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PURPOSE AND SUMMARY OF RESULTS:

Purpose . o R ) :
The objective of this calculation i IS to detenmne the radnologmal consequences of a deszgn -basis fuel handling accident based on the Aﬂemanve Source

Term methodology. The receptors of interest are in the main control room and offsite (at the Exclusion Area Boundary and the Low Population Zone).
Results
A summary of the results, based on a minimum of 24-hr decay prior to movement of irradiated fuel, is presented in the following table.

LOCATION Expopsure Unfiltered Outside | TEDE Dose | Regulatory Limit] Percent of
Interval Air intake Rate {rem) {rem) Regulatory Limit | «
1000 cfm 2.846 5 56.8
Control '
ntrol Room 30 days 9000 cim 2.863 5 573
EAB 2hrs N/A 1.439 6.3 228
LPZ 30 days N/A 0.0920 6.3 1.46

All doses are the result of unfiltered ground-level releases to the environment via the RB Vent, with no credit taken for the operation of the Standby Gas
Treatment System (which is for filtered activity releases to the environment via the main stack). Further details are provided in the Summary Section
{Sec. 2). Itis concluded that the CR TEDE dose documented in this calculation is bouriding for any outside air flow that may be assumed to enter the
CR. As such, this calculation will not be affected by the results of the up-coming CR mleakage testing mandated by NRC Generic letter 2003-01 (Ref. 3},
and no revision will be necessary.

This calculation is safety-related and was prepared under the AREVA Framatome ANP Quality Assurance Program.

Revision 01
The purpose of this revision is to mcorporate client comments. See page 2 for further details. There are no changes in the results.

THE FOLLOWING COMPUTER CODES HAVE BEEN USED IN THIS DOCUMENT: THE DOCUMENT CONTAINS ASSUMPTIONS THAT
MUST BE VERIFIED PRIOR TO USE ON SAFETY-
RELATED WORK
CODE/VERSION/REV CODE/VERSION/REV

ELISA-2, Version 2.2

Framatome ANP, Inc., an AREVA and Siemens company
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RECORD OF REVISIONS

Revision 01 {December 2004) - Incorporation of Client Comments

(1)
)
)

()

)

(6)

(7)

(8

©)
(10)

Changed the calculation No. from 32-5052589-00 to 32-5052589-01, in all pages.
Moved the *Record of Revisions" from page 4 to page 2, and renumbered the pages where necessary.
Pg. 1, Purpose and Summary of Results section:

(a) Changed column heading for "Outside Air Intake Rate” to read "Unfiltered Outside Air Intake Rate.”

(b) Added another column for "Exposure Interval.”

(©) Added note below table stating that all doses are the result of unfiltered ground-level releases to the
environment via the RB Vent, with no credit taken for the operation of the Standby Gas Treatment
System (which is for filtered activity releases to the enyironment via the main stack).

(d) Added a statement identifying the purpose of the revision.

{e) Did minor rewording to fit all the mformanon within the alloted space.

Pg. 5, Table of Contents Moved the "Record of Revisions® section from Page 4 to Page 2, and renumbered
Section Nos. 1.1 through 1.5 to be sequential. All other page numbers, and the total number of pages in the
calculation remain the same.

Pg. 7, under Atmospheric Dispersion Factors, Item {a): Changed "6 years' worth of hourly meteorological data

. collected on site” to "5 years' worth {1996-2000) of hourly meteorological data collected on site.*

Pg. 8, under Computing Environment, 2nd paragraph: Changed "un uncontrolled copy‘ to "an uncontrolled
copy.”

Pg. 10, ltem (k): Changed “The 9000 cfm is approximates® to *The 9000 cfm approximates,” and * to
evaluated the impact * to * to evaluate the impact. *

Pg. 10, in Table 2.1:

(8) - Changed column heading for *Outside Air Intake Rate" to read, "Unfiltered Outside Air Intake Rate "

(b) Included the following sentence under ltem (a), following the table: *The radiological consequences
of an FHA were based on unfiltered ground-level releases to the environment via the RB Vent, with
no credit taken for the operation of the Standby Gas Treatment System (which is for filtered activity
releases to the environment via the main stack)."

Pg. 12, Section 3: The list of assumptions were renumbered to eliminate the two {b)s.

Pg. 14, Table 3.1, Note (c): Reworded the 3rd sentence from:

*In addition, releases via the main stack are not feasible since the Standby Gas Treatment System (SGTS) is
not activated”

to

*In addition, releases via the main stack are feasible if the Standby Gas Treatment System (SGTS) is inttiated
and functioning properly. However, credit for SGTS filtration and release to the environment, via the main stack
as an elevated release, was not assumed in this analysis. Unfiltered ground-level releases via the RB Vent
produced the greatest radiological impact in the CR, at the EAB, and at the LPZ, without exceeding the
regulatory dose limits."
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1. PROBLEM DESCRIPTION
11 Purpose/Objective

The objective of this calculation is to determine the radiological consequences of a design-basis Fuel Handling
Accident (FHA) at the Pilgrim Nuclear Power Station (PNPS) based on an open containment and the Altemative
Source Term (AST) methodology (Ref. 1). The receptors of interest are in the main Control Room (CR), at the
Exclusion Area Boundary (EAB), and at the Low Population Zone (LPZ).

Itis Entergy's intention to use the results of this calculation as a basis for changes to the plant Technical
Specifications with respect to changes in the configuration of the secondary containment during refueling
operations, and for submittal of a Proposed License Amendment to the Nuclear Regulatory Commission.

Once approved for implementation, this calculation will supercede the existing FHA calculation(s) making use of
the classical analytical approach (TID-14844, Ref. 2) and Reg. Guide 1.25 (Ref. 22)

. This calculation forms part of the deliverables listed in the contract between ENTERGY and AREVA/Framatome
" ANP (Ref. 4). ' S '

1.2 Method of Solution and Software Usage
Source Term

The core radionuclide inventory was extracted from Ref. 5. This inventory is bounding for the following core parameters:

Power level: <2038 MWt

Fuel enichment. - 3.9-4.6%,U-235

Core loading: 101.8 - 105.56 MTU {metric tons of uranium)
Bumnup: 5-60 GWDMTU

For each radionuclide, the core inventory corresponds to the bounding value within the listed ranges of enrichment, core
loading, and burnup. In general, and based on the tabulations in Ref. 5, the noble-gases and halogens of interest in
design-bases calculations peak at the following bumups:

Lowbumup:  1-133, |-134, I-135, I-136
Kr-83m, Kr-85m, Kr-87, Kr-88, Kr-89, Kr-90
Xe-133, Xe-135, Xe-137, Xe-138
Highbumup: 1131, 1-132
Kr-85
Xe-131m, Xe-133m, Xe-135m
With respect to enrichment, the grouping is as follows:

Low enrichment: lodines, and xenons (except Xe-135)

High enrichment: Kryptons, and Xe135
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The comesponding inventory in the peak-powered fuel rods (which are assumed to get damaged as a result of the
postulated FHA) was calculated by applying an adjustment factor to the inventory of an average fuel rod in the core. This
adjustment factor is equal o the ratio of the peak-to-average fuel-rod power levels (i.e., to the radial peak factor). For the
noble gases and halogens of interest , this approach leads to practically the same results (within a few percent) as an
ORIGEN-2 computer run which specifically models the peak-powered fuel rods, with two exceptions, as follows:

(1) Kr-85 is overestimated by the extrapolation approach since itis very long lived and its inventory
- increases with burnup (i.e., extemal application of the radial peaking factor corresponds to a
similar increase in the bumup).

2 Xe-135 is also overestimated because of its high neutron-absorption cross-section (i.e., extemal
application of the radial peaking factor does not alter the neutron flux and thus leads to an
underestimation of the loss of Xe-135 through neutron absorption). .

Nonetheless, for an FHA, Kr-85 contributes only about 2 % of the total TEDE dose, and Xe-135is nota
significant contributor since most of it decays away prior to the postuiated accident. ‘

Radiological Evaluation

The radiological evaluation of the postulated FHA was carried out through use of the ELISA-2 computer code (Ret. 6) in
the FANP Computer Software Index {software control library). An alternative analysis (non-safety related), making use of
the NRC RADTRAD computer code (Ref. 7), is presented in Attachment A for informational purposes.

A brief description of ELISA-2 is presented in Attachment C. It is noted that the dose conversion factors in ELISA-2 are
from Federal Guidance Reports 11 and 12 (Refs. 13 and 14). Dose rates and cumulative doses will be computed for each
organ, skin and air; however only the Tota! Effective Dose Equivalent (TEDE) will be reported, as required for
implementation of the AST. Doses to other organs and skin can be found in the ELISA-2 outputs in Attachment E.
Atmospheric Dispersion Factors

The atmaspheric dispersion factors were extracted from Ref. 9. They were based on the following:

(a) 5 years' worth (1996-2000) of hourly meteorological data collected on site,

(b} The ARCON 96 computer code (Ref. 20) for atmospheric transport of the released radioactivity to the
control room fresh air intake (based on the guidance in Reg. Guide 1.194, Ref. 10), and

{c) The AEOLUS-3 computer code (Ref. 11) for atmospheric transport of the released radioactivity to offsite
receptors (which implements the guidance in Regulatory Guide 1.145, Ref. 23)
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Computing Environment

All ELISA-2 computer runs were carried out on the HP 8000/785 CPU running HP UX B.10.20. ELISA-2 has been used in
analogous applications at many nuclear power plants. There are no software emors that affect its application in the
present calculation. The CSl records cite QA verifications for ELISA-2, Version 2.2.

[The non-safety-related RADTRAD computer runs in the alternative analysis presented in Attachment A (for informational
purposes) were carried out on a personal computer using an uncontrolled copy of the code.)

13 Identification of Key Assumptions

A key assumption is any assumption or limitation that must be verified prior to using the results and/or conclusions of a
calculation for a safety-related task. There are no key assumptions in the present calculation.

1.4  Acceptance Criteria

The basic radiologica! acceptance criteria associated with the AST methodology are spelled out in 10 CFR
50.67, and amount to 25 rem TEDE for ofisite receptors and 5 rem for control room personnel.” These criteria,
howaever, are for evaluating potential reactor accidents of exceedingly low occurrence probability and low risk of
public exposure to radiation. For events with higher probability of occumence, such as a fuel handling accident,
the acceptance criteria for the offsite receptors are more stringent, while that for the control room operators
remains the same. The applicable AST criteria for an FHA are as follows (Ref. 1, and 10 CFR 50.67):

Exclusion Area Boundary (EAB): 6.3 rem TEDE
Low Population Zone (LPZ): 6.3 rem TEDE
Control Room (CR): 5.0 rem TEDE

1.5  Quality Assurance

This work was performed under Framatome's Quality Assurance Program and is appropriate for safety-related design
work. Framatome Procedure 0402-01(Preparing and Processing FANP Calculations) was followed.
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2. SUMMARY OF RESULTS

The present calculation dealt with the radiological evaluation of a design-basis fue! handling accident (FHA) taking place at
the Pilgrim Nuclear Power Station, based on an open containment and on the AST methodology (Ref. 1). The accident
scenario consisted of the following:

(a) The reactor has been operating at full power (2038 MWH) for an extended period of time.

(b) The reactor is shutdown, refueling operations are initiated and an FHA takes place at 24 hours after
shutdown.

(c) The accident involves the dropping of a GE-14 fuel assembly in the refueling cavity (with a depth greater
than 23 ft), and the ensuing rupture of 151 fuel rods (all the rods in the fallen assembly and other rods in
impacted assemblies).

{d) Al tailed rods are peak powered, with a radial peaking factor oi_ 21.

(e) Al activity within the gaps of the failed fuel rods is released to the refueling cavity water. The released
activity corresponds 1o 8 % of the entire inventory of I-131 in the rods (i.e., within the fuel matrix and
0aps), 10 % of the Kr-85, 5 % of the remaining halogens and noble gases, and 12 % of the alkalis (Cs
and Rb).

U] All the noble gases and (1/200)" of the halogens escape from the pool and are released to the refueling
level. All the alkalis are retained by the pool. The halogen composmon above the poolis 57 % in
elemental form and 43 % in organic form®.

(9) The reactor building is assumed to be open during the refueling operations, with the normal ventilation
on, such that all releases to the environment would be via the Reactor Building vent. This is the most
restrictive scenario with respect to the radioogical impact.

[Note: Potential releases via the Truck Lock would lead to lower CR doses due to the lower atmospheric
dispersion factor from the Truck Lock to the CR fresh air intake (see Table 3.3). [n addition, potential
leakage via the RB siding is very unlikely in view of the structural design of the RB walls above the refuel
level floor (columns of structural steel and 6 pre-cast concrete wall panels with structural steel bracing
and caulking), and the recent improvements for leak-tightness2)

(h) Potential halogen plateout within the refuel floor walls and the vent ductwork is not credited.

! The halogen composition has no impact in this analysis since there is no filtration credi.

2 The Reactor Building pre-cast panels span horizontally between columns, are connected to the columns by embedded stee!
angles and studs, and the panels and angles are welded to the column flanges. The pre-cast panels along with the interior caulking of
the horizontal joints minimize leakage out of the secondary conlainment during activation of the Standby Gas Treatment system.
Exterior caulking of the joints provides a further passive caulking and provides a leak tightness function. To maintain secondary
containment integrity, PNPS Nuclear Change ER # 03120058 (Ref. 19) was recently issued for the re-sealing of joints in the pre-cast
panels from the refuel floor elevation 117-0" to the top of the panels at elevation 165-11 %"
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(i)

)

(k)

4

Release to the atmosphere is within a period of 2 hours (analytically based on an assumed air exchange
rate of 4 air changes per hour, leading to 48.7 % of the airbome activity getting released within 10
minutes, 86.5 % within 30 min, 99.2 % within 1 hour, and 99.97 % within 2 hours).

The atmospheric release is assumed to be at the actual vent elevation for the CR analysis (based on
Reg. Guide 1.194, Ref. 20), and at ground-level for the off-site receptors.

The control room ventilation system is assumed to remain in the normal operating mode during the
entire exposure interval (30 days). Two air flows were considered in the analysis: 1000 cfm and 9000
cim. The 9000 cfm approximates a bounding value which includes the maximum air flow via the fresh
air intake and additional flow from surrounding areas as a result of ingress, egress and leakage. The
1000 cfm is an arbitrarily selected low flow to evaluate the impact of the flow rate on the CR dose.

Breathing rates, and control room occupancy factors are as given in Reg. Guide 1.183 (Ref. 1).

A summary of the results is presented in Table 2.1.

Table 2.1
Pilgrim Station - Fuel Handling Accident Dose Results - AST Methodology
[From Table 4.2)
Unfiltered Regulatory Percent of
LOCATION | EXPOSUre | gugige Ajr TE‘(’rErg)"s" Limit Regulatory
Intake Rate (rem) Limit
Control Room 30 days 1000 cfm 2.846 5 569
9000 cfm 2.863 5 57.3
EAB 2 hrs N/A 1.439 6.3 22.8
LPZ 30 days N/A 0.0920 6.3 1.46

The following are noted:

(a)

(b)

The radiological consequences of an FHA were based on unfiltered ground-level releases to the
environment via the RB Vent, with no credit taken for the operation of the Standby Gas Treatment
System (which is for filtered activity releases to the environment via the main stack). All TEDE doses
are within the acceptance criteria given in Sec. 1.4. The highest dose is 2.86 rem to the CR
operators (57 % of the 5 rem limit), for the assumed unfiltered intake flow of 8000 cfm {via the
fresh air intake vent, and from adjacent areas as a result of ingress and egress and leakage).

The results in Table 2.1 are bounding for the following core parameters:

Power level: 2038 MWt
Fuel enrichment: 3.9-4.6%,U-235
Core loading: 101.8 - 105.56 MTU (metric tons of uranium)

Bumup: 5 - 60 GWD/MTU
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Minimum decay time prior to fuel movement: 24 hrs
(c) The inhalation pathway contributes about 98 % of the CR total TEDE dose. At the EAB and the

(d)

(e)

U]

(9)

(h)

LPZ, the corresponding contributions are about 83 % and 65 %, respectively (See Table 4.2).

Based on scoping analyses, use of the gamma {x/Q) reduces the EAB TEDE dose by 0.33 rem
and the LPZ dose by 0.0016 rem; the dose reduction at the LPZ is less because the gamma
(%/Q)s and the concentrations (x/Q)s at the LPZ are numerically close (in view of the plume size
at the LPZ). [See Table 3.3 for the (x/Q)s, and also Table A.1 for the EAB doses.)

In general, the CR FHA dose increases with increasing fresh air flow, but soon reaches a maximum
value. A high flow rate leads to an increase in the amount of radioactivity which enters the control room,
but also leads to an increase in the rate at which the contaminated air is exhausted from the control
room. Thus, the airborne concentration in the CR and the ensuing dose rate increase with increasing
intake flow, but the exposure interval decreases. These counteracting effects result in a minimal change
on the integrated dose. Inthe present application, the difference in the CR dose betwaen afresh air -
intake flow of 1000 and 9000 cfm is onily {2.863 - 2.846) = 0.017 rem.

According to the AST methodology, the only regulatory dose limit is to the TEDE. Doses to other organs
(thyroid, lung, gonads, etc.), skin (beta + gamma), gamma air, and beta air, have also been calculated,
and may be found in the ELISA-2 computer outputs in Attachment E of this calculation.

In line with the guidance in Regulatory Guide 1.183 (Ref. 1, Appendix B, Sec. 5.3, Footnote 3}, Entergy
commits to implement the provisions of Sec. 11.3.6.5 of NUMARC 93-01 (Ref. 21) to address the prompt -
closing of the secondary containment in case of a fuel handling accident during refueling operations.

Based on the conclusion discussed under ltem (e) above, the CR TEDE dose documented in this
calculation is bounding for any outside air flow that may be assumed to enter the CR. As such, this
calculation will not be affected by the results of the up-coming CR inleakage testing mandated by
NRC Generic letter 2003-01 (Ref. 3), and no revision will be necessary.
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3. DESIGN INPUT AND ASSUMPTIONS

The design input employed in the analysis, and the associated references, are summarized in Tables 3.1
through 3.3. The majority of the information in Table 3.1 was extracted from Ref. 12; a copy of this reference
appears in Attachment D.

Pertinent assumptions employed in the analysis are as follows:

(a)

(b}

(©)

(d)

{e)

U]

(9)

The postulated FHA was assumed to take place at the very start of fuel movement [24 hrs after
reactor shutdown (all rods in)).

The accident was assumed to take place in the reactor cavity. A fuel assembly dropped in the
spent fuel pool would result in fewer fuel rods damaged due to the significantly smaller drop height [see
Table 3.1, Footnote (b)].

" "The accident was assumed to involve the dropping of a GE-14 peak-powered assembly onto

other GE-14 peak-powered assemblies. The fuel damage listed in Table 3.1 (ltem #A6) is for
such a scenario.

The reactor building was assumed to be open during the refueling operations, with the normal ventilation
on, such that all releases to the environment would be via the Reactor Building vent. This is the most
restrictive scenario with respect to the radiological impact. Potential releases via the Truck Lock would
lead to lower CR doses due 1o the lower atmospheric dispersion factor from the Truck Lock to the CR
fresh airintake (see Table 3.3). In addition, potential leakage via the BB siding is very unlikely in view
of the structural design of the RB walls above the refue! leve! floor {columns of structural steel and 6"
pre-cast concrete wall panels with structural stee! bracing and caulking), and the recent improvements
for leak-tightness (see Footnote 2 in Sec. 2).

The stand-by gas treatment system (SGTS) was assumed to be unavailable (hence, an RB vent release
without filtration). In addition, no credit was taken for the control room High Efficiency Air Filtration
System (CRHEAFS}); the CR ventilation system was assumed fo remain in the normal operating mode
for 30 days.

In line with Ref. 1 (Appendix B, Sec. 4.1), the radioactive material that escapes the fuel pool was
assumed to get released to the environment over a 2-hour interval. Analytically, this was accomplished
by assuming a building air exchange rate of 4 air changes per hour. This air exchange rate leads to [1.0
- exp{-4*10/60)] = 48.7 % of the airbome aclivity getting released within 10 minutes, 86.5 % within 30
min, 99.2 % within 1 hour, and 99.97 % within 2 hours.

The control room operators were assumed to be located at the base of a hemispherical cloud
having a volume equal to the free air volume of the control room. Finite-cloud correction to the
submersion dose was based on a nuclide-specific model; the Murphy/Campe equation in Reg.
Guide 1.183 (Sec. 4.2.7) is non-conservative since it is based on an unrealistically high gamma
energy for this accident {0.733 MeV, from Ref. 8).
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Table 3.1
DESIGN INPUT - FUEL HANDLING ACCIDENT
No. DESCRIPTION | vaAwEe | REFERENCE
A - Source Term
Power level for DBA analysis
A [Includes 0.5 % measurement uncertainty] 2038 MWt | Ret. 12
A2 | Number of assemblies in core 580 JRel. 12
A3 | Number of fue! rods in GE-14 fuel {10x10 assembly) 92 Ref. 12
A4 | Assembly average operating power level ' 3514 MWt/ | Calculated
y average operatng p Assembly | [2038 MWt/ 580 assemblies]
A5 | Maximum allowed radial peaking factor 2.1 Ref. 12
Number of damaged fuel rods as a result of FHA (GE-14,
A6 10x10 fuel, in peak-power assemblies)t®) - 151 Rel. 12
A7 Equivalent number of damaged peak assemblies, and 1.641 Calculated
fractions thereo! ) [151 rods / 92 rods per assy.)
. . . Calculated
A8 Power leyel associated with damaged rods in peak 1241 MWt | [3.514 MWt * 1.641 assemblies
assemblies . ;
2.1 Peaking Factor]
Fuel rod gap fractions (AST Methodology) '
[-131 0.08
A9 Kr-85 0.10 Ref. 1
Other noble gases 0.05 (Reg. Guide 1.183, Table 3)
Other halogens ‘ 0.05
Alkali metals (Cs and Rb) 0.12
A10 | Radionuclide inventory within damaged fuel rods See Table 3.2
A11 | Decay time prior to postulated accident 24 hrs Assumed values
“(a)  ltem #A6: GE-14 (10x10) fuel assemblies were loaded into the PNPS reactor core during Reload 13 (Ref. 12). It
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Table 3.1 (Continued)
DESIGN INPUT
B - Atmospheric Release Resulting from Postulated FHA
B1 | Percent of damaged-fuel rod gap activity release 100 % Ref. 1, Appendix B
B2 |Depth of water above fuel in refuel cavity® 2231t . {Ref.12
Noble gases 1
B3 | Overall pool decontamination factor Halogens 200 Ref. 1, Appendix B
Alkalis Infinite

Halogen composition in airbome release Elemental - 57T% .
B4 (composition above pool) Organic 43% Rel. 1, Appendix B
B5 | Refueling level free air volume 7.0E+05 {3 Ref. 12
B6_| Reactor building configuration during refueling operations Open
B7 Potential leakage points |(a} RB vent (via the normal ventilation system)

- |tothe atmosphere © . | (b) Truck Lock door (open containment) ,
B8 | Release duration to aimosphere " 2hrs - Ret. 1, Appendix B
€ - Control Room Characteristics

C1 | Control room free air volume 34,2801 |Ref. 12
c2 Air flow into CR (fror.n fresh air intake, and from surrounding 1000 and Assumed values

areas as a result of ingress, egress and leakage) 8000 cfm

Post accident activation the Control Room High Efficiency Air . )
c3 Fillration System (CRHEAFS) Not credited | Assumption

(b) Item #B2: The core is approximately at EL. 70 ft; the water level during refueling is at El. 116 ft. A fuel assembly
dropped in the spent fue! pool would result in fewer fuel rods damaged due to the significantly smaller drop height
(Ref. 12). The water depth in the spent fuel pool is also > 23 ft [see Attachment D, Table Note (b)).

() ltem #B6: Recent improvements to the building leak -tightness minimize RB siding leakage as a potential release
pathway (Ref. 12). See Foolnote 4 in Sec. 2. In addition, releases via the main stack are feasible if the Standby
Gas Treatment System (SGTS) is initiated and functioning properly. However, credit for SGTS filtration and
release to the environment, via the main stack as an elevated release, was not assumed in this analysis. ,
Unfiltered ground-level releases via the RB Vent produced the greatest radiological impact in the CR, at the EAB,
and at the LPZ, without exceeding the regulatory dose limits.

(d) llem #C2: The CR air intake rate was assumed to be 1000 cfm (a low value), and 3000 c¢fm (a high value
bounding the 7200 cfm listed in Ref. 12). The intent is to show that there is little impact on the CR dose for any
flow within this range.
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Table 3.1 (Continued)
DESIGN INPUT
No. DESCRIPTION | VvALWE | REFERENCE
D - Other Varlables
D1 Atmo.sphencf dispersion factors from release points to See Table 3.3 |Ref. 9, Tables 7.1 and 7.5
locations of interest
Controt Room |0 - 720 hrs 3.5E-04 m¥sec | Ref. 1, pg 1.183-18
EAB 0-2hr 3.5E-04 m¥sec
D2 |Breathing rates 0-8hrs 3.5E-04 m¥sec
LPZ 8-24hrs 18E04 misec | o 1+ P9 118316
24 -720 hrs 2.3E-04 mYsec
0-24 hrs 1.0
D3 |Control room occupancy factors 24 -96 hrs 0.6 Ref. 1, pg 1.183-18
' .. 196-720 hrs 0.4
Control room -~ 30 days
D4 |Exposure Intervalste EAB 2 hrs :‘:"g' Secs. 4.1.3, 4.1.5.and
LPZ 30 days o
Control room TEDE 5rem Ref. 1, pg 1.183-1 9’3 nd
- Ref. 16, Sec. (b)(2)(iii)
DS |Regutatory dose limits
EAB TEDE 6.3 rem Rel. 1. Table 6
LPZ TEDE 6.3 rem o
(e) Item #D4: Even though all radioactivity is released to the atmosphere within 2 hours following a design-basis

FHA, the exposure intervals for the CR personnel and receptors at the LPZ were assumed to be 30 days. This
provides adequate time for cleanup of the airbome radioactivity still present within the CR after termination of the
2-hr release, and also accounts for the delayed release of noble-gas decay products from the refueling cavity
water produced upon decay of halogens retained therein.
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Table 3.2
PNPS Bounding, Undecayed Core Inventories tor
Halogens and Noble Gases Important in Radiological Evaluations
[From Ref. 5, Table 2.4]
Halogens Noble Gases
Radionuclide | Inventory (Ci} | Radionuclide | Inventory (Ci)

BR 82 6.872E+05 KR 83M 8.638E+06

BR 82M 2.656E+05 KR 85 1.439E406

BR 83 8.640E+06 KR 85M 1.979E+07

BR 84 1.593E407 KR 87 3.956E+07

BR 84M 4.468E+05 KR 88 5.592E+07

BR 85 1.957E+07 KR 83 7.054E+07

BR 86 1.466E407 KR 90 7.004E407

BR 87 3.339E+07 XE131M 6.412E+405

..BR88 |- 3.803E+07 . XE133 1.150E+08

1128 1.919E+06 XE133M 3.541E406

1129 6.033E+00 XE135 5.869E+07

1130 4.655E+06 XE135M 2.297E407

1130M 1.818E+06 XE137 1.012E+08

1131 5.716E+07 XE138 1.022E408

1132 8.113E+07 XE139 8.237E+07
1133 1.150E+08
1134 1.284E+08
1134M 1.371E+07
1135 1.071E+08
136 5.198E+07
1136M 3.179E+407

Notes

(a) These inventon'es are bounding (individuélly for each radionuclide) for the following core parameters.

Power level:
Fue! enrichment:
Core loading:
Bumup:

2038 MWt
39-4.6",U-235

101.8 - 105.56 MTU (metric tons of uranium)

5-60 GWDMTU

(b) The maximum bumup at the end of Cycle 15 is predicted to be 51.7 GWD/MTU [19). Therefore, the condition of
Footnote 11 of Reg. Guide 1.183 [Ref. 1, page 1.183-14] is met and the fractions given in Regulatory Guide
1.183, Table 3, apply.
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Table 3.3
Atmospheric Dispersion Factors for the Postulated FHA
[From Ret. 9, Table 7.1 and 7.5]
. Concentr. (/Q) Gamma (x/Q)®
No. Release Point Receptor Point Interval (sec/m?) (sec/m?)
1 EAB (actual) @ 0-2hrs 7.479E-04 3.199E-04
0-2hrs 3.692E-05 3.551E-05
2-8hrs 1.915E-05 1.782E-05
2 LPZ (4.25 miles) 8-24 hrs 1.066E-05 9.627E-06
24-96 hrs 4.339E-06 3.745E-06
Reactor building vent 96-720 hrs 1.194E-06 9.656E-07
0-2hrs 1.76E-03
2-8hrs 1.25E-03
Control Room
3 Fresh Air Intake 8-24hrs 4.26E-04 /A
24-96 hrs 3.67E-04
96 - 720 hrs 3.15E-04
4 EAB (actual)' 0-2hrs Ses RBvent®
5 LPZ (4.25 miles) 0-720 hrs
0-2hrs - 9.72E-04
Truck Lock door 2-8hrs 7.52E-04
Control Room
6 Frash Air Intake 8-24 hrs 2.80E-04 N/A
24 -96 hrs 1.93E-04
96 -720 hrs 1.61E-04

{a) The EAB distances employed in the atmospheric dispersion analysis are from the closest point of the reactor
building; as such, they conservatively apply to releases via the RB vent, which is at the plant SW comer. The
critical receptor is in the true NE sector, at a distance of 486 m (at the over-waler exclusion zone).

(b)

(c)

See Attachment A for definition of the gamma (x'IQ). The gamma (x/Q) is energy dependent, and decreases with
increasing energy for ground-level releases. The listed gamma (x/Q)s were conservatively based on Xe-133
{which emits low-energy gammas).

The atmospheric dispersion factors for releases via the Truck Lock (which is in the plant W side, near the NW
comer of the building site), are conservatively bounded by releases from the reactor building proper.



A PNPS - Radiological Consequences of a Design-Basis Fuel Handling Accident Document 1D 32-5052589-01
Based on the Alternative Source Term Methodology (2038 MW1)
AREVA Prepared by: John N. Hamawi Page 18

4, ANALYSIS AND RESULTS
The accident scenario is summarized in Sec. 2. Please refer to that section for details.
41 Source Term

Computation of the halogens and noble gases released from the fuel rods postulated to get damaged as a result of the
accident is summarized in Table 4.1. The following are noted:

(a) The activity listed in Table 4.1 is undecayed. The pre-accident decay correction is handled automatically
by ELISA-2, based on a user-specified value for decay time?.

(b) The pool decontamination factor for halogen retention is handled separately by ELISA-2. Exclusion of
the DF from the source term permits ELISA-2 to properly account for the generation of noble-gases by
the halogens retained by the pool water.

(c} The postulated fuel damage is 151 fuel rods out in GE-14 fuel assemblies. The corresponding damage .
- expressed in assemblies is 1.641 (from Table 3.1, ltem #A7),

3 See Appendix B, ELISA-2 Run Case #A, output page 9 for the decay-corrected activity.
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Table 4.1
Radionuclide Source Term
Halogens and Noble Gases Important in Radiological Evaluations
Undecayed Inventory (Ci) Fuel Rod FHA Undecayed
Radionuclide Full Core Gap Fraction Source Term
(From Table 3.2) | PeaK Assembly | eom Table 3.1) (c)

BR 82 6.872E+05 2.488E+030) 0.05 2.042E+020)
BR 82M 2.656E+05 9.617E+02 0.05 7.892E+01
BR 83 8.640E+06 3.128E+04 0.05 2.567E+03
BR 84 1.593E+07 5.768E+04 0.05 4.733E+03
BR 84M 4.468E+05 1.618E+03 0.05 1.328E+02
BR 85 1.957E+07 7.086E+04 0.05 5.815E+03
BR 86 1.466E+07 " 5.308E+04 0.05 4.356E+03
BR 87 3.339E+07 1.209E+05 0.05 9.921E+03
- -BREE 3.803E+07 1.377E+405 - 0.05 1.130E+04
1128 1.919E+06 6.948E+03 0.05 5.702E+02
1129 6.033E+00 2.184E-02 0.05 1.793E-03
1130 4.655E406 1.685E+04 0.05 1.383E403
1130M 1.818E+06 6.582E+03 0.05 5.402E+02
1131 5.716E+07 2.070E+05 0.08 2.717E+04
1132 8.113E+07 2.937E+05 0.05 2.411E+04
1133 1.150E+08 4.164E+405 0.05 3.417E+04
1134 1.284E+08 4.649E+05 0.05 3.815E+04
1134M 1.371E+07 4.964E+04 0.05 4.074E403
1135 1.071E+08 3.878E405 0.05 3.182E+04
1136 5.198E+07 1.882E+05 0.05 1.544E+04
1136M 3.179E407 1.151E405 0.05 9.446E+03
KR 83M 8.638E+06 3.128E+04 0.05 2.567E+403
KR 85 1.439E+06 5.210E+03 0.1 8.551E+02
KR 85M 1.979E407 7.165E404 0.05 5.880E+03
KR 87 3.956E407 1.432E+05 0.05 1.175E+04
KR 88 5.592E+07 2.025E+05 0.05 1.662E+04
KR 89 7.054E+07 2.554E+05 0.05 2.096E+04
KR 90 7.004E+07 2.536E+05 0.05 2.081E+04
XE131M 6.412E405 2.322E+03 0.05 1.905E+02
XE133 1.150E+08 4.164E+405 0.05 3.417E+04
XE133M 3.541E+06 1.282E+04 0.05 1.052E+03
XE135 5.869E+07 2.125E+05 0.05 1.744E+04
XE135M 2.297E407 8.317E+04 0.05 6.825E+03
XE137 1.012E+08 3.664E+05 0.05 3.007E+04
XE138 1.022E+08 3.700E+05 0.05 3.037E+04
XE139 8.237E+07 2.982E405 0.05 2.447E404

(a) = [6.872E+05 (core Ci)/ 580 (assemblies) } * 2.1 (peaking factor)
(b) = 2.488E+03 (peak assembly Ci) * 0.05 (gap fraction) * 1.641 (ruptured assemblies, from Table 3.1)
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43 Results

The design input in Sec. 3, along with the source term in Sec. 4.1, were provided as input to ELISA-2 for computation of
the FHA radiological impact. The results are presented in Table 4.2.

The following are noted:

(a) The thyroid and skin doses presented in this table are for informational purposes only. The AST
methodology provides regulatory dose limits only for the TEDE.

(b) Refer to the computer outputs in Attachment E for complete details (including dose rates, interval doses
and cumulative doses to other organs and air).
Y

(c) Refer to Attachment A for an alternative (non-safety-related) analysis based on RADTRAD.
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(b)

(c)

AREVA  Preparedby: John N. Hamawi
Table 4.2
Fuel Handling Accident Radiological Impact
Exposure Outside TEDE Whole Thyroid | Skin Dose | ELISA-2
LOCATION Inr:e rval Air Intake Dose Body Dose (B+y) | RuncCase
Rate (rem) (rem) (rem) (rem) Reference
Case #A
2.846 91.32 2.059 '
Control . 1000 cfm [98.40] 0.0455 [99.95) (67.25] Outggt pg
Room | 3048¥® 2.863 91.63 2164 | Case#A,
8000 cfm [98.16] 0.0527 (99.94] (96.99] Outggt P9
Case #B
1.439 39.17 1.125 !
EAB 2 hrs N/A (82.96] 0.245 [99.38) [73.63] Out;;gt (o]¢]
. - Case #C
. . - 0.0920 1.954 0.0836 . Lot
LPZ 30 days N/A [64.12) 0.0330 [98.33] [52.54] Out;#t pg
Notes:
(a) Shown in square brackets are the following:

. The percent contributions to the TEDE and thyroid doses via the inhafation pathway

. The percent contributions fo the skin dose by beta radiation

The whole body values have been calculated, and are for extemnal radiation. A sample calculation
follows, for the EAB:

Whole body dose = 1.439 (rem TEDE) * (100 - 82.96) / 100 = 0.2452 rem

The thyroid dose includes both the inhalation and extemal radiation pathways.
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ATTACHMENT A
ALTERNATIVE FHA ANALYSIS BASED ON RADTRAD

This attachment presents the result of the FHA radiological impact evaluated through use of the NRC RADTRAD
computer code, and comparison of the results with ELISA-2. It is emphasized that RADTRAD is not currently in
the FANP Computer Software Index, and as such it cannot be used for safety-related calculations at FANP. The
RADTRAD analysis is provided for informational purposes only.

The design input employed in RADTRAD is as given in Secs. 3 and 4.1 in the main body of the calculation. The
RADTRAD results for the scenario with 9000 cfm air intake into the CR, and for the offsite receptors, are
presented in Table A.1. This table also shows the comparison between the RADTRAD and ELISA-2 results. In
general, there is good agreement between the two computer codes, with ELISA-2 predicting higher FHA doses
in the analyzed scenarios for the following reasons:

(a) ELISA-2 has a more extensive list of halogens and noble gases in its data library (see Table
' 4.1). : R

(b) ELISA-2 accounts for the release of noble-gas decay products from the refueling-cavity as a
result of the decay of halogens retained by the water,.

() In ELISA-2, the finite-cloud correction factor for submersion in the control room contaminated
air is nuclide specific, based on the actual energy spectrum associated with the photon radiation
emitted by each radionuclide [the Murphy/Campe equation in Reg. Guide 1.183 (Sec. 4.2.7) is
non-conservative since it is based on an unrealistically high gamma energy for this accident
(0.733 MeV, from Ref. 8)]. See ELISA-2 Run Case #A, output page 10 for a comparison of the
finite-cloud correction factors in the present application; they range from 0.0221 for Br-84 to
0.978 for Kr-83m in ELISA-2, whereas the Murphy/Campe value is 0.0291. For the two
important radionuclides, I-131 and Xe-133, the factors are 0.0281 and 0.0488, respectively.

In the present application, the CR TEDE doses are controlled by the inhalation pathway and the iodines, and as
a result, the doses predicted by the two codes are very close (within 5.7 %). At the LPZ, on the other hand, the
external radiation contribution (from both halogens and noble gases) becomes more significant, and leads to a
higher difference between the two codes (11.2 %). The whole body dose at the EAB is under-predicted by
RADTRAD by as much as 21.5 %, due primarily to the short list of radionuclides in RADTRAD. The thyroid
doses are within about 5 % for the CR, and 0.1 % at the offsite receptors.
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Table A.1

Comparison of the RADTRAD and ELISA-2 Doses for the PNPS Design Basis FHA
[From Table 4.2 for the ELISA-2 results, and from pg. 139 for the RADTRAD results)

TEDE Dose | Whole Body Thyroid Dose
LOCATION Software (rem) (rem) (rem)
ELISA-2 2.863 0.0527 91.58%
CR RADTRAD 2.606 0.0291 86.99
(9000 cfm)
Difference® 5.83 % 44,8 % 5.01 %
ELISA-2
{(with concentration 1.439 0.245 38.93
& gamma x/Q)
ELISA-2
EAB (with concentration 1.767'9 0.5728" 38.93@
¥/Q only)
RADTRAD . 1.643. - 0.4499 38.90
Difference 7.02% 21.5% " 0.08%
ELISA-2 :
{with concentration 0.0920 0.0330 1.921
& gamma ¥/Q)
ELISA-2
LPZ (with concentration |  0.0933 0.0343" 1,921
X/Q only)
RADTRAD 0.0811 0.0222 1.920
Difference 13.1% 353 % 0.05 %

(a)
(b)
)

(d)
(e)
{H

U

91.63 (rem) * 0.9994 = 91.58 rem (from Table 4.2)
Defined as 100 * (ELISA-2 - RADTRAD) / ELISA-2
= 0.245 rem * (7.479E-04 / 3.199E-04) (concentration to
gamma x/Q ratio, from Table 3.3)
= (1.439 - 0.245) inhalation pathway + 0.5728 external radiation
Same as in previous row, since it is actually based on the concetration (x/Q)
= 0.0330 rem * (3.692E-05 / 3.551E-05) (concentration to
gamma x/Q ratio, from Table 3.3)
= (0.0920 - 0.0330) inhalation pathway + 0.0343 external radiation
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ATTACHMENT B
The Finite-Cloud Gamma (x/Q)

As pointed out in the main body of this report, the analytical models in ELISA make use of two dispersion
parameters:

(8  The concentration (x/Q), or (x/Q)c, which is used for the determination of airbome
concentrations at offsite receptors of interest and the ensuing radiation doses due to immersion
in semi-infinite clouds, and

(b) The gamma (x/Q), or (x/Q)g, which is employed for the computation of external gamma
radiation doses due to immersion in finite clouds of radioactive material.

The manner in which these parameters are applied in the assessment of offsite radiological |mpacts is presented
below for addmonal clarification. :

By definition, the (x/Q)c is a measure of the ground-leve! relative airbome concentration of released radioactivity
at a given distance from the source. Thatis, if the release rate is defined as Q| then the airbome concentration
at the receptor of interest is: :

Xi = Q' (¥Q) (1)
where

Xi = airbome concentration of radionuclide i (uCi/m3)

Q = radionuclide release rate to atmosphere (uCi/sec)

(¥Q)e = concentration dispersion factor (sec/m3).

Exposure to tﬁis concentration could result in both inhalation and extemal radiation doses. If consideration is
given to a number of released radionuclides, the basic equation for the Committed Effective Dose Equivalent
(CEDE) due to inhalation has the form:

Deece’ = (x/Q).BX Qf (DCFI) )
i
where
Deepe' =  CEDE dose rate (mrem/hr),
B = individua! breathing rate (m3hr), and
(DCFly = CEDE dose conversion factor due to inhalation, for nuclide i (mrem per pCi inhaled).

With respect to the computation of the Deep-Dose Equivalent (DDE) from airborne extemnal gamma radiation,
two models may be employed:
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(a) The semi-infinite cloud model, which is conservatively applicable only for ground-level
releases (a simplistic model based on the assumption that the airborne concentration at the
receptor of interest is the same everywhere), and

(b) The finite-cloud model, which takes into consideration the actual plume dimensions,
elevation above the receptor, and gamma radiation spectra.

For the semi-infinite cloud model, the applicable equation for the DDE is as follows:

Dooe = (x¥Q). 2 Q' (DCFE); (semi-infinite cloud) (3)
i
where
Dooe’ =  DDE dose rate (mrem/hr),
(DCFE)i = DDE dose conversion factor due to external radiation, for radionuclide i (mrem-m3/hr-
. uCi), - I o .

and the other parameters are as previously defined. The model has two drawbacks:

° It could be overly conservative for receptors close to the release point (for ground-level
releases under stable conditions with limited plume dispersion), due to the fact that the high
concentration at the receptor location is assumed to exist everywhere, and

o Itis not suitable for elevated plumes since gamma radiation emanating from the plume could
reach a receptor on the ground even though the plume itself is still aloft {i.e., even though the
concentration (x/Q) at ground level could be equal to zero).

In the models that deal with the determination of extemal gamma dose from finite plumes, the equations contain
complex integrals representing the spatial distribution of the radioactivity in the plume and the transmission of
radiation through air. The desire to have one form of equation which would apply for both finite and semi-finite
cloud models, has prompted the definition by the author of the *gamma (x/Q)", as described in detail in Ref. 11.
Indeed, through use of this parameter, the finite cloud DDE dose rate equation takes the form:

Do = (x/Q)y 2 Qi (DCFE) (finite cloud) ()
i

The form of this equation is identical to Eq. (3) for the semi-infinite cloud, the only difference being the
replacement of the concentration (x/Q) by the gamma (x/Q). Thus, physically speaking, the gamma (x/Q) for a
given finite cloud is numerically equivalent fo the relative concentration of a semi-infinite cloud which will yield
the same gamma radiation dose as the finite cloud. Indeed, at distant receptors, where the plume dimensions
approach limiting conditions, the gamma (x/Q) equations reduce to those for the concentration (x/Q).

Note that the finite-cloud equation applies for both ground-level and elevated releases, and that the gamma
radiation spectrum associated with the airborne radioactivity is properly accounted for by the gamma (x/Q).
Also, the concentration (x/Q)s and the gamma (¥/Q)s in the above equations represent either plume centerline
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or sector-average values, the former being for estimating short-term dispersion effects, and the latter for
dispersion during relatively longer periods of time.

From Ref. 11, the gamma (x/Q) equations are as follows:

WQ)g = 2P ya(li+Klz)/mu) (plume centerline model) (5)
and

Q) =2pa{ls+Kl2)/[xu(n/8)] (sector-average model) (6)
In these equations:

p = linear attenuation coefficient for air at a given gamma energy (1/m),

Ha = linear energy absorption coefficient for air at a given energy (1/m),

K = buildup tactor for air, defined as (Ref. 21, Sec. 7.5.1):

K= (W-pa)/

u = prevailing wind speed (m/sec),

X = downwind distance (m), and

(n/8) = angular width of a 22.5-degree sector.

Parameters Iy, I2, |1 and I2 are the results of numerical integrations accounting for dispersion of the effluent
plume, and are functions of the plume standard deviations, plume elevation, and photon energy. See to Ref. 17
(Sec. 7.5) for further details. Software for their computation is available (Ref. 11 for both the plume centerfine
and sector average models, and Ref. 18, Appendix F, for the sector-average model). | general, a conservative
radionuclide or gamma energy can be selected to accommodate multi-energy spectra and their variation with
time.
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ATTACHMENT C
ELISA-2 FEATURES AT A GLANCE

ELISA-2 is a software package for the radiological Evaluation of Licensing and Severe Accidents at nuclear
power plants. It is based on deterministic models for the computation of radioactivity levels, gamma spectra and
radiation exposures following routine and accidental releases of fission products, activation products and
actinides. ELISA-2 is suitable for the radiological evaluation of practically all postulated design-basis accidents
at light-water nuclear power plants (PWRs and BWRs). Itis also suitable for selected scenarios involving
routine releases. Briefly, the basic features of the software include the following:

e  Release types:

1. Classical accidental releases (instantaneous releases from the source/core at the time of
. the accident),

-'2.  Alternative-Sotirce-Term (AST, NUREG-1465, Reg. Guide 1.183) accidental releases
(gradual, time-phased releases from the source),
Routine releases (air submersion, inhalation and ground-shine pathways only), and
Pre-accident constant-feed conditions (time-interval dependent), followed by accidental
releases (such as gaseous-tank fill ups prior to rupture, and establishment of reactor
coolant equilibrium conditions prior to a line break and iodine spiking).

o

»  One-, two- and three-member decay chains, and second parents; materially-balanced equations
without black-hole sinks (such that, for instance, halogen decay in the core and in any other place
of accumulation, leads to the production of airborne noble gases).

e 414 radionuclides; up to 12 user-specified element groups; instantaneous or multi-phase releases
from the source, with pre-release buildup and decay; three chemical forms for each element

group.

e  One- and two-compartment spray models, optionally with user-specified DFs for automatic spray-
effectiveness termination; time-dependent spray removal constants for each element group and
each species; time-phased releases from the source, split between the sprayed and unsprayed
regions according to user specification; time-dependent air circulation flow between sprayed and
unsprayed regions.

»  Pre-accident source inventory decay (as needed for fuel handling accidents, for instance).

»  Time-dependent compartment filtration flows; intake, recirculation and exhaust filter time-
dependent bypass fractions; filter removal efficiencies for each element group and each species.

»  Time-dependent radioactivity levels at all places of accumulation, including ground contamination.

e  Time-dependent release rates, interval releases and cumulative releases to the atmosphere;
released cloud concentrations.
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e In-ransit buildup and decay for offsite receptors.

»  Time-dependent radiation dose rates, interval doses and cumulative doses [nuclide-specific,
group-element specific and overall totals; inhalation, air submersion, ground contamination; air
gamma, air beta, skin, 7 organs, Effective Dose Equivalent (EDE), classical TID-14844 thyroid for
iodines, Regulatory Guide 1.109 whole body; percent contributions of betas to skin dose; percent
contribution of inhalation pathway to total doses to the lung, thyroid and EDE; partial occupancy
adjustments for CR personnel].

e  Time-dependent and time-integrated gamma spectra wherever radioactivity accumulates and in
the released radioactive cloud (ORIGEN-2 18-group and user-specified reduced spectra; user-
specified element groups, and all groups combined); preparation of output files with spectral
information for input into shielding codes. (Examples of spectral files and uses: RCS liquids and
EQ/accessibility applications; filter radioactivity and CR habitability/filter heat-up rates;
containment airbome radioactivity and direct-shine doses/process -monitor readmgs overhead

- ..cloud radioactivity and CR doses. ) .

e  Finite-cloud adjustments for air submersion exposures (compartments and offsite receptors, the
latter requiring as input special flmte-cloud-corrected atmospheric dispersion factors).

o  Data library based on ORIGEN-2 (decay constants, branching fractions, photon spectra) and
Federal Guidance Reports 11 and 12 (EPA 520/1-88-020 and EPA 402-R-93-081, dose
conversion factors); software-prepared tabulation of the data library with identiﬁcation of missing
information.
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ATTACHMENT D
COPIES OF SELECTED REFERENCES
Included in this attachment is a copy of the following reference:

12.  Entergy letter NESG 04-097, addressed to R. J. Cacciapouti (FANP, Manager, Nuclear & Radiation
Engineering), from F. J. Mogolesko (PNPS, Sr. Project Manager), dealing with design input for the
radiological analysis of a design-basis fuel handling accident at the Pilgrim Station (10/27/2004)
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Reference 12

% Entergy Nuclear Generation Company

U an o an"
T E (?T Pilgrim Nuclear Power Station
nt gy 600 Rocky Hill Road

Plymouth, MA 02360

October 27, 2004
NESG 04-097

Richard J. Cacciapouti .
Manager, Nuclear & Radiation Engineering
Framatome ANP, Inc.

400 Donald Lynch Boulevard
Marlborough, MA 01752

Dear Mr. Cacciapouti:

The following information is to be used by Framatome ANP in support of Pilgrim Station
Fuel Handling Accident calculations, See Attachment 1 below.

My only concern with these design inputs is that physical lengths are expressed in feet and
meters. -This is due to the reference documents that support the values. Having a mixture
of units is a potential error trap. | caution you and your staff to be highly sensitized to this
observation.

Should you have any questions, please call me directly at 508-830-7832.
Sincerely Yours, ‘

Fred § mgf@é@ ’

Dr. Fred J. Mogolesko
Senior Project Manager

Attachment

FdM:jmp
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&
= Entergy

Attachment 1

PNPS AST - FHA - DESIGN INPUT

No. | . DESCRIPTION [ vawe | REFERENCE
A - Source Term
Power leve! for DBA analysis
A [includes 0.5 % measurement uncertainty) 2038 MWL | Ret. 1A
A2 |Number of assemblies in core 580 Ref. 1D
A3 I Number of fuel rods in GE-14 fuel (10x10 assembly) 92 Ref, 2
A4 | Maximum allowed radial peaking factor 2.1 Ref. 2
Number of damaged fuel rods as a result of FHA (GE-14,
i 10x10 fuel, in peak-power assemblies) 151 Ref.2
A6 _|Predicled maximum bumup at end of Cycle 15 51.7 GWDMTU | Rel. 3
A7 |Undecayed core inventory SeeRef. 11 |Rel. 11, Table 2.4
’ B - Refueling Level Characteristics
Bi_|Depth of water above fuel in refueling cavity® =23 ft Ref. 4
B2 |Refueling level free air volume 7.0E+05 f? Ref. 5 (pg 14)
Standby gas treatment system iodine filtration efficiency (all o
B3 species), for main stack releases 9% Refs. 1B.and 10
Retueling leve! leak tightness has been
recently improved. Maintenance Faquest
MRO4107653 was implemented In October
2004 1o reseal the joints in the reaclor
bullding pre-casi panels. This MR was
completed under Nuclear Change
ER03120058 *Reseal Jolnts In Pre-Cast
Panels”, ]
e
B4 | Refueling level leak tightness 2"-:3“%%33;& panelsogl the a:a?
Building from the refuel fioor elevation 117

0 to e top of the panels at elevation 165'-
11 %", The materials chosen for the sealant
and backing rod are similar to the existing
malterials. The Installation methods used
wil ensure that the materiaf ks properly
Instaled to provida leak-tight joints. This
will he'p malntain sacondary containment
integrity.
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Attachment 1
Page 2

C - Control Room Characteristics
Control room 3428013 |Rel. 6A
Net Yolgme of normal | Cable spreading room, compfster 28,6201 | Ref. 68
ventilation envelope room, storage room, and corridor
Total 62,9001* | Calculaled, with round-off
Normal inlake 14,000 ¢fm | During normal operation, the MCRECS
provides heating, ventilation and air
condtioning to the CAE on EL 37, and the
CSR and Computer Room on EL 23. The
MCRECS consists of two HVAC brains,
each rated to dsliver 100% of dasign flow,
'* * 1 heating and ccoling, tc tie CéE. CSR and
Computer Room. Each train contains a
aominaf 14,000 cfm supply fan (VAC-
104A/8), & nominal 12,000 cfm tetum fan
{VRF-101A/B), 8 480,000 Bt
Ventilation flow for entire relrigeration unit (VRC-101A/B) and a
C2 |volume of normal 900,000 Biuhr heater. The ference
ventlation envelope | n9ress/egress 0eim 1 eween supply and recirautation Bow rates
pressurizes the MCR relative 1o edjining
spaces. Tha supply fans draw & mixture of
outside 8x plus the discharge of the
reciroutation fans during nommal operation.
An economizar controls dampers o adjust
the ratio of frash to recirculated air flows for
an energy elficient operation. PNPS
Design Basls Program; Topical Design
Basis Document -110; Control Room
Habitebilty

Ct

Relerence 7

The ectual fiow tates measured during the
~B,700 cfm tast MCRECS certified air balance.

Reference 7

C3 | Normal ventilation flow supplied to the CR

Additional inflow into CR from surrounding ventilation zones
during normal-ventilation configurationtc '
Post accident activation time of the Control Room High

500 cim Assumed value

coery .. oo i
S Efficiency Air Filtration System (CRHEAFS) 30 min Assumed value

0-0.5hrsand

05-720hrs | Unfiltered ~7200 ctm | Sum of entries in #C3 and #C4
C6Y Post accident CR air w/o CRHEAFS

inflow 0.5 - 720 hrs Unfiltered 10 cfm Ref. 8, Mr%degres
with CRHEAFS 500cim | Assumed inleakage
Filtered 1100 cfm  {Rel. 1C, and Ref. 9, pg 12

c7 Control room charcoal filtration iodine removal efficiency 95 % Ret.1C

(all species)
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Page 3

Table Notes:

(a) ltem #A6: GE-14 (10x10) fuel assemblies were loaded into the PNPS reactor core during Reload 13 (Ref. 2). It
is anticipated that all future reloads will use GE-14 fuel assemblies, as well.

(b) ltem #B1: The core is approximately al El. 70 ft; the waler leve! during refueling is at EL. 116 . Fuelin the
reactor basin is covered by 46 fee! of water during fuel handling operations. A fuel assembly dropped in the
spent fuel pool would result in fewer fuel rods damaged due to the significantly smaller drop height (Ret. 4).
The floor of the spent fuel poct Is at El 78.25 fee! (Reference 4). A fue! storage rack is 165.375 inches high with
a6.25 inch plenum below it. Fuel rack height is 165.375+6.25+1.0 for material dimensions, or 172.625 inches
or 14.39 feet. Normal water level is El 116-78.25-14.39=23.36 feet of water above fuel.

(0) Use of CRHEAFS is only on a need basis to meet the CR regulatory dose limit.
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Levels in the Reactor Building Secondary Contairment,” Revision 0.
6A.  Calculation C15.0.3411, “Control Room Volume,” Revision 0.
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-SG80-600, Control Room Heating Ventilating & Air Conditioning HVAC Air Balance Final
Report, 7/17/1990
8. USNRC, NUREG-0800, Standard Review Plan 6.4, “Control Room Habitability System,”
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9. Procedure 2.2.46, "Control Room Cable Spreading Room, and Computer Room Heating,
Ventilation, and Air Conditioning System,” Revision 38.
10.  Calculation S&SA 154, “SGTS Train Efficiency For Radioiodine Removal by Dual Bank
Carbon Adsorbers,” Revision 0.
11. AREVA Framatome ANP Calculation 32-5046797-00, “Pilgrim — Bounding LOCA Source

Terms for Design-Basis Applications at 2038 MW", J. N. Hamawi (September 2004)
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ATTACHMENT E
LIST OF COMPUTER RUNS

Included in this attachment are copies of the following computer runs associated with the present calculation:

ELISA-2
Case #A Fuel Handling Accident radiological evaluation, with two stacked cases:
° CR with 1000 cfm outside air intake
. CR with 9000 cfm outside air intake
Case #B FHA - EAB doses (with finite-cloud gamma ¥/Q)
Qase #C N EHA - LPZ doses (with finite-cloud gamma x/Q) . )
RADTRAD | o
Case #A FHA (CR with 9000 cfm outside air intake, EAB and LPZ)

The pages which follow include the input and/or output listings in the following order;

ELISA-2
Case #A Main Output File: Pages 39- 78
Case #B Main Output File: Pages 79 - 96
Case #C Main Output File: Pages 97 - 114
RADTRAD
Case #A Nuclide Inventory File: Pages 115 - 125
Release Fraction and Timing File: Pages 126 - 126
Main Output File: Pages 127 - 141

Itis noted that both ELISA-2 and RADTRAD main output files include the fistings of the input files.
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ELISA-2 Run Case #A - Main Qutput File
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. ENTECH ENGINEERING, INC., WESTBOROUGH, MA

RELEASE VERSION/LEVEL..: Version 2.2
RELEASE DATE ..¢svvesese8 May 23,2002

PROBLEM SUEMITTED ON ..: 28-Oct-04  17:45:33

INPUT FILE c.csceeessss? alizsa2-FHA-CR.ell
DATA LIBRARY PILE .....! /SCL/elisa2-2.2/elisa2-2.1idb
QUTPUT FILE .cscceooseet ©olima2-FHA-CR.el2
PHOTON SPECTRA FILE #1 : eligsa2-FHA-CR.el3
PHOTON SPECTRA FILE #2 ;1 elisa2-PHA-CR.eld
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ELISA-2 [LICENSING & SEVERR ACCIDENT RADIOLOGICAL EVALUATIONS -~ ENTECH ENG. - Rel, Version 2.2 May 23,2002] 28-0Oct-04 PAGR 1
INPUT DATA LISTING
Line 1 2 3 [ -1 6 7 8 9 10 11 12
Seq. 123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890
1 PNPS AST - FHA -~ BOUNDING SRC ~ 24 HR DECAY ~ RB VENT RELEASES ~ CR - 1000 CrM
2 10002 4 [ 8 1 [+] NNYNNY N NNN YYYYyYyy
3 10003 0 1.0  24.0 0.0 0.0 :
: 10006 3 0 0
5 1 1.000E+00 +000E+00 .O0O0R+00 KR XB
6 2 2.850%-03 2.150E-03 .000E+00 BR I
7 3 0.000E+00 .000E+00 .000E+00 2z
8 10006 -1.000B+00 +000R+00
9 BR82 2.0428+02 BR8IM  7.893E+01 BRS3 2.5678+03 BRE4 4.733E+03
10 BRE4M  1.328E+02 BRES 5.815E+03 BRE6 4.3568+03 BR8Y 9.921E+03
11 BRE8 1.130E+04
12 128 S.7028+02 Y129 1.793R-03 1130 1,383E2+03 1130M 5.4028402
13 1131 2.717E404 1132 2,411B+0¢ 1133 3.617B404 I134 3.815E+04
14 I134M  4.074E+03 Ii3S 3.182E408 I136 1.544E+04 T136M  9.446E+03
15 KRB83INM 2.5672+03 KRS8S . 8.551R+02 KR85M 3.8B0E+03 XRn87 1,175E+04
16 KRS8 1.662E+04 KR89 2,096E+04 KR90 2.081E+04
17 XE131M  1.905E+02 XE133  3.417E2+0& XE1338  1.052R+03 XB135  1.744E+04
18 XBE135M 6.825E+03 XE137 3.007R+04 XE138 3,0378+04 XE139 2,4478404
19 10007 2 7.02+05 96.0 0.0 0.0 0.0 0.0 ‘Refueling Lavel'
20 10009 2 34280.0 1000.0 0.0 0.0 0.0 0.0 *Control Room
21 10010 4
22 0.0 -0.5 1.0 720.0
23 10018 5
24 0.0 1.760E-03 2.0 1,250E-03 8.0 4.260E-0& 24.0 3.670E-0&4 96.0 3.150E-04
25 10021 1
26 0.0 3.%E-04
27 10024 3
28 0.0 1.0 26.0 0.6  96.0 0.4
29 99999
30 PNP3 AST - FHA ~ BOUNDING SRC - 24 HR DECAY - RB VENT RELRASES - CR - 9000 CPM .
31 10003 4 6 8 1 1] NNYNXN N NNN YYYyYyy
32 10003 0 1.0 24.0 0.0 0.0
33 10008 3 0 0
34 1 1,000E+00 .000E+00 .00DE+00 R xe
s 2 2.850E-03 2.150E-03 .O0DOE+00 BR I
6 3 0.0008+00  .000E+00 .000E+00 7z ,
37 10006  -1,000K+00 ,000E+00
38 BRB2 2.042R+02 BR82M 7.892E+401 BRS) 2,5678+03 BRS4 4.7338+03
39 BRB4M  1,328E4+02 BRSS 5.8158+03 BRE6 4.3568+03 BRB7 9.921E+03
40 BRBSB 1.,130B+04
Qa 1128 5.702K+02 I1329 1.7938-03 1130 1.383E+03 I130M  5.402E+02
42 1131 2.717%+06 1132 2.411E+404 1133 3.417E+04 T13¢ 3.8152+04
4 T134M  4.0742403 I135 3.1828+04 1136 1.584B+04 T136M  9.446E+03
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44 KR83H 2.367R+03 KR8S 8.551K+402 KR85SM 5.8808+403 KR87 1.17S5E+04
L3-] KR88 1.6628+04 KR8Y 2.096E+04 KR30 2.081R+04
46 XE131M  1,905R+02 XE133 3.4178+04 XE133M  1,052E+03 XE135 1,744E+04
47 XE135M  6,825E+03 XE137  3,007E+06 XE138 . 3.037E+04 XE139  2.447E+04
48 10007 2 7.0R+05 96.0 0.0 0.0 0.0 0.0 *Refueling Leval'

ELISA-2 [LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG. ~ Rel, Varsion 2.2 May 23,2002}

INPUT DATA LISTING

Line 1 2 3 4 5 [
Seq.

49 10009 2 34280,0 9000.0 0.0 0.0 0.0 0.0
50 10010 4

5 0.0 0.5 1.0 720.0

52 10018 S ’

53 0.0 1,7608-03 2.0 1.250K-03 8.0 4.260E-04 2¢.0
54 10021 1

55 0.0 3.5E=-04

56 10024 3

57 0.0 1,0 24,0 0.6 96.0 0.4

S8 99999

3.6708-04 96.0

.

28-0Oct~04 PAGE 2

7 8 9 10 11 12

1234567890123456789012345678901234567890123456789012345678%0123456789012345678901234567890123456789012345678901234567890

'Control Room'

3.1508-04
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ELISA-2 {LICENSING & SEVERE ACCIDENT RADIOLOGICAL KVALUATIONS - ENTECH ENG. - Rel, Version 2.2 May 23,2002] 2B-Oct-04 PAGE J

Line
Seq.

waoaNaOu~eWwNlR

DATA LIBRARY PARTIAL LISTING

1 2 3 4 5 6 7 . 8 9 10 11 12
12345678901234567890123456789012345678901234567890123456789012345678%901234567890123456789012345670890123456768901234567850
ELISA-2 DATA LIBRARY - BASED ON ORIGEN-2 AND FEDERAL GUIDANCE REPORTS 11 AND 12 VaLl 1
RELEASE DATE: 6/28/3004 vaLa 1
REMARKS (START) vaLl 3

Source inventories are in Ci for the power level specified for each plant. vari 4
Docay constants are in inverse hours. vaLl S
The entry line following the decay chains includes the dacay constants vaLli 6
for each of thres members ([parent (P), daugher (D) and -granddaughter vaLi 17
(G)}, and the branching fractions (P-D), (D-G) and (P-Q). vaLl 8
Aly immersion DCFs are in [({8v or Gy})/s)/(Bg/m3)), for semi-infinite cloud V2Ll 9

Ground-ghine DCPFs are in [({8v or Gy})/s)/(Bq/m2)]) (surface contamination). V2Ll 10

Inhalation DCPs are in [Sv/Bq)]). vy 11
The inhalation DCP's are for the Lung Clearance Class which yields the . vaul 12
highest Effective Doass Rquivalent (ERff D.E.); the class is identified, vanl 13
Negative DCP entries imply 'data not avallable’. vl 14
ORGAN 'TID Thy' = Thyroid inhalation based.on TID-14844 - Xodines only. VaL1i 15
ORGAN °*RG1109WB' = Whola body gamma dose using ths Reg. Guide 1.109 DCPs, vanl 16
Skin DCFs are included along with the organ DCFs, but skin is not V2Ll 17
considered as an organ, vaLli 18
6/28/2004 vaL2 2
Added beta Mev/dis for BR85S, KR89, KR90, RMIOM, RBIO, Il36, Xelld7 & CS-139 vaL2 3
(Based on Kocher, DOR/TIC-11026, Radioactive Decay Data Tables (1981) vaLn2 4
READ FORMATS FOR THE RADIONUCLIDE DATA BASE varl 19
Line 1 Nuclide name and source inventories {43, n6,10%,48012.3) varlr 20
(Note: NRuclide mequence No. is not usged) vaLl 21

Line 2 Header (a80) vaLni 22
Line 3 Decay chain (3 members) (9%,3(a6,6x)) vaLri 23
Line 4 Decay constants & branching fractions {85,6e12.3) vanl 24
Line 5 Header (a80) vaLl 25
Lines 6-9 18 ORIGEN-2 photons and 1 ICRP-38 beta {8x, 6012.3) vVaLi 26
Line 10 Header (a80) . vVaLl 27
Lines 11-16 Doge conversion factors (8x%,6012.3) . V2Ll a8
END REMARKS vani 29
GENERAL DATA BASE vaLl 30
10 {ORGAN NAMRS - RRAD PORMAT (11x,6(n8,4x))]} vaLi i
Gonads Breast Lungs R.Marrow Bone Sur Thyroid V2Ll 32

Remaindr eff D.E. TID Thy RG1109WB (8kin) vaLli 33

4 [Power plants and power lavels (MWt} - READ FORMAT (1ix,a20,1x,e12,3) ViLl s

PWR (33 GWD/MT 3.2%) 1,000B+00 vy 1S

PWR (50 GWD/MT 4.2%) 1.000E400 vaLl 36

BWR (27.5 GWD/MT 3%) 1.000E+00 . vaLli 37

BWR (40 GWD/MT 3.4%) 1.000R+00 vaLl 3s

18 {ORIGEN-2 upper limit energy in each gamma group (MeV) (8x,6e12.3)] vaLl 39

2.000E-02 3.0008-02 4.500R-02 7.000E-02 1.000E-01 1.5008-01 V2Ll 40
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44 3.000B-01 4.500R-01 7.000R-01 1.000R+00 1.500B+00 2.0002+00 V2Ll 41
45 2.500B+00 3.000E+00 4.0008+00 6.000E+00 8,000E+00 1,100E+01 V2Ll 42
46 3 Pactors to convert data library DCFs to proper units, as shown vaLr 43
£&7 1.0 Convert air immsrsion DCF to [{(Sv or Gy)}/s}/(Bq/m3)] varlt &4

48 1.0 Convert ground shine DCP to [{(8v or Gy)/s}/(Bg/m2))} vaLi 45

ELISA-2 (LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS ~ ENTECH ENG., - Rel. Version 2.2 May 23,2002] 28-Oct-04 PAGE 4

DATA LIBRARY PARTIAL LISTING

Line 1 2 3 4 S 6 7 8 9 10 11 12
8eq. 123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890
49 1.0 Convert inhalation DCF to [Sy/Bq] vani &6
50 18 Alr gamma DCF for semi-infinite monoener. cloud src {[(Gy/s)/(Bg/m3)] V2Ll 47
51 6.676E=-16 1,669E-15 2,503E-15 3.839E-15 5.674E-15 8.3458-15 V2Ll 48
52 1.502E~-14 2,503E-14 3.8398-1¢8 5.674R~-14 8.345E-14 1.168E-13 VaLl 49
53 1,502R-13 1.836E-13 2,3378-13 3.338R-13 4.6738-13 6.3428-13 V2L1 50
-1} 18 Air gamma DCF for monoenarg. ground-surface source [(Gy/s)/(Bg/m2)] V2.1 51
55 1.829%-16 1,493K-16 9.8358-17 8.181R-17 9.767E~17 1.436E-16 V2Ll 52
56 2.760E-16 4,785R-16 7.318E-16 1.050E-15 1.457B-15 1.910E-15 V2Ll 53
57 2.325E-15 2.710E-15 3.243R-15 4.194%-1% 5.386E-15 6.759E-15 V2L1 54
58 18 Skin gamma DCP for semi-infinite monoener. cloud src [(Sv/a)/(Bg/m3)] V2L1 55
59 1.138R-16 7.690EK-16 1.467¢-15 2.7178-15 4.416E-15 6.737E~15 v2L1 56
60 1.239%9E-14 2.073B-14 3.193R-14 4.754E-14 7.1088-14 1.0122-13 V2Ll 57
61 1,3178-13 1,624K8-13 2,0898-13 3.030E-13 4.305K-13 5.922E-13 V2L1 58
62 RADIONUCLIDE DATA BASE . v2Lli 59
63 1 H 3 (8re Cl) 1.471E+01 2,186E+01 1.784E+01 2.536E+01 . vaLi 60
64 Decay chain, decay constants and branching fractions vaLl 61
65 H 3 . vanl 62
66 6.403208E-06 ,00000E+00 .00000E+00 .0008+00 .000E+00 .000E+00 V2L1 63
67 ORIGEN-2 18-group phot/dis, and ICRP-38 betas (MeV/dis) v2u1 64
68 +0008+00 +000E+00 +000E+00 +000E+00 . 0008+00 .000E+00 V2L1 65
69 .000E+00 .000E+00 . 000E4+00 .000E+00 .000E+00 «000E+00 VL1 66
70 .000B+00 .000B+00 «000E+00 «000R+00 .000E+00 .000E+00 V2Ll 67
71 5.6008-03 v2L1 68
72 ICRP-38 Organ DCFs « Alr immer, Grnd shine, Inhal/Class V vanl 69
73 +0008+00 +000E+00 2.750K-18 .000R+00 .000E4+00 .000E+00 V2Ll 790
74 .000E+00 3.310B-19 «000R+00 .000E+00 +000R+00 varli 71
75 .000R+00 +000E+00 +0008+00 +000E+00 .000R400 .0008+00 V2Ll 72
76 .000B+00 .000E+00 .000E4+00 .000E+00 .000E+00 v2u1 73
77 . 1.730E-11 1.730E-11 1.730E=-11 1.730E-11 1.730E-11 1.730E~-11 V2Ll 74
78 1,730rR-11 1.7308-11 «000E+00 .0002+00 X varl 75
79 2 C14 (Src ci) 3.,125E-06 4.723R-06 3.772R-06 5.467E~06 V2Ll 76
80 Decay chain, decay constants and branching fxactions vany 77
81 C 14 vVarLl 78
82 1.38016E-08 ,00000E+00 ,00000E+00 +000K+00 +000E+00 .000R+00 VaL1 79
83 ORIGEN-2 18-group phot/dis, and ICRP-38 betas (MeV/dis) varr 80
84 »000E+00 +000B+00 .000R+00 +000B+00 +000R+00 .000E+00 V2L1 81
85 .000E+00 .000R+00 . 0002+00 +000B+00 .000E+00 .000E+00 V2L1 82

86 «000E+00 +000E+00 «000R+00 .000E+00 .000E+00 +000E+00 VarLl 83
87 4.940E-02 : Foovanl 84
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88 ICRP-38 Organ DCFs ~ Alx immer, Grnd shirne, Inhal/Claszs c vaLyr 85
89 2.590E-19  3.520E-19  1.530E-19  1.210B-19 7.060K-19  3,190E-19 V3Ll 66
90 1.5608-19 2,240E-19  .000E+00  .O0OE+00  2.430E-16 . vanr  e7
91 2.2208-20 2,520E-20 8.650E-21 7.250E-21 4.630%-20 1,250E-20 V2Ll 88
92 1,0308-20 1.610E-20  ,000E+00  ,000E+00  7.460E-20 vaLi 89

(.... etc,, for a total of 414 radionuclides ....),
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ELISA-2 [LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG. - Rel, Varsion 2.2 May 23,2002)

CASE# 1

PNPS AST - FRA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASRS - CR - 1000 CFM

LISTING OF INPUT DATA

PATHWAY OPTION = 4 {COMP. A --> COMP. C)

COMPARTMENT A: Refualing Lavel
TOTAL YREE AIR VOLUME (cu £t) = 7.000B+05
FILTERED RECIRCULATION RATE (cfm) = +0008+00
LEAK RATE TO ATMOSPHERE (frac/day) = 9,.600E+01

COMPARTMENT C: Control Room
TOTAL FREE AIR VOLUME (cu ft) = 3.428E+04
INTAKE AND EXHAUST RATES (cfm) = 1,000E+03
.?ILTBRBD RECIRCULATION RATE (cfm) = .000E+00

PILTER REMOVAL EFFICIENCIES AND TIME-DEPENDENT

MULTIPLIERS FOR RECIRCULATION RATES, LEAK RATES,

COMP. A FLOW BETWEEN SPRAYED AND UNSPRAYED AREAS,

AND PILTER BYPASS FRACTIONS ARE GIVEN BELOW.

NO. OF DISCRETE TIME VALURS IN INPUT = 8

INTERMEDIATE RESULTS WILL BE PRINTED AT THE FOLLOWING TIMES (hrs):
.00008+00 S.0000E-01

PROBLEM END TIME (hours) = 7.2000B+02

RELEASE RATES AND DOSE RATES ARR PRIOR TO TIME-STEP CHANGES, IPF ANY.

ONLY EXACT SOLUTION OF THE DIFFRRENTIAL EQUATIONS WAS EMPLOYED IN
THE ANALYSIS.

28-0Oct-04

PAGE

5

(INSTANTANEOUS RELEASE FROM SOURCE)
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ELISA-3 (LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG. - Rel, Version 2.2 May 23,2002)

28;Oct-0(

PAGE 6

CASE# 1 PNPS AST ~ FHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES - CR -~ 1000 CPFM {INSTANTANEOUS RELEASE FROM SOURCE)
RECIRCULATION, EXHAUST AND INTAKE PILTER REMOVAL ERFFICISNCIES (fractions)
COMPARTMENT A RECIRC. COMPARTMENT B RECIRC. COMPARTMENT C RECIRC., EXHAUST TO ATMOSPHERE INTAKE TO COMPART. C
NUCL. mme memmmescaess - - cronme - crevmces cmcecccccccmmeemecm————
GROUP PFORM 1 FORM 2 FORM 3 PORM 1 FORM 2 FORM 3 FORM 1 FORM 2 FORM 3 FORM 1 FORM 2 FORM 3 FORM 1 FORM 2 PORM 3
1 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
2 .Q000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
3 .0000 .0000 .0000 .0000 .0000 0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
USER~-SPECIFIED CLASSIPICATION OF RADIONUCLIDRES AND INSTANTANEOUS FRACTIONAL RRLEASES FROM THE SOURCE (AT T=0)
GROUP B L )4 M B N T 8 FORM 1 FORM 2 FORM 3
1 KR X®B 1.000E+00 +000E+00 .000K+00
2 BR I 2.8508-03 2.150E-03 +000B+00
3 k41 .000R+00 +000B+00 .000E+00

ELEMENT "ZZ" STANDS FOR THE REMAINING DATA-LIBRARY ELEMENTS/NUCLIDES NOT LISTED ABOVE, IF ANY.
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ELISA-2 [LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG, - Rel, Veraion 2.2 May 23,2002] 28-Oct-04 PAGE 7

CASE# 1  PNPS AST - FHA - BOUNDING SRC - 24 HR DRCAY - RB VENT RELERASES - CR - 1000 CFM (INSTANTANEOUS RELBASE FROM SOURCE)

TIME INTERVAL CONCENTR. GAMMA DEPOSITION BREATHING EXH.PILT. COMPART. C COMPART. C
X/Q X/Q D/Q RATE BYPASS INT.FILTER OCCUPANCY
(hours) (sec/m3) (sec/m3) (1/m2) (m3/sac) FRACTION BYPASS FR. FACTOR
.0000E+00 - 5.0000E-01 1.760E-03 1.7608-03 .000R+00 3.500R-04 .000E+00 .000E+00 1.000E+00
5.0000B-01 -~ 1,0000EK+00 1,760E-03 1,760R-03 .000R4+00 3.500E-04 +000E+00 +000E+00 1.000E+00
1.0000B+00 - 2.0000B+400 1.7608-03 1.760R-03 .000E4+00 3.500E-04 .000E+00 .000E+00 1.000E+00
2.0000E+00 - 8,.0000E+00 1.250K-03 1.250E-03 .C00E+00 3.500E-04 .000K+00 .000E+00 1.000E+00
8.0000E+00 - 2.4000E+01 4.260E-04 4.260E-04 .000E+00 J3,.500B-04 .000E+00 .000E+00 1.000E+00
2,4000B+01 -~ 9.6000B+01 3.670R-04 3.670B-04 .000B+00 3,500R-04 +000B+00 .000R+00 6.0008-01
9.6000E+01 - 7.2000E+02 3.150R-04 3.1508-04 .000E+00 3.500E-04 +000E+00 .000E+00 4,0008-01
TIME INTERVAL COMPART A NMULTIPLIERS COMPART B MULTIPLIRRS COMPART C MULTIPLIERS FLOW MULT,

(hours)

+0000E+00 - 5.0000E-01

5.0000B-01 - 1.0000E+00
1,0000B+00 - 2.0000E+00
2.0000E+00 - 8.0000E+00
8.0000E+00 - 2.4000E+01
2,4000B+01 - 9,6000B+01
9.6000E+01 - 7.2000B+02

{IF APPLICABLE)

LEAK RATE  REC.FILTRR
1.000E+00 1.000%+00
1,000E4+00 1.0002+00
1.000E+00 1.000R+00
1,000E+00 1.000R400
1.0008+00 1.000R+00
1,000E+00 1.0002+00
1,000E+00 1,000E+00

(IP APPLICABLR)

LEAK RATE REC.FILTER
1.000E+00 1.000E+00
1.000E+00 1.000E+00
1.0008+00 1.000B84+00
1.000B+00 1.000B+00
1.0008+00 1.0002+00
1.000ER+00 1.000E+00
1.0002+00 1.000B+00

(IF APPLICABLE)

INTAKE/EXHE  REC.FILTER

1.000R+00

BPRAYED AREA

TO UNSPRAYED

1.0002+00 1.000E4+00
1.000R+00 1.000B+00 1.000%+00
1.000%+00 1.000E400 1.000E+00
"1.000B+00 1.000R+00 1.000E+00
1.0008+00 1.000E+00 1.00024+00
1.000E400 1.000E400 1.000E+00
1.000E+00 1.000E+00 1.000E+00
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ELISA-2 (LICENSING & SEVERE ACCIDERT RADIOLOGICAL EVALUATIONS - ENTECH ENG. - Rel. Version 2.2 May 23,2002] 28-Oct-04 PAGE ]

CASE# 1

ELISA-2

CASE# 1

PNPS AST - FHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES - CR ~ 1000 CFM

NUCLIDE

BR
BR
BR
BR

82M
82
83
84M

88
83M
85M
85

GROUP

[SIES I SIS NMRNNN

TR NN

{ci)

7.8920B+401
2,0420E+402
2.5670R+03
1.3280E4+02

4.7330E403
5.8150R+03
4.35608+03
9.9210R+03

1.13008+04
2.5670R+03
5.8800E+03
8.5510E+02

USER-SPECIFIED SOURCE INVENTORY

NUCLIDE

XR 87
KR 88
KR 89
KR 90

Iizse
1129
I130M
I130

1131
I132
I133
I134M

GROUP

YY"

[ SIS RS S

[ SIS S

(c1)

1.17508+04
1.6620E+04
2.0960E+04
2.0810E+04

5.7020E+02
1.7930E~03
5.4020E+02
1.3830R+03

2.71708+404
2.41102+04
3.4170E+04
4.07408+03

NUCLIDE

I134
I135
I136M
1136

XE131M
XE133M
XB1335

XE135M

XE135
XB137
XR138.
XE139

({INSTANTANROUS RRELRASE FROM SOURCE}

GROUP

[ IR S S ]

TR

[PV VN

(cl)

3.8150B+04
3.1820E404
9.4460E403
1,.54408+04

1,5050R+02
1.0520R+03
3.4170B+04
6.,8250R+03

1.74408+04
3.0070R+04
3,0370R+04
2.4470E4+04

[LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS ~ ENTECH ENG. - Rel, Version 2.2 May 23,2002] 28-Oct~04 PAGE 9

PNPS AST - FHA ~ BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES - CR - 1000 CPM

NUCLIDE

BR
BR

BEE 3333 33

(INSTANTANROUS RELEASE PROM SOURCE)

SOURCE INVENTORY POLLOWING 2,400B+01 HOURS OF RADIOACTIVE GROWTH AND DECAY .PRIOR TO RELEASE

82
83
84
M

85M
85~
87
88

87
88
89

GROUP

MR SO NR

W w

(ci)

1.27618+02
2.43528+00
1.10578-10
9.4445R+00

1.45058+02
8.5501K+02
2.4729E-02
4,7443E401

3.6297R-11
5.29258401
1.6731R-25

NUCLIDE

SR 89
1138
1129
I130M

1130
I3
I132
I133

I13d
I135

XB131M

GROUP

(SIS S N ] NN W

[ I N

(ci)

9.0130E-~01
2.5419E-15
1.7930B-03
3.6963B-46

3.6147E+02
2.4926K+04
1.74198+01
1.5357R+04

2.1896E-04
2.5697R+03
1.9606K8+402

NUCLIDE

Xe133M
XE133
XE135M
X8138

X2138
€s135
¢9137
€8138

c813%
BA137M
BA139

GROUP

O T e l o

W W

(ci)

9.4669E+402
3.2869E4+04
4.1160E+02
9.6050E+403 .

7.77768-27
6.60124E-06
7.2987E-03
8,2337E-10

1,413358-43
6.9045R-03
1.27008-03
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ELISA-2 {LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG. - Rel, Version 2.2 May 23,2002) 328-Oct-04 PAGE 10
CASE# 1 PNPS AST - PHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES - CR - 1000 CFM (INSTANTANEOUS RELEASE FROM SQURCE)

FINITR-CLOUD CORRECTION FACTORS POR GAMMA RADIATION EXPOSURES
COMPARTMENT A COMPARTMENT B COMPARTMENT C
HEMISPHE. CLOUD SPHERICAL CLOUD HEMISPHE, CLOUD
NUCLIDE RADIUS= 21.15 M RADIUS= .00 M RADIUS=. 7.74 M

82 7.095E-02 .000E+00 2.605E-02

BR
BR 83 7.488%-02 .000E+00 2.745E-02
BR 84 5.990E-02 .000E+00 2.2068-02
KR 83M 9.9528-01 .000E+00 9.7838-01
KR 85M 7.8348-02 .000E+00 3.103£-02
KR 85 7.486E-02 .000E+00 2.744E-02
XR 87 6.178E-02 .000E+00 2.269E-02
KR 88 6.010E-02 .000E+00 2,2478-02
RB 88 6.206E-02 .000E+00 2.286R-02
.T128 8.207B-02 .000E+00 3.0588-02
1129 4.879E-01 .000E+00 2.140E-01
T130M 1.039B-01 .000E+00 4.148E-02
1130 7.3388-02 .000E+00 2.6912-02
1131 7.672E-02 .000E+00 2.B09E-02
1132 7.2038-02 .000E+00 2.644E-02
1133 7.371E-02 .000E+00 2.7038-02
1134 7.0248-02 .000E+00 2.579E-02
1138 6.549E-02 .000E+00 2.409K-02
XR131M 4.518E-01 .000E+00 2.021E-01
XE133H 2.6288-01 .000E+00 1.137E-01
X133 1.3538-01 .000E+00 4.878E-02
XE135M 7.918E-02 .000E+00 2.942E-02
XE135 7.45LE-02 .000E+00 2.651E-02
XE138 6.305E-02 .000E+00 2,329€-02
cs138 6.4598-02 .000E+00 2.376E-02
MURPHY/CAMPE  8.0602-02 L000K+00 2.908E-02  (0.733 MEV - INFORMATION ONLY)

PURE BETA EMITTERS AND RADIONUCLIDES WITH UNDEPFINED GAMMA SPECTRA ARE EXCLUDED FROM THE ABOVE LIST.
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CASER 1 PNPS AST - PHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELERASES - CR - 1000 CrM - (INSTANTANEOUS RELEASE FROM SOURCE)

T = .0000E+00 hrs . DISTRIBUTION OF RADIOACTIVITY
NUCLIDE COMPARTM. CHEM-SPRAY REC.FILTER COMPARTM, REC.PILTER EXH,FILTER COMPARTM, INT.PILTER RRC.FILTER
A IN COMP. A  IN COMP., A B IN COMP, B TO ATMOSP. c TO COMP. C IN COMP, C
(Ci/m3) (cl) (ci) {Ci1/m3) (ci) (cl) (C1i/m3) (ci) (ci)
'
BR 82 3.219E-05 .000B+00 .0008+00 .000B+00 »000B+00 .000B+00 <000R+00 -000R+00 .000E+00
BR 83 6.143ER-07 +«000E+00 +000E+00 .000E+00 .0008B+00 .000E+00 .000B+00 .J00B+00 .000R+00
BR 84 2.789E-17 .0002+00 .000%+00 .000B4+00 .000E+00 .000B+00 .000E+00 +000R+00 «000B+00
KR 83M 4.765E-04 +«000E+00 .000E+00 .000E+00 .000E+00 .000E+00 .000E+00 «000E+00 +000E+00
KR 85M 7.318B-03 +000B+00 .000B+00 .000B+00 .000R+00 .000E4+00 .000R+00 +000B+00 +000E+00
KR 85 4.314R-02 .0008+00 .000K+00 +000B+00 .000R+00 .000B+00 +000E+00 .000B+00 +000E+00
KR 87 1,248E-06 .0008+00 .000E+00 +000B+00 .000E+00 .000B+0C +000E+00 .000E+00 «0008+00
KR 88 2.394E-03 «000E+00 +000R%+00 +000E+00 .000E+Q0 .000B+00 «000K+00 .000x+00 +000B+00
128 6.412R-22 .000R+00 +000E+00 .800E+00 .000B+00 +000E+00 «000E+00 .Q00E+00 .000B+00
I12% 4.523E-10 «000R4+00 .000E+00 .000E+00 .000B+00 .000E+00 .000x4+00 «000R+00 <000R+00
I130M 9.324E-53 +000R+00 - .C00E+00 .000E+00 .000E+00 .000E+00 .000E+00 .0008+00 .000E400
I130 9.118E-05 +000E+00 .000B+00 .000E+00 .000ER+00 .000E+00 +000B+00 .000B+00 «000R+00
1131 6.288E-03 .000E+00 +000B+00 .000R+00 +000E+00 +000R+00 .Q00E+00 .000B+00 +000E+00
I132 4.394E-06 .000E+00 +000E+00 .0C0E+00 .000E+00 .000B+00 .000E+00 +000E+00 +000E+00
I133 3.8742-03 .000EB+00 +000E+00 +«000B+00 .000E+00 0008400 .000X400 .000E400 +000E+00
I134 5.523E-11 .000E+00 .000E+00 +0008+00 .000B+00 .000B+00 .000E+00 .000E+00 .000R+00
I135 6.482E-04 .000R+00 .000E+00 .000B+00 .000R+00 +000E+00 «000E+00 +000E+00 - .000E+00
XE131M 9.891E-03 .0008+00 .000E+00 «000E+00 .000B+00 «.Q00E+00 .000E+00 .000E+00 .000E+00
XE133M 4.776E-02 «000R+00 .000E+00 +000E+00 .000B+00 .000B+00 .0008+00 «000E+00 «000E+00
XB133 1.658B+00 +000E+00 .000E+00 -000E+00 .000E+00 ,000E+00 .000R+00 .000E+00’ .000E+00
XE135M 2.077E-02 .000E+00 .000E+00 .000E+00 +000R+00 .000E+00 +000R+00 .Q00R+00 «000E+00
XE135 4,846E-01 +000E+00 .000R+00 .000R+00 +000E+00 +000E+00 .000R+00 .000R+00 0008400
XE138 3.9248-31 .000R+00 .000E+00 .000EB+00 .000E+00 .000E+00 +000R+00 «Q00B+00 .000E+00
TOTALS
GROUP 1 2.2758+00 .000E+00 .000E+00 .000E+00 .000E+00 .000E+00 .000E+00 «000E+00 .000B+00
GROUP 2 1.094B-02 .000E+00 .0008+00 .000E+00 .000E+00 .000E+00 .000E+00 .0002+00 +0008+00
GROUP 3 .000E+00 .000E+00 .000E+00 .000E+00 .000B+00 0002400 .000E+00 .000R+00 .000E+00
GRND, TOT 2.2858+00 +.0008+00 " +O00B+00 0002400 +0008+00 .000E+00. +000E+00 «000R+00 .000E+00

THE COMPARTMENT VOLUMES (A, B AND C) IN THIS TABLE ARE: 1.982E+04 .000E+00 9.7078+02 (m3)
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CASES® 1

Te

«0000B+00 hrs

WITHOUT DECAY IN TRANSIT

RELEASE RATES TO ATMOSPHERE, INTERVAL RELRASES FROM
CUMULATIVE RELEASES FROM 0.0 TO

REL. RATE INTRV REL CUML. REL

NUCLIDE (Ci/hr) (cL) (cl)
BR 82 2,552E+00 .000R+00 * .000E4+00
BR 83 4.870E-02 +000E+00 000E+00
BR 84 2.211E-12 .000E+00 .000E+00
KR 83M 3.778E+401 +000R+00 .000E+00
XR 85M 5.8028+02 .000E+00 .000E+00
KR 85 3.420E+03 .000E+00 +000E+00
KR 87 9.892R-02 +000E+00 .000E+00
KR 88 1.898K+02 +000E+00 +000E+00
I128 5.084E-17 - +000R+00 +000E+00
I129 3.586E-05 +000E+00 +000R+00
I130M 7.393E-48 +000R4+00 +000R+00
I130 7.22984+00 .000R400 .000E+00
1131 4.9858402 .000E+00 .000E+00
1132 3.484R-01 .000B+00 .000E+00
I133 3.071E+02 .000E+00 +000E+00
I134 4.379E-06 .000R+00 .000E+00
I135 5.139E+01 .000R+00 +000R+00
XE131M 7.843E+02 +Q000E+00 .000R+00
XE133M 3.787E4+0) +000E+00 .0002+00
XE133 1.3158+05 000E+00 .000E+00
XB135M 1.646E+03 +000R+00 .000B+00
XB8135 3.842R+04 .0008+00 .000E+00
X138 3.,111-26 .000E+00 .000R+00
TOTALS
GROUP 1 1.803E+05 +000E+00 .000E+00
GROUP 2 8.672E402 .000E+00 +000E+Q0
GROUP 3 .000E+00 .000E+00 .000E+00
GRND,TOT 1,812E+05 .000E+00 +0008+00

CLOUD CONC
(c1/m3)

1.248E-06
2.3818-08
1.081r-18
1.847E-05

2.837R-04
1.6728-03
4.8362-08
9.278E-05

2.4858-23
1.753E-11
3.614E-5¢
3.534E-06

2.4378-04
1.7038-07
1.502E-04
2.141R-12

2.5132-05
3.834E-04
1.851E-03
6.428E-02

8.049E8-04
1.978K-02
1.5218-32

8.8172-02
4.2408-0¢
.000R+00

8.8598-02

WITH

PNPG AST - FHA - BOUNDING SRC - 24 HR DECAY - RB.VENT RELEASES - CR - 1000 CPM

+0000E+400 TO
«0000E4+00 hra, AND RADIOACTIVE-CLOUD CONCENTRATIONS

PAGE 12

(INSTANTANEOUS RELEASE FROM SOURCE)

+0000R+00 hrs,

«000E+00 hrs IN-TRANSIT DECAY

-

REL. RATE
{Ci/hx)

2.552E400
4.870E-02
2.211B8-12
3.778E+01

5.802%+02
3.420R+03
9.8928-02
1,898R+02

5.084E-17
3.586E-05
7.393E-48
7.2298+00

4.985E+02

_3.48¢R-01

3.071E+02
4.379R-06

5.139R+01
7.843E+02
3.787TR+03
1.315B+405

1.646E4+03
3.842B+04
3.1118-26

1,8038+05
8,672R+02
.0008+00

1.813R+05

INTRV REL

(cl)

.+ 000E+00

.000R+00
.000E+00
.000R+00

.000E+00
.000E+00
.000E+00
.000E+00

L 000E+00
.000E+00
.000E+00
+000B+00

+000E+00
< 000B+00
.000R+00
.000B+00

+000E4+00
.000E+00
+000E400
»000E+00

.000E+00
.000E+00
«000E+00

* «000R+00

+000E4+00

- «000E+00

.000E+00

CUML. REL
(ci)

+000E+00
.0008+00
.000E+00
+«000B+00

+.000B+00
+000B+00
«000E+00
.000E+00

.0008+00
.000EB+00
.000E+00
.000E2+00

+000B+00
«000E+00
.000B+00
.000B+00

+000E+00
.000E+00
+000E+00
.000E+00

+<000E+00
.Q00R+00
.000ER+00

+000E+00
+000E+00
+000E+00

+000R+00

CLOUD CONC
(ci/m3)

1.248R-06
2,381E-09
1.081E-18
1.847R-05

2.837R-04
1.672R-03
4.836R-08
9.278R~-05

2.485E-23
1.753B-11
3.614E-54
3.534R-06

2.4372-04
1.703£-07
1.502E-04
2.141E-12

2.513r-05
3.834E-04
1.8512-03
6.4282-02

8.049R-04
1.87882-02
1.5218-32

8.817E-02
4.2408-04
»000E+00

8.859E-02

NOTE: THE ATMOSPHERIC CONCERTRATION OF RADIOACTIVITY I8 BASED ON A DISPERSION PAC%OR (X/Q) OF 1.760B-~03 (sec/m3)
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CASE® 1 PNPS AST - FHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES - CR - 1000 cr

T = 5.0000E-01 hxs

NUCLIDR COMPARTH .,
A
(CL/m3)

BR 82 4.314E-06
BR 83 7.1918-08
BR 84 1.963E-18
KR 83M 6.190E-05
KR 85M 9.166E-04
. KR 85 5.838E-03
XR 87 1.286E-07
" KR 88 2.867E-04
RB 87 1.2448-22
RB 88 2.077E-04
1128 3.775E-23
I129 6.121R-11
I130M 1.252E-5¢
1130 1.200E-05
I131 8.494E~04
1132 5.115E-07
1133 5.136E-04
T134 5.034R-12
1135 8.325E-05
XB2131M 1.3448-03
XE13IM 6.484R-03
XE133 2.2478-01
XE135M 8.158%-03
XE135 6.501E-02
XRr138 1.224B-32
cs135 1.106E-12
CS8138 1.226E-32

CHEM-3PRAY
IN COMP. A

(ci)

+000K+00
.000E+00
+000E+00
.000R+00

.000R+00
.000E+00
.000E+00
0008400

.000K+00
.000R+00
.000R+00
+000E+00

.000B+00
.000E+00
+000E+00
+000E+00

.000E+00
.000R+00
.000EB+00
«000E+00

.000E+00
.000E+00
«000R+00
+000E+00

.000R+00
+000E+00
<000E+00

DISTRIBUTION OF RADIOACTIVITY

REC,.PILTER
IN COMP, A

(ci)

+000E+00
.000E+00
+000E+00
.000K+00

.000R4+00
+000E+00
.O000E+00
+O00R+00

.000E+00
.000E+00
+«000B+00
+000E+00

+000E+00
+000R+00
+000E+00
.000E+00

.000R+00
«000B+00
.000E+00
«000R+00

+.000E+00
+000E+00
.000R+00
.000R+00

.000E+00
«000E+00
.000B+00

COMPARTH,
B
(Ci/m3)

.000E+00
000E+00
.000E+00
.000E+00

.000R+00
.000E+00
.0008+00
+000E+00

.000E+00
.000R+00
. 000B+00
+000E+00

.000E+00
.000E+00
.000E+00
.000E+00

.000E+00
.000R+00
.000E+00
.000E+00

.000E+00
«000E+00
.000R+00
.000B+00

.000R+00
.000R+00
.000E+00

REC.PILTER
IN COMP. B
fci)

+000R+00
+000B+00
.000E+00
.000E+00

.000B+00
.000R+00
.0008+00
-000E+00

.000E+00
.000E+00
-000B+00
+000E+00

.000B+00
.000EB+00
.000B+00
.000E+00

.000E+00
.000E+00
.000R4+00
.000B+00

.000E+00
.000R+00
.000E+00
+0008+00

+000R+00
.000R+00
.000E+00

EXH.PILTER
TO ATMOSP.
{ci)

.000R+00
+000B+00
+000E+00
.0008+00

«000E+00
.000E+00
+000R+00
+000E+00

+000E+00
+000B+00
.000E+00
+000E+00

+0008+00
+000E+00
+000E+00
-000B+00

.000B+00
.000R+00 -
.000E+00
.000R4+00

+000E+00
.000E+00
.000E+00
.0008+00

+000E+00
+000E+00
.000R+00

28-0Oct-04 PAGE 13

(INSTANTANEOUS RELEASE FROM SOURCE)

COMPARTH.
c
(Ci/m3)

2.706E-07
4.510E-09
1.231E-19
3.4858-06

5.7498-05
3,661E-04
8.0563B-09
1,798R-05

7.804B-24
1.303R-05
2.368R-24
3.939E8-12

7.852R-56
7.526E-07
5.3278-05
3.2088-08

. 3.234E-05

3.1578-13
5.221E-06
8.3988-05

4.0388-04
1.4058-02
1.349R-04
3.994E-03

7.677B-34
6.938R-14
7.689E-34

INT.PILTER
TO COMP. C
(c1)

«000E+00
-000B+00
+000E+00
.000E+00

.0002+00
+000B+00
.000E+00
+000E+00

.000E4+00
«O000E+00
+000E+00
«Q00B+Q0

.000R+00
+Q00E+00
+000E+00
«000E+00

+000E+00
.000ER+00
.000E+00
.000B+00

.000R+00
.000B+00
.000E+00
.000R+00

.000E+00
.000E+00
«000R+00

REC.PILTER
IN COMP. C
(ci)

.000E+00
«000E+00
+000K+00
.000B+00

.000E+00
0002400
.000B+00
+000E8+00

+000E+00
+000E+00
.000B+00
.000B+00

.000R+00
+000E+00
.000E+00

" ,000R+00

.000E+00
+000R+00
«000R+00
+000R+00

.000E+00
.0008+00
+«000R+00
+000E+00

+000E+00
+000B+00
.000E+00
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CASEE# 1 PNPS AST - FHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASRS - CR - 1000 CPFM

T = 5.0000BE-01 hrs

NUCLIDE COMPARTM.
A
(Cci/m3)
TOTALS

GROUP 1 3.1282-01
GROUP 2 1.465B-03
GROUP 3 2.077E-04

GRND, TOT 3.145E-01

CHEM-SPRAY
IN COMP. A
(c1)

»000R+00
.000R+00
+000B+00

+«000B+00

DISTRIBUTION OF RADIOACTIVITY

REC,FILTER COMPARTH,

IN COMP. A
(ci)

. 0008+00
.000E+00
+0008+00

.000E+00

:]
(Ci/m3)

L000R+00
.000E+00
.000E+00

.000E+00

THE COMPARTHMENT VOLUMES (A, B AND C) IN THIS TABLE ARRE;

REC.PILTE
IN CoMP.
tci)

.000E+00
.000E4+00
.000E+00

«000E+00

1.982R+04

R
B

EXH.PILTER
TO ATMOSP.
(ci)

}

+,000R+00
»000B+00
.000E+00

. GOOE+00

.000B+00 9.707E402

28-0Oct-04 PAGE 14

(INSTANTANROUS RELEASE FROM SOURCE)

COMPARTM,

C
(ci/m3)

1.911E-02
9.1898-05
1.3038-05

1.922B-02

(m3)

INT.FILTER
TO COMP. C
(ci)

+000E+00
.000K+00
.000E+00

.000E+00

REC,FILTER
IN COMP. €
(ci)

+~000B+00
.000E+00
.000E+00

. 000E+00
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CASES 1 PNPS AST - FHA - BOUNDING SRC - 24 HR DECAY -~ RB VENT RRLEASES - CR - 1000 CPM (INSTANTANROUS RELEASE FROM SOURCRE)
T = 5,0000E-01 hrs RELEASE RATES TO ATHMOSPHERE, INTERVAL RELEASES FROMN .0000E+00 TO 5.0000B-01 hrs,
CUMULATIVE RELEASES FROM 0.0 TO 5.00008-01 hrs, AND RADIOACTIVE-CLOUD CONCENTRATIONS
WITROUT DRCAY IN TRANSIT WITH .000E+00 hrs IN-TRANSIT DECAY
REL. RATE INTRV REL CUML. REL CLOUD CONC REL. RATE INTRV REL CUML. RRL CLOUD CONC

NUCLIDE (Ci/hx) (ci) (ci) (Ci/m3) (Ci/hr) (ci) (cy) (Ci/m3)
BR 82 3.420E-01 5.495E-01 5.4998-01 1.6728-07 3.420B-01 %.499R-01 5.49982-01 1.6728-07
BR 83 5,702-03 1.002E-02 1.002E-02 2.787R-09 5.7028-03 1.002R-02 1.002B-02 2,787E-09
BR 84 1.556E-13 3.873R-13 3.873E-13 7.609E-20 1.53568-13 3.873E-13 3.8738-13 7.609R-20
KR 83M 4.908E+00 7.898E4+00 7.898E+00 2.399E-06 4.908E+00 7.898E+00 7.898E+00 2.399R-06
KR 85M 7.2688+01 1.222R8+02 1.2228+02 3.553E-05 7.268E+401 1.222B+02 1.3228+02 3.5538-05
KR 85 4.628R+02 7.393E402 7.393E8402 2.263E-04 4.628R+02 7.3938+02 7.393B+02 2.2638-04
KR 87 1.019R-02 1.9528-02 1.952K-02 4.983E-09 1.0158-02 1.952E-02 1.952B-02 4.983E-09
KR 88 2.273R+01 3,936E401 3.936E+01 1.1118-05 2.273E+401 3.9368+01 3.936E+401 1.1118-05
RB 87 9.865E-18 5.751R-18 5.751E-18 4.8232-2¢4 9,865E-18 5.751R-18 5.751E-18 4.823R-24
RB 88 1.647R+01 1.191E+01 1.191B+01 8.050B-06 1.647R4+01 1.191R+01 1.191R+01 8.050R-06
1128 2.993R~-18 8.446R~18 8.4468-18 1.4632-24 2.9932-18 8.446E-18 8.4468-18 1.4638-24
I129 4.853E-06 7.752E-06 7.7528-06 2.373R-12 4,853E-06 7.752E-06 7.752R-06 2.373E-12

I130M 9.926E-50 8.460E-49 8.460E-49 4.853E-56 9.926R-50 8.460E-49 8.460B-49 4.8538-56

I130 9.514E-01 1,548R+00 1.5488+00 4.651E-07 9.514E-01 1.548R400 1,548B+00 4.651E-07

I131 6.735E+01 1,0778+02 1.077B+02 3.292B-08 6.735R+01 1.0778402 1.077B+02 3.292E-05

I132 4,055E~02 7.1568-02 7.1568-02 1.9838-08 4.055B-02 7.1568-02 7.156R-02 1.983E-08

I133 4,088E+01 6.601E4+01 6.601E401 1.999E~05 4.088R+01 6.601E4+01 6.601R+01 1.9998-05

I134 3.9918-07 9.3088-07 8.308E-07 1.951E-13 3.991E-07 8.308E-07 8.308E-07 1.9518-13

I135 6.6008+00 1.091R+01 1.091E+01 3.227E-06 6.600E+00 1.091E+01 1.091E+01 3.227R-06
Xg131M 1.0668+02 1.6968+02 1.6968+02 5.211E-05 1.066R+02 1.696R+02 1,696R+02 5.211B-05
X8133M 5.141E+02 8.184E8+02 8.184E+02 3.513E-04 5.141E4+02 8.184K402 8.184E+02 2.513%-04
XE133 1.782E+04 2.842E+04 2.8428+04 9.7108-03 1.782E+04 2.9428+04 2,842E+04 8,710E-03
XE135M 6.5008+02 4.595E+02 4.5958+02 3.1782~04 6.500E+02 4.5952+02 4.5958402 3.1782-04
XE135 5.154R+03 8.248R+03 8.248E+03 2.520R-03 5.154E+03 8.248E+03 8.248E+03 2.520R-03
xz138 9.705E2-28 4.346E-27 4.346B-27 4.745E-34 9.705E-38 4.346R-27 4.3468-27 4.745B-34
c8135 8.770E-09 4.853E-08 4,853E-09 4.288E-14 8.770R-08 4.853E-08 4.853E-08 4.288E-14

€8138 9.720B-28 8.771R-28 8.771E-28 4.7528-34 9.720R-28 g.771R-28 8.771R-28 4.752E-34
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ELISA-2 [LICENSING & SEBVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG, -~ Rel, Version 2.2 May 23,2002)

CASEf 1 PNPS AST - FPHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES -~ CR - 1000 CF¥M

T = 5.0000E-01 hrs

RELEASE RATES TO ATMOSPHERE,

INTERVAL RELEASES FROM

28-Oct~04 PAGE 16

(INSTANTANEOUS RRELEASE FROM SOURCR)

«0000E+00 TO 5.0000E-01 hra,

CUNULATIVE RELEASES FROM 0.0 TO 5.0000E-01 hrs, AND RADIOACTIVE-CLOUD CONCENTRATIONS

WITHOUT DECAY IN TRANSIT

REL, RATE INTRV REL CUML. REL
NUCLIDE {Ci/hr) (ci) (cl)

TOTALS

GROUP 1 2,480E+04 3.902E+04 3.9028+04
GROUP 2 1.162B+02 1,868E4+02 1.868E+02
GROUP 3 1.6478+01 1.191E24+01 1.1918+01

GRND, TOT 2.494B+04 3.922E404 3.922E+04

1.2138-02
5.6798-05
8.0508-06

1.2198-02

.000B+00 hras IN-TRANSIT DECAY

2.480B+04
1.162E+02
1,6478+401

2.4948+04

INTRV REL
{cl)

3.902E+04
1.868R+02
1.191E+01

3.922R404¢

3.902R+04
1.868B+02
1.191E+01

3.922E+04

1.213R-02
5.679E-05
8.050B-06

1.2198-02

NOTE: THE ATMOSPHEERIC CONCENTRATION OF RADIOACTIVITY IS BASRD ON A DISPERSIOR PACTOR (X/Q) OF 1.760K-03 (soc/m3)
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ELISA-2 ([LICENSING & SRVERE ACCID&NT RADTOLOGICAL EVALUATIONS - ENTECH ENG. - Rel. Version 2.2 May 23,2002] 28-Oct-04

CASE# 1 PNPS AST -« FHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES - CR - 1000 CPFM

T = 5,0000E-01 hra
COMPARTHENT C

Beta Alr
DOSE RATE
NOCLIDE (rad/hr)

BR 83 6.639E-05
BR 83 2.577E-06
BR 84 2.691R-16
KR 834  2.399%-04
KR 85M  2.610R-02
KR 85 1.631%-01
KR 87 1.899R-05
KR 88 1.165E-02
RB 87 1.5468-21
RB 88 4.786B-02
1128 3.149E-21
1129 4.356E-10
1130M .000E+00
I130 3.978E-04
I131 1.816B-02
1132 2.8268-05
1133 2.3618-02
1134 3.494B-10
1135 3.408E-03

XE131M 2,1488-02

XB133M 1,381E-01

XE133 3.392E+00
XE135¥ 2.340E-02
XB135 2.253E400
XE138 9.183e-31
€8135 8.303E-12
c81139 1.6512-30

Beta Alr
INTVL DOS
(rad)

2.793E-05
1.1398-06
1.489E~-16
1.0588-04

1.121R-02
6.7822-02
8.863E-06
5.099E-03

3.911E-22
1.3998-02
1.8938-21
1.811E-10

.000E+00
1,6738-04
7.5588-03
1,3538-05

9.887B-03
1.721E-10
1.4488-03
8.928B-03

5.750R=-02

1,411E+00

1.005E~-02
9.478E-01

7.535E-31
2.0288-12
5.6118-31

BEXTERNAL RADIATION EXPOSURE DUE TO AIRBORNE RADIOACTIVITY
(INTERVAL DOSES ARE FROM ,Q000E+00 TO 5,0000B-01 hra)

Gamma Alr
DOSE RATE
(rad/hr)

1.6558-05
8.2338-10
4.316R-18
7.811E~06

2.508E~-04
1.972E-0S
1.290B-07
7.023E-04

.000R+00
1,664E-04
5.486E-2¢
1,802E~-11

3.439E-55
3.8558-05
5.073E-04
1.721B-06

4.717E-04
1.902E-11
1.761E-04
3 .0322-0(

1.698E-03
2.770E-02
1.5258-03
2.3342-02

1.,7858-32
.000B+00
3.838E-32

Gamma Air
INTVL DOS
{rad)

6.908E-06
3.638E-10
2.3882-18
3.4468-06

1.0778-04
8.2028-06
6.022B-08
3,074E-04

»000E+00
4.863E-05
3.2972-24
7.495E-12

4,437B-55
1.622E-05
2.111p-04
7.6248-07

1,9758-04
9.368E~-12
7.486R-05
1.260-04

7.0728-04
1.1538-02
6.552B-04
9.8198-03

1.4688-32
.000E+00
1.305R-32

Tot. Bkin
DOSRE RATE
(rem/hr)

3.487E-05
1,087E~06
1.422E-16
1.623E-06

1.071x-02
6.379K-02
5.923R-06
5.784E-03

3.2748-22
2.561R-02
1.554E-21
2,3528-11

2,792R-55
1.996E-04
6.625E-03
1.440B-05

1,094R-02
1,814E-10
1.620R-03
4.7518-03

4.6938-02
5.4548-02
1.171R-02
9.5358-01

4.485E-31
8.372E-13
8.7168-31

Tot. Skin
INTVL DOS
(xem)

1.4568-05
4,805E-07
7.866R-17
7.1598-07

4.601E-03
2.653E-02
4.632E-06
2.531E~03

8.283R-23
7.484E-02
9.3378-22
9.782E-12

3.602R-55
8.396K-05
2.757R-03
6.378R-06

4.582R-03
8.937E-11
6.885E-04
1.9758-03

1.954E-02
2.269E-01
5.030E-03
4.011E-01

3.680K-31
2.0458-13
2.9638-31

Thyroid
DOSE RATE
(rem/hr)

1.220E-05
6.267E-10
3.437R-18
2.920E-08

1.7428-04
1.579E-05
1.0078-07
S.S44E-04

.000E+00
1.3378-04
3,983x-24
4.2248-12

+000E+00
2,803E-05
3.607B-04
1.2658B-06

3.411R-04
1,410K-11
1.3428-04
8.838E-05

8.,2148-04
1.379%-02
1,.0798-03
1.6648-02

1.374E-32
.0008+00
2,944R-32

PAGE 17

(INSTARTANEOUS RELEASE FROM SOURCE)

Thyroid
INTVL DO3S
(rem)

5.0958-06
2.770R-10
1.901R-18
1.2888-08

7.482E-05
6.5658-06
4.6998-08
3.426E-04

.000B+00
3.906R-05
2.394R-24
1.7568~12

.000E+00
1.180E-05
1.501E-04
5.6058-07

1.428E-04
6,9468~-12
5.7038-05
3.6748-05

3.462B-04
5.7368-03
4.634E-04
7.000BE-03

1.128E-32
«000E+00
1.0018-32

{CONTINUQUS OCCUPANCY)

Rff D.R.,
DOSRE RATE
(rem/hr)

1,2202-05
6.3008-10
3.404E-18
6.8128-08

1.7788-04
1.5928-05
1.0042-07
5.490R-04

.0002+00
1.333E-04
4.012R-24
4.158B-12

.000E+00
2.805E-~05
3.6278-04
1.2658-06

3.422R-04
1.4108-11
1.3378-04
8,7938-0%

8.,375R-04
1.424B8-02
1.079E-03
1.678E-02

1,374E-32
.000E+00
2.9448-32

Bff D.E.
INTVL DOS
(rem)

5.095E-06
2.784B-10
1.883E-18
3.0058-08

7.635E-05
6.621E-06
4,688E-08
2.4038-04

+000E+00
3.894E-05
2.412%-24
1.7298-12

«000E+00
1.1802-05
1.509E-04
5.605E-07

1.433E-04
6.9468E-12
5.681K-05
3.6558-05

3.488E-04
5.926E-03
4.634R-04
7.0598-03

1.128B-32
.Q00E+00
1.001E-32
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ELISA-2 [LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS ~ ENTECH ENG.

CASE# 1  PNPS AST - FHA - BOUNDING SBRC - 24 HR DECAY - RB VENT RELEASES - CR -~ 1000 CFM

T = 5,0000E-01 hra
COMPARTMENT C

Beta Alr
DOSE RATE
{rad/hr)

GROUP 1 6,028E+00
GROUP 2 4.568E-02
GROUP 3 4.786E-02

GRND.TOT 6.122B+00
CUM. TOTAL FROM T=0

Lungsa
DOSE RATE
(rem/hr)

GROUP 1 3.085E-02
GROUP 2 8,.5354E-04
GROUP 3 1.313R-04

GRND.TOT 3.153E-02
CUM. TOTAL FROM T=0

. BEf D.E.
DOSE RATE
(rem/hr)

GrROUP 1 23,377E-02
GROUP 2 8,802B-04
GROUP 3 1.333E-04

GRND.TOT 3.478E-02
CUM, TOTAL FROM T=0

Beta Aix
INTVL DOS
(xad)

2.520E+00
1.910E-02
1.3998-02

2.553K+00
3.5538+00

Lungs
INTVL DOS
(rem)

1.2818-02
3.582B-04
3.836B-05

1.3218-02
1.321r-02

Eff D.RE.
INTVL DO8
(xrem)

1.416B-02
3.685E-04
3.894E-05

1.456E-02
1.4568-02

EXTERNAL RADIATION RXPOSURE DUE TO AIRBORNE RADIOACTIVITY
+0000E+00 TO 5.0000E-01 hrs)

(INTERVAL DOSES ARE FROM

Gamma Air
DOSE RATE
(rad/hr)

5.555E-02
1.213E-03
1.664E-04

3.693E-02

R.Marrow
(rem/hx)
2.730R-02
8.266E-04
1.3098-04

2.8258~-02

TID Thy
DOSE RATE
(rem/hr)

+000B+00
.000E+00
.000E+00

«000E+00

DOSE RATE

Gamma Air
INTVL DOS
(xad)

2,3268-02
5.0732-04
4.8638-05

2,3828-02
2,3828-02

R.Marrow
INTVL DOS
(rem)

1.145E-02
J.461E-04
3.8248-05

1.184E-02
1.1848-02

TID Thy
INTVL DOS
(rem)

.000E+00
.000E+00
.D00E+00

.000E+00
.000R+00

Tot. Skin
DOSE RATE
(rem/hr)

1.643E+00
1.,9448-02
2.5618-02

1.688K+00

Bone Sur
DOSE RATE
{(rem/hr)

8.837E-02
1,510B-03
1.8328-04

9.006E-02

RG1105WB
DOSE RATE
{rem/hr)

5.0008-02
1.1388-03
.000E+00

5.1148-02

Tot. Skin
INTVL DOS
(rem)

6.883E-01
8.133E-03
7.484R-03

7.039E-01
7.039E-01

Bone Sur
INTVL DOS
(rem)

3.698E-02
6.3178-04
5.354E~-05

3.767E-02
3.7678-02

RGL1Q9%B
INTVL DOS
(xrem)

2.094E-02
4,765E-04
+000E+00

2.1428-02
2.1428-02

Oonkda
DOSE RATE
(xem/hr)

3.3958-02
8.594E-0¢
1.293E-04

3.494E-02

Thyroid

. DOSE RATE

(rem/hr)

3.3178-02
8,7758-04
1.337B-04

3.418E-02

« Rel, Varsion 2.2 May 23,2002] 28-Oct<04

PAGE 18

(INSTANTANEOUS RELEASE FROM SOURCE)

Gonads
INTVL DOS
(rem)

1.423E-02
3.5988-04
3.7788-05

1.463E-02
1.463B-02

Thyrold
.INTVL DOS
(rem)

1.391E-02
3.674E-04
3.906R-05

1.431E-02
1.431E-02

(CONTINUOUS OCCUPANCY)

Breast
DOSE RATE
(rem/hr)

3.985E-02
9.818E~04
1.4558-04

4.098-02

Remaindr
DOSR RATE
(xem/hr)

2.901E-02
8.1618-04
1.273E-04

2.996E-02

Braant
INTVL DOS
{rem)

1.670B-02
4.111B-04
4.353B-05

1.715E-02
1.7158-02

Remaindr

‘INTVL DOS

{xem)

1.2178-02
3.4178-04
3.7208-05

1.2535E-02
1.2558~02
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CASE# 1 PNPS AST - PHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELRASES - CR - 1000 CPM (INSTANTANEOUS RELEASE FROM SOURCE)
T u 5,0000R-01 hrs . RADIATION EXPOSURE DUE TO INHALATION {CONTINUOUS OCCUPANCY)
COMPARTMENT C (INTERVAL DOSES ARE FROM ,0C00E+00 TO 5.00002-01 hras)

Thyroid Thyrold Eff D.E. Bff D.E.

DOSE RATE INTVL DOS DOSE RATRE INTVL DOS

NUCLIDE (ren/hr) (rem) {(rem/hy) (xem)
BR 82 2.5998-04 1.085E-04 5.210R-04 2,175E-04
BR 83 2,397R-08 1.059g-08 S$.067R-07 2.240E-07
BR 84 1,791B-18 9.908E~-19 1.4988-17 8,.288R~18
KR 83M +000B+00 +O000E+00 .000R+00 .000B4+00
KR 85M .pboxwo .000E4+00 .000E+00 .000E+00
KR 85 ' .000B+00 +000E+00 .000%+00 .000E+00
XR 87 +000R+00 .0008+00 +O00E+00 +000E+00
KR 88 +UOOR+00 .000E+00 .000R+00 -000E+Q0
RB 87 2.605E-20 6.590E-21  3.180E-20 8.044E-21
RB 88 8.320E-05 2.4318-05 1.372E-03 4.011E-04
1128 5.895E-22 3,543E-22 1,4138-22 8.492R-23
1129 2,792R-05 1.161E-05 8.394E-07 3.490E=-07
I130M .060!400 .000E+00 .000E+00 .000E+00
1130 6.983E-02 2.9378R-02 2.505E-03 1.05¢48-03
1131 ' 7.252B+401 3,018E+01 2,208R+00 9.188EK-01
I132 - 2.602E-04 1,133R-04 1.540E-05 6.8248-06
1133 7.327R+00 3.068E+00 2.3828-01 9.9738-02
1134 4.2398-10 2,088E-10 5,226B-11 2.574E-11
1135 2.0598-01 8.752R-02 8.081K-03 3.435R-03
XB131M +000R+00 .000E+00 .000R+00 .000E+00
XB133IM .000E+00 +0008+00 .000E+00 .000E+00
XE133 .000E+00 +0008+00 +000R+00 .0008+00
XE135M .0908000 .000R+00 .000E4+00 .000R+00
XE135 .000E+00 .000E+00 .000E+00 .000R+00
Xe138 .000R+00 .000E400 +000E+00 000400
c813% 3.881E-10 9.481K~-11 3.978EK-10 9.718E-11

Ccs8138 1.2608-32 4.351E-33 9.8228-32 3.339E-32
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CASER® 1 PNPS AST - FHA - BOUNDING SRC - 24 BER DECAY - RB VERT RELEASES - CR - 1000 cm

T = 5,00008-01 hra
COMPARTNENT C

GROUP 1
GROUP 2
GROU? 3

GRND.TOT
CUM. TOTAL FROM T=0

Lungs
DOSE RATE
(rem/hr)

GROUP 1 .000E+00
GROUP 2 3.018E-01
GROUP 3 8.927E-03

GRND.TOT 3.107E-01
CUM, TOTAL FROM T=0

BE£f D.E.
DOSE RATE
(rem/hr)

GRrROUP 1 «000E+00 -

GROUP 2 2.457E+00
GrOUP 3 1.372E-03

GRND.TOT 2,459E+400
CUM, TOTAL FROM Ta0

Lungs
INTVL DOS
(rem)

.000E+00
1.260E-01
2.6098-03

1,286R-01
1.286R-01

Rff D.E.
INTVL DOS
{xem)

«000E+00
1.023E+00
4.011E-04

1.024E+00
1.0248+00

RADIATION EXPOSURE DUE TO INHALATION )
.0000E+00 TO 5.0000R-01 hra

R.Marrow
DOSE RATE
(rem/br)

.000B+00
2.063E-02
8.806E-05

2,0728-02

TID Thy
DOSE RATE
(rem/hr)

+000E+00
1.1658+02
«000E+00

1.165R8+02

(INTERVAL DOSES ARE FROM

R.Marrow

INTVL DOS.

(rem)

.000E+00
8.601R-03
2.573E-05

8.627B-03
8.627E-03

TID Thy
INTVL DOS
(rem)

.000E+00
4.851K+01
.000B+00

4.851E+01
4.8518+01

Bone gur
DOSE. RATE
{rem/hr)

.000E+00
1.891g-02
8.927R-05

1.899R-02

Bone Bur
INTVL DOS
(xen)

.000E+00
7.882E-03
2.609E-05

7.508E~03
7.908E-03

Gouads
DOSE RATE
(rem/hr)

.0008+00
9.951B-03
7.9558-03

1.003%-02

Thyroeid
DOSE RATE
{rem/hr)

.000E+00
8.013E+01
8.320R-05

8.013E401

(INSTANTANROUS RELRASE FROM SOURCE)

Gonads
INTVL DOS
{rem)

.000E+00
4.153E-03
2.325E~05

4.1768-03
4,176E-03

Thyroid
INTVL DOS
(rem)

.000B+00
3.336E401
2.431E-05

3.336E+01
3.336E+01

{CONTINUOUS OCCUPANCY)

Breast
DOSBE RATE
{rem/hr)

+000E+00
2,501E-02
8,684B-05

2.510x-02

Remaindr
DOSE RATE
(rem/hr)

.000E+00
2.933E-02
8.381x-04

3.0178-02

Breast
INTVL DOS
(xem)

.000E+00
1.043E-02
2.538E-05

1,0458-02
1.045E-02

Remaindr
INTVL DOS
(rem)

+«000E+00
1,224B-02
2,.449E-04

1.2488-02
1,248E~02
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ELISA-2 [LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG. - Rel. Vorglon 2.2 May 23,2002)

CASR# 1 PNPS AST - FHA - BOUNDING SRC ~ 24 HR DECAY - RB VENT RRLRASES - CR -~ 1000 CFM

SUMMARY
COMPARTMENT C

T (houraf

+.0000E+00
5.0000E-01
1,0000E+00
2,.0000E+00

8,0000E+00
2,4000E+01
9.6000R+01
7.2000R+02

T (hours)

.0000E+00
5.0000R-01
1,00008+00
2.0000R+00

8.0000E+00
2.4000E+401
9.6000E+01
7.20008+02

T (hours)

+0000B+00
5.0000B-01
1.0000R+00
2,0000E+00

B.0000R+00
2.40008+01
9.6000E+01
7.2000E+02

Beta Alr
DOSE RATE
{rad/hrx)

-000E+00
6.122E+00
3.368E+00
6.830E-01

2.9082-02

2.670E-03
1.054E8-~04
1.127E-06

Gonads
DOSE RATE
(rem/hr)

«000E+00
4.4978-02
2.492E-02
5.537E-03

4.521B-04
3.248E-05
4.8848-07
5.421B-09

R.Marxow
DOSE RATR
{rem/hr)

.000E+00
4.897E-02
2.711E-02
5.900E-03

4.1948-0¢
2,920E~05
3.238E-07
2.693E-09

TOTAL RADIATION EXPOSURES (AIR IMMERSION PLUS INHALATION) -

Beta Air
INTVL DOS
(xrad)

.000E+00
2.553%400
2.379R+00
1.697K+00

5.873E-01
9.5618-02
4.1048-02
5.030%-03

Gonads
INTVL DOS
(rem)

«000R+00
1.880B-02
1.751E-02
1.2858-02

6.297E-03
1.337E-03
3.5408-04
2.356E-05

R.Marrow
INTVL DOS
(rem)

+000E+00
2.047E-02
1.906E-02
1.391E-02

6.2838-03
1,228R-03
2.985E-0¢
1.371E-05

Beta Alr
CUM., DOSE
(rad)

.000E+00
2.553E8+00
4.932R+00
6.628R+00

-7.2158400

7.311R+00
7.352R+00
7.357R+00

Gonads
CUM., DOSE
(zem)

.000B+00
1.880E8-02
3.631E8-02
4.916E8-02

5.5468-02
5,6808-02
5.7158-02
5.7178-02

R.Marrow
CUM, DOSE
(rem)

.000E+00
2.047R-02
3.953R-02
5.344E-02

5.972E-02
6.095E-02
6.125E-02
6.1268-02

Gamma Alr
DOSE RATE
(xad/hr)

.000E+00
5.693R~-02
3.163R-02
7.196E-03

6.6128-04
4.9178-05
9.811E-07
1.591E-08

Breast
DOSE RATE
(rem/hr)

.000E+400
6.608E-02
3.657B-02
7.874%-03

5.186E-04
3.7538-05
5$.3858-07
7.1428-09

Bone Sur
DOSE RATE
{rem/hr)

+000E+00
1.091E-01
6,032E-02
1.300E-02

8.800R-04
6.734E-05
1.440R-06
1.2578-08

Gamma Air
INTVL DOS
(zad)

.000B4+00
2,3828-02
2.2188-02
1.642E8-02

8,6878-03
1.9768-03
5.7288-04
5.7798-0%

Breast
INTVL DOS
(rem)

«000R+00
2.760E-02
2.572E-02
1.871E~02

8.091E-03
1.5378-03
4.144R-08
2.991B-05

Bone Sur
INTVL DOS
(xem)

.000E+00
4.5578-02
4,244B-02
3.087E-02

1.350E-02
2.664E-03
8.165E-04
6.2698-05

Gamma Alr
CUM,. DOSE
(rad)

.000EB+00
2.3828-02
4.600E-02
6.2418-02

7.110-02
7.308E-02
7.365-02
7.371E-02

Breast
CUM. DOSE
(xem)

«000E+00
2.760B-02
5.332E-02
7.204R-02

8.013E-02
8.166E-02
8.208K-02
8.211E-02

Bone Sur
CUM. DOSBE
(rem)

+000E+00
4.357E-02
8.801K~02
1.1898-01

1.3248-01
1.3508-01
1.3598-01

1.359R-01

Tét. 8kin
DOSE RATE
'(remlhr)

. .000B+00
‘1.688E+00
9.278E-01
1.9308-01

1.136E-02
18.690E-06

1.939e-05"

2.493E-07

Lungs
DOSE RATE
(rem/hr)

.000E+00
3.423K-01
1.884E-01
3.620E-02

4.408E-04

_ 3.1048-05

; 3.8954E-07

.. 3.167E-09

[}
.

Thyroiad
DOSE RATE
(rem/hr)

.000E+00
8.016E+401
‘4.411E401
8.417E+00

6.821R-04
3.261E-03
+ 4,5528-07
4.639R-09

28-Oct-04

PAGR 21

(INSTANTANEOUS RELEASE FROM SOURCE)

(CONTINUOUS OCCUPANCY)

Tot. Skin
INTVL DOS
{rem)

.000R+00
7.0398-01
6.555E-01
4.6978-01

1.8858-01
3.516R-02
1.058E-02
1.009E-03

Lungs
INTVL DOS
(rem)

+000B+00
1.4188-01
1.333R-01
9.3762-02

2.356E-02
1.294E-03
3.259E-04
1.6378-05

Thyroid
INTVL DOS
(rem)

+000B+00
3.338R+01
3.117B+01
2.195E+01

4.816E+00
1.477E-03
3.4968~04
2.109E-05

Tot., 8kin
CuUM. DOSE
(rem)

.000E+00D
7.039E-01
1,3598+00
1,829E+00

2.018B+00
2,0338+00
2,063E+00
2.064R+00

Lungs
CUM. DOSE
(rem)

.000R+00
1.4188-01
2,7518-01
3.688E-01

3.924E-01
3.937E-01
3.940B-01
3.940E-01

Thyroid
CUM. DOSE
{rem)

«000E+00
3.3388+01
6.455R+01
8.650E+01

9.132E+01
9.132R8+01
9.132R8+01
9.132E+01
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ELISA-2 (LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG. -~ Rel, Version 2.2 May 23,2002)

CASE# 1 PNPS AST - PHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELRASES ~ CR - 1000 CFM

SUMMARY
COMPARTMENT C

T (hours)

.0000E+00
5.00008-01
1.00008+00
2.0000E+00

8.00008+00
2.4000E+01
9.60002+01
7.2000E402

T (hours)

+0000E+00
5.00008~01
1.00008+00
2.00008+00

8.00008+00
2,4000R+01
9.6000E+01
7.2000E+02

Remaindr
DOSE RATE
(rem/hr)

+000E+00
6.0138-02
3.3298-02
7.052E-03

4.2008-04
2.959E-05
3.6988-07
3.215E-09

RG1109WB
DOSE RATE
(rem/hr)

+000E+00
5.1148-02
2.840BE-02
6.496E-03

6.1288-04
4.496R-03
7.615E-07
6.641E-09

TOTAL RADIATION EXPOSURES (AIR IMMERSION PLUS INHALATION}

Remaindr Remaindr Eff D.E. BEff D.E, Eff D.BE, -TID Thy
INTVL DOS CUM. DOSE DOSE RATE INTVL DOS CUM. DOSE DOSE RATE
(rem) (rem) {xem/hr) {ren) {rem) " {rem/hr)

.000E+00 +000R+00 .000R+00 «000B+00 .000E+00 . .000E+00
2,503B-02 2,503R-02 2.493E24+00 1.038E400 1.038R+00 1.1658+02
2.342E-02 4,8458-02 1.372R+00 9.697R«01 2.008R+00 6.4038+01
1.696E-02 6.541E-02 2.626E-01 6.833E-01 2.691E+00 1.2208+01

6.9348-03 7.335E~02 4.6628-04 1.533E-01 2.844E+00 3.225B-04
1,3348-03 7.3588-02 3.3838-05 1.360E-03 2,.846E+00 1.998K-16
3.101R-04 7.3898-02 4.6668-07 3.536E-04 2.846E4+00 2.678B-71
1,.597R-05 7.391E-02 4.615E-09 2.1338-05 2.846E+00 +000E+00

RO1109WB RO1109WD
INTVL DOS CUM. DOSE
{xren) {rem)

.000B+00 .000E+00
2,1428-02 2,142E-02 ¢
1.9928-02 4.1348-02
1.476E-02 5.610E-02

7.958R-03 6.405%-02
1.8248-03 6.588K-02
5.081R-04 6.6398-02
3,3058-05 6.6428-02

28-0Oct-04

PAGE 22

(INSTANTANEOUS RELEASE FROM SOURCE)

{CONTINUOUS OCCUPANCY)

TID Thy
INTVL DOS
(rem)

.000R+00
4.8518+01
4,5278+01
3.184R+01

6.966R+00
1.8358-04
1.138E-16
1.5278-71

TID Thy
CUM. DOSE
(rem)

«Q00R+00
4.951E+01
9.378R401
1.2568+02

1.326R+02
1.3268+02
1.326E+02
1.3268+02
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CASE® 1 PNPS AST ~ FHA - BOUNDING S8RC -~ 24 HR DECAY - RB VENT RELEASES -~ CR - 1000 CPFM (INSTANTANEOUS RELEASE FROM SOURCE)

OVERALL SUMMARY <~ TOTAL RADIATION EXPOSURBS (AS APPLICABLE) FOR SCENARIO DURATION (7.20008+02 hra)

CONTINUQOUS OCCUPANCY

RECEPTOR/ORGAN COMPARTHMENT A COMPARTMENT B COMPARTMENT C OFFSITE RECEP,
{Hemisgpher) (Spherical) (Hemispher)
Bsta Air (rad) .000E+00 +.000R+00 7.3578+00 .000E+Q0
Garma Alr (rad) .000E+00 .000E+00 7.371E-02 .000R4+00
Tot. skin (rem) . 000E+00 .000E+00 2.064%+00 .000E+00
{Beta Cont., (%)} 4 .00} [ .00) [ 97.25) { .00)
Gonads (xrem) .000B+00 .000R+00 5.717%=02 .000B+00
Breast (xem) . .000E+00 .000R+00 8,211E.02 +000R+00
Lungs {rem) ~.000E+00 .000R4+00 3.940R-01 +000E+00
[{Inhalation (%)) 4 .00]) { .00) [ 89.41] [ .00])
R.Marrow {rem) .000EB+00 .000E+00 6.126R-02 .000R+00
Bone Sur {rem) .0008+00 000B+00 1.359E-02 .000B+00
Thyroid {rem) .000R+00 .000E+00 9.132E401 .000E+00
[Inhalation (%)] I .00] { .00] [ 99.95) 4 .00]
Remaindr (rem) .000B+00 +000E+00 7.391E-02 .000E+00
Bff D.E. {rem) .000E+00 +000E+00 2.846E+00 .000E4+00
[(Inhalation (%)} [ .00} { .00} [ 98.39) { .00]
TID Thy (ram) .000R+00 .000B+00 1.326E+02 . 000E+00
RG1109WB (xem) +000E+00 +.000E+00 6.642R-02 .000E+00

The Dose Conversion FPactors (DCFs) employed by ELISA-2 are from EPA 520/1-88-020 and BPA 402-R-93-081
{(Federal Guidance Reports 11 and 12), except for TID Thy and RG1105WB, which are as followa:

TID Thy = Classical thyroid {nhalation dove based on the TID-1484¢ DCFs (iodines only)
RG1109WB = Classical whole body immersion dose based on the Reg. Guide 1.109 DCFs
(noblea and halogens only)

The beta dose to air is for immersion in an infinite cloud.

The skin dose includes contributions from gamma radiation (finite cloud), beta radlation {gsemli-infinite
cloud) and ground contamination., The skin beta-contribution percentages exclude ground contamination.

Pinita-cloud correction, if any, is nuclide specitic.
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CASES 1 PNPS AST -~ PHA -~ BOUNDING SRC -~ 24 HR DECAY - RB VENT RELRASES - CR - 1000 cm {INSTANTANEOUS RELEASE FROM SOURCE)
SUMMARY TOTAL RADIATION EXPOSURES (AIR IMMERSION PLUS INHALATION) (PARTIAL OCCUPANCY)
COMPARTMENT C

Beta Alr Beta Air Bata Alr Gamma Alr Gammn Alr Gamma Aly Tot. Skin Tot. Skin Tot. Skin
DOSE RATE INTVL DOS CUM. DOSR DOSE RATR INTVL DOS CUM, DOSE DOSE RATE INTVL DOS CUM. DOSE
T (hours) {rad/hr) (rad) (xad) {rad/hr) {rad) (rad) (rem/brx) (xrem) (rem)
.0000B+00 .000K+00 -000R+00 +000B+00 .000E+00 .000B+00 +000R+00 ’ +000E+00 +000E+00 .000E+00
5.0000E-01 6.1228400 2.553E+00 2.553B+00 5.693E-02 2.382E-02 2,3828-02 1.68BE+00 7.039E-01 7.039E~01
1.0000E+00 3.368R+00 2.379E4+00 4.9328+00 3.163E-02 2.218R~02 4.600E-02 9.278x-01 6.555E-01 1.359E+00
2.0000R+00 6,830E-01 1,697B+00 6.628E+00 7.1968-03 1.642R-02 6.2418-02 1.9308-01 4.697E-01 1.829E+00
8.0000R+00 3.908E-02 5.873E-01 7.2158+00 6.612E-04 8.687B-03 7.1108-02 1.136E-02 1,885E~01 2.018K+00
2.40008+01 2.670E-03 9.561-02 7.311B+00 4.917E-05 1.976E-0) 7.308E-02 -8.690E-04 3.516%~-02 2,0338+00
9.60008+01 1.054E-0¢ 4.,104E-02 7.3528+00 9.811E-07 5.728E-04 7.3658-02 1.9392-03 6.350E-03 2,0598+00
7.20008+02 1.1278-06 5,030E-03 7.,357B+00 1.5918-08 5.779E-08 7.3718-02 2,493R-07 4.035B-04 2,05918+00
Gonads Gonads Gonads Breast Breast Breast ! Lungs Lungs Lungs
DOSE RATE INTVL DOS CUM,. DOSE DOBE RATE INTVL DOS CUM. DOSE DOSE RATE INTVL, DOS CUM. DOSJRB
T (hours) (rem/hr) (xem) (rem) {rem/hr) (xrem) {rem) (rem/hr) (xrem) (rem)
.0000R+00 ~.000E+00 .000E+00 .000E+00 .000E+0Q0 .000E+00 +000B+00 .000E4+00 .000E4+00 .000E+00
5.00008-01 4.497E-02 1.880E-02 1.880E-02 6.608E-02 2,760E-02 2,7608-02 3.4232-01 1.418x-01 1.418E-01
1,0000E+00 2.492F-02 1.751E-02 3.631E-02 3.657E-02 2.572R-02 5.3328-02 '1.884E2-01 1.332g-01 2.751R-01
2.0000R+00 5.5372-03 1.285E~02 4.916E-02 7.874R-03 1.8712-02 7.204E-02 3.6208-02 9.376E~02 3.6888-01
8,0000E+00 4.521K-04 6.297E-03 5.546E~-02 5.186R-04 8.0918-03 8.0138-02 {.408E-04 2,356E-02 3.9248-01
2.4000E+01 3.24BE-05 1.337E-03 5.680E-02 3.752ER-03 1,5378-03 8.166E-02 3.104E-05 1.2948-03 3.937E-01
9,.6000E+01 4.884E-07 2.124E-04 $.701R-02 5.985E-07 2.487E-04 8.1518-02 3.8948-07 1,9558-04 3.93%3E-01
7.2000E+02 5.4218-09 9.424R-06 5.7028-02 7.142E-09 1.1?73-05 8.192E-02 3.167R-0% 6.547R-06 3.939E-01
R.Marrow R.Narrow R.Marrow Bone Sur Bona Sur Bone Sur Thyroid Thyroiad Thyroid
DOSE RATE INTVL DOS CUM, DOSE DOSE RATRE INTVL DOS CUM. DOSE DOSE RATE INTVL DOS CUM, DOSE
T (hours) (rem/hr) {rem) (rem) (rem/hr) {xrem) (rem) (xem/hr) {rem) {rem)
.0000R+00 +000E+00 .000B+00 .000R+00 +000E+00 +000E+00 .000B+00 +0002+00 +000B+00 .000B+00
5.0000E-01 4.897R-02 2,0478-02 2.0478-02 1.091g-01 4.557E-02 4.5578-02 8.016B+01 3.338R+01 3.338R+01
1,0000E+00 2.711E8-02 1.906E-02 3.953E-02 6.0328-02 4.2448-02 8,801E-02 } 4.411E+01 3.117E+01 6.455E+01
2.0000E+00 5.900E-03 1.391R-02 5.344E-02 1.300E-02 3,0872-02 1,1898-01 8.417B+00 2.195B+01 8.650E+01
8,0000E+00 4.19¢4E-04 6.283R-03 5.972E-02 8.800R-04 1.35%508-02 1.324E-01 ' 6.821B-04 4.816B+00 9,132R+01
2,4000E+01 2.920K-05 1.228R-03 6.095R-02 6.734E-05 2.664R-01 1,3508-01 3.2618-05 1.477E-03 9.132R+01
9.6000E+01 3.2388-07 1.791E-04 6.1138-02 1.4408-06 4.899R-04 1.355R-01 4.552B-07 2.097B-04 9.132R+01
7.20008+02 2.6938-09 5.482E-06 6.113E-02 1.257R-08 2,508B-05 1.356r-01 4.639E-0% 8.415E-06 9.1328+01
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CASE} 1  PNPS AST - FHA - BOUNDING SRC - 24 ER DECAY - RB VENT RELEASES ~ CR - 1000 CPM

SUMMARY
COMPARTHMENT C

T (hours)

«0000E+00
S.0000E-01
1,0000E+00
2.0000E+00

8.0000R+00
2.40008+01
9.6000E+01
7.20008+02

T (hours)

.0000E+00
$.0000E~01
1.0000E400
2.0000E400

8.0000E+00
2.4000R401
9.6000E401
7.2000E4+02

Remaindr
DOSE RATE
(rem/hr)

+000E+00
6.013E-02
3.329E-02
7.0S2R-03

4.200E-04
2,9598-05
3.698B-07
3.215E-09

RG1109wB
DOSE RATE
{zrewm/hr)

.0002+00
5.114E-02
2.8408-02
6.496E-03

6.128E-04
4.496E-05
7.6158-07
6.641E-09

TOTAL RADIATION EXPOSURES (AIR IMMERSICON PLUS INHALATION)

Remaindr
INTVL DOS
{rem)

.000E+00
2.5038-02
2.342R-02
1,6968-02

6.9348-03
1.234R-03
1.861R-04
6.387B-06

RG1109%D
INTVL DOS
(rem)

.000R+00
2.1428-02
1.992E-02
1.4768-02

7.958E-03
1.,824E-03
3.048E-04
1.322r-05

Remaindr
CUM., DOSE
(rem)

.000R+00
2,503%8-02
4.8458-02
6.541B8-02

7.2358-02
7.3588-02
7.3778-02
7.3778-02

RG1109WB
CUM. DOSE
{(rem)

.000E+00
2,1428-02
4.1348-02
5.,610R~02

6.405B-02
6.588E-02
6.6188-02
6.620R-02

Rff D.E.
DOSE RATE
{(rem/hr)

.000R+00
2.493R+00
1.372E+400
2.626E-01

4.662R-04
3,282E-05
4.666E-07
4.6158-09

Rff D.E.
INTVL DOS
{rem)

.000E+00
1.038E+00
9.697E-01
6.833E-02

1.533R-01
1.360B-03
2.122R-04
8.533E-06

REf D.B.
CUM, DOSE
(rem)

.000E+00
1.038R+00
2.008E400
2.691R+00°

2.844R8+00
2.846B400°
2,846B+00
2.846E400

. TID Thy

DOSE RATE
{rem/hr)

.000B+00
1.1658+402

- 6.4038+01

1.220E+01

3.2252-04

1.998E-16
2.678E-71
.000E+00

28-0Oct-04

PAGE 23

(INSTANTANEOUS RELEASE FROM SOURCR)

(PARTIAL OCCUPANCY)

TID Thy
INTVL DOS
{rem)

+000E+00
4.851E4+01
4.5272+01
3.184E84+01

6.966E4+00
1.835E-04
6.827R-17
6,1078-72

TID Thy
CUM. DOSE
(xrem)

.000R+00
4.851E401
9.376E+01
1.2568402

1.3268+02
1.3268+02
1.326R+02
1.3268+02
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CASE# 1 PNP8 AST - FHA - BOUNDING SRC ~ 24 HR DECAY ~ RB VENT RELEASES - CR -~ 1000 CFM (INSTANTANEOUS RELEASE FROM SOURCE)
OVERALL SUMMARY = TOTAL RADIATION EXPOSURES (AS APPLICABLE) FOR SCENARIO DURATION (7,.2000R+02 hrs)

PARTIAL OCCUPANCY

RECRPTOR/ORGAN COMPARTMENT A COMPARTMENT B COMPARTMENT C OFFSITE RECEP,
(Hemispher) (Spherical) (Hemispher)
Beta Alir' (rad) .000E+00 .000E+00 7.357%+00 .000R+00
Gamma Aly (rad) .000R+00 .000R400 7.371R-02 .000R+00
Tot. skin (rem) «000E+00 .000E400 2,059E400 .000B+00
[Rata Cont. (%)) { .00} 4 .00]) [ 97.25] 4 +«00}
Gonads {rem) .000E+00 .000R400 5.702B-02 .000B+00
Breast (xem) .000R+00 .000B+00 8,192R-02 +000B+00
Lungs {rem) .000R+00 .000R+00 3.9398-01 +000EB+00
{Inhalation (%)) [ .00] t .00) [ 89.441 t .00
R.Marrow (rem) +000E+00 .000R+00 6.113E-02 .000E+00
Bone Sur {rem} .000R+00 .000E+00 1.356E-01 .000E+00
Thyroid (zxem) .0008+00 .000E+00 9.1328+01 .000B+00
{Inhalation (%)] { .00] 4 .00]) [ 99.95) 4 +00]
Remaindr {rem) . .000E+00 +000E+00 7.377R-02 +000B+00
Eff D.E, {rem) +000K+00 »000R+00 2,8468+00 .000E4+00
[Inhalation (%)] [ .00} { .00} : [ 98.40] ¢ .00]
TID Thy (rem) .000E+00 .000R+00 1.326E+02 .000R400
RG1109WB {zem) .000K4+00 .000E+00 6.620E-02 +000E+00

The Dose Conversion Factors (DCFs) employed by ELISA-2 are from EPA 520/1-88-020 and EPA 402-R-93-081
(Pederal Guidance Reports 11 and 12), except for TID Thy and RG1109WB, which are as followa:

TID Thy = Classical thyroid inbalation dose based on the TID-14844 DCFs (iodines only)
RG1109WB = Clasaical whole body immeraion dose based on the Reg. Guide 1.109 DCFs
(nobles and halogens only)

The beta dose to alr ip for immersion in an infinite cloud. )

The skin dose includes contributions from gamma radiation (finite cloud), beta radiation (semi-infinite
cloud) and ground contamination, The gkin bata-contribution percentages exclude ground contamination.
Finite-cloud correction, if any, is nuclide specific.

Partial occupancy has beon spplied only to human exposures in Compartment C:

(A 22X m o! mrs mx LA A2 2 222 BN
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CASE# 2 PNPS8 AST - PHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES ~ CR ~ 9000 CFM (INSTANTANEOUS RELEASE FROM SOURCE)

LISTING OF INPUT DATA

PATHWAY OPTION o [ (COMP, A -=> COMP. C)

COMPARTMENT A: Refueling Level
TOTAL FREE AIR VOLUME (cu ft) = 7.000R+05
FILTERED RECIRCULATION RATE (cfm) = .000E+00
LEAX RATE TO ATMOSPHERE (frac/day) = 9.6008+01

COMPARTMENT C: Control Room

. TOTAL FREE AIR VOLUME (cu ft) = 3.4282+04
INTAKE AND EXHAUST RATES (cfm) = 9.000E+03
FILTERED RECIRCULATION RATE (cfn) = .000E+00

FILTER REMOVAL EFFICIRNCIES AND TIMR-DEPENDENT s
MULTIPLIERS PFOR RECIRCULATION RATES, LRAK RATES,

COMP. A FLOW BETWEEN SPRAYED AND UNSPRAYED AREAS,
AND FILTER BYPASS FRACTIONS ARE GIVEN BELOW,

KNO. OF DISCRETE TIME VALUES IN INPUT = 8

INTERMEDIATE RESULTS WILL BE PRINTED AT THR PFOLLOWING TIMES (hxsa):

.0000R+00 A
PROBLEM END TIME (hours) = 7.30008+02

RELEASE RATES AND DOSE RATES ARE PRIOR TO TINE-STEP CHANGES, IF ANY,

ONLY EXACT SOLUTION OF THE DIFPERENTIAL EQUATIONS WAS EMPLOYED IN
THE ANALYSIS.
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CASE# 2 PNPS AST - FYHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES - CR - 3000 CPFM (INSTANTANEOUS RELEASE FROM SOURCE)

RECIRCULATION, EXHAUST AND INTAKE FILTER REMOVAL EFFICIENCIRS (fractions)

COMPARTMENT A RECIRC. COMPARTMENT B RECIRC, COMPARTMENT C RECIRC. EXHAUST TO ATMOSPHERRE INTAXE TO COMPART. C
NUCL, e~e=—ccecesacmmn= —omw -

GROUP FORM 1 PFORM 2 FORM 3 FORM 1 FORM 2 FORM 3

FORM 1 FORM 2 PORM 3 FORM 1 -FORM 2 FORM 3 FORM 1

1 .0000 .0000 .0000 .0000 0000 .0000 «0000 .0000 0000 .0000 .0000 .0000 .0000 .0000 .0000
2 0000 .0000 .0000 .0000 0000 .0000 .0000 .0000
3

.0000 .0000 .0000 .0000 .0000 .0000 .0000
0000 .0000 .0000 0000 . 0000 .0000 .0000

.0000 0000 .0000 .0000 .0000 .0000 .0000 .0000
USER-SPECIFIED CLASSIFICATION OF RADIONUCLIDES AND INSTANTANEOUS FRACTIONHAL FELEASES FROM THE SOURCE (AT T=0)
GROUP E L E M E N T 38 FORM 1 FORM 2 FORM 3

_xe
I

(P
NEF

1.0008+00 «000E+00 «000E+00
2.8350E-03 2.150E-03 «000E+00
.000E+00 +000E+00 .000E+00

ELEMENT %ZZ" STANDS FOR THE REMAINING DATA~LIBRARY ELEMENTS/RUCLIDES ROT LISTED ABOVE, IF ANY,
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CASE# 2 PNPS AST - PHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES - CR - 9000 CFM

TIME INTERVAL

(hourn)

.0000E+00 - 5.0000E-01
5.00008=-01 = 1.0000R+00
1.0000E+00 - 2,0000E400
2.00008E400 - B8,0000E+00
8.0000E+00 - 2.4000R401
2,40008+01 ~ 9,6000E+01
9.6000R+01 -~ 7.2000E+02

TIME INTERVAL

(kours)

.00002+00 - 5,0000E-01
5.0000E-01 - 1.0000E+00
1.00002+00 - 2.0000E+00
2.00002400 - 8,0000E+00
8,0000E+00 ~ 2.4000E+01
2.4000B+01 - 9.6000E+01
9.6000E+01 - 7,.2000E+02

CONCENTR.,
X/Q
{sec/m3)

1,760E-03
1.7602-03
1.7608-03
1.250E-03

4.2608-0¢
3.6708-04
3.150E-04

GAMMA
X/Q
(sea/m3)

1.760BR-013
1.7608-03
1.760E-03
1.2502-03

4.260R-04
3.670B-04
3.150B-04

COMPART A MULTIPLIERS
(IF APPLICABLE)

LEAK RATE

1.000E+00
1.000E+00
1.000E+00
1.000E+00

1.000B+00
1.000B+00
1.000E+00

' REC.FILTER

1.000E400
1.000E+400
1.000E+400
1.000B+00

1.000E+00
1.000R+00
1.000E4+00

DRPOSITION
D/Q
(1/m2)

+000B+00
.0008+00
.000E+00
« 0002400

.000E+00
.000E+00
+000E+00

BRERATHING
RATE
(m3/nec)

3.500B-04
3.5008-04
3.500B-04
3.5008-04

3.500E-04
3.5008-04
3.5008-04

COMPART B MULTIPLIERS
(1F APPLICABLE)

LEAK RATR

1.000%8+400
1,000B+00
1.000E+00
1.000E+00

1.000E+00
1.000E+00
1.000E+00

REC.FILTER

1.000E+00
1.000E2+00
1.000R+00
1.0008+00

1.0008+00
1.0002+00
1.0002+00

© BXH,PILT.

BYPASS
FRACTION

.Q00R+00
, +000E+00
.000E+00
«000E+00

.000R+00
.000E+00
+000B+00

COMPART. C
INT.FPILTER
BYPASS FR.

.000E+00
.0008+00
.000E+00
.000B+00

.000E+00
+0008+00
«000B+00

COMPART C MULTIPLIERS
(IF APPLICABLR)
INTARE/EXR  REC.FILTER

1.0008+00
1.000E+00
1.000R+00
-1,000R+00

1.000E+00
1.000E+00
1.000%+00

1,000E+00
1,000R+00
1.000E+00
1.000E+00

1.000R+00
1.000E+00
1.000E400

28-0Oct~-04 PAGE 29

(INSTANTANEOUS RELEASE FROM SOURCE)

COMPART. C
OCCUPANCY
FACTOR

1.000B+00
1,000E+00
1.000E+00
1.000E+00

1.000E+00
6.000E-01
4.000E-01

FLOW MULT.
SPRAYED AREA
TO UNSPRAYED

1.0002+00
1.000E+00
1.000E+00
1.000E+00

1.000E+00
1.000E+00
1.000R+00
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CASES# 2

ELISA-2

CASE# 2

PNPS AST - FHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES - CR ~ 9000 CPM

NUCLIDE

BR
BR
BR
BR

BR
BR
BR
BR

BR
KR
XR
KR

82M
82
83
84N

84
85
86
87

8s
83M
8sM
85

GROUP

NRNRNR

[SES S N)

[P VRVEC

(ci)

7.8920E+01
2,0420B+02
2.5670E+03
1.3280E+02

4.7330E+03
5.,81508+03
4.35608403
9.9210E+03

1.1300R+04
2,5670E+03
5.8800E+03
8.5510E402

USER-SPECIFIBD SOURCE INVENTORY

NUCLIDE GROUP

KR 87
KR 88
KR 89
KR 90

1128
1129
I1308
I130

I131
I132
I133
I134M

NN HHMR

SIS SN S

(ci)

1.1750E+04
1.6620E+04
2.0960R+04
2.0810K+04

5,702084+02
1.7930R-03
5.40208+02
1.3830E+03

2.7170R+04
2.41108+04
3.4170R+04
€.0740B+03

NUCLIDE

1234
1135
T136M.
1136

XB131M
XR133M
XE133

XE135M

XE135
XE137
XEl3e
XR139

PAGE 30

(INSTANTANEOUS RELRASE FROM SOURCR)

GROUP

s NN

[PV W

(cl)

3.8150B+04
3.1920£K404
9.4460E+03
1.5440K+04

1.9050E+02
1.0520K+03
3.4170E+04
6.8250B+03

1,7440B+04
3.0070E+04
3.0370B+04
2.4470E+04

[LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG, -~ Rel. Version 2,2 May 23,2002) 28-0Oct-04

PNPS AST - FHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES - CR - 9000 CFM

NUCLIDEB

BR
BR
BR

3

BEe 3383

PAGE 31

(INSTANTANEOUS RELEASE FROM SOURCE)

SOURCER INVENTORY FOLLOWING 2.400E+01 HOURS OF RADIOACTIVE GROWTH AND DECAY PRIOR TO RELEASE

82
83
84
83M

GROUP

BRHER O BRNRN

wWWww

(ci)

1,2761E+02
2.4352EB+00
1.1057B-10
9.4445E+00

1.4505E+02
8.5501E+02
2.4729E-02
4.744384+01

3.6297R-11
5.29258+01
1.67318-25

NUCLIDBE

SR 89
I128
1129
I130M

I130
I131
I132
I133

11348
1135
XR131M

GROUP

NN W

neNw

» NN

(cL)

9.01508-01
2,5419E8-15
1.7930B-03
3.6963E-46

3.6147R8+02
2.4926R404
1.7419E+01
1.5357E+0¢

.2.1896B-04

2.5697R+03
1.9606R+02

NUCLIDE

XR133M
XE133
XB135M
XE135

XE138
€813S
C8137
cs8138

c8139
BA137M
BA139

GROUP

WWWE e

wWww

(cl)

9.4669E4+02
3.2865E+04
4.11608+02
9.6050E403

7.77768B-27
6.60148-06
7.29878-03
8.,2337E-10

1.4135R-43
6.9045K-03
1.27008-03
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CASER 2 PNPS AST - FHA -~ BOUNDING BRC - 24 HR DECAY ~ RB VENT RELEASES - CR - 9000 CFM (INSTANTANEOUS RELEASE PROM SOURCE)
"i
T s ,0000R+00 hrs DISTRIBUTION OF RADIOACTIVITY ’
NUCLIDE COMPARTH., CHEM-SPRAY REC.FILTER COMPARTM. REC.FILTER EBXH.PILTER COMPARTHM. INT.FILTER REC.FILTER
A IN COMP, A IN COMP. A B IN COMP. B TO ATMOSP. c T0 COMP, C IN COMP. C
(Ci/m3) (ci) (ci) (Ci/n3) (ch) (cl)y - (Ci/m3) (ci) (ci)
BR 82 3.219E-05 «000E+00 +000E+00 <000E+00 .000E+00 .000E+00 .000B+00 .000E+00 .0008+00
BR 83 6.1438-07 . 000E+00 . 000E+00 «000E+00 +«000B+00 .000K+00 .000E+00 +000E+00 +000B+00
BR 84 2,789%58-17 «Q00E+00 . 000E+00 .000E+0QD «000E+00 .000E8+00 .000E+00 .000E+00 .000E+00
KR 83M 4,765E-04 .000E+00 +000E+00 .000E+00 +000E+00 .000E+00 .000E+00 +000E+00 «000B+00
R 85M 7.3188-03 <000E+00 +000E+00 «000E+00 «000E+00 +000E+00 .000E+00 +000E+00 -000R+00
KR 85 4,3142-02 +000E+00 -000E+00 +.000E+00 .000R+00 <000E+00 -000E+00 -000E+00 +000R+00
KR 87 1.248E-06 . 000E+00 .000E+00 -000E+00 +Q00E+00 .000E+00 .000R+00 «000E+00 .000R+00
KR 88 2.394E-03 .000E+00 +000B+00 +000E+00 +000E+00 +000E+00, -000E+00 . 000R+00 +«000B+00
I128 6.412E-22 .000E+00 .0008+00 +000E+00 .0002+00 .000E+00 +000E+00 «000E+00 .000E+00
I129 4.523E-10 .000E+00 +000B+00 +000R+00 .000B4+00 .000E+00 «0008+00 «000E+00 «000E+00
I130M 9.324E-53 .C00E+00 .000K¥+00 +000E+00 .000B+00 +0008+00 «000R+00 .000E+00 .000R+00
1130 9.118E-05 " +000E+00 .000E+00 .000E+00 «000B+00 .000E+00 .000E+00 +0008+00 .000E+00
I131 6.288R-03 .000B+00 +000E+00 .000E+00 «Q00R+00 .000%+400 +-000E+00 .000E+00 .000B+00
I132 4.3948-06 .0008+00 .G00R+00 -000E+00 .000R+00 .000R+00 -000E+00 «000R+00 +000B+00
I133 3.874E-03 .000E+00 .000E+00 .000E+00 +000B+00 <Q00E+(0 +000E+00 +000E+00 «000E+00
X134 5.5238-11 .000E+00 +000E+00 .000E+00 .000R+00 .0008+00 .000B+00 .000E+00 .000E+00
1135 6.482E-04 +000E+00 .000R+00 .000E+00 .000B+00 .000E+00 +000E+00 +.000E+00 «000B+00
XR131M 9.891E-03 .GO0E+00 .000E+00 .000E+00 0002400 +.000R+00 .000%+00 +000E+00 .000E+00
XE133M 4.7768-02 .000K+00 .000E+00 .000E+00 .000B+00 .000E+00 .000E+00 .000EB4+00 .000E+00
XR133 1.658RB4+00 .000R+00 .000E+00 .000R+00 +000B+00 .000E+00 +000E+00 +Q000E+00 -000B+00
XE135M 2.077E-02 +000E+00 .000B+00 +000E+00 .000B+00 .000E8+00 .000B+00 .000E+00 .000E+00
XE135 4,.846E-01 +0008+00 +.000B+00 +.000R+00 .000R+00 +000R+00 .000E+00 «000B+00 .0008B+00
XB138 3.924E-31 .000B+00 .000R+00 .000E+00 .000E+00 +000E+00 .0008+00 .000B+00 .000B+00
TOTALS
GrROUP 1 2.275E+00 +«000R+00 .000R+00 .0008+00 .000R+00 .0003+00. .C00EB+00 «000E+00 «000R4+00
GROUP 2 1.0942-02 +000E+00 «000R+00 .000E+00 .000E+00 +000R+00 .000R+00 «000E+00 .000E+00
GrROUP 3 +000R+00 «000R+00 .000E+00 .000E+00 .000R+00 .000E+00 .000R400 +000B+00 +000R+00
GRND.TOT 2.285E+00 +000E+00 .000E+00 «000E+00 .000E+00 .000E+00 .000K+00 .0008+00 «000E+00

THE COMPARTMENT VOLUMES (A, B AND C) IN THIS TABLE ARE: 1.982R+04¢ +000E+00 9.707E+02 (m3)




A

AREVA

PNPS - Radiological Consequences of a Design-Basls Fuel Handling Accident
Based on the Alternative Source Term Methodology (2038 MWH) .
Prepared by: John N, Hamawi '

Document ID 32-5052589-01

Page 72

ELISA-2 [LICENSING & SRVERE ACCIDENT RADIOLOGICAL EVALUATIONS ~ ENTECH ENG. - Rel. Version 2.2 May 23,2002]

28-0Oct-04 PACE 33

CASE# 2 PNPS AST - PHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES - CR - 9000 CFM (INSTANTANEQUS RELFASE FROM SOURCE)
T = ,0000E+00 hras RELEASE RATES TO ATMOSPHRRE, INTERVAL RELEASES FROM ,0000R+00 TO ,0000E+00 hrs,
CUMULATIVE RELEASES FROM 0.0 TO .0000E+00 hrs, AND RADIOACTIVE-CLOUD CONCENTRATIONS
WITHOUT DECAY IN TRANSIT WITH .000E+00 hrs IN-TRANSIT DRCAY
HEL, RATE INTRV REL CUML. REL CLOUD CONC REL. RATE INTRV REL CUML. REL CLOUD CONC

NUCLIDE (ci/hr) (ci) (ct) (ci/m3) {Ci/hr) .(ci) (ci) (Ci/m3)
BR 82 2,5528+00 +000E+00 +000R+00 1,248E-06 2.552B+00 Fiooox+oo .000E4+00 1.348E-06
BR 83 4,.870E-02 .000E+00 +000E+00 2.3818-08 4.870E-02 .000E+00 .000E+00 2.381K-08
BR 84 2.211E-12 .000R+00 .000E+00 1.081E-18 2.211E-12 .000R+00 +.000E+00 1.081E-18
KR 83M 3.778B+01 .000E+00 .000E+00 1.8478-0S 3.778E401 +»000E+00 .000E+00 1.8478-05
XR 85M 5.8028+02 +000R+00 +000E+00 2.8378-04 5,802E+02 .000E+00 +000E+00 2.8378-04
XR 83 3.4208+03 .000E+00 +000B+00 1.672%8-03 3.420B+03 .000E+00 .000%+00 1.6728-03
KR 87 9,892E-02 +000R+00 +000E+00 4.836E-08 9.892E-02 .000E+00 «000E+00 4.836E-08
R 68 1.898E+02 +000E+00 .000E+00 9.278R-05 1.898E+02 .000R+00 .000E+00 9.278E-05
11128 5.084B-17 .0008+00 000E+00 2.485E-23 5.084E-17 ", 000E+00 .000E+00 2.4858-23
1129 3.586E-05 .000%+00 +.000E+00 1.7338-11 3.586E-05 +000E+00 .0008+00 1.7538-11
T130M 7.393E-48 .000E+00 +000E+00 3.614E-54 7.393E-48 . 000E+00 +000E+00 3.614E-54
1130 7.229B+00 .000E+00 .000X400  3.534E-06 7.229E+400 .00QE+00 .000K+00 3.534E-06
1131 4.9858+02 +000B+00 .000R+00 2.4378-04 4.9852402 .000R+00 .000R+00 2.437E-04
1132 3.4848-01 +000E+00 .000E+00 1.703R-07 3.484R8-01 .000B+00 .000E+00 1.7038-07
1133 3.0718+402 .000E+00 -000R+00 1.502E-04 3.071E402 .000B+00 «000E+00 1.5028-04
1134 4.379E-06 .000E+00 .Q00E+00 2.141E-12 4.379E-06 ,000E+00 .000X+00 2.1418-12
1135 5.139E+01 +000E+00 +000E+00 2.5138-05 5.139E401 .0D0E+00 .000R+00 2.5138-05
X2131M 7.843E4+02 .000E+00 <000E+00 3.834%-04 7.843E402 0008400 .000E+00 3.8348-04
XE133N 3.787E+03 .000E+00 +000B+00 1.851E-03 3.787E+03 .000R+00 .000B+00 1.851E-03
X133 1.3158+05 .000E+00 .000E+00 6.4288-02 1.315E+05 <000R+00 .000E+00 6.420R-02
XE135M 1.646E+03 .000K+00 .000E+00 8.049E-04 1.6468403 -000E+00 +000B+00 8.049E-04
XEB133 3.842E+04 +000E+00 .000E+Q0 1.878E-02 3.8428+04 .000E+00 .000E+00 1.878E-02
XR138 3.111R-26 .000R+00 .000E+00 1.521E-32 3.111E-26 +000R+00 .000E+00 1.521B-32
TOTALS

GROUP 1 1.803E+05 .0008+00 .0008+00 8.817R-~02 1.803E+05 .000R+00 +,000B+00 8.817E-02
GROUP 2 8.672E+02 +000B+00 +000E+00 4,2408-04 8.6728+02 .000E+00 . 000E+00 4.280E-04
GROUP 3 .000R+00 .000R+00 .000E+00 .0008+00 +000E+00 .000E+00 .0002+00 +000E+00
GRND.TOT 1.8128+05 .000E+00 .000E+00 8.859E-02 1,8138+0S .000E+00 .000E+00 8.859R-02

NOTE: THE ATMOSPHERIC CONCENTRATION OF RADIOACTIVITY IS BASED ON A DISPERSION I’AC’{’OR {X/Q) OF 1.760B-03 (sec/ml)
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CASE# 2 PNPS AST -~ FHA - BOUNDING SRC - 24 HR DECAY ~ RB VENT RELEASES ~ CR - 9000 Crm (INSTANTANEQUS RELEASE FROM SOURCE)
SUMMARY TOTAL RADIATION EXPOSURES (AIR IMMERSION PLUS INHALATION) (CONTINUOUS OCCUPANCY)
COMPARTMENT C ’

Beta Alr Beta Alr Beta Alr Garmma A{r Gamma Alr Gamma Alr "“Tot. S8kin Tot. Skin Tot. Skin
DOSE RATE INTVL DOS CUM. DOSE DOSE RATE IRTVL DOS CUM. DOSE DOSE RATE INTVL DOS CUM. DOSE

T (bhours) (rad/hr) (xad) (rad) {rad/hr) (rad) (rad) (?em/hr) (xrem) (rem)
.0000E+00 .000E+00 .000E+00 .000E+00 .000R+00 .000R+00 .000E+00 " . 000R+00 «000E+00 .000E+00
5.0000E-01 5.1168+00 5.757E+00 S.737E+00 4.923R-02 5.422K-02 5.422E-02 1.420R+00 1.590E+00 1,590B+00
1,0000R+00 7.6818-01 1.131+400 6.888K400 9.387E-03 1.1538-02 6.575E-02 2.249E-01 3.1758-01 1.907B+00
2.0000E400 1.008E-01 2.566E-01 7.1448400 3.103K~-03 4.6308-03 7.0388-02 4.1278-02 8.444R-02 1.992E+00
8.0000B+00 3,5718-02 2,921E-01 7.436E+00 1,152x-03 9.605E~-03 7.9998-02 - 1.478R-02 1.230B-01 2.115E4+00
2.4000E+01 3.082E-03 1.052R-01 7.541E+00 8,0338-05 3.168E-03 8.316E~-02 1,085E-03 4.1328-02 2.156B+00
9.6000E+01 1,043E-04 4,4018-02 7.585E+00 9.843%8-07 8.247R~04 8.398E-02 1,9268-05 1.227E-02 2.168E+00
7.2000B402 1.,126E-06 4.990R-03 7.590E400 1.5908-08 5.753E~05 8,404E-02 2,4928-07 1.002K-03 2.16984+00

Gonads Gonads Gonads Breast Breasnt Broast Lungs Lungs Lungs

' DOSE RATR INTVL DOS CUM. DOSE DOSE RATE INTVL DOS CUM. DOSE , DOSE RATE INTVL DOS CUM. DOSE

T (hours) (rem/hrx) (xrem) (rem) (rem/hr) {rem) (rem) * (rem/hr) (rem) (rem)
.0000E+00 - 000E+00 +000E+00 +000E+00 +000R+00 +000E+00 +000R4+00 .000R4+00 +000B+00 .000E+00
5.0000E~-01 3.867E-02 4.274R-02 4.274R-02 5.6338-02 6§.260E-02 6.260R-02  2.842E-01 3.1858-01 3.185E-01
1.0000E+00 7.108K-03 8.9708-03 5.1718-02 9.770rR-013 1.288E-02 7.548R-02 4,028R-02 6.213R-02 3.8072-01
2,0000E+400 2.153E~-03 3.350E-03 5.506E-02 2,.496K-03 4.236B-03 7.9728-02 2,7128-03 1.1428-02 3.9218-01
8.0000E+00 7.924K-04 6.624E-03 6.169E-02 9.082R-04 7.595E-03 8.731E-02 7.7728~04 6.6208-03 3.987r-01
2.4000E+01 5.410E-05 2.166E-03 6.3858E-02 6.2278-05 2.486R-0) 8,980E-02 5.2478-05 2.1178R-03 4.008R-01
9.6000E+01 4.9248-07 5.293R-04 6.438R-02 6.0278-07 6.,150R-04 9.0418-02 3.544R-07 4.998R-0¢ 4,013E-01
7.2000E+02 5.4188-09 2,345E-05 6.441E-02 7.1378-09 2.977B-05 9.044E-02  3.166E-09 1.6298-05 §.013E-01

R.Marrow R.Marxrow R.Marrow Bone Sur Bone Sur Bone Sur Thyroid Thyroid Thyroid
DOSE. RATE INTVL DOS CUM. DOSBE DOSE RATE INTVL DOS CUM. DOSE DOSE RATE INTVL DOS CUM. DOSE

T (houxrs) {rem/hr) (zem) (rem) {rem/hr) {(rem) (xem) . (zrem/hr) (rem) (rem)
+0000E+00 +0008+00 +000E+00 +000E+00 +000E+00 .000E+00 +000R+00 * . .000R+00 .000B+00 .000E+00
5.0000E-01 4.190B-02 4,646E-02 4.646E~-02 9.287R-02 1.033E-01 1,0338-01 .6.622E401 7.507B+01 7.507E+01
1.0000E+00 7.438E-03 9,634R-03 5.6098-02 1.6008-02 2.1198-02 1,2458-01 8.959K4+00 1,4338+01 8.939E+01
2.,0000E+00 2.044E-03 3.33%E-03 5.943R-02 4.021E-03 6.883E-~-03 1,314B-01 1.6518-01 2.1978+00 9.159E+01
8.00008+00 7.4488-04 6.240R=-03 6.567E-02 1.472E-03 1.226R-02 1.4378-01 :8.0688-06 3.860E-02 9.163K+01
2,40008B+01 4.989R-05 2.024E-03 6.770E-02 1.049E-04 4,074E-03 1,478E-01 5.467R-0S 2.137R-03 9.163E+01
9,6000R+01 3.293E-07 4.667E-04 6.,816E-02 1,440K-06 1,1188-03 1.4898-01 4.5988-07 5.2858-04 9.163R+01
7.20008402 2.691E-09 1.366R-05 6.818K-02 1.257E~08 6.225E-05 1.489E-01 4.636R-09 2,099E-05 ' 9.163E+01
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ELISA-2 [LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG, - Rel. Version 2.2 May 23,2002] 28-Oct-04

CASE# 2 PNPS AST ~ FHA - BOUNDING SRC - 24 HR DECAY -~ RB VENT RELEASES - CR ~ 9000 CFM

SUMMARY
COMPARTMENT C

T (hours)

.0000E+00
5,00008-01
1.0000E4+00
2.00008+00

8,0000E+00
2.4000E+01
9.6000E+01
7.3000B+02

T (hours)

+0000E+00
5.0000E-01
1.00008+00
3.0000E+00

8.0000E+00
2,.4000E+01
9,6000E+01
7.2000K+02

Remaindr
DOSE RATE
(rem/hr)

+«000E+00
5,110E-02
8.682E-03
2.056E-03

7.418E-04
5.005E-08
3.746E-07
3.213E-09

RG1109WB
DOSE RATE
{rem/hy)

+000E+00
4,430E-02
8.521B-03
2.879E-03

1.06918-03
7.3928-05
7.653E-07
6.637E~09

TOTAL RADIATION EXPOSURES (AIR IMMERSION PLUS INHALATION) -

Remaindr
INTVL DO8
(xem)

.000E+00
5.663E-02
1.163E-02
3.635K~03

6.2158~03
2,021%-03
4.7628-08
1.5908-05

RG1109WB
INTVL DOS
{xem)

.000B+00
4.8818-02
1.0408-02
4.2538-03

8.9208-03
2.933E-03
7.4248-04
3.286R-05

Remaindr
CU¥. DOSE
(rem)

.000R+00
5.663B-02
6.8268~02
7.189B-02

7.8118-02
8.013B-02
8,061R-02
89.062B-02

RG1109WB
CUM. DOSE
(remn)

.000B+00
4.881E-02
5.9218-02
6.3468-02

7.238E-01
7.5318-02
7.606E-02
7.609E-02

BEff D.E,
DOSE RATR
(rem/hr)

.000B+00
2.061E+00
2,8078-01
7.168E-03

8.065E-04
5.488E-05
4.710K-07
4.6128-09

Bff D.E.
INTVL DOS
(rem)

+000E+00
2.335E+400
4.465E-01
7.043E-02

7.717E-03
2.202E-03
5.3258-04
2.123B-05

Eff D.E.
CUM. DOSE
{rem)

+000E+00
2.335E+00
2,7828+00
2.852E+00

2.B60E+00
2.862E+00
2.863E+00
2.863R+00

TID Thy
DOSE RATE
(rem/hr)

.000R+00
9.620E+01

-1.300E+01
2.3628-01

'6.0438-12

2.974E-40
+000E+00
+000E+00

PAGE 35

(INSTANTANEOUS RELEASE YROM SOURCE)

(CORTINUOUS OCCUPANCY)

TID Thy
INTVL DOS
{xrem)

«000E4+00
1.091E+02
2.081E401
3.185K+00

4.6198-02
7.667E~-13
6.656R~41

+000B+00

TID Thy
CuUM. DOSE
(rem)

+000B+00
1.091R+02
1.29%E+02
1.331B+02

1.332E+402
1.332E+02
1.332R+02
1.3328+02
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CASE# 2

PNPS AST - YHA -~ BOUNDING SRC - 24 HR DECAY - RB VENT RELEABES - CR - 5000 CTFM

OVERALL SUMMARY

RECEPTOR/ORGAN
Beta Alr (rad)
Gamma Alr (xad)

Tot. skin .(rem)
[Beta Cont. (%)]

Gonads {xrem)
Breasat (xrem)
Lungs (rem)

[Inhalation (%)]

R.Marrow (xrem)
Bone Sur (rem)

Thyroid {(rem)
[Inhalation (%))

Remaindr {rem)

Bf{f D.E. (rem)
{Inhalation (%))

TID Thy (rem)
RG1109%B (xem)

{INSTANTANROUS RELEASE FROM BOURCRE)

TOTAL RADIATION EXPOSURES (AS APPLICABLE) FOR S8CERARIO DURATION (7.2000E+02 hra)

COMPARTMENT A
(Hamispher)

+000E+00
.000E+00

.000B+00
[ .00}

.000B+00
. 000E+00

«000B+00
t .00)

. 000E+00
.000E+00

+000E+00
¢ .00]

. 000E+00

.000E+00
¢ .00)

.000E+00
.000E+00

CONTINUQUS OCCUPANCY

COMPARTMENT B
(Spherical)

+000EK+00
.000E+00

.000E+00
{ .00]

+000B+00
.000E+00

.000R+00
t .00}

+000E+00
.000B+00

.000E+00
{ .00]

.000E+00

.000E+00
[ «00)

.000E+00
.000B+00

L]

COMPARTMENT C
(Remispher)

7.590R+00
8.4048-02

2.1698+00
{ 96.99)

6.4418-02
9.0448-02

4.013%-01
[ 87.84)

6.8188-02
1.4858-01

9.163R+01
[ 99.54]

8,0628-02

2.863B+00
[ 98.15]

1.3328+02
7.6098-02

OFFSITE RECEP.
.00084+00
.000E+00

.000E+00
t .00]

.000R+00
.000E+00

+000E+00
{ .00]

.000R+00
+000E+00

.000R+00
4 .00)

.Q00E+00

.000E+00
t .00]

+000E+00
-000R4+00

The Dose Conversion Factors (DCFs) employed by ELISA-2 are from EPA 520/1-@8;020 and EPA 402-R-93-081
(Federal Guidance Reports 11 and 12), except for TID Thy and RG1109WB, which are as follows:

TID Thy = Classical thyroid inhalation dose based on the TID-14844 DCPs (iodines only)
RG1109WB = Classical whole body immermion dose based on the Reg. Guide 1,109 DCPs

(nobles and halogens only)

The bsta dose to air is for immersion in an infinite cloud.

The skin dose includes contributions from gamma radiation (finite cloud), beta radiation (semi-infinite

cloud) and ground contamination.

Finite-cloud correction, if any, is nuclide specific,

The skin bata-contribution percentages exclude ground contamination.
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ELISA-2 [LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS ~ ENTECH ENG, - Rel. Version 2.2 May 23,2002)

CASES 2 PRPS AST - FHA - BOUNDING SRC - 24 HR DECAY - RB VERNT RELEASEY - CR - 3000 CP¥

SUMMARY
COMPARTMENT C

T (houra)

.0000B+00

. 5.0000E-01
1.0000E400
3.0000E400

8.0000E4+00
2.4000E401
9.6000E+01
7.2000E+02

T (hours)

.00008+00
5.0000E-01
1,0000E+00
2.0000E4+00

8.0000B+00
2.4000E+01
9.6000E+01
7.2000E+402

T (hours)

.0000E+00
5.0000E-01
1.0000E+00
2.0000E+00

8,0000R+00
2,4000E+02
9.6000E+01
7.2000E+02

Bata Alr
DOSE RATE
(rad/hr)

.000B+00
5.116R+00
7.681E-01
1.008E-01

3.571x-02
3.0828-03
1.043R-04
1.126R-06

Gonads
DOSE RATE
(rem/hr)

+000E+00
3.9678-02
7.108E-03
2.153R-03

7.924B-04
S.410E-05
4,924E-07
5.4182-09

R.Marrow
DOSE RATE
{rem/hr)

.000E+00
4.190E~02
7.438E-03
2,044R-03

7.448R~04
4.989B-05
3.2938-07
2,691E-09

TOTAL RADIATION EXPOSURES (AIR IMMERSIOR PLUS INHALATION)

Beta Alx
INTVL DOS
(rad)

+000E+00
5.757R+00
1.131E+00
2.566K-01

2.921r-01
1.052E-01
4.401R-02
4.990R-03

Gonads
INTVL DOS
(rem)

.Q00R+00
4.274E-02
8.970R-03
3.3508-03

6.624E-03
2.166E-03
3.176E-04
$.3808-06

R.Marrow
INTVL DOS
(rem)

«000E+00
4.646E-02
9.634E~03
3.339E-~03

6.240B-03
2,024R-03
2.800R-04
5.462E-06

Bata Alr
CUM. DOSE
(rad)

-000E+00
5.7578+00
6.888K+00
7.144E+00

7.436R8400
7.541E+00
7.5858+00
7.5908+00

Gonads
CUM. DOSE
(rem)

.000E+00
4.2748-02
5.171e-02
S5.506E-02

6,1698-02
6,3858-02
6.417E-02
6.4188-02

R.Marrow
CUM. DOSE
{xem)

.000B+00
4.646E-02
5.609R-02
5.9438~02

6.5678-02
6.770R-02
6.798R-~02
6.798E-02

Gamma Alr
DOSE RATE
(rad/br)

+Q00B+00
4.9238-02
9.3878-03
3.1038-03

1.1528-03
8.033E-05
9.843E-07
1.590E-08

Breast
DOSE RATR
(rem/hr)

.000E+00
5.6338-02
9.770E-03
2,4968-03

9.0828-04
6.227E~-05
6.027E-07
7.137E-09

Bone Sur
DOSE RATE
(rem/hr)

+.000E+00
9.2878-02

1.600E-02"

4.021-03

1.47238-03
1.049E~-04
1.440B-06
1.257K-08

Gamma Alr
INTVL DOS
{xad)

. 000E+00
5.4228-02
1.153R-02
4.630B-03

9.605B-03
3.168E-03
8.247E-04
5.753E-03

Breast
INTVL DOS
{rem)

.000B+00
6.2608-02
1.288R-02
4.236E-03

7.595E-03
2.486E-03
3.630E-04
1,191R-05

Bone Sur
INTVL DOS
(rem)

+000R+00
1.033E8-01
2.1198-02
6.,883E-03

1.2268-02
4,074E-03
6.711E-04
2.490%-05

Gammna Alr

CUM. DOSE .

(rad)

+.000E+00
5.4228-02
6.5758-02
7.0382-02

7.999R-02
8.316x-02
8.398K-02
8.404E-02

Breast
CUM, DOSE
(rem)

«000E+00
6.,260E-02
7.5488-02
7.972E-02

8.7318-02
8.980R-02
9.017R-02
9.018E-02

Bone Sur
CUM. DOSE
(rem)

+Q00E+00
1.0338-01
1.2458-01
1.3148-01

1.4378-01
1.4788-01
1.4848-01
1.4858-01

-Tot. Skin
DOSE RATE
{rem/hr)

+000E+00
1.420R4+00
2.2498-01
4.127R-02

1.4782-02
1,085B-03
1.926E-05
2,492E-07

Lungs

" DOSE RATE

{rem/hr)

.000E+00
2.8428-01
4.0288-02
2.7128-03

7.772%-04
5.2478-05
3.944R-07
3.166B-09

Thyrold
DOSE RATE
{xem/hr)

.000E+00
6,622E4+01
8,.959R+00
1.651R-01

8,.048E-04
5.467R-05
4.598E-07
'4,636E-09

28-Oct-04

PAGE 37

(INSTANTANEOUS RELEASE FROM SOURCE)

{PARTIAL OCCUPANCY)

Tot, Bkin
INTVL DOS
{rem)

.000R+00
1.590B+00
3.175E-01
8.4442-02

1.2308-01
4.132R-02
7.360E-03
4.008E~-04

Lungs
INTVL DOS
(rem)

.000E+00
3.185E-01
6.2138-02
1.1428-02

6.6208-03
2.117E-03
2.999R-04
6.517R-06

Thyroid
INTVL DOS
(xen)

+000E+00
7.507E+01
1.433R+01
2.197R+00

3.860R-02
2,1978-03
3.1718-08
8.396R-06

Tot. Skin
CUM, DOSE
(rem)

«000E+00
1.590E400
1.907E+00
1.992E+00

2,115B+00
2.156E+00
2.163E+00
2,1648+00

Lungs
CuM, DOBE
(rem)

.000R+00
3.185K-01
3.807E-01
3.921E-01

3.9878-01
4.008E-01
4.011E-01
4.0118-01

Thyroid
CUM. DOSE
(xrem)

.000B+00
7.507E+01
8.939R+01
9.1598+01

9,1638E+01
9,163R+01
9.,163E+01
9.1638401
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ELISA-2 [LICENSING & SEVERE ACCIDENT RADYOLOGICAL EVALUATIONS - ENTECH ENG. - Rel, Versiom 2.2 May 23,2002] 28-Oct-04

CASES 2 PRP8 AST ~ FPHA - BOUNDING SRC -~ 24 HR DECAY - RB VENT RELEASES - CR - 9000 CPM

SUMMARY
COMPARTMENT C

T.(houru)

-0000E+00
5.0000E-01
1.0000E+00
2.0000E+00

8.00008B+00
2.40008+01
9.6000E+01
7.2000E4+02

T (hoursa)

. «0000E+00
5.0000R-01
1,0000E+00
2,0000E+00

8,0000E+00
2.4000B+01
9.6000E+01
7.2000E+02

Remaindr
DOSE RATE
(rem/hr)

.000E+00
5.110E-02
8.682E-03
2,056£-03

7.418E-04
S.005E-05
3.746B-07
3.213E-09

RG1109WB
DOSE RATRE
{rem/hr)

+000E+00
§4.4308-02
8.521R-03
2.8798-03

1.069E-03
7.392E-05
7.653R-07
6.637E-09

TOTAL RADIATION EXPOSURES (AIR IMMERSION PLUSB INHALATIdh)

Remaindr
INTVL DOS
(rem)

.000R+00
5.6638-02
1.163E-02
3.635E-03

6.215K-03
2,021E-03
2,857E-04
6.359E-06

RG1109WB
INTVL DOS
(rem)

+000E+00
4.881R-02
1.040R-02
4.253E-03

8.9208-03
2.933E-03
4.454E-04
1.314B-05

Remaindr
CUNM, .DOSE
(rem)

+000E+00
5.6638-02
6.826E-02
7.1892-02

7.8118-02
8.0138-02
8.042B-02
8.0428-02

RG1109WB
CUM. DOSE
(rem)

.000E+00
4.881R-02
5.921R-02
6.346E-02

7.238E-02
7.531-02
7.5768-02
7.5778-02

REf D.R.
DOSE RATE
(rem/hr)

.000E+00
2.061E+00
2.807E-01
7.168E-03

8.065E-04
5.488B-05
4.710E-07
4.6122-09

Eff D.E.
INTVL DOS
(rem)

.000B+00
2.335E+00
4.466B-01
7.043E-02

7.7178-03
2.202E-03
3.195E~-04
8.493R-06

BEf D.B.
CUM, DOSE
{xrem)

+000B+00
2.335R+00
2,782E+00
2.852E+00

2.860E+00
2.862E+00
2.8638+00
2,8638+400

TID Thy
DOSE RATE
{rem/hr)
.000E+00
9.620R+01
1.300E4+01
2.362K-01

" 6.0438-12

2.974E-40
«000E+00
+.000E+00

PAGE 238

{INSTANTANEOUS RELEASE FROM SOURCE)

(PARTIAL OCCUPANRCY)

TID Thy
INTVL DOS
{rem)

.000R+00
1,091E+02
2.081E+01
3,185K+00

4.6198-02
7.6678-13
3,994E-41

.000E+00

TID Thy
CUM, DOSE
(rem)

.000R+00
1.091R+02
1.299BE+02
1.331E+02

1.3328+02
1.332R+02
1.332E8+02
1.3322402
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CASE# 2

PNP8 AST - FHA - BOUNDING SRC - 24 HR DECAY -~ RB VENT RELEASES - CR - 9000 CFM

OVERALL SUMMARY

RECEPTOR/ORGAN

Beta Alr (rad)
Gamma, Alr (rad)

Tot. skin (rem)
{Bata Cont. (%))

Gonads (rem)
Breast (rem)
Lungs (rem)

[Inhalation (%))

R.Marrow (xrem)
Bone Sur (xam)

Thyroid (rem)
[Inhalation (%)]

Remaindx {xem)

Eff D.E. (rem)
{Inhalation (%)}

TID Thy (rem)
RG1109WB (rem)

{IRSTANTANEOUS RELEASE FROM SOURCE)

TOTAL RADIATION EXPOSURES (AS APPLICABLE) FOR SCENARIO DURATION (7.2000E+02 hrs)

COMPARTMENT A
{Hemigpher)

.000R+00
+000E+00

+000R+00
{ .o0]

»OQ00R+00
+000E+00

.000R+00
t .00)

«000E+00
+000E+00

«000B+00
{ .00}

»0002+00

.000R+00
[ .00]

.000E+00
.000R+00

PARTIAL OCCUPARCY
COMPARTMENT B
{Spherical)

.000E+00
.000E+00

+000E+00
[ .00)

.000E+00
.000E+00

.000R+00
( .ool

«000E+00
+000E+00

.000R+00
{ .00}

<000E+Q0

«000E+00
¢ .00]

-.Q00E+00
+000E+00

COMPARTMENT C
(Hemispher)

7.530E400
8.404E-02

2.164B4+00
[ 96.99)

6.4188-02
9.018E-03

4.0118-01
[ 87.89)

6.798B-02
1.4838-01

9.163R+01
[ 99.94]

8,042E-02

2,863R+00
[ 98.16]

1.333E+02
7.577E-02

OFFSITE RECEP.
.0008+00
<000E+00

.000R+00
t .00}

.0008+00
»000E+00

.000B+00
4 .00]

.0008+00
.000B+00

.000E+00
[ .00]

.000B+00

.000E400
{ .00}

.000E+00
-000E+00

The Dose Conversion Factors (DCF8) employed by ELISA-2 are from EPA 520/1-88-020 and EPA 402-R-93-081
(Federal Guidance Reports 11 and 12), except for TID Thy and RG1109WB, which are as follows:

TID Thy = Clasasical thyroid inhalation dose based on the TID-14844 DCPa {iodines only)
RG1109¥B « Clasgical whole body immersion dose based on the Reg. Guide 1,109 DCPa

(nobles and halogéns only)

The beta dose to air is for immersion in an infinite cloud.
The skin dose includes contributions from gamma radiation (finite cloud), beta radiation (semi-infinite

cloud) and ground contamination,

Finite-cloud correction, if any, iz nuclide specific. )
Partial occupancy has been applied only to human exposures in Compartment C,

(A2 222X ])

\AAAAT IR ]

END OF THIS CASE

END OF ANALYSIS

’

(22222 X22]

shacdbdbodane

The skin beta-contribution percentages exclude ground contamination.
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ELISA-2 Run Case #B - Main Output File
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ENTBCH ENGINERRING, INC., WESTBOROUGH, MA

RELEASE VERSION/LEVEL..: Version 2.2
RELEASE DATE .(ccssovsssel Hﬂy 23,2002

PROBLEM SUBMITTED ON ..s: 28-Oct-04 17145343

INPUT PILE .eccenvevcvesd ©lisal-FPHA-EAB.ell
DATA LIBRARY PILE .,¢sst /SCL/elisa2-2.2/elisa2-2.1ib
OUTPUT PILE .cs0sevcsss’ ©lisa2-FEA-EAB.el2
PHOTON SPECTRA FILE #1 : elisa2-FHA-EAB,el3
PHOTON SPECTRA PILE #2 1 elisa2-FHA-RAB.eld
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FLISA-2 (LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECR ENG. - Rel, Version 2.2 May 23,2002) 28-Oct-04 PAGE 1

INPUT DATA LISTING

Line 1 2 3 4 5 6 7 T8 9 10 11 12

Seq. 123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890
1 PNPS AST - FHA - BOUNDING BRC - 24 HR DECAY - RB VENT RELEASES - EAB
10002 3 6 8 1 0 NNYNNN R KRN YYYYYy
3 10003 0 1.0  24.0 0.0 0.0
¢ 10004 3 0 0
5 1 1.000E4+00  .GOOE+00 .000R+00 KR X8
6 2 2.850E-03 3.150E-03 ,000%+00 BR I
7 3 0.000E+00  .000E+00 .000E+00 zz
8 10006  -1.000E+00  .0COE+00
9 BRS2 2.042B+402 BR82M  7.892E+01 BRE3 2.567E+03 BRE4 4.733E+03
10 BR84M  1.328E+02 BR85S 5.815R+03 BRS6 4.356E+03 BRA7 9.921R+03
11 BRBS 1.130E+04
12 . rias 5.702E+02 X129 1.7938-03 1130 1.383E+03 I130M  5.402E+02
13 7111 2.7172+08 T132 2.411E+04 T133 3.4178+04 T134 3.8152+04
14 Y134M  4.074E+03 T1315 3.1828404 1136 1.544R+0€ T1368  9.446E+D3
15 KRBIM  2,.567E+03 KR8S 8.551%402 XROSM  S,BH0E+03 KR8? 1.175E404.
16 KR8 1.6622+0¢ KRO9 2.096E+04 XRI0 2,081E+04
17 - XEL31M  1.905E+02 XX133 3.417E+04 XE133M  1.052E+03 XE135  1.744E+04.
18 XE135M  6.825E+03 X®137 3.0072404 XE138  3.037E+04 XE139  2.447B+04
19 10007 2 7,0B+405 96,0 0.0 0.0 0.0 0.0 'Refueling Leval®
20 10010 4
21 0.0 0.5 1.0 2.0
22 10018 2
23 0.0 7.479E8-04
2t 10019 1
25 0.0 3.199E-04
26 10021 1
27 0.0 3.58-04

28 99999
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ELISA-2 [LICENSING & SEVERR ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG. « Rel,. Version 2,2 May 13,2002)

Line
Seq.

[

DATA LIBRARY PARTIAL LISTING

1 2 3 [ 5 [ 7 8

9

28-0Oct~-04 PAGE 2

11 12

1234567850123456768901234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890

ELISA=2 DATA LIBRARY - BASED ON ORIGEN-2 AND FEDERAL GUIDANCE REPORTS 131 AND 12
RELEASE DATE: 6/28/2004
REMARKS (8TART)
Source inventories are in Ci for the power level mpecified for each plant.
Decay constants are in inverse hours.
The entry line following the decay chains includes the decay constants
for each of three members (parent (P), daugher (D) and granddaughter
(G)], and the branching fractions (P-D), (D-G) and (P-G).
Alr immersion DCFs are in [((Bv or Gy)})/s)/(Bq/ml)], for semi-infinite cloud
Ground-shine DCFa are in [({Sv or Gy})/s)/(Bq/m2)}] (surface contamination).
Inhalation DCPs are in (Sv/Bg)]).
The inhalation DCP's are for the Lung Clearance Class which yields the
highest Effactive Doseée Equivalent (Rff D.E.); the clams ig identifiled.
Negative DCF entries imply 'data not available’,
ORGAN 'TID Thy' = Thyrold inhalation based on TID-1484¢{ -~ Iodines only.
ORGAN 'RG1109WB’ = Whole body gumma dosme using the Reg. Guide 1,109 DCFs.
S8kin DCFs are included along with the organ DCPs, but skin is not
considered as an organ.
6/38/2004
Added beta NeV/dis for BR85S, KR89, KR90, RMI0M, RB90, X136, Xel37 & C8-139
[Baged on Kocher, DOR/TIC-11026, Radioactive Decay Data Tables (1981)
READ YORMATS FOR THE RADIONUCLIDE DATA BASE

Line 1 Nuclide name and source inventories (d4x,a6,10x,4012.3)
(Note: Nuclids sequence No. is not used)

Line 2 Header (a80)

Line 3 Decay chain (3 members) {9%,3(ab6, 6x))

Line 4 Decay constants & branching fractions (8x,6612.3)

Line -1 Header . (a80)

Lines 6-9 18 ORIGEN-2 photons and 1 ICRP-38 beta (8x,6a12,3)

Line 10 Header (a80)

Lines 11-16 Dose conversion factors (8x,6e12.3)

END REMARKS
GENERAL DATA BASE

10 [ORGAN NAMRS - READ FORMAT (11x,6(n8,4x))})
Gonads Breast Lungs R.Marrow Bona Sur Thyroid
Remaindr E{f D,E. TID Thy RG1109WB (8kin)

4 (Power plants and power lavels (MWt) - READ FORMAT (11x,a20,1x,e12.3)

PWR (33 GWD/MT 3.2%) - 1.000E+00
PWR (50 GWD/MT 4.2%) 1.000R+00
BWR (27.5 GWD/MT 3%) 1.0008+400
BWR (40 GWD/MT 3.4%) 1.000R+00
18 [ORIGEN-2 upper l1limit energy in each gamma group (MeV) (8x,6e12,3)}]
2.000R-02 3.0002-02 4.500E-02 7.000B-02 1,0002-01 1.500B-01
3.000E-01 &4.,500E-01 7.000E-01 1.000E+00 1.500E+00 2.000E+00
2,500E+00 3.000K8+00 4.000E+00 6.000ER+00 8.000E+00 1.1008+01

vVaLi
vaL2
vaul
varLi
varl
V2Ll
vaL1
VaLli
vaLl
var1
VaL1
V2L1
vari
vaLli
v2ri
V2Ll
vaLi
vaLi
vaLn2
viL2
vaL2
vaul
vaL1i
vaLi
vaLi
vaLl
vaLl
V2Ll
vaLl
varl1
vaLnli
varl1
varl
vaLl1
vaLl
vari
V2Ll
vanl
vani
vaLli
vaLl
vanli
vanl
vani
van

WHNNAL oW
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46
47
48

3 Factors to convert data library DCFs to proper units, as shown
1.0 Convert air immsrsion DCPF to [{(8v or Gy)/s)/(Bg/md)}
1.0 Convert ground shine DCP to [((8v or Gy)/s)}/(Bg/m2)]

vaLi
varl
vanl

(&
4
45

ELISA-2 [LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG. - Rel, Version 2.2 May 23,2002] 28-Oct-04 PAGE 3

DATA LIBRARY PARTIAL LISTING

1 2 3 4 -1 6 8 9 10 11 12

123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890
1.0 Convert inhalation DCPF to [Sy/Bq] varl 46
18 Alxr gamma DCPF for semi-infinite monoener. cloud asrc [(Gy/s)/(Bg/m3)] V2Ll 47
6.676R-16 1.669B-15 2.503R-15 3.839E-15 5.674E-15 8.3458R~-15 V2L1 48
1.5028-14 2,503E-14¢ 3.839B-14 5.874B~-14 8,.34SR-14 1.1688-13 V2Ll 49
1,5028-13 1,.836E-13 2.337BR-13 3.3388-13 4.6738-13 6.3428-13 Varnl 50
18 Aly gammna DCF for monoeneryg, ground-surface sourca [(Gy/s)/(Bg/m2)} varLr 51
1,829E-16 1.493E-16 9.8358-17 8.181K8-17 9.767B~17 1.4368-16 V2Ll 32
2.760E-16 4.7858-16 7.3188-16 1.050R-1S 1.457R-15 1.910E-15 V2Ll 53
2,3258-15 2.710R-15 3.243E~15 4.194R8=-15 5.386R-15 6.7598-15 V2Ll 54
18 8kin gamma DCP for semi-infinite monoener. cloud src [(8v/s)/{Bg/m3)] varl S5
1.138B-16 7.690R-16 1.467E-15 2.717E-1S &.416R-1% 6.737E-1% V2Ll S6
1.2398-14 2,073E-14 3.193R-14 4.7548~-14 7.108R-14 1.0128~13 V2Ll 57
1.317B-13 1,624E~13 2,089E-13 3.030E-1)3 4.3058-13 5.9228-13 V2rL1 58
RADIONUCLIDE DATA BASER vaLl 59
1 H 3 (Src ci) 1.471E+401 2,186B+01 1.744R+01 2.5368+01 vaLl1 60
Decay chain, decay constants and branching fractions vaLl 61
H 3 : vari 62
6.40320E-06 .00000B+4+00 .CO0000E+00 .000E+00 +000B+00 .000E+00 V2Ll 63
ORIGEN-2 18-group phot/dis, and ICRP-38 betas (MeVv/disg) varl 64
. 0008400 .000E+00 .000E+00 .000R+00 +000R400 .000E+00 V2Ll 65
+O000R+00 .000R+00 .000E4+Q0D .000B+00 .000E+00 +000E+00 VaLl 66
.000E+00 +000E+00 +000E+00 +000R+00 .000E+00 .000E+00 VaL1 67
5.600R-03 vaLl 68
ICRP-38 Organ DCFs - Alr immer, Grnd shine, Inhal/Class Vv varl 69
+000E+00 .000B+00 2,750E-18 +000B4+00 .000E+00 .000E+00 V2L1 70
+000R+00 3.3102-19 .000E+00 .000B4+00 .000R+00 varLi 71
+000E+00 .000R+00 .000R4+00 +000E+00 +000E+00 .000%+00 V2Ll 72
+000B+00 .000R+00 .000E+Q0 .000%4+00 .000R+00 varni 73
1.730E-11 1.7308-11 1.730E-11 1.730-11 1.730B-11 1.730E-11 VALl 74
1.730E-11 1.730B~11 .000K+00 .000B+00 vaLl 75
2 C 14 (8xc Cl) 3.125E-06 4.7238-06 3.772E-06 5.467E-06 vaLli 76
Decay chain, decay conatants and branching fractionsa varl 17
C 14 vaLl 78
1.38016E-08 .00000E+00 .Q00000E+00 +000E+00 +000R+00 .0008400 V2Ll 79
ORIGEN-2 18-group phot/dis, and ICRP-38 betasx (MaV/dis) vaLl 80
.000E+00 - ,000R+00 .000E+00 .000R4+00 .0008+00 .0008+00 V2Ll 81
+000B+00 .000R+00 .000E4+00 .000E+00 +000E+00 .000E+00 V2L1 82
+000E+00 .000E+00 .000K+00 .000E+00 +000R+00 .000E+00 V2Ll 83
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87 4.9408-02 vanl 8é
88 ICRP-38 Organ DCFs -~ Alr immer, Grnd shine, Inhal/Class ¢ vaLl 85
89 2.590R-19 3.520R-19 1.530E-19 1.210B-19 7.060E=-19 2,190B-19 V2L1 86
S0 1,.5408-19 2,240R8-19 .000E+00 .000E+00 2,430E-16 vaLi 87
91 2,220E-20 2.520E-20 8.650E-21 7.250E-21 4.630E-20 1.250BE-20 V2Ll 88
92 1.030E-20 1.610E-20 .000E+00 .000E+Q0 7.460E-20

v2L1T 89

{(co.. otc,, for a total of 414 radionuclides ....).

ELISA-2 [LICENSING & SEVRRE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG, - Rel, Version 2.2 May 23,2002] 28-Oct-04 PAGE 4

CASER# 1

PNPS AST ~ FHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES - EAB

LISTING OF INPUT DATA
PATHWAY OPTION w 3 {COMP. A --> SITR)

COMPARTMENT A: Refueling Lavel
TOTAL FREE AIR VOLUME (cu ft) =
FILTERED RECIRCULATION RATE (cfm) =
LEAK RATE TO ATMOSPHRRER (frac/day) =

FILTER REMOVAL EFPICIENCIES AND TIME~DEPENDENT
MULTIPLIERS FOR RECIRCULATION RATES, LEAK RATES,
COMP, A FLOW BETWEEN SPRAYRD AND UNSPRAYED ARRAS,
AND FILTER BYPASS FRACTIONS ARE GIVEN BRLOW,

RO, OF DISCRETE TIME VALUES IN INPUT =

{(INSTANTANRQUS RELEASE FROM SOURCE)

7.000E+05
" «000B+00
9.600E+01

4

INTRRMEDIATE RESULTS WILL BE PRINTED AT THE FOLLOWING TINES (hra):

.Q000E+00

PROBLEM END TIME (hours) =

2.0000R+00

RELEASE RATES AND DOSE RATES ARE PRIOR TO TIME-STEP CHANGES, IP ANY.

ONLY- EXACT SOLUTION OF THE DIFFERENTIAL EQUATIONS WAS EMPLOYRD IN

THE ANALYSIS,
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ELISA-2 [LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS = ENTECH ENG. - Rel. Version 2.2 May 23,2002) 28-Oct-04 PAGE 5
CASE# 1 PNPS AST - FHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES - EAB ’ ({INSTANTANEOUS RELRASE FROM SOURCE)

RECIRCULATION, EXHAUST AND INTAKE FILTER REMOVAL EFFICIENCIRS (fractions)

COMPARTMENT A RECIRC. COMPARTMENT B RECIRC. COMPARTMENT C RECIRC. mmsé TO ATHMOSPHERE INTAKE TO COMPART. C

NUCL. - - - eeea LY T ChaererTEeeRe SecsncEEscesemvess coser woow -

GROUP FORM 1 PFPORM 2 FORM 3 FORM 1 FORM 2 FORM 3 FORM 1 FORM 2 FORM 3 FORM 1° FORM 2 FORM 3 FORM 1 FORM 2 FORM 3

1 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
2 .0000 .0000 .0000 .0000 .0000 +0000 .0000 0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 "
3 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 0000 .0000 .0000

USER-SPECIPIED CLASSIFICATION OF RADIONUCLIDES AND INSTANTANEOUS FRACTIONAL RELEASES PROM THE SOURCE (AT T=0)

GROUP R L E M E N T 8 FORM 1 FORM 2 FPORM 3
1 KR XE 1,000B+00 «000E+00 +000E+Q0
2 BR I 2.850R-03 2.1508-03 +000E+00
3 zz

.0008+00 .000E+00 .000R+00

ELEMENT *2Z" STANDS FOR THE REMAINING DATA-LIBRARY ELEMENTS/NUCLIDES NOT LISTED ABOVE, IF ANY.
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ELISA-2 [LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG, - Rel, Version 2.2 May 23,2002] 28-Oct-04 PAGE 6

CASER 1  PNPS AST - FHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES - EAB {INSTANTANEOUS RELEASE FROM SOURCE)

TIME INTERVAL CONCENTR. GAMMA DEPOSITION BREATHING EXH.FPILT. COMPART. C COMPART. C
X/Q x/Q D/Q RATE BYPASS INT.FILTER OCCUPANCY
{houra) (sec/m3) (sec/m3) (1/m2) (m3/86c) FPRACTION BYPASS FR. FACTOR
«0000E+00 - 5.0000E-01 7.479E-04 3.1992-04 -000E+00 3.500E-04 .000B+00 .000E+00 1.000E+00
5.0000E-01 - 1,0000E4+00 7.479E-04 3.199E-04 .000E+00 3.500E-04 +000B+00 .000E+00 1.000E+00
1.0000E+00 - 2.0000E+00 7.479R-04 3.199E-04 .000E+00 3.500E-04 +000E+00 +000E+00 1.000E+00
TIME INTERVAL COMPART A MULTIPLIERS COMPART B MULTIPLIERS COMPART C MULTIPLIERS FPLOW MULT.

{(IF APPLICABLE)

(I¥ APPLICABLE)

(IF APPLICABLE)

SPRAYED AREA

(hours) LEAK RATE REC.FILTER LEAK RATE REC,FILTER INTAKR/EXH REC.FILTER TO UNSPRAYED
.0000E+00 ~ 5.0000E-01 1.0008+00 1.000E+00 1.000E+00 1.000E+00 1,000E+00 1.000E+00 1.0008+00
5.0000E-01 - 1,0000%+00 1.000%+00 1.00084+00 1.000E+00 1.000E+00 1.000E+00 1,000E+00 1.0008+00
. 1.00002+00 - 2.0000B+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.0008400 1.000E400 1.0008+00

ELISA-2 [LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG. - Resl. Varasion 2.2 May 23,2002) 28-Oct-04 PAGE 7

CASER 1 PNPS AST - FHA ~ BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES - EAB {INSTANTAKEOUS RELEASE FROM SOURCE)
USER-SPECIFIED SOURCE INVENTORY

NUCLIDE  GROUP (ci) NUCLIDE GROUP (ci) NUCLIDE  GROUP (ci)

BR 82M 2 7.8920E+01 KR 87 1 1.1750E+04 I134 2 3.8150E+04
BR 82 2 2.0420E+02 KR 88 1 1.6620E+04 I135 2 3.1820E+04
BR 83 2 2.5670E+03 KR 89 1 2.0960E+04 I136M 2 9.4460R+03
BR 84M 2 1.3280E+02 KR 90 1 2.0810K+04 I136 2 1.54402+04
BR 84 2 4.7330E+03 Ii28 2 5.7020E+02 XE131M 1 1.90508+02
BR 83 2 5.8150E+03 Ii29 2 1.7930E-03 XE133M 1 1.0520E+03
BR 86 2 4.3560K+03 I130M 2 5.40208+02 Xe133 1 3.4170B+04
BR 87 2 9.92102+03 1130 2 1.3830B+03 XE1358 1 6.8230E+03
BR 88 2 1.1300B404 1131 2 2.7170R+04 XE135 1 1,7440E+04
KR 83M 1 2.5670E+03 1132 2 2.411024+04 XE2137 1 3.0070E+04
XR 85M 1 5.8800E+03 I133 2 3.4170E+04 XE138 1 3.0370E+04
KR 85 1 8.5510E+02 I134M 2 4.0740B403 XEL139 1 2.4470K+04
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CASE# 1

PNP8 AST - FHA - BOUNDING SRC ~ 24 HR DECAY - RB VENT RELEASES - EAB

NUCLIDE

3883

(INSTANTANEOUS RELEASE FROM SOURCE)

SOURCE INVENTORY FOLLOWING 2.400E+01 HOURS OF RADIOACTIVE GROWTH AND DECAY PRIOR TO RELRASE

82
83
84
83M

GROUP

-

PR

WWww

(ci)

1,2761R+02
2,4352R+00
1.10578-10
9.4445R+00

1.4505R+02
8.5501R+02
2.4729R-02
4.7443R+01

3.6297R-11
5.2925R+01
1.6731Rr-25

NUCLIDE GROUP

SR 89
I128
I129
I130M

I130
I131
1132
I133

I134
I135
XR131M

SRS NRNNW

NN

(ci)

9.0150E-01
2.54198-15
1.79308-03
3.6963R-46

3.61478+02
2.4926E4+04
1.74198+01
1.5357B+04

2.1896E-04
2,5697E+03
1.9606ER+02

NUCLIDE

XE133M
X2133
XB1358
XE13S

XE138
€913S5
©8137
c8138

C8139
BA137H
BA139

GROUP

W e

wWw

(ci)

9.46698+02
J.2869R+04
4.116084+02
9.60508+03

7.7776~27
6.6014ER-06
7.2987R~-03
8.23378-10

1.41358-43
6.9045R-03
1.2700E-03
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ELISA-2 [LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECR ENG, - Rel, Vefaion 2.2 May 23,2002] 28-Oct-04 PAGE

CASES 1

Tn

+0000E+00 hrs

NUCLIDE

TOTALS

GROUP 1
GROUP 2
GROUP 3

GRND, TOT

THE COMPARTMENT VOLUMES (A AND B) IN THIS TABLE ARE:

COMPARTH.
A
(Ci/m3)

3.2198-05
6.143E-07
2.7898-17
4.7658-04

7.3188-03
4.3148-02
1.248R-06
2.394x-03

6.412R-22
4,.523r-10
9.3248-53
9.118E-05

6.288E-03
4.394E-06
3.874E-03
5.523E-12

6.4828-04
9.891E-03
4.776-02
1.6582+00

2,077E-02
4.846E-01
3.924r-31

2,275E+00
1.094R-02
.000B+00

2.2858+00

DISTRIBUTION OF RADIOACTIVITY

CHE¥~SPRAY
IN COMP. A

(c1)

.000E+00
+000E+00
.000E+00
.000R+00

.000R+00
-000E+00
.000E+00
.000R+00

.000E+00
.000K+00
+000E+00
-000E+00

+000R+00
.000R+00
+000E+00
.000E+00

»000E+00
.000B+00
.000E+00
.000K+00

.000K+00
+O00R+00
.000R+00

.000R+00
.000R+00
«000E+00

+000E+00

REC.PILTER COMPARTHM,

IN COMP.
{ci)

.000E+00
.000E+00
.000E+00
.000E+00

.000E+00
.000B+00
.000E+00
.000E+00

.000E+00
«000E+00
+000B+00
.000E+00

.000K+00
.000E+00
+0008+00
.000E+00

«000E300
.000E+00
.000E+00
.000K+00

.000E+00
+000B+00
+.000E+00

.000B+00
.000B+00
.000R+00

.000BR+00

PNPS AST - FHA - BOUNDING SRC - 24 AR DECAY -~ RB VENT RELEASES - EAB

REC.PILTER

A B IN COMP. B
{ci/m3) (ciy
.000E+00 .000E+00
.000X+00 .000E+00
.000E+Q0 LO000E+00
+000E+00 .000E4+00
.0002+00 +000E+00
.000E+00 .000E+00
.000E+00 .000R+00
L000B+00 .000E+00
.000E+00 .000%+00
L000E+00 .000B+00
.000E+00 .000R+00
.000E+00 »0008+00
.000E+00 .000%+00
.000E+00 .000E+00
.000R+00 +000%+00
.0002+00 .0002+00
.000E+00 .000B4+00
.000E+00 +000E+00
.000E+00 .CODE+00
.000E+00 .CO0E+00
.000E+00 .000E+00
.000E+00 +000R+00 .
.000E+00 .0008+00
.000E+00 .000E+00
.000R+00 .000E+00
.000E+00 .D0OR+CO
.000E+00 .000R+00

1.9828+04

(INSTANTANEOUS RELEASE FROM SOURCE)

EXH.FILTER
TO ATHOSP,
(cl)

.Q00R+00
.000R+00
.0008+00
+000E+00

.000E+00
.000B+00
.000B4+00
.000E+00

.000R+00
.000E+00
.000E+00
.000E+00

.000E+00
.000E+00
+000E+00
.000E+00

.000E4+00
.000E+00
.000E+00
.000B+00

.000R+00
.000E+00
.000K+00

.000K+00
.000R+00
.000E+00

.000R+00

+000E+00 (m3)

OFFSITE
GROUND DEP
{ci/m2)

+Q00E+00
+000E+00
«000R+00
+000E+00

.000E+00
.000R+00
.000E+00
.000R+00

.000B+00
.000X+00
.000E+00
.000E+00

.000B+00
.000E+00
+000R+00
.000E+00

.000E+00
.000R4+00
.000B+00
.000R+00

.000R+00
.000R+00
.000B+00

«000E+00
.000E+00
.000E+00

«0008+00
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CASEf# 1 PNPS AST - FHA - BOUNDING SRC =~ 24 HR DECAY - RB VENT RELEASES - EAB (INSTANTANEOUS RELEASE FROM SOURCE)

T = ,0000%+00 hrs RELEASE RATES TO ATMOSPHERE, INTERVAL RELEASES FROM .0000B+00 TO ,0000E+00 hrs,
CUMULATIVE RELEASES FROM 0.0 TO ,0000E+00 hrs, AND RADIOACTIVE-CLOUD CONRCENTRATIONS
WITHOUT DECAY IN TRANSIT WITR .O00R+00 hrs IN-TRANSIT DECAY
REL. RATE INTRV REL CUML. REL CLOUD CONC REL. RATE INTRV REL CUML., REL CLOUD CORC

NUCLIDER (Ci/hr) (ci) (ci) {Ci/m3) {Ci/hr) (cl) (cl) (Ci/m3)
BR 82 2.552E+00 +000E+00 +000E+00 5.302E-07 2.552E400 .;0003400 +000R+00 5.3028-07
BR 83 4.870E-02 .000R4+00 .000R+00 1,.012x-08 4.870E-02 .000B+00 +000R+00 1.012E-08
BR 84 2.211E-12 +000E+00 .000E+00 4.5%4E-19 2.211R-12 .0008+00 +O000R+00 4,594E-19
KR 83M 3.778E4+01 .000E+00 .000B+00 7.848E-06 3.778R+01 +000E+00 +000E+00 7.848E-06
KR 85M 5.802R+02 .000E+00D .0008+00 1.205E-04 5.8028+02 .000K+00 .0008+00 1.2058-04
KR 85 3.420E+03 +000R+00 . 000E+00 7.105E-04 3,420E8+03 +000E+00 .000E+00 7.1058-04
KR 87 9.892E-02 .000E+00 +000B+00 2.055E-08 9.892K8-02 +000B+00 .000E+00 2,055B-08
KR 88 1.898E4+03 .0D0E+0D 0008400 3.943E-05 1.898R+02 .000E400 .000E+Q0 3.943R-05

1128 5.084E-17 .000E+00 .000E+00 1,056E-23 5.084R-17 , +000E+00 +000E+00 1.056B-23

I129 3.586E-05 +000E+00 .000E+00 7.450R-12 3.586E-05 - +000E+00 .000R+00 7.450B=-12

I130M 7.393E-48 +000E+00 .000B+00 1.536E-54 7.393R-48 .000E+00 .000E+00 1.5362754

1130 7.229E+00 .000E+00 . 000B+00 1.502E-06 7.229E+00 .000E+00 .000E+00 1.502E-06

T131 4.985E402 .000E4+00 .000E+00 1,036E-04 4.985E8+02 .000E4+00 .000E+00 1.036E~04

I132 3.484E-01 .000%+00 .000R+00 7.238E-08 3.4842-01 .000E+00 +000B+00 7.238R-08

I133 3.071E+02 .000E+00 +000E+00 6.381E-05 3.071%+02 «000E+00 +000E+00 6.381E-05

I134 4.379E-06 +000E+00 .000B+00 9.098E~-13 4,3798-06 ‘* LO000E+00 .000E+00 9.,098E8-13

I135 5.,139E+01 <000E+00 .000R+00 1.068E-05 5.1398+01 .000E+00 .000E+00 1.068R=05
XE131M 7.843E402 .000E+00 .000E+00 1.629E-04 7.8438+02 .000E+00 .000E+00 1.6298-04
‘XE133M 3.787E+403 .000E+00 .000B+00 7.867E-04 3.7878+03 .000E+00 +000B+00 7.867E-04
X2133 1.315E405 +000E+00 . 000E+00 2.7312-02 1.31358405 +000R+00 .000B+00 2.731E-02
XB135M 1.646E+03 .000E+00 +000E+00 3.420R-04 1.646E+03 +000E+00 +000E+00 3,420E-04
XB135 3.842E+04 .000K400 +000E+00 7.9828-03 3.842E+04 +000B+00 .000E+00 7.982E-03
XE138 3.111E-26 .000E+00 .000B+00 6.463E-33 3.111E-26 +000B+00 .000E+00 6.463E-33
TOTALS
GROUP 1 1.803E+05 .000R+00 .000B+00 3.7478-02 1,803R+05 " . 000E+00 .000R+00 3.7478-02
GROUP 2 8.672E+402 +000B+00 +000E+00 1,802x-04 8.6728+02 . »000E+00 .000E+00 1,.802R=-04
GROUP 3 .000B+00 .000R+00 .000E+00 .000E+00 .000E+00 .000E+00 .000E+00 -000E+00
GRND.TOT 1,812E+05 +000E+00 .000E+00 3.7658-02 1,812E+05 i .000E+00 +000E+00 3,.765E-02

]
NOTE: THE ATMOSPHERIC CONCENTRATION OF RADIOACTIVITY IS BASED ON A DISPERSION FACTOR (X/Q) OF 7.479E-04 (mec/m3)




A

AREVA

PNPS - Radiological Consequences of a Design-Basis Fuel Handling Accident
Based on the Altemative Source Term Methodology (2038 MWH)
Prepared by: John N. Hamawi

Document ID 32-5052589-01

Page 90

ELISA-2 [(LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG. - Rel. Version 2.2 May 23,2002] 28-Oct-04 PAGE 11

CASEd 1

PNPS AST - FHA ~ BOUNDING SRC -~ 24 HR DECAY - RB VENT RELEASES - EAB

T = ,0000E+00 hrs
OUTDOOR RRCEPTOR

NUCLIDE

BR 82
83
84
83M

383

35M
85
87
88

87

B 3743

Iias
Ii29

I130M
I130
1131
1132

1133

I134

I135
XE131M

XE133M
XB133
XE135K
XR135

XE138
Cs813%
cs8138

Beta Alr
DOSE RATE
(rad/hr)

1.31182-04
5.7821R-06
1.0042-15
5.402E-04

5.473R-02
3.1658-01
4.839E-05
2.554B-02

.000R+00
«000B+00
1.4058-20
8.453R-10

.000E+00
7.938E-04
3.531B-02
6.375B-05

4.659E-02
1.007R-09
6.969-03
§.167R-02

2.690B-01
6§.5922+00
5.931B-02
4.503E+00

7.731E-30
«000E+00
+000E+00

Bata Alr
INTVL DOS
(rad)

+000E+00
+000E+00
+000E+00
+000E+00

«000E+00
+000E+00
.000E+00
. 000E+00

.000R+00
.G00E+00
.000R+00
.000E+00

.000R+00
.000E+00
.000E+00
+000E+00

.000E+00
.000E4+00
+~000B+00
+»000E+00

-000B+00
.000E+00
-000EB+00
. 000R+00

.000E+00
+000R+00
+O00E+00

EXTERNAL RADIATION EXPOSURE DUE TO AIRBORNE RADIOACTIVITY
(INTERVAL DOSES ARE FROM .00002+00 TO .0000E+00 hxw)

Gamma Air
DOSE RATRE
. {xad/hr)

5.325E-04
2,878E-08
3.123B~16
7,691E-06

7.2498-03
5.9682-04
6,.196B-06
2.931-02

+.Q00E+Q0
.000R+00
3.423R-22
6.991E-11

6.9372-53
1,223E-03
1.502r-02
6.282E-05

1.473R-02
9.089R-10
6.397R-03
1.2458-03

1.2458-02
4.7228-01
S5.620E-02
7.5278-01

2.766R-30
.000B+00
.000E+00

Gamma Alr
INTVL DOS
{xrad)

.000B+00
.0008+00
.000R+00
.000R+00

.000E+00
.000E+00
.000R+00
.000E+00

.000B+00
.000K+00
.000E+00
.000B+00

.000K+00
.000E+00
.000E+0Q0
.000E+00

.000E+00
.000E+00
.000R+00
+000R+00

.000R+00
.000E+00
.000E+00
+000E+00

.0008+00
,0008+00
.000B+00

Tot. 8kin
DOSE RATE
{rem/hr)

4.887E-0¢
2,461E-06
7.877E-16
1,941E-06

2,7998-02
1.2438-01
3.0358-03
3.6828-02

.000EB+00
.000E+00
7.192R=-21
6.2928-11

5063:!'53
1,335E-03
2.449E-02
8,188E-05

3.3118-02
1.2428-09
8.472R-03
9.5688-03

9.765E-02
1.358R+00
7.303B-02
2,.487R+00

6,0278-30
.000B+00
.000B+00

Tot, 8kin
INTVL DOS
(rem)

., 000B+00
.000E+00
+,000E+00
.000E+00

.000E+00
.000E+00
.000E+00
. 000E+00

<000E+00
.000E+00
.0008+00
.000R+00

-000B+00
+000E+00
+000E+00
.000B+00

.000R+00
.000E+00
.000B4+00
.000E+00

<000E+00
.000E+00
.000E+00
.000E+00

+000R+00
.000E+00
.000R+00

Thyvold
DOSE RATR
(rem/hr)

3.937E-04
2.191B-08
2.487R-16
2.875E-08

5.034R-03
4.777B-04
4.8358-06
2.314%-02

.000E+00
.000E+00
2.4858-23
1.638K-11

.000E+00
8.8998-04
1.068R-02
4,6188-05

1.0658-02
6.738E~10
4.873R-03
3.630R-04

6.096E-03
2.350E-01
3.975R-02
5.366E-01

2.125K-30
. 000E+00
. 000E+00

(INSTANTANEOUS RELEASE FROM SOURCE)

Thyroid
INTVL DOS8
{rem)

.000R+00
.000E+00
.0008+00
.000B+00

.000E+00
.000B+00
+000B+00
+000E+00

.000E+00
. 000E+00
+000R+00
+000B+00

.000E+00
. 000R+00
.000BR+00
. 000E+00

+000B+00
+.000E+00
+000R+00
+000E+00

+000E+00
+000E+00
.000R+00
.000E+00

.000B+00
. 000E+00
.000E+00

(CONTINUOUS OCCUPANCY)

Bff D.B.
DOSE RATE
(rem/hr)

3.927E-04
2.202E-08
2.463E-16
6.7078-08

5.137E-03
4.817B-04
4.824E-06
2.291E-02

+000E+00
.000E+00
2.503E-22
1,613E-11

+«000E+00
8.899E-04
1.074EK-02

4.618R-05

1,0698-02
6,738E-10
4.8542-03
3.6118-04

6.140E-03 -

2.428B-01
3.9758-02
5.,4128~01

2.125B-30
.000B+00
.000E+00

eff D.E.
INTVL, DOS
{rem)

.000E+00
.000E+00
.000E+00
.000EB+00

.000R+00
.000E+00
«000E+00
+0008+00

«0008+00
+000B+00
+000B+00
+000E+00

+000R+00
.000E+00
.000E+00
.Q00E+00

+000B+00
.000E8+00
.000B+00
.000E+00

.000E4+00
+000E+00
.000R+00
.000E+00

.000E+00
.000E+00
«000E+00
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CASES 1 PNPS AST - FHA - BOUNDING SRC - 24 HR DECAY -~ RB VENT RELEASES -~ EAB . (INSTANTANEOUS RELRASE FROM SOURCR)
T = ,0000B+00 hrs EXTRRRAL RADIATION EXPOSURE DUE TO AIRBORNE RADIOARCTIVITY (CONTINUOUS OCCUPANCY)
QUTDOOR RECEPTOR (INTERVAL DOSES ARE FROM ,0000R+00 TO .0O0OO0E+00 hra)

Beta Alr Beta Alr Gamma Adr Gamma Alr Tot, Skin Tot. Skin Gonads Gonads Rreast Breast
DOSE RATR INTVL DOS DOSE RATE INTVL DOS DOSE RATE INTVL DOS DOSE RATE INTVL DOS DOSE RATE INTVL DOS
(rad/hr) {xad) (rad/hr) (rad) (rem/hr) (rem) (rem/hr) {(xem) {rem/hr) {(zrem)

GROUP 1 1,1B6R+01 +000E+00 1.332E+00 .000B+00 £.21584+00 . 000R+00 8.561E-01 «000B+00 9.939E-01 .000E+00
GROUP 2 8.987E-02 .000E+00 ~ 3,797E-02 .000E+00 6.799R~02 <000E+00 2.6968-02 +000E+00 3.079r-02 .000R+00
GROUP 23 .000E+00 «000E+00 .000B+00 .000B+00 .000R+00 .000E+00 -000E+00 +000B+00 .000E+00 +000E+00

GRND.TOT 1.195E+01 .000R+00 1.370B+00 .0008060 4.2838+00 . 000E+00 8.831E-01 +<000B+00 1.025E+00 +«000E+00

CUM. TOTAL FROM Ta0 .000E+00 000B+00 . 000R+00 +000B+00 +000B+00
Lungs Lungs R.Marrow R.Marxow . Bona Bur Bone Suxr Thyrold Thyroid Remaindr lendr.
DOSE RATRE INTVL DOS DOSE RATE INTVL DOS DOSE RATE INTVL DOS DOST RATE INTVL DOS DOSE RATE INTVL DOS
{rem/hr) (rem) {rem/hr) {(rem) (rem/hy) (rem) (ran',:/hr) {rem) (rem/hr) {rem)

GROUP 1 7,914E-01 .000B+00 7.2282-01 +000R+00 2.0968+00 .000E+00 8.4658-01 <000E+00 7.5338-01 .000R+00
GROUP 2 2.684E-02 +000E+00 2.596R-02 .000E+00 4.705E-02 .000B+00 2.7538-02 .000E+00 2.5628-02 +000EB+00
GROUP 3 .0008+00 .0008+00 .000E+00 «000B+00 +000E+00 .000E4+00 +.000E+00 .000R+00 .000E+00 +000E+00

GRND.TOT 8.183E-~01 .000B+00 7.4878-01 «000R+00 2.143E+00 .000R+00 8.740E-01 .000B+00 7.7898-01 .000B+00

CUM, TOTAL FROM Tal 0008400 .000E+00 .000R+00 +000R+00 .000R+00
Eff D.E. Rff D.E. TID Thy TID Thy RG1109WB RG11034WB
DOSE RATE INTVL DOS DOSR RATE INTVL DOS DOSRE RATE INTVL DOS
(rem/hr) (rem) (rem/hr) (xem) (rem/hr) (rem)

GROUP 1 8.587E-01 .000E+00 .000E+00 +000E8+00 1.223R+00 .000R+00
GROUP 2 2.761B-02 .000E+00 .000R+00 .000E+00 3.567E-02 .000R+00
GROUP 3 .000B+00 +000E+00 +000R+00 .000B+00 «000E+00 0002400

GRND,TOT 8,863E-01 +0008+00 .000R+00 .000B+00 1.258R+00 .000E+00
CUM, TOTAL PROM T=0 .000R+00 .000B+00 .000E+00
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CASE# 1 PNPS AST - PHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES - EAB (INSTANTANEOUS RELEASE FROM SOURCE)
T « ,0000E+00 hrs RADIATION EXPOSURE DUE TO INHALATION (CONTINUOUS OCCUPANCY)
OUTDOOR RECEPTOR (INTERVAL DOSEKS ARE FROM .0000E+00 TO .0000E+00 hrs).

Thyrold Thyrold Eff D.E. Eff D.E.

DOSE RATE INTVL DOS DOSE RATE INTVL DOS

NUCLIDR (rem/hr) {rem) (rem/hr) {xem)
BR 82 5.092E-04 .000E+00 1,021E-03 .000E+00
BR 83 5.3778-08 .G00E+00 1,137E-06 .000E+00
BR 8¢ 6.682E-18 .000K+00 5.590E-17 +000E+00
KR 83M .C00E+00 .000E+00 .D00R+00 .000E+00

]

KR 85M - .000E+00  .000E+00  .000E400  .000E+00
KR 85 .000E4+00 .000E+00 .000R+00 +000R+00
KR 87 .000E+00 .000E+00 .000E+00 .0002+00
KR 88 .0COE+00 L000E+00  .000E+00 .000E+00
RB 87 .000E+00 .0002400 .000E+00 .+000E+00
RB 88 .000R4+00 .000E+00 .000E+00 .000E+00
1128 2.629E-31 L000%K+00  6.303B-22 .000E+00
T129 5.418E-05 +000E+00 1.629E-06 +000E+00
T130M .000E+00 .000R+00 .0002400 .000%+00
I130 1.3938-01 .000E+00 4.999E-03 .000E+00
1131 1.410E+02 .000R+00  4.292E+00 .0002+00
1132 5.871E-04 .000E+00  3.475E-05 .000E400
1133 1.44684+01 .000%+00 4.700R-01 .000E+00
I134 : 1.2228-09 .0002+00 1.506E-10 .000R+00
1135 4.211R-01 .000R+00  1.653E-02 .000K+00

XB131M .000E+00 .0002+00 .000E+00 .000R+00
XE133M +000E+00 .000R+00 . 0002400 .000R+00
X2133 .0COE+00 .000E+00 .000E+00 .000E+00
XE135M +O00E+00 .0D0E+00 .000E+00 .000E+00
XE135 .O00E+00 .000E+00 .000E+00 ,000E+00
XE138 .000E+00 +000E+00 .000E+00 .000E+00
cg135 .000K+00 .000R+00 +000E+00 .000K+00

c8138 .000E+00 +000E+00 .000B+00 +000E+00
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CASE# 1 PNPS8 AST - PHA - BOUNDIRG SRC - 24 HR DECAY - RB VENT RELEASES - RAB . (INSTANTANEOUS RELBASE FROM SOURCE)

T ,0000E4+00 hrs RADIATION EXPOSURR DUE TO INHALATION : {CONTINUOUS OCCUPANCY)
OUTDOOR RECEPTOR (INTERVAL DOSES ARE FROM .0000E+00 TO ,0000E+00 h.!.'l?
Gonads Gonads Breast Breant
DOSE RATE INTVL DOS DOSE RATE INTVL DOS
{rem/hr) {zem) (rem/hr) (rem)
GROUP 1 .0J0E+00  .000E+00  .00OE+00  ,000E+00
GROUP 2 1.9488-02 .000R+00 4.882E-02 +000R+00
GROUP 3 .000B+00 .000R+00 .0008+00 .000B+00
GRND,.TOT 1.9488-02 +000E+Q0 4.882E-02 .000R+00
CUM. TOTAL FROM T=0 .000E+00 .000R+00
Lunga Lungs R.Marrow R.Marrow Bone Sur Bone Sur Thyroid Thyrold Remaindr Remaindr
DOSE RATE INTVL DOS DOSE RATR INTVL DOS DOSE RATE INTVL DOS DOSE RATR INTVL DOS DOSE RATRE INTVL DOS
{rem/hr) {xrem) (rem/hr) (xrem) (rem/hr) (rem) {rem/hr) (xrem) {rem/hr) (xrem)

GROUP 1 .000E+00 .000E+00 .000E+00 .000E+00 .000B+00 «000E+00 .000E+00 «000E+00 .000E+00 .000E+00
GROUP 2 5.916E-01 .000E+00 4.0292-02 .000E+00 3.692B-02 .000E+00 1.560E402 -000E+00 5.738E-02 .000E+00
GROUP 3 .000E+00 .Q00E+00 .000E+00 +000R+00 .000E+00 +000E+00 .000E+00 +000E+00 «000E+00 .000R4+0Q0

GRND.TOT 5.916E-01 .000E+00 4.0298~02 +000B+00 3.6928-02 .000R+00 1.560E402 +000E+00 5.738R-02 .000R+00

CUM. TOTAIL FROM T=0 +000E+00 +000B+00 .000B+00 . +000E+00 .000R+00
Rff D.E. Rff D.B. TID Thy TID Thy
DOSE RATE INTVL DOS DOSE RATE INTVL DOS
(rem/hr) (xrem) (rem/hr) (renm)

GROUP 1 +000E+00 .000R+00 -000E+00 +000E+00
GROUP 2 4.785E+00 .000E+00 2,270E+02 .000R+00
GROUP 3 .000B+00 . 000E+00 +000B+00 «000R+00

GRND.TOT 4.7835E4+00 .000E+00 2,270B+02 «000E+00 o
CUM., TOTAL FROM Ts0 «000E+00 +000E+00 .
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CASE# 1 PNPS AST - FHA - BOUNDING SRC - 24 HR DECAY - RB VENT RRLEASES - EAB

SUMMARY

OUTDOOR RECEPTOR

T (hours)

+.0000E+00
5.0000E-01
1.0000E+00
2.0000E+00

T (hours)

. +0000E+00
5.0000E-01
1.0000R+00
2,0000R+00

T (hours)

.0000E+00
5.0000E-01
1.0000E+00
2.0000E+400

T (hours)

.0000E+00D
5,0000E-01
1.0000E+00
2.0000E+00

Beta Alr
DOSE RATE
(rad/hr)

1.195E+01
1.640E+00
2.568E-01
4.3948-02

Gonads
DOSE RATRE
(rem/hr)

. 9.0252-01
1.3182-01
3.124E-02
1.485e-02

R.Marrow
DOSE RATE
(rem/hr)

7.890E-01
1.161E-01
2.8408-02
1,.4048-02

Remaindr
DOSE RATE
{rem/hr)

8.363E-01
1.2258-01
2.919E-02
1.396E-02

t

PAGE 15

(INSTANTANEOUS RELEASE FROM SOURCE)

TOTAL RADIATION EXPOSURES (AIR IMMERSION PLUS INRALATION)

Beta Alr
INTVL DOS
{rad)

.000R+00
2.589R+00
3.655E-01
9.355E-02

Gonads
INTVL DOS
(xrem)

- .000E+00
1.9708-01
3.285E-02

1.9028-02

R.Maxrrow
INTVL DOS
(rem)

+000E+00
1.724E-01
2.921E-02
1.7728-02

Remaindr
INTVL DOS
(rem)

+000E+00
1.8278-01
3,.058E-02
1,784E-02

Beta Alx
CUM. DOSE
(rad)

.0008+00
2.589E+00
2.954E+00
3.048E+00

Gonads
CUM, DOSE
(rem)

. 000E+00
1.970x-01
2.298E-01
2.488E-01

R.Marrow
CUM. DOSE
(rem)

.000B+00
1.7248-01
2.016E-01
2.193E-01

Remaindyr
CUM, DOSE
(xem)

.000E+00
1.827E-01
2.1338-01
2.311E-01

Gamma Air
DOSE RATE
(rad/hr)

1.370E+00
1.994E~-01
4.6338-02
2,1468-02

Breast
DOSE RATE
(rem/hr)

..1,073B4+00

1.564R-01
3.650E-02
1,701E~02

Bona Sur
DOSE RATE
{rem/hy)

2.180E+00
3.116E-01
6.650E-02
2.729E-02

Eff D.E.
DOSE RATE
{rem/hr)

5.6718+00
7.7568-01
1.183e~01
1.671E-02

Gamma Ailr
INTVL DOS
(rad)

+000E+00
2,988E-01
4.938E-02
2.776E-02

Breast
INTVL DOS
(xrem)

+000E+00
2.3428-01
3.878E-02
2.1968-02

Bone 8Sur
INTVL DOS
(rem)

.000E+00
4.740R-01
7.522E-02
3.704E-02

Eff D.R.
INTVL DOS
(xem)

.000E4+00
1.2272400
1.7198-01
4.058KR~-02

Gaxma Alr
CUM,. DOSE
(rad)

«000E+00
2.988E-01
3.4828-01
3.739E-01

Breast
CUM, DOSE
(rem)

«000B+00
2.3428-01
2.730E-01
2.949E-01

Bone Sur
CUN., DOSE
(rem)

«000E+00
4.740E-01
5.492E-01
5,862E-01

Eff D.E,
CUM. DOSE
{rem)

.000E+00

1.2278+00
1.399E+00
1.4398400

Tot. 8kin
DOSE RATE
{rem/hr)

4.283B+00
*6.0238-01
1.1178-01
3.491E~02

Lungs
DOSE RATE
(rem/hr)

1.410E+00
2.020E-01
4.050E~02
1.480B-02

Thyroid
DOSE RATE
(rem/hy)

1.569E+02
2,117R+01
2.869E400

" 6.675E-02

" PID Thy

DOSR RATE
(rem/hx)

'2,270E+02

. 3.059E+01

[4,1228400
7.4878-02

{(CONTINUOUS OCCUPANCY)

Tot. Skin
INTVL DOS
(rem)

+000R+00
9.3158-01
1,3998-01
5.346B-02

Lungs
INTVL DOS
{xem)

+000E+00
3.0798-01
4,794R-02
2.1112-02

Thyroid
INTVL DOS
(rem)

.000E4+00
3.388E401
4.576E400
7.147E-01

TID Thy
INTVL DOS
(xen)

.000E+00
4.899E4+01
6.602E+00
1.010E+00

Tot. Skin
CUM, DOSE
(rem)

.000E+00
9.315B-01
1.071E+00
1.125B+00

Lungs'
CUM. DOSE
(xem)

+000E+00
3.079E-01
3.558E-01
3.769E-01

Thyroid
CUM. DOSE
(xem)

.000E+00
3.388R+01
3.845E+01
3.917R+01

TID Thy
CUM., DOSE
{rem)

«000E+00
4.899E+01
5.559E+01
5.660BE+01
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CASES 1 PNPS AST - FHA - BOUNDING SRC - 24 ER DECAY - RB VENT RELEASES - EAB (INSTANTANEOUS RELEASE FROM SOURCE)

SUMMARY TOTAL RADIATION EXPOSURES (AIR IMMERRSION PLUS INHALATION) (CONTINUOUS OCCUPANCY)
OUTDOOR RECEPTOR

RG1105WB RG1109WB RG1109wB
DOSE RATE INTVL DOS CUM. DOSE
T (hours) (rem/hr) (ream) {rem)

«0000E+00 1.258E+00 .000B+00 .000E+00
5.0000E-01 1.8258-01 2.739E-01 2,739E-01
1,0000E+00 4.268R-02 4.527R-02 3.192r-01
2.0000E+00 1.996r-02 2.573E-02 3.449E-01
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ELISA-2 [LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS -~ ERTECH ENG. - Rel. Verslon 2.2 May 23,2002] 28-Oct-04 PAGE 17
CASE# 1 PNPS AST - FHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES ~ EAB {INSTANTANEOUS RELEASE FROM SOURCE)
OVERALL SUMMARY ' - TOTAL RADIATION EXPOSURES (AS APPLICABLE) FOR SCENARIO DURATION (2.0000E+00 hra)

CONTINUOUS OCCUPANCY '

RECRPTOR/ORGAN COMPARTMENT A COMPARTMENT B COMPARTMENT C OFFSITE RECEP.
(Hemispher) (Spherical) {Spherical)
Bata Alr (xad) .000E+00 +000R+00 +000E+0Q 3.048E+00
Gamma Afxr (rad) .0C0E+00 «000E+00 +000R+00 3.755E-01
Tot. akin (rem) .000E+00 +000E+00 +000E+00 1.125E+00
[Bata Cont. (%)] 4 +00] { .00] t .00) [ 73.63)
Gonads (xrem) +000R+00 «Q00R+00 .000R+00 2.488E-01
Breast {xem) . .000E+00 .000E+00 .000E+00 2.949R-01
Lungs (xem) .000E+00 +000E+00 +000R+00 3.769E8-01
[Inhalation (%)] [ .00] t .00] [ .00) [ 39.65}
R.Marrow {xem) . 000R+00 +O0D0E+00 .000E+00 2.193E-01
Bone Sur (rem) .000E+00 +000E+00 .000R+00 %.862R-01
Thyroid (rem) .000B+00 +O000E+00 .0008}00 3.9178+01
[Inhalation (%)] [ .00} [ .00) ( .09] [ 99.38])
Remaindr (rem) .000B+00 +000E+00 .000R+00 2.311-01
Eff D.E. (rem) . .000E+00 +000R4+00 .000B4+G0 1.439R4+00
[Inhalation (%)) ¢ . 00) ( .00} i ¢ .09] { 82.96)
TID Thy {zrem) .00CE+00 +000E4+00 +O000K+00 5.660E+01
RG1109%wB {rem) .000E+00 «000B+00 +000R+00 3.8498-01

The Dose Conversion Pactors (DCPs) employed by ELISA-2 are from RPA 520/1-88-020 and EPA 402-R-93-081
(Federal Guidance Reports 11 and 12), except for TID Thy and RG1109WB, which are am followsa:

TID Thy = Clasmsical thyroid inhalation dose bazed on the TID-14844 DCPs (iodines only)
RG1109WB = Clasgical whole body immersion dose based on the Reg, Guide 1,109 DCFs
(nobles and halogens only)

The beta dose to air is for immerasion in an infinite cloud.
The skin dose includes contyributions from gamma radiation (finite cloud), beta radiation (memi-i{infinite
cloud) and ground contamination. The skin beta-contribution percentages exclude ground contamination.
Finite-cloud corxection, if any, is nuclide specific.

L a2 2222224 m o! mxs m 222222 X2 )
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ELISA-2 (LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS -~ ENTECH ENG. - Rel, Version 2.2 May 23,2002) 3-Nov-04 PAGE 1

Line
Seq.

»

INPUT DATA LISTING

1 2 3 ) S 6 7 8 9 10 11 12
12345678901234567890123456789012345678901234567890123456768902123456789012345678901234567890123456789012345678901234567890

PNP8 AST ~ FHA ~ BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES - LPZ w/Gamma X/Q

10002 3 6 8 1 0 NNYNNN N NNN YYYYYY
10003 0 1.0 24.0 0.0 0.0
10004 3 . 0 0

1 1,000B+00 +000E+00 .000E+00 KR XE

2 2.850R-03 2,1508-03 .000R+00 BR I

3 0.000B+00 .0008+00 .O000E+00 k44
10006 -1.000E+00 .000E+00
BRB82 2,042E+02 BROZM 7.8922+01 BRS3 2.567B+03 BR84 4.7338+03
BR8{M 1.328E4+02 BRSS 5.815E+03 BR86 4.356B+03 BR87 9.921E+03 -
BR88S 1.1308+04
I128 5.702E+02 X129 1.793E-03 I130 1.3832+03 I1130M 5.402R+02
I131 2.7178+04 I132 2,411E4+04 1133 3.417E+04 1134 3.815E+04 .
I134M 4.0742+403 1135 3.1828+04 I136 1.544E+04 I136M 9.446E+03
KR83IM 2.567E+03 KR8S 8.551E4+02 XRBSM 3.B80E+03 KR87 1.175E+04
KR88 1.662R+04 KR89 2.096R+04 KRI0 2.081E+04

XE131M  1.905E+02 XB133 3.4178+04 XR133M 1.052E+03 XB135 1.744R+04
XE135M 6.825E+03 XE137 3.007R8+04 XE138 3.037E+04 XxB139 2,4478+04

10007 2 7.0R+05 96.0 6.0 6.0 0.0 0.0 ‘Refueling Level!
10010 4

0.0 0.5 1.0 720,0

10018 -1 .

0.0 3.692R-05 2,0 1,915E-05 8.0 1.066E-05 24.0 4,339E-06 96.0 1.194E-06
10019 5

0.0 3.551R-05 2,0 1.7828-05 8.0 9,627R-06 24.0 3.,745R-06 96.0 9,656E-07
10021 3

0.0 3.52-04 8.0 1.88-04 2¢.0 2,3%-04
99999
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ELISA-2 (LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG., - Rel, Version 2.2 May 23,2002)

DATA LIBRARY PARTIAL LISTING

1 2 3 4 5 6 7 8

9

3-Nov-04 PAGE 2

11 12

123456789012345678901234567890123456789012345678901238567890123456789012345678901234567850123456789012345678901234567890

ELISA-2 DATA LIBRARY ~ BASED ON ORIGEN-2 AND FEDERAL GUIDANCE REPORTS 11 AND 12
RELRASE DATE: 6/28/2004
REMARKS (START)
Source inventories are in Ci for the power level specified for each plant.
Dacay constants are in inverse hours.
The entry line following the decay chainm includes the dacay constants
for each of three members [parent (P), daugher (D) and granddaughter
(G)], and the branching fractions (P-D), (D-G) and (P-@),
Alr immaraion DCPs ars in [((S8v or Gy))/s)/(Bg/m3)], for semi-infinite cloud
Ground-ghine DICPs are in [({8v or Oy))/s)/(Bq/m2)] (surface contamination).
Inhalation DCPs are in (8v/Bq)].
The inhalation DCP's are for the Lung Clearance Class which ylelds the
highest Effective Dose Equivalent (Eff D.E.); the class im identified.
Negative DCF entries imply ‘data not available',
ORGAN *TID Thy' = Thyroid inhalation based on TID-14844 - Yodines only.
ORGAN ‘RG1109WB* = Whole body garma dose using the Reg. Guide 1,109 DCFs.
Skin DCFPa are included along with the organ DCFs, but skin iz not
considered as an organ,
6/28/2004
Added beta MeV/dis for BRB5, KRBY9, XR90, RMIOM, RB90, I1l6, Xall? & C85-139
[Based on Kocher, DOER/TIC-11026, Radioactive Dacay Data Tables (1981)
READ FORMATS FOR THE RADIONUCLIDE DATA RASE

Line 1 Nuclide nams and sourcs inventories (4x,a6,10x,4012.3)
(Note: NRuclide gequence No. ig not used)
Line 2 Heador {aB0)
Line 3 Decay chain (3 members) {9%,3 (a6, 6x))
Line 4 Decay constants & branching fractions (8x,6e012,))
Line -] Hoader (a80)
Lines 6-9 18 ORIGEN-2 photons and 1 ICRP=-38 beta {8x,6012,3)
Line 10 Headexr (a80)
Lines 11~-16 Doge conversion factors {8x, 6012,3)
END REMARKS Lt
GENERAL DATA BASE
10 [ORGAN NAMES - REBAD PORMAT (1ix,6(aB,dx))]
Gonads Breast Lungs R.Marrow Bone Sur Thyroid
Remaindr Rff D.X. TID Thy RG1109WB {Skin)
4 [Power plants and powsr levels (MWt} - READ FORMAT (l1x,a20,1x,012.3)

PWR (33 GWD/MT 3.2%) 1.0008+00 .
PWR (50 GWD/NT {.2%) 1.000E+00 !
BWR (27.5 GWD/MT 3%) 1.000E400
BWR (40 GWD/MT 3.4%) 1.000R+00

18 [ORIGEN=-2 upper limit energy in each gamma group (MeV) (8x,6e12,3)]
2.000E-02 3.000R-02 4.500KR-02 7.000E-02 1,000E-01 1.5008-01
3.000E-01 4,500R-01 7.000E-01 1.000E+00 1.500B+00 2.000R+00
2.5008+00 3.000E+00 4.0008+00 6.000R+00 8.000R+00 1.10084_01

vaLi
vaLa
vaLli
VaLli
vaL1
vaLi
V2Ll
vaLi
vaLl
var1
vari
Vanl
vanl
viul
vani
vaL1
vaLl
vainl
vaL2
vaL2
vaL2
vaLl
vaLi
vaLi
vaLl
vani
vant
vanl
vaLl1
vanl
van1
van1
vanli
V2Ll
vaLl
varl
varnl
VaLli
VaL1
varli
vani
varni
vanli
V2Ll
vaLli

@GN eWK M
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46
47
48

ELISA~2 [LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG. - Rel, Version 2.2 May 23,2003]

3 Factoxs to convert data library DCFs to proper units, as shown
1.0 Convert air immersion DCPF to [{(Sv or Gy)/s)/(Bg/m3)]
1.0 Convert ground shine DCP to [{((8v or Gy)/s}/(Bg/m2)]

DATA LIBRARY PARTIAL LISTING

vaul
vanl
vaul

43
44
45

3-Nov-04 PAGE 3

11 12

1 2 3 4 - 6 8 9
123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890

1.0 Convert inhalation DCF to (Sy/Bq] V2Ll 46

18 Alr gamma DCF for semi-infinite monoener. cloud src [(Gy/s)/(Bg/m3)) V2Ll 47

6,6768-16 1,669E-15 2,503E-15 3.839E-15 5,.674E-15 8.34SE-15 ViL1 48

1.5028-14 2,503R-14¢ 3.839E~-14 5.674E-14 8.345E~14 1.168E-13 V2Ll 49

1.5028-13 1.836E-13 2,3378-13 3.3382-13 4.6738-13 6.342E-13 V2Ll 50

18 Alr garma DCF for monoenerg. ground-gurface source {(Gy/s)/(Bg/m2)] vaLi 51

1.829E-16 1.493R-16 9.835B-17 8.181R-17 9.7672-17 1,436B-16 va2L1 52

2.760B-16 4.7858-16 7.318E-16 1.050E-15 1.457R-15 1.910E-15 V2L1 53

2.325R-15 2.710R=15% 3,243E-15 4.194E-15 5.386K-15 6.759R~-15 V2Ll 5¢

18 Skin gamma DCY for semi-infinite monoener. cloud src [(Sv/s)/(Bg/m3)] V2L1i SS

1.1388-16 7.690E-16 1.4678-15 2.717R-15 4.416R-15 6.737E-15 VaL1 56

1,2398-14 2,0738-14 3.193E-14 4.754E-14 7.108E-14 1,012R-13 V2L1 57

1.3178-13 1.624E-13 2,089R-13 3.030E-13 {.305E-13 5.922E-13 vanl 58

RADIONUCLIDE DATA BASE vaLl 59

1 71 3 (Sre Ci) 1.471E+01 2,186E+01 1,744E+01 2.536B+01 V2Ll 60

Decay chain, decay constants and branching fractions vaLl 61

n 3 varl 62

6.40320E~-06 ,00000E+00 ,O00COE4+00 .000R+00 .000E+00 .000E+00 V2Ll 63

ORIGEN-2 18-group phot/dis, and ICRP-38 betas (MeV/dis) L varlr 64

0002400 .000X+00 .000E+00 .000E+00 +000E+00 .000B+00 V2Ll 65

.Q00E+00 .000K+00 .00024+00 .000K+00 .000R+00 .0008+00 V2L1 66

«Q00E+00 +000E+00 .000E+00 «000E+00 .000E4+00 +000E+00 V2Ll 67

5.6002-03 vaLi 68

ICRP-38 Organ DCFs - Alr immer, Gxnd shine, Inhal/Clams V . vari 69

+000B+00 +000R+00 2.750K-18 .000E+00 .0008+00 .000R+00 V2Ll 70

.000R+00 3.310E-19 +000E+00 .000R+00 +000E+00 ( varli 71

+000ER+00 +000E+00 .000R+00 -.000R+00 +000R+00 +.000R+00 V2Ll 72

.000E+00 .000E+00 .000E+00 -000R+00 .000R+00 vaLT 73

1.730R-11 1,730E-11 1.730K-11 1.730R-11 1.730R-11 1.730E-11 V2L1- 74

1.730E-11 1.730E-11 .000E+00 .000E+00 vaLl 75

2 C 1k (Src ci) 3.125R~-06 4.7238-06 3.772r-06 5.467E-06 vanl 76

Decay chain, decay constants and branching fractions varl 77

C 14 varLl 78

1,38016E-08 ,00000R+00 ,.00000E+00 - +O000E+00 .000K+00 .000E+00 V2L1 79

ORIGEN~-2 18«group phot/dis, and ICRP-38 batasm (MeV/disg) vanli 80

+000E+Q0 +000R+00 .000K+00 .000R+00 .000E+00 .000E+00 VaLl 81

+000E+00 .000E+00 .000E+00 .000E+00 .000E+00 .000E+00 V2L1 82

.000R+00 +000E+00 .000R+00 +000E+00 .000R4+00 .000E«+00 V2Ll 83

4.9408B-02 varl 84
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8s ICAP-38 Organ DCFs - Alr immer, Grad shine, Inhal/Clases c vanyr 8%
89 2.590R-19 3.320x-19 1,330E-19 1.210E-19 7.060B-19 2,190E-19 V2Ll 86
90 1.5408-19 2.280E-19 +O000E+00 +000E+00 2,430B~-16 varLli 87
91 2,220R-20 2.520B-20 8.650E-21 7.250E-21 4,630E-20 1.250E-20 V2Ll a8
92 1.030E-20 1.610E-20 +000E+00 +000E+00 7.460E-20 vaLi 89

(eees @ote,, for a total of 414 radionuclides ....)

RLISA~2 {LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG. - Rel, Version 2.2 May 23,2002)
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CASEf 1 PNPS AST - PHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES -~ LPZ w/Gamma X/Q {INSTANTANEOUS RELEASE FROM SOURCR)

LISTING OF INPUT DATA

PATRWAY OPTION = 3 (COMP, A --> BITR)

COMPARTMENT A: Refueling lLevel
TOTAL PREE AIR VOLUME (cu ft) = 7.000E+05
FILTERED RECIRCULATION RATE (cfm) o +000E+00
LEAK RATE TO ATMOSPHERE (frac/day) = 9.600B+01

FILTER REMOVAL EPFICIENCIES AND TIME-DEPENDENT

MULTIPLIERS FOR RECIRCULATION RATES, LEAK RATES,

COMP. A PLOW BRTWEEN SPRAYED AND UNSPRAYED ARERAS,

AND FILTER BYPASS FRACTIONS ARE GIVEN BELOW.

NO. OF DISCRRTE TIME VALUES IN INPUT = 8

INTERMEDIATE RESULTS WILL BE PRINTED AT THE FOLLOWING TIMES (hrs):
+0000B+00

PROBLEM END TIME (bours) « 7.2000E+402

RELEASE RATES AND DOSE RATES ARE PRIOR TO TIME-STEP CHANGES, IF ANY.

ONLY EXACT SOLUTION OF THE DIFFERENTIAL EQUATIONS WAS EMPLOYED IN
THR ANALYSIS, '
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CASE# 1 PNPS AST - FHA - BOUNDING SRC - 24 HR DECAY - RB VENT RRLEASES -~ LP2 w/Gamma X/Q (INSTANTANEOUS RELEASE FROM SOURCE)

RECIRCULATION, EXHAUST AND INTAKE FILTER REMOVAL EFFICIENCIES (fractions)
COMPARTMENT A RECIRC., COMPARTMENT B RECIRC. COMPARTMENT C RECIRC. BIKAUST'TO ATMOSFHERE INTAKE TO COMPART. C
NUCL, «-- ————
GROUP FORM 1 FORM 2 FORM 3 FORM X FORM 2 FORM 3 FORM 1 FORM 2 FORM 3 FORM 1 FORM 2 FORM 3 FORM 1 FORM 2 FORM 3

,0000 .0000 .0000 .0000 0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 0000
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 0000 .0000 +0000 +0000 .0000
.0000 .0000 .0000 .0000 .0000 .0000 .0000 0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

W

.

o
[~
o
(=]
.

o
o
o
(=]

USER-BPRCIFIED CLASSIFICATION OF RADIONUCLIDES AND INSTANTANEOUS FRACTIONAL RELEASES FPROM THE SOURCE (AT Ta0)

GROUP E L E M E N T 8 FORM 1 FORM 2 FORM 3
x® 1.000R+00  .0002+00  .000E+00
1 \ 2,850B-03 2.150E-03  .000E+00
.000E+00  .COOR+00  ,000E+00

w N
NEd

ELEMENT *ZZ" STANDS FOR THE REMAINING DATA-LIBRARY ELEMENTS/NUCLIDES NOT I.IS'I'B.D ABOVE, IF ANY.
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CASES® 1

TIME INTERVAL

{hoursn)

.0000B+00 - 5.0000E-01
5.0000E-01 - 1.0000E+00
1.0000E4+00 - 2,0000E+00
2,0000E+00 - 8.0000E+00
8.0000E+00 - 2.4000E+01
2.4000E+01 -~ 9,.6000E+01
9.6000E4+02 - 7.2000E+02

TIME INTERVAL

{hours)

.0000E+00 - 5.0000E-01
5.00002-01 - 1,.,0000E+00
1.0000E400 - 2.0000E+00
2.0000E+00 - 8,0000E+00
8.0000E+00 - 2.4000E+01
2.4000E+01 -~ 9.6000E+01
9,6000E4+01 -~ 7.2000E+02

CONCENTR.
X/Q
{sec/m3)

3.692E-05
3.6928-0S
3.692B-05
1.9158-03

1.066E-05
4.339E-06
1.194E-06

GAMMA

x/Q
(msec/m3)

3.5518-05
3.5518-05
3.5518-05
1.7828-03

9.627R-06
3.745E-06
9.6568-07

COMPART A MULTIPLIERS
(IP APPLICABLE)

LEAK RATR

1.000E+00
1.0008+00
1,0008+00
1.000E+00

1.000%+00
1,.000E+00
1.000BE+00

REC.PILTER

1.000E+00
1.000E+00
1,000E+00
1.000E+00

1.000E+00
1,000B+00
1.000E+00

DEPOSITION
D/Q
{(1/m2)

.000E+00
«000R+00
.000E+00
.000E+00

.000E+00
.000K+00
.000E+00

PNPS AST ~ FPHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES - LPZ w/Gamma X/Q

BREATRING
RATE
{m3/sec)

3.500x-04
3.5008-04
3.5008-04
3.500B-04

1.800R-04
2.3008-04
2.300BE-04

COMPART .B MULTIPLIRRS
{IF APPLICABLR)

LEAK RATR

1.000B+00
1.000E+00
1.00084+00
1.0008+00

1,000R+00
1.0008+00
1,000E+00

REC.FVILTER

1.000E+00
1.000E+00
1.000B+00
1.000E+00

1.0008+00
1.0008+00
1,0008+00

* RYH,PILYT,
BYPASS
" FRACTION

.,000E+00
.000R+00
.000E+00
.000B+00

+000E+00
- «000E+00
+ .0008+00

COMPART. C
INT.PILTER
BYPASS FR.

.000E4+00
.000E+00
+.000E+00
+000E4+00

+000E+00
.000E+00
.000E+00

COMPART C MULTIPLIERS
g {IF APPLICABLE)
INTAKE/EXH  REC.PILTER

1.0008+400

1.000E+00
1.000R+00
1.0008+00

1,.000E+00
1.000E+00
1.000B+00

1.000E4+00
1.000E+00
1.000E+00
1.000E+00

1.000%+00
1.0008+00
1.000E+00

(INSTANTANEOUS RELEASE FROM SOURCR)

COMPART. C
FACTOR

1.000E+00
1.000E+00
1,0008+00
1.000E+00

1,000E+00

1.000E+00
1,.000B+00

rrow MULT.

SPRAYED AREA
TO UNSPRAYED

1.000E+00
1.000%+00
1.000E8+00
1,0008+00

1.000E+00
1.000E+00
1,000E+00
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CASE# 1

BLISA-2

CASE# 1

PNPS AST - FHA -~ BOUNDING SRC -~ 24 HR DECAY - RB VENT RELEASES - LPZ w/camma'xlq

RUCLIDE

BR
BR
BR
BR

BR
BR
BR
BR

BR
KR
XR
KR

82M
82
83
84M

88
a3M
85M
85

GROUP

(SIS U N NuNN

TRV

(ci)

7.89208+01
2.04208+02
2.5670R+03
1,.3280+02

4.7330E4+03
$.8150E+03
4.3560R4+02
9.9210R+03

1.1300B+04
2.5670E+03
5.8800E+03
8.5510E+02

USER-SPECIFIBD SOURCE INVENTORY

NUCLIDE  GROUP (ci)
KR 87 1 1.1750E+0¢
KR 88 1 1,6630R+04
KR 89 1 2,0960R+04
KR 90 1 2.0810E+04
I128 2 5.70208+02
1129 2 1.7330R-03
I130M 2 5.4020B402
1130 2 1.3830R+03
I132 2 2.71708+04
I132 2 2.4110B+04
I133 2 3.4170E+04
I134M 2 4.0740R+03

i
NUCLIDE

I134
I1338
I136M
I136

XB131M
XE133M
X®133

XR135M

XB13S
XE137
XE138
XE139

(INSTANTANEOUS RELEASE FROM SOURCE)

GROUP

M DR

e

(cl)

3.8150E+04
3.1920K404
9.4460K+03
1.5440E+404

1.9050E+02
1.0520E+03
3.4170K+404
6.8250E403

1.7440R+04
3.00708+04
3.0370R+04
2,4470R+04

[LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG, - Rel, Version 2.2 May 23,2002}

PNPS AST -~ FEA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES - LPZ w/Gamma X/Q

NUCLIDE

3

BEe 4333

3-Nov=04 PAGE

{INSTANTANEOUS RELEASE FROM SOURCR)

SOURCE INVENTORY FOLLOWING 2.400E+01 HOURS OF RADIOACTIVE GROWTH AND DECAY PRIOR TO RELEASE

82
83
84

83M

GROUP

2
2
2

MR

W W W

(cl)

1.27618+02
2.43528+00
1.10578-10

9.4445E+00

1.4505R+02
8.5501E+02
2.47298-02
4.74438+01

3.6297E-11
5.2925E+01
1.6731E-25

NUCLIDE GROUP (ci)

SR 89 3 9.01508-01
1128 2 2,54198-15
1129 2 1.7930E-03
T130M 2 3.69638-46
1130 2 3.61472402
7131 2 2.4926E404
I132 2 1.7419E4+01
1133 2 1.5357E+04
1134 2 2.1896R-04
1135 2 2,56978+03

XE131M 1 1.96068+02

NUCLIDE  GROUP

XE133M
XE133
XE135M

XE135

XE138
c8135
€S137
c8i3s

cs139
BA137H
BA139

1
1
1

VW

W W W

(ci)

9.4669E+402
3.2869E+04
4.1160R+02

9.6050E+03

7.77768-27
6.6014E-06
7.2987R-03
8.23378-10

1.4135E-43
6.9045E-03
1.27008-03
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CASE# 1 PNPS AST - PHA - BOUNDING SRC - 24 HR DECAY ~ RB VENT RELRASES - LPZ w/Gamma X/Q (INSTANTANEOUS RELRASE FROM SOURCE)

T = ,0000B+00 hrs DISTRIBUTION OF RADIOACTIVITY
NUCLIDE CONPARTM. CHEM-8PRAY REC,FILTER COMPARTNM. REC.FILTER EXH.FILTER OFFSITE
A IN COMP. A IN COMP. A B IN COMP, B TO ATMOSP, GROUND DEP
(ci/m3) (ci) (c1) (€i/m3) (ci) (ci) {Ci/m2)
‘
BR 82 3.219E-05 .000E+00 0008400 +.000R+00 +000E+00 +000E+00 .000E+00
BR 83 6.1438-07 .G00E+00 +Q00E+00 -000E+00 .000E+00 .000R+00 «000E+00
BR 84 2,7898-17 .000E+00 +.000E+00 .000E+00 «000B+00 " .000E+00 .000E+00
KR 8IM 4.7658-04 .000E+00 .000E+00 +000R+00 .000R4+00 .000E+00 .0002+00
KR 85M 7.3182-03 «000E+00 .000E+00 +000R+00 .000E+Q0 .000E+00 .0008+00
KR 85 4.3148-02 . 000E+00 +000R+00 +000EB+00 +000B+00 .000R+00 .000E+00
KR 87 1.248R-06 .000E+00 .0008+00 .000B+00 .000E+00 .000E4+00 .000E+00
KR 88 2.3948-03 0008400 -000E+00 .000R+00 <000E+00 +000B+00 .000E+00
Iias 6.412E-22 +000B+00 «000R+00 .OObBOOO +0008+00 +000E+00 .000E+00
Iias 4.5238-10 +0008+00 +000B+00 +000E+00 +0D0R+00 " «000E+00 +000R+00
Ii3om 9,324E-53 +000E+00 +Q00R400 +000R+00 .000%+00 +.0008+00 +000E+00
I130 9,1188-05 .0003}00 +000B+00 <000E+00 +000E+00 +000E+00 <000E+00
1131 6.288E-03 .000E+00 +000E+00 .000E+00 +000E+00 +000E+00 .000E+00
I132 4.394E-06 .000E+00 .000E4+00 «0008+00 .000E+00 «000E+00 »000E+00
1133 3.874K-03 »000E+00 +000E+00 +000E+00 .000R+00 .000R+00 .000E+00
X134 5.523E-11 .000E+00 +000E+00 «000E+00 .000E+00 «000E+00 «000E+00
I135 6.482E-04 .000E+00 +000E+00 +000E+00 +000E+00 .000R+00 +000R+00
XE131M 9.891E-03 .000E+00 +.000R+00 .000BR+00 .000E+0C .000E+00 .000E+00
XRE133M 4,7768-02 .000E+00 +O000E+00 .000E+00 +000%+00 «000E+00 «Q00E+00
Xx133 1.658E+00 +000E+00 .000E+00 .000E+00 .000R+00 .000E+00 .000E+00
XE135M 2.0778-02 .000B+00 .000E+00 +000E+00 . ,000E+00- «000B+00 .000E+00
XE135 4.846B-01 "« 000E+00 +000E+00 .000B+00 «000R+00 .000E+00 .000E+00
XE138 3.92¢E-31 .Q00E+00 .000E+00 +000E+00 +000E+00 .0008+00 .000R+00
TOTALS
GROUP 1 2.2758+00 .000R+00 .000E+00 .000E+00 .000E+00’ +000EB+00 +000E+00
GROUP 2 1.0948-02 +000E+00 -000E+00 .000E+00 .000E+00 .000E+00 +000E+00
GROUP 23 .000E+00 +000R+00 .000E+00 «0002+00 ~G00R+00 .000E+00 +000B+00
GRND, TOT 2.285K+00 .000R+00 «000B+00 +000R+00 +0008+00 +000E+00 .000E+00

THE COMPARTMENT VOLUNES (A AND B) IN THIS TABLE ARE: 1.982B+04 +.000B+00 (m3)
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CASER 1 PNPS AST - FHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELRASRS - LPZ w/Gamma X/Q

T s .0000B+

NUCLIDE

BR 82
BR 83
BR 84
KR 83M

TOTALS

GROUP 1
GROUP 2
GROUP 3

GRND, TOT

00 hrs

CUMULATIVE RELEASES FROM 0.0 TO

RELEASE RATES TO ATMOSPHERE, INTERVAL RELEASES FROM ,0000E+00 TO .0000E+00 hrs,
+0000E+00 hrs, AND RADIOACTIVE-CLOUD CONCENTRATIONS

WITHOUT DECAY IN TRANSIT

REL. RATE
(Ci/hr)

2.552E+00
4.870E-02
2.2118-12
3.778E+01

5.802E+02
3.420E+03
9.892E~02
1.898E+02

5.084E-17
3.586R-05
7.3938-48
7.229E8+00

4.9858+02
3.484R-01
3.0718+02
4.3798-06

5.1398+01
7.843E+02
3.787E+03
1.315E405

1.646E+03
3,842B+04
3.1118-26

1.803E+05
8.672R+02
.000E+00

1.812R+05

INTRV REL

(c1)

+000E+00
+000E+00
.0008+00
+000E+00

«000E+00
+000R+00
.000E+00
.000E+00

.000%+00
.000B+00
+000R+00
.000E+00

«000E+00
.000R%+00
.000E+00
.0008+00

. 000E+00
+000B+00
+000E+00
+000E+00

+000E+00
.000B+00
.000B+00

+000E+00
+000E+00
.000E+00

+000B+00

.000B+00
. 000E+00
«000E+00
+000B+00

.000E+00
.000E+00
.000E+00
+.000E+00

'.000X4+00
.CO0R+00
.000E+00
.000E+00

.000E+00
+000E+00
.000K+00
.000E+00

.000R+00
.000E+00
.000E+00
.000B+00

.000E+00
+«000E+00
.000E+00

+000E+00
.000E+00
.000E+00

.000R+00

3-Nov-04

WITH .000E+00 hrs IN-TRANSIT DECAY

CLOUD CONC REL. RATE INTRV REL CUML. REL CLOUD CONC

(Ci/m3) (Ci/hr) (c1) (1) (ci/m3)
2,617E-08 2.552E+00 :000E+00 .000E+00  2.617E-08
4.9958-10 4.8708-02 «000E+00 .000E+00 4.995E-10
2.268E-20 2.2118-12 . 000E+00 .000E+00  2.268E-20
3.874R-07 3.778R+01 +000E+00 +.000E+00 3.874R-07
5.9508-06 5.8028+02 :0003000 +.000E+00 5.950BE-06
3.5072-05 3.4208+03 .000E+00 .000E400  3.507E-05
1.0148-09 9.892E-02 +000B+00 +0008+00 1.014B-09
1.9468-06 1.8988+402 <O000EB+00 +000E+00 1.946E-06
5.214E-25 5.084K-17 $000E+00 .000%400  5.214E-2%
3.5678E-13 3.586R~05 ;000B+00 +000R+00 3.678E~13
7.582E-56 7.393E-48 .000K+00 .000E+00  7.582E-56
7.414E-08 7.229E+00 +000B+00 .000R+00 7.414B-08
5.1138-06 4.985E+02 .000E+00 ,000E+00  5.113E-06
3.573E-09 3.484E-01 .000R+00 .000B+00  3.573E-09
3.150E-06 3.071E402 .000E+00 .0002+00  3,150E-06
4.491E-14 4.3798-06 .000E+00 L000E+00  &.491E-14
5.2718-07 5.139E4+01 +O000R4+00 +QC0E+00 5.271-07
8.043E-06 7.843£402 .000E+00 .000E+00  8.043E-06
3.8848-05 3.787E403  °.000E+00 .000E+00  3.884%-05
1.3482-03 1.315E405 .000E+00 +0008+00 1.348E-03
1.6888-05 1.646E403 .000E+00 .000B+00  1.688E-05
3.940R-04 3.842R+04 . +000E+00 .000E+00 3,.940R-04
3.1918-34 3.111K-26  ..000E+00 .000E+00  3.191E-34
1.8492-03 1.803B+05  ,000E+00 .000E400  1.849E-03
8.894E-06 8.672E402 .000E+00 .000E+00  B.894B-06

+000E+00 +.000E4+00 .0008+00 +000BE+00 .000R+00
1.858E-03 1.812R+05 +000E+00 .0008+00 1.858E-03

ROTE: THE ATMOSPHERIC CONCENTRATION OF RADIOACTIVITY IS BASED ON A DISPERSION PACTOR (X/Q) OF 3,.691E-05 (sec/m3)

PAGE 10

(INSTANTANEOUS RELEASE FROM SOURCE)
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CASES 1

PNPS AST - PHA - BOUNDING SRC ~ 24 HR DECAY - RB VENT RELEASES ~ LPZ w/Gamma X/Q

T = ,0000E+00 hrs
OUTDOOR RECEPTOR

87
as

87
88
1128
Ii29

&b 28 337

I130M
I130
I131
I132

I133

I134

1135
XR131M

XB133M
X133
XB1315M
XE135

XE138
Cs8135
cg138

Beta Ailr
DOSE RATR
{rad/hr)

6.471R-06
2.854E-07
4.9578-17
2.667E-05

2.7028-03
1.563E-02

2.3898-06
1.2618-03

.0008+00
.000E+00
6.935R-22
4.173B-11

+000E+00
3.915E-05
1,743E-03
3.147E-06

2.300E-03
£.970B-11
3.440E-04
2.057E-03

1.328E-02
3,2548-01
2,.928E-03
2.2238-01

3.B16E-31
. 000E+00
+000R+00

Beta Alr
INTVL DOS
{rad)

+000E+00
+000B+00
.000R+00
+000E+00

+000E+00
.000E+00

<000E4+00
.000R+00

«Q00B+00
«000E+00
.000R400
.000E+00

.000K+00
+000E+00
.000E+00
.000E+00

.000E+00
+000E+00
+000R+00
.000B+00

.000E+00
.000E+00
.000E+00
+Q00E+00

.000E+00
.000E+00
.000E+00

EXTERNAL RADIATION EXPOSURE DUE TO ATRBORNE RADIOACTIVITY

{INTERVAL DOSES ARE FROM

Gamma Ailr
DOSE RATE
{(rad/hr)

5.911R-05
3.1948-09
3.467B~17
8.537R-07

8.046R-04
6.624R-05

6.8788-07
3.253E-03

«Q00E+00
+000B+00
3.7998-23
7.760E-12

7.700E-54
1.357E-04
1.6678-03
6.973E-06

1.6352-03
1.009B-10
7.100E-08
1.382E-04

1,3822-03
5.2418-02
6.2392~03
8.355%-02

3.070E-31
.000R+00
-000E+00

Gamma Alr
INTVL DOS
{rad)

«000E+00
.000B+00
.000E+00
.000B+00

.000E+00
«000E+00

.0008+00
«000E+00

.000B+00
.000E+00
.000R+00
.000E+00

<00CE+00
.000E+00
+000E+00
.000E+00

.000E+00
+000E+00
+000E+00
+000E+00

+000E+00
.000R+00
.000E+00
.000B+00

+«000E+00
.000E+00
.000R+00

.0000E+00 TO

Tot. 8kin
DOSE RATE
{rem/hr)

5.,172E-05
1.230B-07
5.560R-17
1.7798-07

1.749R-03
6.1652-03

1.828R-06
3.387R-03

.000E+00
.000RB+00
3.724R-22
5.236R-12

6.251E-54
1.298E-04
1.975E-03
7.287E-06

2,3928-03
1.085R-10
7.552E-04
5.134R-04

5.3428-03
8.778B-02
6.4742-03
1.610B-01

4.442R-31
.000B+Q0
+000E+00

Tot. Skin
INTVL DOS
(rem)

.000R+00
.000R+00
.000R+00
.000E+00

+000E400
«000E+Q0

+000E+00
+000E+Q0

.000E+00
«000E+00
+000E+00
«000B+00

«000E+00
.000E+00
.000E+00
.000E+00

+000R+00
.000E+00
+000E+00
.000%+00

«000E+00
.000E+00
.000E+00
.000E+00

.Q00B+00
+«000B+00
.000E+00

.00008+00 hrs)

Thyroid
DOSE RATE
{rem/hr)

4.359E-05
2,433E-09
2.760E-17
3.192E-09

5.5888-04
5.,302E-05

5.3678-07
2.568B-03

.000R4+00
.CO0R+00
2.759R-23
1.8198-12

.0002+00
9.0798-05
1.186E-03
5.126E-06

1.1828-03
7.480B-11
5.409B-04
4.0298-05

6.,766E-04
2.608E-02
4.4132-03
5.956E-02

2.3588-31
+0N0E+00
.000E+00

PAGE 11

(INSTANTANEOUS RELEASE FROM SOURCE)

Thyrold
INTVL DOS
(ram)

+000B+00
+000E+00
«000B+00
«000E+00

.000E+00
+0008+00

.000E+00
.000%+00

.000B+00
.000E4+00
.000E+00
+.000E+00

+«000B+00
.000E+00
.000%+00
+000R+00

<000B+00
+«000E+00
.000B+00
.000E+00

.000E+00
.C00E+00
+000B+00
+000E+00

.000R+00
+.000E+00
+000R+00

{CONTINUOUS OCCUPANCY)

Eff D.R.
DOSE RATE
{rem/hr)

4.359B-05
2.4448-09
2.7348-17
7 .445E-09

5.702E-04
5.347E-05

5.354R-07
2,.5438-03

«000E+00
«000E+00
2.7798-23
1.7908-12

.Q00E+00
9.879E-05
1.192E-03
5.126B-06

1.186E-03
7.480B-11
5.389E-04
4.008E-05

6.816E-04
2.6958-02
4.4138-03
6.007E-02

2,358-31
-000E+00
.000E+00

eff D.E.
INTVL DOS
{rem)

.000R+00
.000R400
.000R+00
.000R+00

.000E+00
.000E+00

.000E400
.000E+00

.000R+00
.000B+00
.000EB+00
.000E+00

+000E+00
. 0008400
+000E+00
.Q00E+00

.000E+00
.000E+00
«000K+00
.000%+00

.000R+00
.000E+00
.000R+00
.000E+00

+Q00E+00
«000R+00
.000E+00
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CASE# 1 PNP3 AST <« FHA - BOUNDING SRC - 24 HR DECAY -~ RB VENT RELEASES - LPZ w/Gamma X/Q (INSTANTANROUS RELEASE FROM SOURCE)

T = ,0000E+400 hrs EXTERNAL RADIATION EXPOSURE DUE TO AIRBORNE RADIOACTIGITY (CONTINUOUS OCCUPANCY)
OUTDOOR RECEPTOR (INTERVAL DOSES ARE FROM ,0000E+00 TO .0000E+00 hrp) -
Bsta Alyr Beta Alr Gaxmaa Alr Gamma Alr Tot. Skin Tot. Skin Gonads Gonads Breast Breast
DOSE RATRE INTVL DOS DOSE RATE INTVL, DOS DOSE RATE INTVL DOS DOSE RATE INTVL DOS DOSE RATB INTVL DOS
(rad/hr) (rad) (rad/hx) (rad) (rem/hr) (rem) (rem/hr) {xrem) (rem/hr) {(rem)

GROUP 1 5,856K-01 .000E+00 1.475E-01 .000B+00 2.724x-01 «000E+00 9.503e-~02 .000E+00 1.103E-01 +.000E+00
GROUP 2 4.4362-03 +000E+00 4.214E-03 «000E+00 5.311K-03 .0008+00 2.992E-03 .000E+00 3.417E-03 +000E+00
GROUP 3 +000E+00 +000E+00 - ,000E+00 .000E+00 <000E+00 .000B+00 .000E+00 0002400 «000E+00 .000E+00

GRND.TOT $5.900E-01 .000E+00 1.521-01 «000E+00 2.777E-01 +000E+00 9.8028-02 +000B+00 1.137E-01 .000E+00

CUM, TOTAL FROM T=0 .000R+00 +000R+00 +000E+00 +000B+00 +000E+00
Lungs Lungs R.Marrow R.Marrow Bone Sur Bone Sur '!'hfrpid Thyrold Remaindr Remaindr
DOSE RATE INTVL DOS. DOSE RATE INTVL DOS DOSE RATE INTVL DOS DOSE RATE INTVL DOS DOSE RATE INTVL DOS
(rem/hr) (ren) (rem/hr) {xem) (rem/hr) {rem) (rem/hr) (xem) (xem/hr) (rem)

GROUP 1 8.785E-02 .000E+00 8.023E-02 +.000E+00 2.326E2-01 +000E+00 9.396E-02 +000R+00 8.362E-02 -000E+00
GROUP 2 2.980E-03 +000E+00 2.882E8-03 +000E+00 5.2228-03 .000E+00 3.0568-03 .000E+00  2.844RE-03 .000E+00
GROUP 3 -000E+00 <000E+00 -000E+00 .000E+00 «000E+00 .000R+00 .000E+00 +000E+00 .000E+00 .0008+00

GRND.TOT 9.083E-02 «0008+00 8.3112-02 .000E+00 2.379E-01 .000E+00 9.7038-02 .0002+00 8.647B-02 <000E+00

CUM. TOTAL FROM T=0 +000B+00 .000E+00 +000R+00 .000E+00 +.000E+00
Eff D.E. Rff D.E. TID Thy TID Thy RG1109WB RG1109%WBD
DOSE RATE INTVL DOS8 DOSE RATE INTVL DOS DOSE RATE INTVL DOS
(rem/bx) (xem) (rem/hx) (rem) (rem/hr) (rem)

GROUP 1 9.532E-02 .Q00B+00 «000E+00 «000B+00 1.3578-01 -000E+00
GROUP 2 3.065E-03 .000E+00 +»000E+00 +000E+00 3.960B-03 «.C00R+00
GROUP 3 .000E+00 .000E+00 «000E+00 .000E+00 .0008+00 .000E+00

GRND.TOT 9.838E-02 -000E+00 .000E+00 .000E+00 1.397E-01 .000E+00
CU¥, TOTAL FROM T=0 .000E+00 .000E+00 ~000R+00
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CASE# 1 PNP8 AST - FHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES ~ LPZ w/Gamma X/Q (INSTARTANEOUS RELEASE FROM SOURCE)

2

Tw= ,0000E4+00 hrs RADIATION EXPOSURE DUE TO INHALATION (CONTINUOUS OCCUPANCY)
OUTDOOR RECEPTOR (INTERVAL DOSES ARE PROM .0000E+00 70 .0000X+00 hrs)’
Thyroid Thyroid Rff D.B. Eff D.R.
DOSE RATE INTVL DOS DOSE RATR INTVL DOS
NUCLIDE . {rem/hr) {rem) (rem/hr) (rem)
BR 82 2.514E-05 L000E+00  5,040E-05 .0002+00
BR 83 2.655R-09 .000E400 5.6128-08 .000E+00
BR 84 : 3.299E-19 .000E+00 2.760E-18 .000R+00
KR 83N : .000R+00 .000E+00 ,000R+00 .0008+00
KR 85M .000E+00 . 0002400 .0002+00 .000R+00
XR 85 +000R+00 +000E+00 .000E+00 .000B+00
XR 87 .000E+00 .0002400 L000%+00 .000E+00
KR 88 +000E+00 +000E+00 .000E+00 .000E+00
RB 87 .00UE+00 .000R+00 +000E+00 .000E+00
RB 88 .000B+00 .000E+00 .000%+00 .000E+00
T128 1.298E-22 .000R+00 3.111R-23 .000E+00
1129 2,675%-06 .000E+00 B8.041E-08 .000E+00
1130M .000E+00 .000B+00 .000E+00 .000E+00
1130 6.8788-03 .000E+00  2.468E-04 .000E+00
1131 6.960R+00 .000E+00 2.119E-01 .000E+00
1132 2.898E-05 .000E+00 1,716E-06 .000E+00
1133 7.1378-01 .000E+00  2,320B-02 L000E+00
1134 6.030R-11 .000E+00  7.433E-12 .000R400
1135 2,079E-02 .000E+00 8,158E-04 .000E+00
XBL31IM .000E+00 .000E+00 .000E+00 +000R+00
XE13IM .DOOE+00 .000R+00 0002400 .000E+00
X2133 .000E+00 .000B+00 .000E+00 .000E+00
XE135M .DOOE+00 .000R400 .G00E+00 .000E+00
XE135 .000E+00 .000R+00 .000E+00 .000B+00
X®138 +000E+00 .000E+00 .000E+00 .000E+00
cs135 .000E+00 .000E+00 LO00R+00 .000E+00

CS8118 .000R+00 .0002+00 .000E+00 .000E+00
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CASESR 1 PNPS AST - FHA - BOUNDING SRC - 24 HR DECAY - RB VBNT.RELEASES -~ LPZ w/Garma X/Q {INSTANTANEOUS RRLEASE FROM SOURCR)

T = ,0000E400 hra RADIATION EXPOSURE DUE TO INHALATION . (CONTINUOUS OCCUPANCY)
OUTDOOR RECEPTOR (INTERVAL DOSES ARE FROM ,.0000E+00 TO .QO000E+00 hrs
Gonads Gonads Breast Breast
DOSE. RATR INTVL DOS DOSE RATR INTVL DOS
(rem/kr) (rem) (rem/hr) {rem)
GROUP 1 .000K+00 .000B+00 .000R+00 .0008+00
GROUP 2 9.616R-04 .000R400 2,410E-03 .000R+00
GROUP 3 . ’ .000E+00 .000E+00 .000E+00 .000E+00
GRND,TOT 9.616E-04 .000BR+00 2.4108-03 .0002+00
CUM. TOTAL FROM T=0 p 000E+00 +000B+00
Lungs Lungs R.Mn:t;)v R.Marrow Bone Sur Bone 8ur 'rhyfoid Thyroid Remaindr Remaindr
DOSE RATE INTVL DOS DOSE RATE .INTVL DOS .DOSE.RATE INTVL DOS DOSE RATE INTVL DOS DOSE RATE IRTVL DOS
{rem/hr) (rem) (rem/hr) (ren) (rem/hr) {(rem) {rem/hr) {rem) {xem/hr) (rem)

GROUP 1 .000E+00 .000!006 .000K+00 0008400 .000E+00 .000B+00 .000E+00 .000E+00 .0008+00 «000KE+00
GROUP 2 2.920E-02 .000E+00 1,.989-03 .000E+00 1.8238-03 .000R+00 7.701B+00 ,Q00E+00 2.8322-03 .000B+00
GROUP 3 .000E+00 .000B+00 +000E+00 .000E+00 .000R+00 .000B+00 +000%400 .000E+00 +000E+00 «000E+00

GRND,TOT 2.920K-02 .000B+00 1.9898-03 . ,.000E+00 1.823E-03 .000E+00 7.701E4+00 «000B+00 2.832E-03 «000E+00

CUM. TOTAL FROM Te0  ,000E+00 .000E+00 .000E+00 .C00R+00 .000E+00
Eff D.E. Xff D.,E, TID Thy TID Thy '
DOSE RATE INTVL DOS DOSE RATE  INTVL DOS
(rem/hr) (rem) {rem/hr) (xrem)

GRrROUP 1 .000R+00 ~000E+00 -0008+00 «0008+00
GROUP 2 2.362BE-01 0002400 1,120E+01 .000E+00
GROUP 3 -000E+00 .000E+00 .0008+00 +000R+00

GRND.TOT 2.362E-01 «000K+00 1.120E+01 .000E+00
CUM., TOTAL FROM T=0 «000E+00 .000E+00 .
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CASE# 1 PNPS AST - FHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES - LPZ w/Gamma ' X/Q

SUMMARY

OUTDOOR RECEPTOR

T (hours)

.0000R+00
5.0000R-01
1.0000E+00
2.0000E+00

8,.0000E+00
2,4000E+01
9.6000R+01
7.2000B+02

T (hours)

.0000E+00
5.0000E-01
1.0000E+00
2,0000E+00

8.0000BE+00
2,4000E+401
9.6000E+01
7.2000B+402

T (hours)

.0000E+00
5.0000E-01
1,.00008+00
2.0000B+00

8.0000E+00
2.40002401
9.6000E+01
7.2000E+02

Beta Air
DOSE RATE
{xad/hr)

5.900E-01
8.097R-02
1.2678-02
2.169E-03

5.798R-~04
8.049E-05
1.232R-06
4.270B-09

Gonads
DOSE RATE
{(rem/br) -

9.898E-02
1.447E-02
3.446B-03
1.648E-03

4.358E-04
4.553E~05
9.144E8-08
8.219E-11

R.Marrow
DOSE RATE
(rem/hr)

8.510R-02
1.2558-02
3.108ER-03
1.5578-03

4.118E-04
4.260E~05
6.331E-08
4,083E-11

TOTAL RADIATION EXPOSURES (AIR IMMERSION PLUS INHALATION)

Beta Alr
INTVL DOS
(rad)

.Q00E+00
1.278E-01
1.804E-02
4.638E-03

4.7138-03
2.7378-03
5.327E-04
1.890B-05

Gonads
INTVL DOS
(rem)

+000E+00
2.160BE-02
3.611E-03
2.106E-03

3.632E-03
1.844E-03
1.846E-04
B8.259E~-07

R.Marrow
INTVL DOS
(xrem)

.000E+00
1.8608-02
3.170E-03
1.9568-03

3.435E-03
1.737E-03
1.685E-0¢
5.294E-07

Bata Alr
CUM. DOSE
(rad)

.000B+00
1.278E-01
1.4588-01
1.5058-01

1.5538~01
1.579g-01
1.5858-01
1.5858-01

Gonads
CUM. DOSRE
(rem)

.000E+00
2.160E-02
2.5228-02
2.732E-02

3.095E-02
3.280E-02
3.298E-02
3.298E-02

R.Marrow
CUM,. DOSE
(rem)

.000E+00
1.860B-02
2.177R-02

2.373R-02

2.716E-02
2.890E-02
2.9078-02
2.907E-02

Gamma Alr
DOSE RATE
{xad/hr)

1.5218-01
2,213e-02
5.143E-03
2,382E-03

6.300B-04
6.652E-05
1.7198-07
2.412E-10

Breagt
DOSE RATE
(rem/hr)

1.1628-01
1.6958-02
3.9978-03
1.888R-03

4,990B-04
5.225E-05
1.109-07
1.0838-10

Bona Sur
DOSE RATE
(rem/hr)

2.397E-01
3.428E-02
7.3418-03
3.0298-03

7.991E-04
8.549E-05
2,7238-07
1.906K-10

Gamma Air
INTVL DOS
{xad)

+000E+00
3,.3178-02
5.4818-03
3.081%-03

5.2468-03
2.6748-03
2.7678-04
1.759%-06

Breast

JINTVL DOS

(rem)

. 000E+00
2.5358-02
4.2178-03
2,424E-03

4.158E-03
2.1138-03
2.1308-04
1.027E-06

Bone Sur
INTVL DOS
(xem)

+000E+00
5.212%-02
8.2842-03
4.101E-03

6.646E-03
3.404%-03
3.6638-04
2.4158-06

Garmma Air
CUM., DOSE
(rad)

.000E+00
3.317B-02
3.865E8-02
4.173E-02

4.637R-02
4.9658-02
4,993E-02
4.9938-02

Breast
CUN. DOSE
(renm)

.000E+00

2.535B-02

2.956E-02
3.199E-02

3.614E-02
3,.826E-02
3.847B-02
3.847R-02

Bone Sur
CUM, DOSE
(rem)

.000E+00
5.2128-02
§,040B-02
6.451R-02

7.115g-02

7.4562-02 .

7.4928-02
7.493E-02

Tot. Skin
DOSE RATE

‘:(temlhr)

2,777E-01
3.9428-02
.7.809E-03
2,8158-03

7.4668-04
8.160E-05
3.4198-07
1.041E-09

‘Lungs

DOSE RATE
(rem/hr)

* 1.,200E-01

1.739E-02
3.8178-03
1.631R-03

4.288E-04

- 4,455E-03

7.583E-08
4.802B-11

Thyxroid
DOSR RATE
{rem/hr)

7.798E+00
1.053R+00
1,436E-01
4.226E-03

4.433E-04
4.619E-05
.8.6328-08
7.032R-11

3-Nov=-04
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(INSTANTANEQUS RELEASE FROM SOURCE)

{CONTIKUOUS OCCUPANCY)

Tot. S8kin
INTVL DOS
(xem)

.000R+00
6.045E-02
5.319R-03
4.037R-03

6,205E-03
3.222B-03
3.666B-04
4,8208-06

Lungs
INTVL DOS
(rem)

.000R+00
2.6222-02
€.2348-03
2.178E-03

3.577E-03
1.811E-03
1.7818-04
6.3948-07

Thyroid
INTVL DOS
(rem)

+000E+00
1.684E+00
2.279E-01
3,.646E-02

4.0258-03
1.874E-03
1.861R-04
7.6508-07

Tot. 8kin
CtM. DOSRE
(xrem)

.000B+00
6,045E8-02
6.977B-02
7.381E-02

8.002E-02
8.324R-02
8.3608-02
8.361E-02

Lungs
CUM. DOSE
(rem)

+000E+00
2.6228-02
3.045E-02
3.263E-02

3.6212-02
3.802E-02
3.820E-02
3.820E-02

Thyroid
CUM. DOSE
(rem)

.000E+00
1.684R+00
1.9128+00
1.948K400

1.952R+00
1.954E+00
1.954E+00
1.934E400




A

AREVA

PNPS - Radiological Consequences of a Design-Basis Fuel Handling Accident
Based on the Altemative Source Term Methodology (2038 MW1)
Prepared by: John N. Hamawi

Document ID 32-5052589-01

Page 113

ELISA-2 [LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG, - Rel, Varslon 2.2 May 23,2002)

CASRE 1 PNPS AST - FHA - BOUNDING SRC -~ 24 HR DECAY - RB VENT RELEASES - LPZ w/Gamma X/Q

SUMMARY

OUTDOOR RECEPTOR

T (hours)

.0000R+00
5.0000R-01
1.0000E+00
2.0000R+00

8.0000R+00
2.4000E+01
9.6000R+01
7.20008+02

T (hours)

.0000E+00
5.0000E-01
1.0000E+00
2.0000E+00

8,0000E+00
2,4000E401
9.6000E+01
7.20008+02

Remaindy
DOSE RATR
(rem/hr)

8.930R-02
1.3118-02
3.174R-03
1.5482-03

4.093R-04
4.2508-05
7.161E-08
4.874B-11

RG1109WB
DOSE RATE
{rem/hr)

1.397E-01
2.026E-02
4.7372-03
2.2168-03

5.861K~04
6.168E-05
1.4578-07
1.0078-10

TOTAL RADIATION BXPOSURES (AIR IMMERSION PLUS INHALATIONi

Remaindr
INTVL DOS
(rem)

.000R+00
1.951E-02
3.2898-03
1.9648-03

3.413R-03
1.7298-03
1.698R-04
6.103E-07

RG1109WB
INTVL DOS
(rem)

.000RB+00
3.040E-02
5.025K-03
2.856E-03

4.881E-03
2,485E-03
2.5442-04
1.2728-06

Remaindr
CiM. DOSEB
(rem)

.000B+00
1.951E-02
2,280E-02
2.476E-02

2.817R-02
2.990E-02
3.007E~-02
3.007E-02

RG1109WB
CUM. DOSE
(xem)

. 000B+00
3.0408-02
3.5438-02
3.8288-02

4.3178-02
4.5658-02
4.5918B-02
4.591R-02

BEf D.RB.
DOSE RATE
(rem/hr)

3.346E-01
4.6298-02
7.767E-03
1.7578-03

4.440E-04
4.631E-05
8.868R-08
6.996E-11

Bff D.E.
INTVL DOS
(rem)

.000R+00
7.2498-02
1,049E-02
3.1898-03

3.711R-03
1.878R-03
1.870E-04
7.824B-07

R££ D.E.
CUM. DOSE
{rem)

.000E+00

7.2498-02
8,298K-02
8.617R-02

8.988E-02 . .
9.176E-02"
9.195E8-02

9.1958-02

TID Thy

'DOSE RATE
'(rcmlhr)

1.120E+01
1.510R+00
2,0358-01
3.636B-03

6.907R~-14
2.855B-42
.000B300
»000R+00

3-Nov-04
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(INSTANTANEOUS RELEASE FROM SOURCE)

(CONTINUOUS OCCUPANCY})

TID Thy
INTVL DOS
(rem)

+000R+00
2,4188+00
3.2598-01
4,9848-02

4.783R-04
4.9358-15
3.7078-43

+0C0B+00

TID Thy
CUM, DOSR
(rem)

«000B+00
2.418B+00
2.744E+00
2.794B+00

2.795R+00
2.795B+00
2.795E+00
2.795E+00
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ELISA-2 (LICENSING & SEVERE ACCIDENT RADIOLOGICAL EVALUATIONS - ENTECH ENG. - Rel, Version 2.2 May 23,2002] 3-Nov-~04 PAGE 17

CASE# 1

PNPS AST - FHA - BOUNDING SRC - 24 HR DECAY - RB VENT RELEASES ~ LPZ w/Gamma X/Q

{INSTANTANEOUS RELEASE FROM SOURCE)

OVERALL SUMMARY - TOTAL RADIATION EXPOSURES (AS APPLICABLR) FOR SCENARIO DURATION (7.2000R+02 hra)

RECEPTOR/ORGAN

Beta Alr (xad)
Gamma Alr (rad)

Tot. skin (rem)
[Bata Cont. (%)]

Gonads (rem)
Breast {rem)
Lungs {rem)

(Inhalation (%))

R.Marrow {rem)
Bone Sur (rem)

Thyroid (xem)
[Inhalation (%)]

Remaindr (rem)

Eff D.E. (rem)
[Inhalation (%)}

TID Thy (rem)
RG1109¥%B (rem)

COMPARTMENT A
(Hemispher)

.000E+00
«000E+00

.000B+00
( .00]

+000R+00
.000E+00

.000E+00
[ .00]

+000ER+00
.000E+00

+000E+00
4 .00]

+0008+00

.000B+00
[ .00)

+000B+00
.000E+00

CONTINUOUS OCCUPANCY

COMPARTMENT B
(spherical)

«000R+00
.000E4+00

.000E+00
[ .00}

.0008+00
.000E4+00

+Q00R+00
[ .00)

.000R4+00
.000R+00

.000E+00
{ .00]

-000E+00

.0002+00
[ .00)

.000E+00
.000E+00

COMPARTMENT C
(Spherical)

.0008+00
.000E+00

.000+00
t .003

+000E+00
«000B+00

«000E+00
t .00]

.000E+00
.000E+00

+000E+00
[ +00]

+«000E+00

«000E+00
[  .00]

+00024+00
.000B+00

OPFSITE RECEP,
1.585E-01
4.9938-02

8.361E-02
( 52.54)

3.298E-02
3.847R-02

3.8208-02
{ 19.32)

2.907E-02
7.4938-02 ’ -

1.954R+00
{ 98.33)

3.007E-02

9.195E-02
[ 64.12}

2.795R+00
4.591E-02

The DPose Conversion Factors (DCFs) employed by ELISA-2 are from EPA 520/1-88-020 and EPA 402-R-93-081
(Federal Guidance Reports 11 and 12), except for TID Thy and RG1109WB, which are as followa:

TID Thy = Clamaical thyroid inhalation dose based on the TID-14844 DCFs (iodines ouly)
RG1109WB = Clasmical whole body irmarsion dose based on the Rog. CGuide 1.105 DCPs

(noblen and halogens only)

The beta dose to air im for immersion in an infinite cloud.
The askin dose includes contributions from gamma radiation (finite cloud), beta -radiation (semi-infinite

cloud) and ground contamination.

Finite-cloud correction, {f any, 1s nuclide specitic.

thhdaddon

Indhdeddbnnee

END OF TRIS CASBE

END OF ANALYSIS

LA 4422 2] ] )

eSREIR MO R NI

The skin beta-contribution percentages exclude ground contamination.
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RADTRAD Run Case #A - Nuclide Inventory File
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Nuclide Inventory Name:

Pilgrim -FHA - Bounding Source Term - 151 Rupured rods

Power Level:
0.1211E+02
Nuclides:
60
Nuclide 001:
Co-58
7
0.6117120000E+07
0.5800E+02
0.0
none 0.0000E+00
none 0.0000E+00
none 0.0000E+00
Nuclide 002:
Co-60
7
0.1663401096E+09
0.6000E+02
0.0
none 0.0000E+00
none 0.0000E+00
none 0.0000E+00
Nuclide 003:
Kr-85
1
0.3382974720E+09,
0.8500E+02
8.551E+02
none 0.0000E+00
none 0.0000E+00D
none 0.0000E+00
Nuclide 004:
Kr-85m
1
0.1612800000E+05
0.8500E+02
5.880E+03
Kr-85  0.2100E+00
none 0.0000E+00
none 0.0000E+00
Nuclide 005:
Kr-87
1
0.4578000000E+04
0.8700E+02
1.175e+04
Rb-87 0.1000E+01
none 0.0000E+00
none 0.0000E+00
Nuclide 006:
Kr-88
1
0.1022400000E+05
0.8800E+02
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1.662E+04
Rb-88 0.1000E+01
none 0.0000E+00
none 0.0000E+00
Nuclide 007:
Rb-86
3
0.1612224000E+07
0.8600E+02
0.0
none 0.0000E+00
none 0.0000E+00
none 0.0000E+00
Nuclide 008:
Sr-89
5
0.4363200000E+07
-0.8900E+02
0.0
none 0.0000E+00
none 0.0000E+00
none 0.0000E+00
Nuclide 009:
Sr-990
5
0.9189573120E+09
0.9000E+02
0.0
Y-90 0.1000E+01
none 0.0000E+00
none 0.0000E+00
Nuclide 010:
Sr-91
5
0.3420000000E+05
0.9100E+02
0.0 .
¥Y-91m 0.5800E+00
Y-91 0.4200E+00
none . 0.0000E+00
Nuclide 011:
Sr-92
S
0.9756000000E+04
0.9200E+02
0.0
Y-92 0.1000E+01
none 0.0000E+00
none 0.0000E+00
Nuclide 012:
Y-90
9
0.2304000000E+06
0.9000E+02

0.0



Nb-95m 0.7000E-02
Nb-8S 0.9900E+00
none. 0.0000E+00
Nuclide 017:
2r-97
9
0.6084000000E+05
0.9700E+02
0.0
Nb-97m 0.9500E+00
Nb-97 0.5300E-01

none 0.0000E+00
Nuclide 018:
Nb-95
9
0.3036960000E+07
0.9500E+02
0.0
none 0.0000E+00

none 0.0000E+00
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none 0.0000E+00
none 0.0000E+00
none 0.0000E+00
Nuclide 013:
Y-91
9
0.5055264000E+07
0.9100E+02
0.0
none 0.0000E+00
none 0.0000E+00
none 0.0000E+00
Nuclide 014:
Y-92
9
0.1274400000E+05
0.9200E+02
0.0 .
none 0.0000E+00
none 0.0000E+00
none 0.0000E+00
Nuclide 015:
Y-93
9
0.3636000000E+05
0.9300E+02
0.0
Zxr-93 0.1000E+01
none 0.0000E+00
none 0.0000E+00
Nuclide 016:
Zr-95
9
0.5527872000E+07
0.9500E+02
0.0
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none 0.0000E+00
Nuclide 019:
Mo-99
7
0.2376000000E+06
0.9900E+02
0.0
Tc-99m 0.8800E+00
Tc-99 0.1200E+00

none 0.0000E+00
Nuclide 020:
Tc-99m
7
0.2167200000E+05
0.9900E+402
0.0
Tc-99 0.1000E+01
none 0.0000E+00
none 0.0CO00E+00
Nuclide 021:
Ru-103
7
0.3393792000E+07
0.1030E+03
0.0
-Rh=-103m 0.1000E+01
none 0.0000E+00
none 0.0000E+00
Nuclide 022:
Ru-105
¥i
0.1598400000E+05
0.1050E+403
0.0 '
Rh-105 0.1000E+01
none 0.0000E+00
none 0.0000E+00
Nuclide 023:
Ru-106
7
0.3181248000E+08
0.1060E+03
0.0
Rh-106 0.1000E+01
none 0.0000E+00
none 0.0000E+00
Nuclide 024:
Rh-105
7
0.1272960000E+06
0.1050E+03
0.0
none 0.0000E+00
none ° 0.0000E+00
none 0.0000E+00

Nuclide 025:



A PNPS - Radiological Consequences of a Design-Basis Fuel Handling Accident

Based on the Alternative Source Term Methodology (2038 MW!)
Prepared by: John N. Hamawi

AREVA

Document ID 32-5052589-01

Page 120

Sb-127
4
0.3326400000E+06
0.1270E+03
0.0
Te-127m 0.1800E+00
Te-127 0.8200E+00
none 0.0000E+00D
Nuclide 026:
Sb-129
4
0.1555200000E+05
0.1290E+03
0.0
Te-129m 0.2200E+00
Te-129 0.7700E+00

none 0.0000E+00
Nuclide 027:
Te-127
4
0.3366000000E+05
0.1270E+03
0.0
none 0.0000E+00
none 0.0000E+00
none’ 0.0000E+00
Nuclide 028:
Te-127m
4
0.9417600000E+07
0.1270E+03
0.0
Te-127 0.9800E+00
none 0.0000E+00
none 0.0000E+00
Nuclide 029:
- Te-129
4
0.4176000000E+04
0.1290E+03
0.0
I-129 0.1000E+01
none 0.0000E+00
none 0.0000E+00
Nuclide 030:
Te-129m
4
0.2903040000E+07
0.1290E+03
0.0

Te-129 0.6500E+00
I-129 0.3500E+00

none 0.0000E+00
Nuclide 031:
Te-131m

4
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0.1080000000E+06
0.1310E+03
0.0
Te-131 0.2200E+00
I-131 0.7800E+400
none 0.0000E+00
Nuclide 032:
Te-132
4
0.2815200000E+06
0.1320E+03
0.0
I-132 0.1000E+01
none 0.0000E+00
none 0.0000E+00
Nuclide 033:
I-131
2 .
0.6946560000E+06
0.1310E+03
2.717E+04
Xe-131m 0.1100E-01
none 0.0000E+00
none 0.0000E+00
Nuclide 034:
I-132
2
0.8280000000E+04
0.1320E+03
2.411e+04
none 0.0000E+00
none 0.0000E+00
none 0.0000E+00
Nuclide 035:
I-133
2
0.7488000000E+0S
0.1330E+03
3.417E+04
-Xe-133m 0.2900E-01
Xe-133 0.9700E+00
none 0.0000E+00
Nuclide 036:
I-134
2
0.3156000000E+04
0.1340E+03
3.815E+04
none 0.0000E+00
none 0.0000E+00
none 0.0000E+CG0
Nuclide 037:
I-135
2
0.2379600000E+05
0.1350E+03
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3.182E+04
Xe-135m 0.1500E+00
Xe-135 0.8500E+00

none 0.0000E+00
Nuclide 038:
Xe-133
1
0.4531680000E+06
0.1330E+03
3.417E+04
none 0.0000E+00
none 0.0000E+00
none 0.0000E+00
Nuclide 039:
Xe-135
1
0.3272400000E+05
0.1350E+03
1.7744E+04 - :
Cs-135 0.1000E+01
none 0.0000E+00
none 0.0000E+00
Nuclide 040:
Cs-134
3
0.6507177120E+08
0.1340E+03
0.0
none 0.0000E+00
none 0.0000E+00
none 0.0000E+00
Nuclide 041:
Cs-136
3
0.1131840000E+07
0.1360E+03
0.0
none 0.0000E+00
none 0.0000E+00
none 0.0000E+00
Nuclide 042:
Cs-137
3
0.9467280000E+0%
0.1370E+03
0.0
Ba-137m O0.8500E+00
none 0.0000E+00
none 0.0000E+00
Nuclide 043:
Ba-139
6
0.4962000000E+04
0.1390E+03

0.0
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none 0.0000E+00
none 0.0000E+00
none 0.0000E+00
Nuclide 044:

Ba-140
6
0.1100736000E+07
0.1400E+03
0.0
La-140 0.1000E+01
none 0.0000E+00
none 0.0000E+00
Nuclide 045:
La-140
9
0.1449792000E+06
0.1400E+03
0.0
none -- 0.0000E+00
none 0.0000E+00
none 0.0000E+00
Nuclide 046:
La-141
9
0.1414800000E+05
0.1410E+03
0.0
Ce-141 0.1000E+01
none 0.0000E+00
none 0.0000E+00
Nuclide 047:
La-142
9
0.5550000000E+04
0.1420E+03
0.0 )
none 0.0000E+00
none 0.0000E+00
none 0.0000E+00
Nuclide 048:
Ce-141
8
0.280808B6400E+07
0.1410E+03
0.0
none 0.0000E+00
none 0.0000E+00
none 0.0000E+00
Nuclide 049:
Ce-143
8
0.1188000000E+06
0.1430E+03
0.0
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none 0.0000E+00
Nuclide 050:
Ce-144
8
0.2456352000E+08
0.1440E+03
0.0
Pr-144m 0.1800E-01
Pr-144 0.9800E+00

. none 0.0000E+00
Nuclide 051:
Pr-143
9
0.1171584000E+07
0.1430E+03
0.0
none 0.0000E+00
none 0.0000E+00
none . ~ 0.0000E+00
Nuclide 052:
Nd-147
9
0.9486720000E+06
0.1470E403
0.0
Pm-147 0.1000E+01
none 0.0000E+00
none 0.0000E+00
Nuclide 053:
Np-239
8
0.2034720000E+06
0.2390E+03
0.0
Pu-239 0.1000E+01
none 0.0000E+00
none 0.0000E+00
Nuclide 054:
Pu-238
8
0.2768863824E+10
0.2380E+03
0.0
U-234 0.1000E+01
none 0.0000E+00
none 0.0000E+400
Nuclide 055:
Pu-239
8
0.7594336440E+12
0.2390E+03
0.0
U-235 0.1000E+01
none 0.0000E+00
none 0.0000E+00

Nuclide 056:
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uU-237 0.2400E-04
Am-241 0.1000E+01
none 0.0000E+00
Nuclide 058:

© Am-241
9
0.1363919472E+11
0.2410E+03
0.0
Np-237 0.1000E+01
none 0.0000E+00
none 0.0000E+00
Nuclide 059:
Cm-242
9
0.1406592000E+08
0.2420E+03
0.0
Pu-238 0.1000E+01
none 0.0000E+00
none 0.0000E+00
Nuclide 060:
Cm-244
9
0.5715081360E+09
0.2440E+03
0.0
Pu-240 0.1000E+01
none 0.0000E+00
none 0.0000E+00

End of Nuclear Inventory File
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Pu-240
8
0.2062520312E+12
0.2400E+03
0.0
U-236 0.1000E+01
none 0.0000E+00
none 0.0000E+00
Nuclide 057:
Pu-241
8
0.4544294400E+09
0.2410E+03
0.0
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RADTRAD Run Case #A - Release Fraction and Timing File

Release Fraction and Timing

RG 1.183, Appendix B with pool DF = 200 for halogens

Duration (h): NON-LOCA Accident chk inventory

1.0000E-03

Noble Gases:

1.0000E+00
Iodine:
5.000E-03
Cesium:
0.0000E+00
Tellurium:
0.0000E+00
Strontium:
0.0000E+00
Barium:
0.0000E+00
Ruthenium:

0.0000E+00

Cerium:
0.0000E+00

Lanthanum:
0.0000E+00

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

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

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

0.0000E+00

0.0000E+00 O0.0C00E+00

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

0.0000E+00

Non-Radioactive Aerxosols (kg):
0.0000E+00 0.0000E+00 0.0000E+00
End of Release File

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00
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RADTRAD Run Case #A - Main Output File



A PNPS - Radiological Consequences of a Design-Basis Fue!l Handling Accident Document ID 32-5052589-01

Based on the Alternative Source Term Methodology (2038 MW1)
AREVA  Preparedby: John N. Hamawi

Page 128

FREHRBEEEARRBEUHEHRAERRHSHURHUDRIDARERAHFHAEERAEUAREHABHARTRBEER IR
RADTRAD Version 3.03 (Spring 2001) run on 11/02/2004 at 15:33:14
HREBHBOHBHBHEPEEURFRRUURHAHURHERBRRUSHHREHBHBUEBHBUREHERARRERRHRERA USRS

#######################################################################
File information
FRCENGESFUBBRBURRFHBREHEBEHUEHHUAEBHRRERHBEABESHRRHERSUGRBHA BB ERR AR

C:\calcs\calcs-PNPS\AST\AST~FHA\PNPS-RADTRAD~FHA.psf
c:\calcs\calcs-pnps\ast\ast-fha\pnps-radtrad-fha.nif
c:\calcs\calcs-pnps\ast\ast-fha\non_loca.rft
c:\software\radtrad\defaults\fgrll&l2.inp

Plant file

Inventory file
Release file

Dose Conversion file

3333 #ERE BHdEd ¥ & # BRREE & #  HE#dER
$§ I ¥ # ## # # # # # #
# # % # # # 4 & # ¥ % # #
i3 3331 #i48  figs # 0# # # ##edw & # #
# # # # ¥ ## # # # #
# # # % # ¥ # # #
# O REEE & $# & # #

# L3

Radtrad 3.03 4/15/2001
FHA: NO SGTS, NO CRHEAFS - 24 hrs Decay
Nuclide Inventory File:
c:\calcs\calcs-pnps\ast\ast-fha\pnps-radtrad-fha.nif
Plant Power Level:

1.2110E+01
Compartments:

3
Compartment 1:
Refuel Floor

3

7.0000E+05

QOO0 O

Compartment 2:
Atmosphere

2

0.0000E+00

OO0 00O

Compartment 3:
Control Room
1
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3.4280E+04

OO0 O0

Pathways:
3
Pathway 1:

FHA Release via RB Vent

1

2

4
Pathway 2:
CR intake

2

3

2
Pathway 3:
CR exhaust

3

2

2

End of Plant Model File
Scenario Description Name:

Plant Model Filename:

Source Term:

1

1 1.0000E+00
c:\software\radtrad\defaults\fgrlil&l2.inp
c:\calcs\calcs-pnps\ast\ast-fha\non_loca.rft

2.4000E+01

1

0.0000E+00 5.7000E-01 4.3000E-01 1.0000E+00
Overlying Pool: :

0

©0.0000E+00

0
0
0
0

Compartments:

3

Compartment 1:

0

COoOO0OO0OO0OOCOOK

Compartment 2:
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Compartment 3:

SOoO0O0O0O0OOrHrO3 O0O0O0O0OOQOOKO

Pathways:
3
Pathway 1:°

VNHOOOOO0OO0ODODOOO

2.4000E+01 9.6000E+03
2.6000E+01 0.0000E+00

0
Pathway 2:
0
0
0
0
0
1
2
2.4000E+01 9.0000E+03 0.0000E+00
7.4400E+02 0.0000E+00 0.0000E+00
0
0
0

Pathway 3:

(=N e NoNe)

0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
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0
0
0
1
2
2.4000E+01 9.0000E+03 0.0000E+00 0.0000E+00 0.0000E+00
7.4400E+402 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0
0]
0
0
0
0

Dose Locations:
3

Location 1:

EAB
2
1 b
2
2.4000E+01 7.4750E-04
2.6000E+01 0.0000E+00
1
4
2.4000E+01 3.5000E-04
3.2000E+01 1.8000E-04
4.8000E+01 2.3000E-04
7.4400E+402 0.0000E+00
0

Location 2:

LPZ
2
1
2
2.4000E+01 3.6920E-05
2.6000E+01 0.0000E+00
1
4
2.4000E+01 3.5000E~04
3.2000E+01 1.8000E-04
4.8000E+01 2.3000E-04
7.4400E+02 0.0000E+00
0

Location 3:

CR
3
0
1
2
2.4000E+01 3.5000E-04
7.4400E+02 0.0000E+00
1
4
2.4000E+01 1.0000E+00
4 _.8000E+01 6.0000E-01
1.2000E+02 4.0000E-01
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7.4400E+02 0.0000E+00
Effective Volume Location:

1

2

2.4000E+01 1.7600E-03

2.6000E+01 0.0000E+00
Simulation Parameters:

1

2.4000E+01 0.0000E+00
Output Filename:
C:\calcs\calcs-PNPS\AST\AST-FHA\PNPS-RADTRAD-FHA .02

OCOR R

End of Scenario File
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FREGEBBUBBFERREHERHBRREHER ARG H AR B R B ERRRRERBERHERBRARRBBAR AR RAR AR
RADTRAD Version 3.03 (Spring 2001) run on 11/02/2004 at 15:33:14
BREEEBBBHAVERECHBBHURHIHURDERRBHRRHURHHBRRHERRRRERAHEBRURRUB RSB ON R

FREAHBEBAREBRHBFEBEEHHRNMRERBHEREREERNUBRHREHARBRBRBHHBRREEBRA BB RURUES
Plant Description
FHEBGBHBHRBEAHBRARGRRABABHAUBERRENRDTERRGRRHERECARRREARELEBEOREHDES

Number of Nuclides = 60

Inventory Power = 1.2110E+01 MWth
Plant Power Level = 1.2110E+01 MWth

Number of compartments = 3
Compartment information

Compartment number- 1 (Source term fraction = 1.C000E+00
)
Name: Refuel Floor
Compartment volume = 7.0000E+05 (Cubic feet)
Compartment type is Normal
Pathways into and out of compartment 1
Exit Pathway Number 1: FHA Release via RB Vent

Compartment number 2

Name: Atmosphere

Compartment type is Environment

Pathways into and out of compartment 2
Inlet Pathway Number 1: FHA Release via RB Vent
Inlet Pathway Number 3: CR exhaust
Exit Pathway Number 2: CR intake

Compartment number 3
Name: Control Room
Compartment volume = 3.428B0E+04 (Cubic feet)
Compartment type is Control Room
Pathways into and out of compartment 3
Inlet Pathway Number 2: CR intake
Exit Pathway Number 3: CR exhaust

Total number of pathways = 3
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RHGHHHSHERBHEHAUNAABURRHERBUOHBHRRHARARHRBHERBHURHHRSRSRRRBRLUREEGR MRS
RADTRAD Version 3.03 (Spring 200l1) run on 11/02/2004 at 15:33:14
BEBEGEHHRABERHBHBABHEBHBREABRU BN BHBEBHS SRR REMBHREREEMUHRERSREC S BER

FERRAHEHELAGHBRBNUERERRABRHGHABRRNRUBHRERBECHARRABRRAEERERURBURERR RN NS

Scenario Description
FHEHBHBHEBBUBRERANBGERBEBHREHABRUBBULRBRUHARHBRBERURERHEHBUERAHHUS RS

Time between shutdown and first release = 2.4000E+01 (Hours)

Radioactive Decay is enabled
Calculation of Daughters is enabled

Release Fractions and Timings

GAP EARLY IN-VESSEL LATE RELEASE RELEASE MASS
0.001000 hr 0.0000 hrs 0.0000 hrs (gm)
‘NOBLES - 1.0000E+00 0.0000E+00 0.0000E+00 2.371E+00
IODINE 5.0000E-03 0.0000E+00 0.0000E+00 1.311E-03
CESIUM 0.0000E+00 0.0000E+00 0.0000E+00 0.000E+00
TELLURIUM 0.0000E+00 0.0000E+00 0.0000E+0Q0 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 0.0000E400 0.0000E+00 0.0000E+00 0.000E+00
CERIUM 0.0000E+00 0.0000E400 0.0000E+00 0.000E+00
LANTHANUM 0.0000E+00 0.0000E+00 0.0000E+00 0.000E+00
Inventory Power = 1. 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 8.551E+02 3.383E+08 1.190E-16 0.000E+00 0.000E+00
Kr-85m 1 S5.880E+03 1.613E+04 7.480E-15 0.000E+00 0.000E+00
Kr-87 1 1.175E+04 4.578E+03 4.120E-14 0.000E+00 0.000E+00
Kr-88 1 1.662E+04 1.022E+04 1.020E-13 0.000E+00 0.000E+00
I1-131 2 2.717E+04 6.947E+05 1.820E-14 2.920E-07 8.890E-08
I-132 2 2.411E+04 8.280E+03 1.120E-13 1.740E-09 1.030E-10
I-133 2 3.417E+04 7.488E+404 2.940E-14 4.860E-08 1.580E-09
I-134 2 3.815E+04 3.156E+03 1.300E-13 2.880E-10 3.550E-11
I-135 2 3.182E+04 2.380E+04 8.294E-14 8.460E-09 3.320E-10
Xe-133 1 3.417E+04 4.532E+05 1.560E-15 0.000E+00 0.000E+00
Xe-135 1 1.744E+04 3.272E+04 1.190E-14 0.000E+00 0.000E+00
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
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

Jodine fractions

Aexosol = 0.0000E+00
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5.7000E-01
4.3000E-01

Elemental
Organic

COMPARTMENT DATA

Compartment number 1: Refuel Floor
Compartment number 2: Atmosphere
Compartment numbexr 3: Control Room
PATHWAY DATA

Pathway number 1: FHA Release via RB Vent

Convection Data

Time (hr) Flow Rate (% / day)
2.4000E+01 9.6000E+03
" 2.6000E+01 T 0.0000E+CO

Pathway number 2: CR intake
Pathway Filter: Removal Data
Time (hr) Flow Rate Filter Efficiencies (%)

{cfm) Aerosol Elemental Organic
2.4000E+01 9.0000E+03 0.0000E+00 0.0000E+00 0.0000E+0Q0
7.4400E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00

Pathway number 3: CR exhaust
Pathway Filter: Removal Data
Time (hr) ° Flow Rate Filter Efficiencies (%)

(cfm) Aerosol Elemental Organic
2.4000E+01 9.0000E+03 0.0000E+00 0.0000E+00 0.0000E+00
7.4400E+02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00

LOCATION DATA
Location EAB is in compartment 2

Location X/Q Data

Time (hr) X/Q (s * m~=3)
2.4000E+01 - 7.4790E-04
2.6000E+01 0.0000E+00
Location Breathing Rate Data
Time (hr) Breathing Rate (m~3 * sec”-1)
2.4000E+01 3.5000E-04
3.2000E+01 1.8000E-04
4.8000E+01 2.3000E-04
7.4400E+02 0.0000E+00
Location LPZ is in compartment 2

Location X/Q Data
Time (hr) X/Q (s * m*-3)
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2.4000E+01
2.6000E+01

Location Breathing
Time (hr)
2.4000E+01

3.2000E+01

4.8000E+01

7.4400E+02
Location CR is

Location X/Q Data

3.6920E-05
0.0000E+00

Rate Data
Breathing Rate (m*3 * sec”-1)
3.5000E-04

1.8000E-04

2.3000E-04

0.0000E+00
in compartment 3

Time (hr) X/Q (s * m*-3)
2.4000E+01 1.7600E-03
2.6000E+01 0.0000E+00
Location Breathing Rate Data - .
Time (hr) Breathing Rate (m*3 * sec”-1)
2.4000E+01 3.5000E-04
7.4400E+02 0.0000E+00
Location Occupancy Factor Data
Time (hr) Occupancy Factor
2.4000E+01 1.0000E+00
4.8000E+01 6.0000E-01
1.2000E+02 4.0000E-01
7.4400E+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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FHREHBHBESHBHHAHHRARARRARAR AR BLRRR AR B AR RAREREHBRAREBHRERRBARARES

RADTRAD Version 3.03 (Spring 2001) run on 11/02/2004

at 15:33:14

HERERERARARAHBAHRARREH SRR AHAHHLEERERARES R RHBHB VA EEERBRAVHCREER BN RH N
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C REAREBHEREHERRURR LB PAGLDBHSNBHERUHHBURURARRCHRUENBURERRBURAPBEABHUENE
Dose Output
BRAEERFHARBRBHBRALHBUGHREUBEHBUNRUDEREEERUBIURRERUUBHEBATEBHENB RS

EAB Doses:

Time (h) =

24.0010
Delta dose (rem)

Accumulated dose (rem)

LPZ Doses:

Time {(h) =

24.0010
Delta dose (rem)

Accumulated dose (rem)

CR Doses:

Time (h) =

24.0010
Delta dose {rem)

Accumulated dose (rem)

EAB Doses:

Time (h) =

26.0000
Delta dose (rem)

Accumulated dose (rem)

LPZ Doses:

Time (h) =

26.0000
Delta dose (rem)

Accumulated dose (rem)

CR Doses:

Time (h) =

26.0000
Delta dose (rem)

Whole Body
9.0948E-04
9.0948E-04

Whole Body
4.4896E-05
4.4896E-05

Whole Body
3.6762E-07
3.6762E-07

Whole Body
4.4903E-01
4.4994E-01

Whole Body
2.2166E-02
2.2211e-02

Whole Body
2.9136E-02

Thyroid
7.7828E-02
7.7828E-02

Thyroid
3.8420E-03
3.8420E-03

Thyroid
1.0820E-03
1.0820E-03

Thyroid
3.8823E+01
3.8901E+01

Thyroid
1.9165E+00
1.9203E+00

Thyroid
8.6972E+01

TEDE
3.2957E-03
3.2957E-03

TEDE
1.6269E-04
1.6269E-04

TEDE
3.3541E-05
3.3541E-05

TEDE
1.6393E+00
1.6426E+00

TEDE
8.0924E-02
8.1087E-02

TEDE
2.6956E+00



A

AREVA

" PNPS - Radiological Consequences of a Design-Basis Fuel Handling Accident
Based on the Alternative Source Term Methodology {2038 MW!)
Prepared by: John N. Hamawi

Document ID 32-5052589-01

Page 138

Accumulated dose {rem)
EAB Doses:

Time (h) = 32,0000
Delta dose (rem)
Accumulated dose (rem)
LPZ Doses:

Time {(h) = 32.0000
Delta dose {(rem)
Accumulated dose (rem)

CR Doses:

Time (h) = 32.0000
Delta dose (rem)

Accumulated dose (rem) -

EAB Doses:

Time (h) = 48.0000
Delta dose (rem)
Accumulated dose (rem)

LPZ Doses:

Time (h) = 48.0000
Delta dose (rem)
Accumulated dose (rem)
CR Doses:

Time (h) = 48.0000
Delta dose (rem)
Accumulated dose (rem)
EAB Doses:

Time (h) = 120.0000
Delta dose (rem)
Accumulated dose (rem)
LPZ Doses:

Time (h) = 120.0000
Delta dose (rem)
Accumulated dose (rem)
CR Doses:

Time (h) = 2120.0000

Delta dose (rem)
Accumulated dose (rem)

2.9137E-02

Whole Body

0.0000E+00
4.4994E-01

Whole Body
0.0000E+00
2.2211E-02

Whole Body
3.8136E-06

‘2°9140E-02--

Whole Body
0.0000E+00
4.4954E-01

Whole Body
0.0000E+00
2.2211E-02

Whole Body
2.5484E-47
2.9140E-02

Whole Body
0.0000E+00
4.4994E-01

Whole Body
0.0000E+00
2.2211E-02

Whole Body
2.0254-156
2.9140E-02

8.6974E+01

Thyroid
0.0000E+00
3.8901E+401

Thyroid
0.0000E+00
1.5203E+00

Thyroid
1.2410E-02
8:6986E+01

Thyroid
0.0000E+00
3.8901E+01

Thyroid
0.0000E+00
1.9203E+00

Thyroid
1.0706E-43
8.6986E+01

Thyroid
0.0000E+00
3.8901E+01

Thyroid
0.0000E+00
1.9203E+00

Thyroid
1.3267-152
8.6986E+01

2.6956E+00

TEDE
0.0000E+00
1.6426E+00

TEDE
0.0000E+00
8.1087E-02

TEDE
3.8413E-04

©.2.6560E+00

TEDE
0.0000E+00
1.6426E+00

TEDE
0.0000E+00
8.1087E-02

TEDE
3.3026E-45
2.6960E+00

TEDE
0.0000E+00
1.6426E+00

TEDE
0.0000E+0G0
8.1087E-02

TEDE
4.0729-154
2.6960E+00
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EAB Doses:

Time (h) = 744.0000 Whole Body Thyroid TEDE
Delta dose (rem) 0.0000E+00 O0.0000E+00 0.0000E+00
Accumulated dose {(rem) 4.4994E-01 3.8901E+01 1.6426E+00
LPZ Doses:

Time (h) = 744.0000 Whole Body Thyroid TEDE
Delta dose {rem) 0.0000E+00 O0.0000E+00 0.0000E+00
Accumulated dose (rem) 2.2211E-02 1.9203E+00 8.1087E-02
CR Doses:

Time (h) = 744.0000 Whole Body  Thyroid TEDE
Delta dose {rem) 0.0000E+4+00 O0.0000E+00 O0.0000E+00
Accumulated dose (rem) 2.9140E-02 8.6986E+01 2.6960E+00

HEREBPUHHSBURBERPRPHPRBORBRERRERAVHERHR UL B RER AR UGB HRRORER GRS
I-131 Summary

FARHBHREARAAURE SRS BHRARBURRBHBNNEHREHERERERARINRUBHERRONRIHRRRERS

Time

24.
.001
24.
24.
25,
25.
25.
25.
26.
26.
26.
26.
27.
27.
27.
28.
28.
28.
29.
29.
29.
29.
30.
30.
30.
31.
31.
31.
32.
32,

24

(hx)
000

401
701
001
301
601
S0l
000
300
600
900
200
500
800
100
400
700
000
300
600
S00
200
500
800
100
400
700
000
300

Refuel Floorx
I-131 (Curies)

6.9161E+01
1.2438E+02
2.5076E+01
7.5445E+00
2.2699E+00
6.8295E-01
2.0548E-01
6.1822E-02
4.1592E-02
4.1547E-02
4.1503E-02
4.1458E-02
4.1413E-02
4.1369E-02
4.1324E-02
4.1280E-02
4.1235E-02
4.1191E-02
4.1146E~02
4.1102E-02
4.1058E-02

- 4,1013E-02

4.0969E-02
4.0925E-02
4.0881E-02
4.08B37E-02
4.0793E-02
4.0749E-02
4.0705E-02
4.0661E-02

Atmosphere

I-131 (Curies)

7.6874E-02
2.4892E-01
9.9444E+01
1.1696E+02
1.2223E+02
1.2381E+02
1.2429E+02
1.2443E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02

Control Room
I-131 (Curies)

5.7301E-04
1.8511E-03
6.3225E-02
1.9191E-02
5.7754E-03
1.7377E-03
5.2281E-04
1.5730E-04
1.0582E~04
9.3694E-07
8.2955E-09
7.3447E-11
6.5028E-13
5.7575E-15
5.0975E-17
4.5132E-19
3.9959E-21
3.5379E-23
3.1324E-25
2.7734E-27
2.4555E-29
2.1740E-31
1.9248E-33
1.7042E-35

. 1.5089E-37

1.3359E-39
1.1828E-41
1.0472E-43
$.2719E-46
8.2091E-48

~
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32.600
32.900
33.200
33.500
33.800
34.100
34.400
48.000
120.000
744.000

4.0618E-02
4.0574E-02
4.0530E-02
4.0487E-02
4.0443E-02
4.0399E-02
4.0356E-02
3.8432E-02
2.9673E-02
3.1542E-03

1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02
1.2445E+02

7.2682E-50
6.4351E-52
5.6975E-54
5.0445E-56
4.4662E-58
3.9543E-60
3.5011E-62
3.0019-155
0.0000E+00
0.0000E+00

HEHBHREHEDBRUREHRRABHEHRBURUBHABUELURRRRRARHEREREERR AN BB RIS
Cumulative Dose Summary
BRBHUAHHRHBHARHRHHBEHEERNPHBEBERABHARHAHRHRSHAABEERBARNR SRR BB HRRE

Time
{hr)
24.000.
24.001
24.401
24.701
25.001
25.301
25.601
25.901
26.000
26.300
26.600
26.900
27.200
27.500
27.800
28.100
28.400
28.700
29.000
29.300
29.600
29.900
30.200
30.500
30.800
31.100
31.400
31.700
- 32.000
32.300
32.600
32.900
33.200
33.500
33.800
34.100
34.400
48.000

EAB

Thyroid
(rem)
0.0000E+00
7.7828E-02
3.1093E+01
3.6563E+01
3.8207E+01
3.8701E+01
3.8850E+01
3.8894E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01
3.8901E+01

TEDE
{rem)
0.0000E+00
3.2957E-03
1.3148E+00
1.5448E+00
1.6137E+00
1.6343E+00
1.6405E+00
1.6423E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00
1.6426E+00

LPZ

Thyroid
(xrem)

TEDE
(rem)

CR
Thyroid
{rem)

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

3.8420E-03
1.5349E+00
1.8049E+00
'1.8861E+00
1.9105E+00
1.9178E+00
1.9200E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00
1.9203E+00

1.6269E-04
6.4904E-02
7.6260E-02
7.9660E-02
8.0678E-02
8.0983E-02
8.1074E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02
8.1087E-02

1.0820E-03
6.2088E+01
7.9502E+01
8.4756E+01
8.6336E+01
8.6811E+01
8.6953E+01
8.6974E+01
8.6986E+01
8.6986E+01
8.6986E+01
8.6986E+01
8.6986E+01
8.6986E+01
8.69B6E+01
8.6986E+01
B.6986E+01
8.6986E+01
8.6986E+01
8.6986E+01
8.6986E+01
8.6986E+01
8.6986E+01
8.6986E+01
8.6986E+01
8.6986E+01
8.6986E+01
8.6986E+01
8.6986E+01
8.6986E+01
8.69B6E+01
8.69B6E+01
8.6986E+01
8.6986E+01
8.6986E+01
8.6986E+01
8.6986E+01

TEDE
(rem)
0.0000E+00
3.3541E-05
1.9245E+00
2.4642E+00
2.6269E+00
2.6759E+00
2.6906E+00
2.6950E+00
2.6956E+00
2.6960E+00
2.6960E+00
2.6960E+00
2.6960E+00
2.6960E+00
2.6960E+00
2.6960E+00
2.6960E+00

2.6960E+00 '

2.6960E+00
2.6960E+00
2.6960E+00
2.6960E+00
2.6960E+00
2.6960E+00
2.6960E+00
2.6960E+00
2.6960E+00
2.6560E+00
2.6960E+00
2.6960E+00
2.6960E+00
2.63960E+00
2.6960E+00
2.6960E+00
2.6960E+00
2.6960E+00
2.6960E+00
2.6960E+00
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120.000 3.8901E+01 1.6426E+00 1.5203E+00 8.1087E-02 8.6986E+01 2.6960E+00
744.000 3.8901E+01 1.6426E+00 1.5203E+00 8.1087E-02 8.6986E+01 2.6960E+00

BHEBRBAHEHUBHABAROREBHRDRBHENDHERPURIRRHHTHURBHRURHHRBHPHEBAREHEREHE
Worst Two-Hour Doses
BHOBEEEHSESREREHEGHAE BB EHUDEOH R LADRURBBLERNGEEEHBUBURRAREINGRES

EAB
Time Whole Body Thyroid TEDE
(hr) (rem) (xrem) - {rem)
24.0 4.,4994E-01 3.8901E+01 1.6426E+00



