

‘Whole Body
2.1861E-02

Time (h) = 1.1111
Delta dose  (rem)

Accumulated dose (rem) 4.3855E-02-

Control Room Doses:

Time (h) = - 1.1111  Whole Body
Delta dose (rem) 4.5020E-03
Accumhiated dose (rem) '1.2814E—02

Thyroid
2.6186E+01
4.8360E+01

Thyroid

4.5533E+00

'8.4088E+00

Thyroid
9.8262E+00
-3.8101E+01

Containment Cdmpartment Nuclide Inventory:

Calc. No. BYR04-045 & BRW-04-0039-M, Rev. 1, Attachment A, Pages A-20 of A-53

TEDE

1.4449E+00

| 2.6871E+00

. TEDE

4.6723E-01

TEDE

© 2.5124E~01 .

4.9975E-01

1.9311E400



B-B CREA Case 1 - Large CR Volume, 1000cfm Inleak - 95 pe

Increase.o0

Time (h)

= 1.1111 Ci .
Kr-85. Lo 2.1719E+04
Kr-85m . 5.5114E+05
Kr-87 . 7.0507E+05
Kr-88 © 1.3894E+06
Rb-86 - - 9.5221E+03
I-131 1.7508E+06
I-132 1.8189E+06
I-133 3.5065E+06
I-134 1.6794E+06
I-135 3.0218E+06
Xe-133 4.1072E+06
Xe-135 1.3002E+06
Cs-134 7.8100E405
Cs-136 2.2070E+05
Cs-137 4.5293E+05
Containment Transport Group Invento
Time (h) = 1.1111 Atmosphere
" Noble gases (atoms) 4.9523E+23
Elemental I (atoms) "4.2756E+21
Organic I (atoms) - 1.3223E+20
Aerosols (kg) '5.8313E+00

Dose Effective (Ci/cc)
Dose Effective (Ci/cc)
Total I (Ci)

I-131 (ICRPZ

kg
5.5358E~-02
6.6971E-05
2.4891E-05
1.1080E~-04"
1.1703E-04
1.4122E-02
1.7621E-04
3.0954E-03
6.2954E-05
8.6046E-04
2.1942E-02
5.0915E-04
6.0363E-01
3.0113E-03
5.2071E+00

ry:
Sump
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

I-131 (Thyroid)

Thyroid)

- Atoms
3.9221E+23
4.7448E+20
1.7230E+20

7.5825E+20

8.1947E+20
6.4922E+22
8.0392E+20
1.4016E+22
2.8292E+20
3.8384E+21
9.9352E+22
2.2713E+21

2.7128E+24

1.3334E+22
2.2889E+25

3.0166E-05
3.7591E-05
1.1777E+07

Deposition Recirculating

Time (h) = 1.1111 - ‘Surfaces
Noble gases (atoms) 0.0000E+00
Elemental I (atoms) 0.0000E+00
Organic I (atoms) 0.0000E+00
Aerosols (kg) 3.1513E-01

Filter
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00 .

rcent Intake Filt - Cont Leak Rate

Decay
3.2144E+18
8.9002E+19
1.4343E+20
2.3621E+20
1.4512E+18

. 2.6675E+20

3.2898E+20
5.4324E+20
4.1059E+20
4.8755E+20
6.0801E+20
1.8172E+20
1.1893E+20
3.3648E+19
6.8969E+19

Containment Leak to the Environment Transport Group Inventory:

Time (h) = 1.1111 Leakage Transp
Noble gases (atoms)- 4.5871E+19
Elemental I (atoms) 4.0076E+17
Organic I (atoms) 1.2395E+16
RAerosols (kg) 5.5681E-04

Exclusion Area Boundary {EAB) Doses

 Time (h) = 2.0000  Whole Body
. Delta dose (rem). - 1.4274E-01
. Accumulated dose (rem) .3.9495E-01

Low Population Zone (LPZ) Doses:

. Time (h) =  2.0000. ° Whole Body
Delta dose (rem) 2.4819E-02
 Accumu1ated dose (rem) '6.8674E~02

-'Contfdl Room Doses:

Whole Body

Time (h) 2.0000
Delta dose (rem)

Calc. No. BYR04-045 & BRW-04-0039-M, Rev 1, Attachment A, Péges A-21 of A-53

ort

Thyroid

3.6007E+01
8.4367E+01-

Thyroid
6.2610E+00

Thyroid

TEDE

TEDE

3.4079E-01
1.4670E+015.8.0802E-01

TEDE

2.9395E-03 1.8345E+00 9.5165E-02

1.9599E+00
4.6470E+00



B-B CREA Case 1 - Large CR Volume, 1000cfm Inleak - 95 percent Intake Filt - Cont Leak Rate
Increase.o0 .

Accumulated dose (rem) -1.5753E-02 '3.9936E+01 2.0262E+00

Containment Compartment Nuclide Inventory:

Deposition Recirculating

Time (h) = 2.0000 Surfaces ‘Filter

Noble gases {atoms) 0.0000E+00 0.0000E+00
Elemental I (atoms) 0.0000E+00 0.0000E+00
Organic I (atoms) 0.0000E+00 - 0:0000E+00
Aerosols . (kg) 6.6561E-01 0.0000E+00

Time (h) = 2.0000 Ci kg Atoms Decay

Kr-85 - 2.1718E+04 5.5356E-02 3.9219E+23 5.7859E+18 -

Kr-85m 4.8028E+05 5.8361E-05 4.1348E+20 .1.4997E+20
. Kr-87 4.3429E+05 1.5332E-05 1.0613E+20 2.0959E+20

Kr~88 . 1.1183E+06 8.9184E-05 6.1032E+20 3.8409E+20

Rb-86 8.9367E+03 1.0983E-04 - 7.6910E+20 2.5430E+18

I-131 " 1.6457E+406° 1.3275E-02 6.1025E+22 -4.6766E+20

I-132 1.3121E+406 '1.2711E-04 .5.7993E+20 5.1260E+20

I-133 3.2100E+06 = 2.8337E~03  1.2831E+22 9.4039E+20

I-134 7.8420E+0