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1 PURPOSE

The purpose of this calculation is to evaluate the offsite (Exclusion Area Boundary, EAB) and control 

room dose consequences of a fuel handling accident (FHA). This accident is postulated to occur either 

in the containment or in the spent fuel pool area. This calculation consolidates design basis data and 

addresses issues that were not addressed in previous evaluations of the fuel handling accident. These 

include: 

"* proposed relaxation of containment integrity requirements during fuel handling 
"* proposed relaxation of spent fuel building integrity requirements during fuel handling 
"* use of ICRP 30 Dose Conversion Factors 
"* use of power uprate (3087 Mwt ) source terms obtained from the ORIGEN-II code 

"* updated Control Room X/Q values (Calculation 95-E-0030-10, Revision 0(2)).  

The following cases are analyzed: 

Case 1: This case evaluates the limiting fuel handling event for informational purposes: 1) 

Failure of an entire assembly (236 rods) in the fuel building with equipment hatch open, 

or 2) Failure of an entire assembly in the containment with the containment personnel or 

equipment hatch open. Analysis will be based on typical licensing basis assumptions for 

EAB and Control Room dose consequences. Offsite (EAB) and onsite doses will be 

calculated based on a puff release and Regulatory Guide 1.25 assumptions, the results 

are applicable to a fuel handling accident either inside the spent fuel building or the 

containment. Since the Technical Specifications restrict fuel handling operations until 

100 hours after shutdown, a decay time of 100 hours is assumed.  

Case 2: Failure of an entire assembly (236 rods, 100 hours decay) in the containment or fuel 

building with credit for fuel pool ventilation and filtration system or containment purge 

filtration system. Calculation assumes that the equipment hatch is closed in the spent 

fuel building or the containment personnel airlock and equipment hatch are closed.  

Analysis will be based on typical licensing basis assumptions for EAB and Control 

Room dose consequences.  

Case 3: FHA in the fuel building with credit for the fuel pool ventilation and filtration system.  

Offsite and onsite doses will be calculated for failure of 60 fuel rods and a decay time 

100 hrs.  

Case 4 FHA in the fuel building without credit for the fuel pool ventilation and filtration system.  

Offsite and onsite doses will be calculated for failure of 60 fuel rods and a decay time 

100 hrs. Case 4 evaluates the ANO Unit 2 design basis fuel handling accident.

2(2) 9/21/2000 MAM JGM Entergy CALCULATION NUMBER 
2(1) 1/17/00 JGM MAM - Operations 

2 5/06/99 MAM KLA ARKANSAS 95-E-0031-01 
1 11/10/95 MAM JWC ARKANAS 

0 2/28/95 MAM JWC NUCLEAR 
REV. DATE BY CHK'D ENUMBER Page 2 of 27



I I

2 Cycle dependent Parameters

Some of the parameters utilized in this calculation are based on the current fuel type and cycle 

exposure. Consequently, this calculation should be reviewed for adequacy each cycle. The following 

table lists the calculation parameters that are cycle-dependent along with the bounding values used in 

the analysis.

Calculation Parameter Rationale 

Rod internal pressure <1200 psig Required by Regulatory Guide 1.25 (Position 1 .b) 

Core radial power peaking factor Ž 1.65 ANO-2 Technical Specification, Section 3/4 9.1.  

Core radial power peaking factor Ž1.65 required by 

Regulatory Guide 1.25 (Position 1.e) 

Peak linear power density <_20.5 kW/ft Peak linear power density <_20.5 kW/ft required by 
Regulatory Guide 1.25 (Position 1) 

Maximum fuel centerline temperature<4500'F Required by Regulatory Guide 1.25 (Position 1) 

usea ~ ~ ~ 1. in_ _eeome;0+hUU1U.1
Fuel batch average burnup for peak assembly 
•_65,000 MWD/MTU. [maximum isotopic 

inventory for 4 w/o or 5 w/o enrichment used] 

Maximum number of fuel rods damaged during a 

fuel handling accident = 236 

Reactor and spent fuel pool water level sufficient to 

ensure 23 feet water coverage above any damaged 
fuel 

y/Q at exclusion area boundary (0-2 hrs) <_ 6.5x10-4 

sec/m3 

Spent Fuel Building and containment exhaust filter 

removal efficiency for iodine = 90% for inorganic

Used in dtevelopment ot a Fi~olln1uc e•L•, soume a lu 
the ORIGEN-1I code. [Note: Fuel batch average burnup 

for peak assembly <_25,000 MWD/ton is required by 

Regulatory Guide 1.25 (Position 1)]

Assumed value based on failure of all rods within a 
single assembly 
Used in the basis for a decontamination factor of 100 

for iodine per Regulatory Guide 1.25 (Position L.c)

Used in calculating the dose consequences of fuel 
failures 

Removal efficiency for iodine per Regulatory Guide 

1.25 (Position 1.j). Based on 2-inch charcoal bed

and 70% for organic I depth.
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3 RESULTS

Standard Review Plan (SRP) 15.7.4 requires that the dose consequences of a FHA must be well within 

the limits given in 10CFR100. "Well within" is further defined in this SRP as 25% of the limits of 
10CFR100. This results in an offsite dose limit of 6 rem to the whole body and 75 rem to the thyroid 
for the duration of the accident.  

Case 1 
The results for the limiting FHA: 1) FHA (236 rods, 100 hrs. decay) in the fuel building with equipment 

hatch open, or 2) FHA (236 rods, 100 hrs. decay) in the containment with the containment personnel or 

equipment hatch open are given below. Case 1 was evaluated for informational purposes. It is an event 

that is beyond the design basis and is not expected to meet dose limits given above.

Table 1.  
CASE 1 - ANO UNIT 2 FHA 

FHA with 100 hour delay and no ESF filtration 

Dose Category EAB (2hr) Control Room 
Rem Rem 

Whole Body 3.928E-01 1.278E-02 

Skin' 1.4 75E+00 9.921E-01 

Thyroid 2.081 E- 02 2. 645E+00

Case 2 
This case evaluates a FHA (236 rods, 100 hours decay) in the containment or fuel building with credit 

for filtration. The results for Case 2 are given in Table 2

Table 2.  
CASE 2 - ANO UNIT 2 FHA 

FHA with filtration, 100 hour decay 

Dose Category EAB (2hr) Control Room 
Rem Rem 

Whole Body 3.3 77E-01 9.329E-03 

Skin' 1.316E+O0 7.247E-01 

Thyroid 2.904E+01 3.4811E-01
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Case 3

The results for the 60-rod failure FHA in the fuel building with credit for the fuel pool ventilation and 

filtration system are given below.  

Table 3.  
CASE 3 - ANO UNIT 2 FHA - 60 Rod Failure 

FHA with filtration, 100 hour decay

Case 4 
The onsite and offsite doses for a 60-rod failure FHA in the fuel building without credit for the fuel 

pool ventilation and filtration system are given below. Case 4 results constitute the ANO Unit 2 design 

basis fuel handling accident.  

Table 4.  

CASE 4 - ANO UNIT 2 FHA - 60 Rod Failure 

FHA without filtration, 100 hour decay 

Dose Category EAB (2 hr.) Control Room 

I Rem Rem 

WhTole Body 9. 985E-02 3.245E-03 

Skin' 3. 750E-01 2.519E-01 

Thvroid 5.289E+01 6. 722E-01 

The "total" skin dose is reported, that is, the skin dose resulting from gamma radiation plus that resulting from beta 

radiation.  

For the design basis FHA in which 60 rods are damaged, the EAB doses are within the regulatory limits 

without credit for filtration. For a case in which fewer rods are damaged, the resultant onsite and offsite 

doses are a direct ratio of the above results. For 16 failed rods with ESF filtration, the EAB Thyroid 

dose would be: 
16 

EAB Dose =-* 52.89 rem = 14.1 rem 
60
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5 CURRENT LICENSING BASIS 

The current licensing basis for a FHA is given in Revision 33 to the ANO-2 FSAR. FSAR Section 

15.1.23 provides a discussion of the FHA, methods of analysis and analytical results. The primary 

assumptions used in this analysis were obtained from Regulatory Guide 1.25. The FHA analyses 

considered two basic cases: (1) A postulated fuel drop which results in the damage to 60 fuel rods [four 

rows], and (2) A postulated fuel drop which results in the damage to 16 fuel rods [failure of outer row].  

An additional case was evaluated to demonstrate compliance with the requirements of Regulatory 

Guide 1.13. This case assumed the failure of 236 rods (failure of all rods in an assembly).  

6 ASSUMPTIONS AND DATA 

6.1 General Regulatory Requirements 

Reference 2 gives the acceptance criteria related to the radiological consequences of a fuel handling 

accident: 

1. The calculated whole-body and thyroid doses at the exclusion area and low population 

zone boundaries are to be "well within' the guidelines of 1 OCFR1 00.11 (Reference 3: 

300 Rem to the thyroid, 25 Rem to the whole body). Reference 2 states that "well 

within" means <25% of the 1 OCFR100.11 limits. This is given as 75 Rem to the thyroid 

and 6 Rem1 to the whole-body.  

2. The calculated dose shall incorporate the appropriate conservative assumptions stated in 

Regulatory Guide 1.25 (Reference 1) with the exception of the atmospheric dispersion 

factors (i.e., X/Q values) which should be determined in accordance with Standard 

Review Plan 2.3.4 (Reference 8).  

A discussion of the Regulatory Guide 1.25 assumptions is provided in Sections 6.2 through 6.5. A 

discussion of the application of Standard Review Plan 2.3.4 methodology is given is Section 6.6.  

The acceptance criteria for a fuel handling accident with regard to control room doses is given in 

1 OCFR50, Appendix A, General Design Criterion (GDC) 19. The regulatory guidance given in GDC 

19 states that adequate radiation protection shall be provided to permit access and occupancy of the 

control room under accident conditions without personnel receiving radiation exposures to any part of 

the body in excess of 5 rem whole body, or its equivalent to any part of the body, for the duration of the 

accident.  

'Actually, 25% of 25 Rem is 6.25 Rem. However, since Reference 2 defines 25% of 25 Rem as 6 Rem, this analysis will use 6 Rem as the 

limit.
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Standard Review Plan 6.4 (Reference 27) further defines the control room dose limit as 5 rem whole 
body and 30 rem thyroid or skin dose.  

6.2 Regulatory Guide 1.25: Overview 

The basic assumptions given in Regulatory Guide 1.25 are related to the following:

1. The manner of calculating the quantity of activity (both iodines and 
released to the containment, spent fuel building, or the environment.  
provided on calculating the following:

0 

0 

0 

0

noble gases) 
Guidance is

the fission product inventory within the fuel pellets 
the fraction of the fuel pellet fission product inventory which is released from the 
fuel pellets to the pellet/cladding gap and consequently available for release to the 
pool water following cladding failure 
the pool decontamination factors for the fission products 
the iodine removal efficiencies for plant adsorbers/filters

Additional details of these assumptions are given in Section 6.3.  

2. The manner of calculating the thyroid dose based on the curies of iodine released into 
the environment. Details of these calculations are given in Section 6.4.  

3. The manner of calculating the whole-body dose based on the curies of noble gas released 
into the environment. Details of these calculations are given in Section 6.5.  

6.3 Regulatory Guide 1.25: Activity Releases 

The major guidance and assumptions related to the quantity of activity released are as follows:

1. Requirement: The accident occurs at the earliest time that fuel handling can begin as 
allowed by the Technical Specifications. Radioactive decay of the fission 
product inventory during the interval between shutdown and the 
commencement of fuel handling is taken into consideration.

Response: Based on the current revision of Technical Specification 3.9.3.a, the 
minimum subcritical time before fuel movement is 100 hours.
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2. Requirement: The maximum fuel rod pressurization (after the above decay time) is 
1200 psig.

Response: FSAR Section 15.1.23.2.2 states that the maximum fuel rod pressure 100 
hours after a refueling shutdown will be less than 1,200 psig. This 
statement is supported by the Fuel Handling Accident Re-analysis given 
in memorandum NO-84-360 (Reference 10). This re-analysis was 
performed to determine if the dose consequences of a fuel handling 
accident were increased for fuel assemblies with an average burnup of 
60,000 MWD/MTU rather than the 25,000 MWD/MTU bumup given in 
Regulatory Guide 1.25. This evaluation concluded that the maximum 
fuel rod pressure would be 1,192 psig with an average burnup of 60,000 
MWD/MTU. Conservatisms in the calculation methodology are given in 
the referenced memo. Reference 37 states that the maximum fuel rod 
pressure during refueling will be less than 1,200 psig if the hot internal 
pressure is less than the reactor operating pressure. Fuel rod pressure 
during refueling for CY-16 (power uprate) fuel would also be less than 
1200 psig based on a burnup of 65,000 MWD/MTU.

3. Requirement: The minimum water depth between the top of the damaged fuel rods and 
the fuel pool surface is 23 feet.

Response: This water level is required to allow the use of an overall 
decontamination factor for iodine of 100 (i.e., 1% of the iodine released 
to the pool will escape from the pool and 99% will be retained in the 
pool). The pool decontamination factor for noble gases is 1 (i.e., no noble 
gases retained in the pool water). The minimum depth of water above the 
potentially damaged fuel rods is as follows:

Containment 23 ft 
Fuel Pool 23 ft 

Consequently the use of 
relative to the actual 
decontamination factor 
conservative.

Technical Specification 3.9.9 
Technical Specification 3.9.10 

a water coverage of 23 feet is conservative 
water coverage. Therefore, the iodine 
given in the Regulatory Guide is also
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4. Requirement: All of the gap activity in the damaged rods is released and consists of 

10% of the total noble gas other than Kr-85, 30% of the Kr-85, and 10% 

of the total radioactive iodine in the rods at the time of the accident. For 

the purpose of sizing filters for the fuel handling accident addressed in 
this guide, 30% of the 1-127 and 1-129 inventory is assumed to be 
released from the damaged fuel.

Response: NUREG/CR-5009 (Reference 11) discusses the variations in plenum 
inventories for extended burnup fuel. Table 3.6 of Reference 11 indicates 
that the 1-131 inventory is 20% higher than in Regulatory Guide 1.25 for 
rod burnups of 60 GWD/MTU. Therefore the gap activity for iodine is 

assumed to be 12%. The use of 30% of the 1-127 and 1-129 inventory is 
not used since this is specified in Regulatory Guide 1.25 only for filter 
sizing.

Noble Gas Release (except Kr-85) 
Kr-85 Release 
Radioactive Iodine Release

10% 
30% 
12%

5. Requirement. The values used for individual fission product inventories are calculated 
assuming full power operation at the end of core life immediately 

proceeding shutdown and such calculation should include an appropriate 

radial peaking factor. The minimum acceptable radial peaking factor is 
1.65 for PWR's.

Response: This analysis uses the source terms developed by use of the ORIGEN-II 
code [34]. Uprate (CY-16) power at ANO Unit 2 is 3026 Mwt [39]. The 

FHA source terms are based on 102% of rated (i.e., 3087 Mwt) and a 

radial peaking factor of 1.70. The radial peaking factor is consistent with 

Regulatory Guide 1.25, which specifies a minimum radial peaking factor 
of 1.65.

6. Requirement.: The fission products which are assumed to be released to the 
containment/auxiliary building atmosphere are assumed to escape into the 
environment within two hours.

Response: All releases of fission products to the environment are assumed to occur 

over a two hour time period. Also, this calculation conservatively 

assumes that there is no decay of the fission products during residency in 

the containment or auxiliary building. Two-hour X/Q factors are used to 

calculate the offsite doses.
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7. Requirement: If it can be shown that the building atmosphere is exhausted through 
adsorbers designed to remove iodine, the removal efficiency is 90% for 

inorganic iodine and 70% for organic species. [This is based on a 2-inch 

charcoal bed depth with 1/4-second residence time.]

Response: Iodine filter efficiencies of 90% for inorganic iodine and 70% for organic 
species are used in this calculation. This assumption is conservative since 

the ANO Technical Specifications (3.9.4 and 3.9.11) require filter 

efficiencies of >99.95 when tested in-place with a halogenated 

hydrocarbon refrigerant test gas. The Technical Specifications also 

require testing on an 18 month interval and these tests are performed in 

accordance with the criterion of Regulatory Guide 1.52 (Reference 14) 

for activated charcoal beds of 2 inches or more.  

This calculation will use the following iodine filter removal efficiencies: 
Inorganic 90% 
Organic 70%

8. Requirement: The iodine gap inventory is composed of inorganic species (99.75%) and 
organic species (0.25%).

Response: The analysis will use these assumptions: 
Inorganic Iodine 99.75% 
Organic Iodine 0.25%

9. Requirement: The pool decontamination factors for the inorganic and organic species 

are 133 and 1, respectively, giving an overall effective decontamination 

factor of 100 (i.e., the pool water retains 99% of the total iodine released 

from the damaged rods). This difference in decontamination factors for 

inorganic and organic iodine species results in the iodine above the fuel 

pool being composed of 75% inorganic and 25% organic species.

Response: The analysis will use these assumptions: 
Inorganic Iodine DF 133 
Organic Iodine DF 1

10. Requirement: The retention of noble gases in the pool is negligible (i.e., 
decontamination factor of 1).

Response: The analysis will use this assumption. [Noble Gas Pool DF = 1]
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11. Requirement: The effluent from the filter system passes directly to the emergency 
exhaust system without mixing (credit for mixing will be allowed in some 
cases: the amount of credit will be evaluated on an individual case basis) 
in the surrounding building atmosphere and is then released (as an 
elevated plume for those facilities with stacks). Credit for an elevated 
release will be given only if the point of release is (a) more than two and 
one-half times the height of any structure close enough to affect the 
dispersion of the plume or (2) located far enough from any structure 
which could affect the dispersion of the plume.  

Response: Credit for mixing in the containment and spent fuel building atmosphere 
is taken for the FHA inside the containment (Case 3). This case was 
performed to determine the effect of mixing on the offsite and control 
room doses. For all other cases evaluated, credit for mixing is not taken.  
Releases are assumed to be ground level releases.  

The guidance provided in Regulatory Guide 1.25 states that the above assumptions are only applicable 
if the following three conditions are met. These conditions are primarily related to the fraction of 

fission products that are released to the fuel/cladding gap. If any condition is not met, the impact of this 

on the above assumptions will need assessment. As shown below, all conditions are met for ANO Unit 

2 or suitable adjustments in the release fractions are provided.  

I1. Requirement: The peak linear heat generation rate (LHGR) is not to exceed 20.5 kW/ft.  

Response: The ANO Unit 2 Technical Specifications 2.1.1.2 limits the LHGR to 
21.0 kW/ft. This value represents the maximum overpower (accident) 
thermal output. During normal operations, the maximum thermal output, 
which is appropriate for a fuel handling accident, is 12.7 kW/ft 
(Reference 36). Even this value would only be reached for low burnup 
fuel. For the CY-16 (power uprate) fuel, the target linear heat rate limit 
of the hot rod at hot full power is 13.7 kW/ft. Therefore, fuel centerline 
melting is not a concern and the assumptions of Regulatory Guide 1.25 
are applicable.  

2. Requirement: The maximum fuel centerline temperature is to be less that 4500'F.  

Response: The peak centerline temperature is 2000'F (Reference 10, page 4) for a 
fuel bumup of 60 GWD/MTU. Reference 36 gives a maximum fuel 

centerline temperature of 3420'F at 100% power. For CY-16, the fuel 
maximum centerline temperature should be bounded by the Regulatory
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Guide condition of 4500'F. Therefore, the Regulatory 
assumptions related to fission products that are released 
fuel/cladding gap are valid for this calculation.

Guide 
to the

3. Requirement: The average burnup of the peak bundle is less than 25,000 MWd/t.  

Response: The average bumup of the peak bundle is assumed to be 65 MWd/MTU 
for the CY-16 (power uprate) fuel. Higher fuel burnup has been shown to 
have no effect on the internal fuel rod pressure up to a burnup of 60 
MWd/MTU (Reference 10). However, there may be an increase in fuel 
rod gap inventory for high burnup fuel.  

NUREG/CR-5009 (Reference 11) discusses the variations in plenum 
inventories for extended burnup fuel. Table 3.6 of Reference 11 indicates 
that the 1-131 inventory is 20% higher than in Regulatory Guide 1.25 for 
rod burnups of 60 GWd/t. For rod bumups of 33 GWd/t, the NUREG 
predicts an 1-131 release fraction of 0.04 which is well below the 
Regulatory Guide 1.25 guidance. A linear interpolation between the 
values reported in the NUREG, indicates that the release fractions given 
in Regulatory Guide 1.25 are applicable to peak rod burnups of up to 
53.25 MWd/MTU. Since the peak rod bumup is assumed to be 65 
MWd/MTU (65 GWd/t), a release fraction of 0.135 will be used (see 
calculation below).

NUREG /CR-5009 iodine release fractions as a function of burnup. [See Table 3.6, 
NUREG /CR-5009]

i:=0.. 1

Release.:= I
Burnup:=

For the RG 1.25 iodine release fraction of 0.1, the corresponding burnup is: 

linterp(Release, Burnup, 0.1) = 53.25 

The iodine release fraction for a burnup of 65 Gwd/t (rod average) is: 

linterp(Bumup, Release, 65) = 0.135
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6.4 Regulatory Guide 1.25: Thyroid Dose Calculations

The methodology given in Regulatory Guide 1.25 for determining the thyroid dose is to calculate the 

dose for each individual iodine isotope using the formula given below. The total thyroid dose is 

obtained by summing the dose due to the individual isotopes.  

The Thyroid dose is given by: 

Drhy Dhy, Fg * I,* F * P * B * R__ 
DFp, DFf, Q 

Or, 

Dthy, i = Curies Released to the environment * B * Ri * 
Q

Where: 

D~hyj = Thyroid dose for isotope i 

Fg = Fraction of fuel rod inventory in the fuel rod void space (0.1 per RG 1.25) 

I, = Core iodine inventory, of isotope i, at time of accident (curies) 

F = Fraction of core damaged so as to release void space iodine 

P = fission product peaking factor 

B = Breathing rate (3.47x 10. m3 /sec) 

Ri = Dose conversion factor for isotope i (rads/Ci) 

x 
- = atmospheric diffusion factor at receptor location (sec/ in3) 
Q 
DFp, = effective iodine decontamination factor for pool water for isotope i 

DFf.i = effective iodine decontamination factor for filters for isotope i
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The site boundary thyroid dose is given by:

Dhy, Z R * BR * DCFi 

QI 

Where : 

Dhy. = Thyroid dose for isotope i (rem) 

x = atmospheric diffusion factor at receptor location (sec/rm3) 
Q 
Ri = Activity of radionuclide i released from pool (Ci) 

BR = Breathing rate (3.47x 1 o- m3 /sec) 

DCFi = Dose conversion factor for isotope i (rem/Ci) 

sec, rein 
D,hy., = 6 .5* I0- 3-- R,(Ci)*3.47" I 0 -42m* DCF,(- ) 

m sec Ci 

The control room thyroid dose is determined as follows: 

Dcpthy, = ACR,, * BR * DCF, 

Where .  

Dcý,hy,,= Thyroid dose for isotope i (rem) 

Acp = Activity of isotope i in control room (Ci) 

BR = Breathing rate (3.47x 10. m3 /sec) 

DCFI = Dose conversion factor for isotope i (rem/Ci) 

The concentration of isotope i at the control room intake is given by: 

Antake. -- * I 

Where: 

_ = control room atmospheric diffusion factor 
Q 
Ri = release rate of radionuclide i from pool
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The revised FHA analysis will use the dose conversion factors given in the TACT5 User's Guide 
(Reference 9). These dose conversion factors are consistent with ICRP 30 and the dose conversion 
factors used in the maximum hypothetical accident (Reference 16). The Thyroid dose conversion 
factors used are as follows:

TACT5 Thyroid Dose Conversion Factors 
Isotope Dose Conversion Factors - Rem/Ci Inhaled 

TACT5 

1-130 7.40e+042 

1-131 1.1Oe+06 

1-132 6.30e+03 

1-133 1.80e+05 

1-134 1.l10Oe+03 

1-135 3.1Oe+04

2-The dose conversion factor for 1-130 is not given in Reference 9.  

following conversion:

This factor is taken from Reference 4 with the

2*10_8 Sievert * 100Rem, 1Bq =7.40*104 Rem 

Bq Sievert 2.703 * 10-11 Ci Ci
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6.5 Regulatory Guide 1.25: Whole Body Dose Calculation

The methodology given in Regulatory Guide 1.25 for determining the whole-body dose is to calculate 
the dose for each individual isotope using the formula given below. The total whole-body dose is 
obtained by summing the dose due to the individual isotopes.  

The Whole-body dose is given by: 

13 Whole Body Dose (rad) = 0. 23 * * 

y Whole Body Dose (rad) = 0. 25 * * 

"Where: 

Ep = Average 13 energy per disintegration (Mev/dis) 

Er = Average y energy per disintegration (Mev/dis) 

= Concentration time integral (curies * sec/m'3) 

x 
= curies of Activity * 

Q 

= atmospheric diffusion factor at receptor location (sec/ m3) 
Q 

The whole-body dose at the exclusion area boundary can be found by use of the following formula: 

Dose (Rem) = - * (Dose Factors) * (Curies Released) 
Q

2(2) 9/21/2000 MAM JGM 
2(1) 1/17/00 JGM MAM A Entergy CALCULATION NUMBER 

2(1) /17/0 JG MAMOperations 
2 5/06/99 MAM KLA Oeain 
2 11/10/9 MAM KWC ARKANSAS 95-E-0031-01 1 11/10/95 MAM JWCI 

0 2/28/95 MAM JWC NUCLEAR 

REV. DATE BY CHK'D ONE PAGE 

I- - _ _ _ _ _ _ Page18of 
2 7



The control room whole-body dose can be found by use of the following formulas:

DosecR-WB (Rem) (DCFGamma) , AcR Occ t 
GF VCR 

1173 1173 
Where: GF- = ( ) 32.643877 See ref 32 V °0.338 (4o, 00 0)°3J8 

Occ = Control Room Occupancy 

VcR = Volume of Control Room 

ACR = Average Activity in Control Room 

DosecR -skn(Rem)= (DCFGamma + DCFBea) * AcR * Occ * & 

GF VCR 

DOSe EAB-WB (Rem) = - (DCF Gamma) * (Curies Released) 

Q 
Dose LAB-Skn (Rem) I * (DCFY,,,a) * (Curies Released) 

Q
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The original ANO Fuel Handling Accident dose analysis used dose conversion factors obtained from 

Regulatory Guide 1.109 (Reference 15). The revised analysis will use the dose conversion factors 

given in the Tact5 User's Manual (Reference 9). This is consistent with ICRP 30 and the dose 

conversion factors used in the maximum hypothetical accident (Reference 16).  

The ICRP 30 whole body gamma and beta dose conversion factors from TACT5 are as follows: 

TACT5 (ICRP 30) Dose Conversion Factors 
Isotope Dose Conversion Factors 

Whole Body Gamma Skin Beta Skin Gamma 
Rem-m3/Ci-sec Rem-m 3/Ci-sec Rem-m 3/Ci-sec 

Kr-83m 1.27e-05 0.00e+00 1.36e-04 

Kr-85m 2.31 e-02 4.97e-02 3.20e-02 

Kr-85 3.3 le-04 4.84e-02 4.75e-04 

Kr-87 1.33e-01 3.36e-01 1.85e-01 

Kr-88 3.38e-01 7.76e-02 4.69e-01 

Kr-89 3.03e-01 3.47e-01 4.21 e-01 

Xe-131m 1.25e-03 1.33e-02 2.71 e-03 

Xe-133m 4.29e-03 2.96e-02 7.00e-03 

Xe-133 4.96e-03 9.67e-03 7.89e-03 

Xe- 135m 6.37e-02 2.14e-02 9.16e-02 

Xe-135 3.59e-02 6.32e-02 5.07e-02 

Xe-137 2.83e-02 4.59e-01 4.02e-02 

Xe-138 1.87e-01 1.47e-01 2.61e-01 

1-130 

1-131 5.59e-02 3.07e-02 7.95e-02 

1-132 3.55e-01 1.1Oe-01 5.07e-01 

1-133 9.1 le-02 8.90e-02 1.3le-0l 

1-134 4.1 le-01 1.42e-01 5.86e-01 

1-135 2.49e-01 7.86e-02 3.52e-01
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6.6 Atmospheric Dispersion Factors

Standard Review Plan 2.3.4 (Reference 8) states that the atmospheric dispersion factor (i.e., X/Q) can be 
determined on a probabilistic basis using the x/Q value which will not be exceeded 95% of the time.  
Since the fuel handling accident assumes the release of all fission products to the environment over a 
two hour period, the two hour x/Q values are used in this analysis. The two hour X/Q values are as 
follows:

I Control Room (0-2 hr) I 1.20xlO( sec/'ni I fReference 381
Exclusion Area Boundary ,EAB, (0-2 hr) 6.5x104 sec/m3 (Unit 2 FSAR, Table 15.1.0-5) 

Since the offsite dose limits of 75 Rem thyroid and 6 Rem whole-body are to be applied to both the 
exclusion area boundary and the low population zone, the offsite dose consequences of a fuel handling 
accident are most limiting at the exclusion area boundary due to the higher x/Q value. On this basis, 
this calculation will consider only the dose consequences for the control room and the EAB.  

6.7 Data 

In the event that radioactivity is detected in the Unit 1 control room and/or the Unit 2 control room 
normal ventilation intake (Ref. 4), both Unit 1 and Unit 2 emergency ventilation systems are initiated.  
One of the two systems is subsequently shutdown as one is sufficient to maintain habitability.  
Although both systems meet the design intent for control room habitability, the Unit 1 ventilation 
system is limiting since it has a 2 inch recirculation charcoal bed compared to a 4 inch bed on the Unit 2 
system. Therefore, in the control room analysis, the Unit 1 system was assumed to be operating and per 
the guidelines of Regulatory Guide 1.52 a 95% recirculation filter efficiency was used. Control room 
doses resulting from the FHA assumes that the control room recirculation charcoal absorber filter 
efficiency is 95% based on the limiting unit, Unit 1, which has a 2 inch charcoal absorber.  

The data used in the evaluation of control room doses is given below:

Parameter 
Control Room Volume 
CR unfiltered inleakage 
CR filtered inleakage 
CR out leakage 
CR recirculation 
CR occupancy factor 

0-24 hrs.  
Breathing Rate (CR)

Lnput 0 t 
4.00x10 4 ft3 

10 cfm 
333 cfm 
343 cfm [333 + 10 cfm] 
1667 cfm

1.0 3.47x 10-4

Reference 
88E-0130-01 
Regulatory Guide 1.78 
2104.007 
N/A 
2104.007

Murphy and Campe (Ref. 32)
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Control Room X/Q 
0-2 hrs.  

CR filter efficiency 
recirc (2" filter) 
intake (2-2" filters) 

Additional FHA Input Data

1.20xlO"3

95% 
99%

Reference 38

Regulatory Guide 1.52 
Regulatory Guide 1.52

Parameter Input Reference 
Dose evaluation points EAB and Control Room N/A 
Power level 3087 MWt 
Fuel Release Fraction 

Noble Gases (except Kr-85) 10% Regulatory Guide 1.25 
Kr-85 30% Regulatory Guide 1.25 
Halogens 13.5% NUREG/CR 5009 

Plate out 0% not considered 
Iodine Form 

Inorganic 99.75% Regulatory Guide 1.25 
Organic 0.25% " Regulatory Guide 1.25 

Offsite X/Q 
EAB 0-2 hrs. 6.5x10-4 FSAR Table 15.1.0-5 

Breathing Rate (offsite) Regulatory Guide 1.4 
0-8 hrs. 3.47x10"4 

Pool Decontamination Factors 
Inorganic Iodine 133 Regulatory Guide 1.25 
Organic Iodine 1 Regulatory Guide 1.25 

Fuel Handling Building (or Containment) filter iodine removal efficiencies (2 inch charcoal) 
Inorganic 90 % (Regulatory Guide 1.25) 
Organic 70 %
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7 CALCULATIONS 

The fraction of activity remaining as a function of time after shutdown (relative to activity at shutdown) 

is shown below. As seen, the only significant isotopes remaining at the minimum time after shutdown 

(100 hrs) at which fuel movement could occur are 1-131, 1-133, Kr-85, Xe-131m, Xe-133m, and Xe

13..  
Table 5.  

Isotope Half-life' Decay Days After Shutdown 
Constant (hr-) 

3 6 9 12 

1-130 12.4 hr 5.5899e-02 1.79e-02 3.19e-04 5.70e-06 1.02e-07 

1-131 8.065 d 3.5810e-03 7. 73e-01 5.97e-01 4.61e-01 3.57e-01 

1-132 2.284 hr 3.0348e-01 3.24e-10 1.05e-19 3.40e-29 1.10e-38 

1-133 20.8 hr 3.3324e-02 9.08e-02 8.24e-03 7.48e-04 6. 79e-05 

1-134 52.3 m 7.9520e-01 1.36e-25 1.86e-50 2.54e-75 3.46e-100 

1-135 6.7 hr 1.0345e-01 5.82e-04 3.39e-07 1.97e-10 1.15e-13 

Kr-83m 1.86 hr 3.7266e-01 2.22e-12 4.95e-24 1.1Oe-35 2.45e-47 

Kr-85m 4.4 hr 1.5753e-01 1.19e-05 1.41e-10 1.67e-15 1.98e-20 

Kr-85 10. 74 yr 7.3674e-06 9.99e-01 9.99e-01 9.98e-01 9.98e-01 

Kr-87 76 m 5.4722e-01 7.74e-18 5.99e-35 4.64e-52 3.59e-69 

Kr-88 2.79 hr 2.4844e-01 1.70e-08 2.90e-16 4.95e-24 8.43e-32 

Kr-89 3.18 m 1.3078e+01 0.00e+00 0.00e+00 0.00e+00 0.00e+00 

Xe-131m 11.96 d 2.4148e-03 8.40e-01 7.06e-01 5.94e-01 4.99e-01 

Xe-133m 2.26 d 1.2779e-02 3.98e-01 1.59e-01 6.33e-02 2.52e-02 

Xe-133 5.27d 5.4803e-03 6.74e-01 4.54e-01 3.06e-01 2.06e-01 

Xe-135m 15.7 m 2.6490e+00 1.48e-83 2.18e-166 3.21e-249 0.00e+00 

Xe-135 9.16 hr 7.567le-02 4.30e-03 1.85e-05 7.97e-08 3.43e-10 

Xe-137 3.82 m 1.0887e+01 0.00e+00 0.00e+00 0.00e+00 0.00e+00 

Xe-138 14.2 m 2.9288e+00 2.62e-92 6.89e-184 1.81e-275 0.00e+00

As shown above, the only significant isotopes that need to 

1-131. 1-133, Kr-85, Xe-13 lm, Xe-133m, and Xe-133.

be considered at 100 hrs after shutdown are

3Data from "Chart of the Nuclides", Tenth Edition, (Reference 12)
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7.1 Calculation Procedure

The fuel gap activity has been determined for the CY-16 fuel [Ref. 34]. From this data, the activity 

released to the environment is determined based on the isotopic form in the fuel, the isotopic pool 

decontamination factors and building filter efficiencies as applicable. The offsite and control room 

doses are calculated using the TRANSACT computer code. TRANSACT (Reference 9 and 33) is a 

Fortran computer code designed to model the transport of radionuclides through various compartments, 

the release to the environment, and the resulting onsite and offsite doses.  

7.2 Radionuclide Source Terms 

Fuel Gap activity is determined as follows: 

Agap,i = Afujeli * 13.5% For lodines 
Agapi = Afuel,i * 10% For Noble Gases except Kr 85 
Agap,i = AfjeI,i * 30% For Kr 85 

Since the Technical Specifications restrict fuel handling operations until 100 hours after shutdown, the 

only significant isotopes which will be considered are Kr-85, 1-131, 1-133, Xe-131m, XE-133m and Xe

133.

Table 6.  
Fuel Gap Activity at 100 hours Delay 

Fuel 
Activity6 at Gap 
t=100 hr Activity at 

Isotope (Ci) 100 hrs (Ci) 
Kr-85 1.076E+04 3.228E+03 
Xe-131m 9.543E+03 9.543E+02 
Xe-133m 2.121E+04 2.121E+03 
Xe-133 1.088E+06 1.088E+05 
1-131 6.117E+05 8.258E+04 
1-133 5.856E+04 7.906E+03

6Reference 34
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The gap activity for 60 failed fuel rods is obtained as a ratio of the gap activity for 236 rods.

Gap activity (60 rods) = Gap Activity (236 rods) * 60 
236 

Table 7.  
Fuel Gap Activity 

60 Rods, 100 hour Delay 

Fuel Gap 

Activity6 at Activity at Gap 
t=100 hr for 100 hrs for Activity at 
236 rods 236 rods 100 hrs for 

Isotope i(Ci) ICi) 60 rods (Ci) 

Kr-85 1.076E+04 3.228E+03 8.207E+02 
Xe-131m 9.543E+03 9.543E+02 2.426E+02 
Xe-133m 2.121EE+04 2.121E+03 5.392E+02 
Xe-1 33 1.088E+06 1.088E+05 2.766E+04 
1-131 6.117E+05 8.258E+04 2.099E+04 
1-133 5.856E+04 7.906E+03 2.010E+03

Releases from the pool are given by: 
Agapi Dgapi 

DF pooij 

Where: 

Rpooi= Activity of isotope i released from pool (Ci) 

Agap, i = Activity of isotope i in gap(Ci) 

Dgap,i = Distribution of isotope i (or isotopic form) in gap
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The activity released from the pool is used as input to the TRANSACT Computer code. This activity is 
determined as follows: 

A(released)= Gap Activity . Species Fraction 
Pool DF 

For TRANSACT input, the inorganic 1,3, and 133 activity released is: 

Gap Activity of Iodine .  
A,,,,(released)- = 1 * 0.9975 =Gap Activity of Iodine3* 7.5 * 10.  

Where the inorganic species fraction is 0.9975 

For organic lodines, the TRANSACT input iodine species fraction is determined as follows: 

GapAtvtfIdn_ 002= Gap Activity of Iodinee 0.0025 = Gap Activity of Iodine * 0.0025 

Pool DF I 

Where the organic species fracion is 0.0025 

For noble gases, all activity in the fuel-cladding gap is released from the pool.  

7.3 FHA inside Containment or Spent Fuel Building Without Filtration (Case 1) 

This case evaluates the consequences of the limiting fuel handling accident; failure of an assembly (236 

rods, 100 hrs. decay) in either the fuel handling building or the containment without building integrity.  

A puff (2 hour) release is assumed with equipment hatch open in the spent fuel building or the 

containment equipment hatch open. This analysis will be based on typical licensing basis assumptions 

for EAB and Control Room dose consequences. Since this case is based on a puff release and typical 

regulatory guide assumptions, the results are applicable to a fuel handling accident either inside the 

spent fuel building or the containment. Input and output files for this case are given in Attachment 1.  

7.4 FHA inside Containment or Spent Fuel Building With Filtration (Case 2) 

This case evaluates the release of radioisotopes following a fuel handling accident with the equipment 

hatch open. This is the same basic scenario as Case 1 except that credit for fuel pool ventilation and 

filtration system or the containment purge system, is utilized. The radioisotopes released from the fuel 

gap of the damaged fuel pass through the pool water and are then released at the pool surface. At this 

point, the pool sweep system directs the airflow, and the radioisotopes released from the pool, to the 

fuel handling area ventilation system. This system is designed to remove radioiodine from the airflow 

to minimize the offsite dose consequences of a fuel handling accident. The fuel handling area 

ventilation system is designed to meet the requirements of Regulatory Guide 1.52. An iodine 

decontamination efficiency of 90% for elemental iodine and 70% is assumed based on the guidance in 

Regulatory Guide 1.25.  

In the spent fuel building, the pool sweep system filters any activity released from the damaged fuel as 

it evolves from the pool. The fuel handling area ventilation system is required to be OPERATIONAL
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whenever irradiated fuel is being moved in the storage pool and during crane operation with loads over 
the storage pool (Reference Technical specification 3.9.11). Activity removed by the pool sweep 
system is directed to the filtration system before it enters the atmosphere.  

Inclusion of credit for the filtration system only affects the EAB and Control Room thyroid doses since 
the filters are ineffective in removal of noble gases. Due to the design and operation of the pool sweep 
system, no credit for mixing within the fuel handling building is considered. Input and output files for 
this case are given in Attachment 2.  

7.5 FHA With 60 Rods Failed With Filtration (Case 3) 

This case evaluates the offsite and onsite dose consequences of a fuel handling accident in which 60 
fuel rods are damaged. The ANO Unit 2 Upper Level Document, ULD-2-TOP-02, Revision 0 
(Reference 25) states that the number of fuel rods damaged during a fuel handling accident is 60 (4 
layers of fuel rods) of the 236 rods in an assembly. The number of rods damaged is also given in FSAR 
Section 15.1.23 (Amendment 12).  

The FHA is assumed to occur in the fuel handling building or the containment after 100 hours decay.  
Due to the design and operation of the pool sweep system, no credit for mixing within the fuel handling 
building is considered. Since the charcoal adsorber iodine removal efficiency for the fuel handling 
building and containment building filters are the same, a FHA in the fuel building will be limiting 
relative to release rate (no holdup due to mixing) and will be evaluated here. In the spent fuel building, 
the pool sweep system filters any activity released from the damaged fuel as it evolves from the pool.  
The fuel handling area ventilation system is required to be OPERATIONAL whenever irradiated fuel is 
being moved in the storage pool and during crane operation with loads over the storage pool (Reference 
Technical Specification 3.9.11). Activity removed by the pool sweep system is directed to the filtration 
system before it enters the atmosphere.  

The activity released from the pool at 100 hrs for 60 failed fuel rods used as input for the TRANSACT 
computer code. Input and output files for this case are given in Attachment 3.  

7.6 FHA With 60 Rods Failed Without Filtration (Case 4) 

This case evaluates the offsite and onsite dose consequences of a fuel handling accident in which 60 
fuel rods are damaged. The input for this case is the same as for case 3 except that credit for the fuel 
building ventilation system is not taken. The activity released from the pool escapes directly into the 
environment without filtration. Input and output files for this case are given in Attachment 4.  

The input data file used for all cases is given in Attachment 5.
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ATTACHMENT 1 
CASE 1 Input and Output Files

Input File: Casel.in

'a:FHAdata 
'a:LTAPE ','a:MTAPE ','a:NTAPE 

'ANO UNIT 2 FHA Dose, 100 hour decay; input file: Casel.in 
1236 rods failed, no ESF filtration

output file: Casel.out'

0, 0, 0, 1, 0 
1, 3 

'POOL' 
2 1 
0.000E+00, 0.000E+00 
0.000E+00, 0.000E+00 
0.000E+00, 0.000E+00 
7.500E-03, 2.500E-03, 0.000E+00 
1.OOOE+00, 0.000E+00, 0.OOOE+00
1.000E+01, 4.000E+04 

'TIME INTERVAL ',0,0,0,0,2, 
'INITIAL FRACTION',0,0,0,0,1, 
'INITIAL CURIES ',0,0,1,0,i, 
'INITIAL CURIES ',0,0,2,0,1, 
'INITIAL CURIES ',0,0,3,0,1, 
'INITIAL CURIES ',0,0,4,0,1, 
'INITIAL CURIES ',0,0,5,0,1, 
'INITIAL CURIES ',0,0,6,0,1, 

'TIME INTERVAL ',0,0,0,0,2, 
'CR FILTER EFF ',1,1,0,0,2, 
'CR FILTER EFF ',1,2,0,0,2, 
'CR FILTER EFF ',1,3,0,0,2, 
'TRANSFER CFM ',0,0,0,1,2, 
'CONTROL ROOM ',0,0,0,0,5, 
'DOSE PARAMS ',0,0,0,0,7, 
3.470E-04, 0.000E+00

TER VA I.L 
IZNTERVAL 

NTERIVAL 

INTERVAL 

INTER VAL 
IN7ERVAL 

INr!TERVAL.  

INEVA 

INTERVAL 
.LINTERV.XfAL 

Nl TER VA L STER VAL7

, 0,0,0,,2, 

0, 0i,, 0, ,2, 

',0,0,-0,,2, 

0, 0, 0,'30,;'2, 

', 0, 0, 0,,2, 

,0),0, 0, 1, 2, 

,0, 0,0,02, 

,0,,0,0,2, 

',,0,0,C.,2,

0.000E+00, 2.800E-04 
1.000E+00 
3.228E+03 
9.543E+02 
2.121E+03 
1.088E+05 
8.258E+04 
7.906E+03

2 .800E-04, 
0. 950E+02 
0.950E+02 
0.950E+02, 
1.OOOE+06, 
1.000E+01, 
6.500E-04, 

O.2CC0E+O", 

C. 300E+O00, 
0. 40 OE 4 0, 
0.5 01.E+O0O, 

0. 8 0 OE•O 

-0.70E+00, 

1. 300E4-00, 

1 40E+O',.  

4 05r E + 00 

c o:T+; 0

0. 900z+02 

0. 990E+02 
0. 990E+02 
0. 990E+02 
0.OOOE+00 
3.330E+02, 
3.470E-04, 

0. 2 0 00EC; 

*. '0ST+ 0 

0. 79, OE 

40.90E+ 00 I.O0EO 

' 5
t

E+-OO

3.430E+02, 1.667E+03, 1.000E+00 
0.000E+00, 3.470E-04,

',0,0,0,0,0, 0.000E+00, 0.OOOE+00

,7 M.v-E

'END
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Output File: Casel.out

TRANSACT Version 1.0, Revision 2 
Based on TACT V - SEP 87 PC VERSION 

REVISED TO REVISION 2 December 1996 

BY OMEGA TECHNICAL SERVICES, INC.  

REVISED TO REVISION 1 FEBRUARY 1995 
BY OMEGA TECHNICAL SERVICES, INC.  

MODIFIED FALL 1992 FOR GGNS 
BY OMEGA TECHNICAL SERVICES, INC.  

NUCLEAR REGULATORY COMMISSION 
ACCIDENT EVALUATION BRANCH 

DATE 9"19","--20- 0E 5

MODEL SUMMARY FOR CASE 1

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Casel.in 
236 rods failed, no ESF filtration 

TIME INDEPENDENT INPUT 
CASE NUMBER 1 

NODES NSTEP 
1 i

OUTPUT CONTROL 
I 1 2 

IPRINT(I) 0 0

PARAMETER 
3 4 
0 1

output file: Casel.

5 
0

NUMBER OF DOSE EVALUATION POINTS - 3

POWER (MWT) 
0.000E+00

REACTOR SHUTDOWN TIME (HRS) 

0.OOOE+00

FRACTION OF ACTIVITY RELEASED FROM CORE TO CONTAINMENT BY 

HALOGENS NOBLES 
0.OOOE+00 0.OOOE+00 

PLATEOUT FACTOR FOR ACTIVITY RELEASED FROM 
CORE TO CONTAINMENT BY ISOTOPIC GROUP 

HALOGENS NOBLES 
0.OOOE+00 0.OOOE+00

ISOTOPIC GROUP

FRACTION OF CORE 
HALOGENS 

0.OOOE+00

INVENTORY AIRBORNE IN THE CONTAINMENT BY 
NOBLES 

0.OOOE+00

ISOTOPIC GROUP

ELEM 
7 . 500E-0 
1. OOE+0

ISOTOPIC SPLIT BY GROUP 
1. ORG.  
3 2.500E-03 0.0O 
0 0.OOOE+00 0.0C 

VOLUME OF NODES (CU FT)

PART.  
)OE+00 
O0E+00

POOL 
1. OOOE+01

CONTROL ROOM VOLUME (CU FT)

1

HALOGENS 
NOBLES
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4. 0OOE+04

DATA FROM NUCLIDE FILE a:FHAdata

SOURCE 
(CI/MWT) 

4.1020000E+02 

2.5950000E+02 

1.3840000E+03 

5.6220000E+04 

1.8810000E+02 

6.2700000E+01 

4.2165000E+02 

1.4055000E+02

DECAY CONSTANT 
(1/HR) 

7.3512000E-06 

2.4048000E-03 

1.2564000E-02 

5.4792000E-03 

3.5870390E-03 

3.5870390E-03 

3.3188400E-02 

3.3188400E-02

DOSE CONVERSION FACTORS 
WHOLEBDY SKIN-B THYROID 

3.310E-04 4.840E-02 0.000E+00 

1.250E-03 1.330E-02 0.D0DE+00 

4.290E-03 2.960E-02 0.000E+00 

4.960E-03 9.670E-03 D.0D0E+00 

5.590E-02 3.070E-02 1.100E+06 

5.590E-02 3.070E-02 1.100E+06 

9.110E-02 8.900E-02 1.800E+05 

9.110E-02 8.900E-02 1.800E+05

TIME DEPENDENT 
CASE NUMBER

TIME INTERVAL 
INITIAL FRACTION 
INITIAL CURIES 
INITIAL CURIES 
INITIAL CURIES 
INITIAL CURIES 
INITIAL CURIES 
INITIAL CURIES 
TIME INTERVAL 
CR FILTER EFF 
CR FILTER EFF 
CR FILTER EFF 
TRANSFER CFM 
CONTROL ROOM 

3.43000E+02 1 
DOSE PARAMS 

0.OODODE+00 3 

T7ME ?ER VA 

7' 77 
7:EIN'TER VAL 

T 7f:7 NTR VAZ L 

.i!E iNTERVALý2 

1I-YITERV1z 

Z•EITRVAL 
..  

.IME ::2!TER'AL

0 
0 
0 
0

0 
0 
0 
0 

D 

0 
0 

.66700E+03 
0 

.4700OE-04

0 0 0 
0 0 0 
0 1 0 
0 2 0 
0 3 0 
0 4 0 
0 5 0 
0 6 0 
0 0 0 
1 0 0 
2 0 0 
3 0 0 
0 0 1 
0 0 0 

1. 000E+00 
0 0 0 

1. 2000E-3

0.OOOOOE+00 2.80000E-04 
1.OOODE+00 
3.22800E+03 
9.54300E+02 
2.12100E+03 
1.08800E+05 
8.25800E+04 
7.90600E+03 
2.800OOE-04 CE 
9.50000E+01 9.90000E+01 
9.50000E+01 9.90000E+01 
9.50000E+01 9.90000E+01 
1.OOODOE+06 D.OOOOOE+00 
1.00000E+01 3.33000E+02 

6.5000DE-04 3.47D00E-04 
47000E-04 D.OODOE+00 

I.O00 G 0CE -OI 0 .1E-2.  
2.O0000E-01 3.0000OE-O1 

4.0uOE-01 50OOEO 

6.00000E-01 .00E0 

C. ., 07. G 

rKOOOOOE-01 •.O 71-O 

-800000E-0 IOO00+ 

2 47"E+O! 7.07E+O0

PAGE 1

ISOTOPE 
NAME 

SKIN-T 
KR 85 

o.000E+00 
XE 131M 

o.000E+00 
XE 133M 

o. 0O0E+00 
XE 133 

o. OD0E+00 
I 131 

0. 000E+00 
I 131 

o. O0OE+00 
I 133 

o. 000E+00 
I 133 

o. 000E+00

SPLIT 

ELEM.  

ELEM.  

ELEM.  

ELEM.  

ELEM.  

ORG.  

ELEM.  

ORG.

SKIN-G 

4. 750E-04 

2. 710E-03 

7 OOOE-03 

7 890E-03 

7 950E-02 

7 950E-02 

1 .310E-01 

1 .310E-01

INPUT 
1
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SUMMARY OF OFF-SITE DOSES

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Casel.in output file: Casel.  

CALCULATION FOR WHOLEBDY DOSE (REMS)
SINGLE NODE 

EXCLUSION RADIUS

CONTAINMENT WITH NO ESF 
LOW POPULATION ZONE

ACCUM. EACH
STEP 
0. 000E+00 
0. 000E+00 

<.2007E+O0 

0 00E+00 

¢ OOE+O.n O.OOOE4 -0c 

TOTAL

CONTROL ROOM
ACCUM. EACH 

STEP 

0.OOOE+00 0.OOOE+00 
0. 000E+00 0.000E+00 
3.00.,-OO0 0. 00E+2 0 

0 00E+0 0 . 000E4+00 

0.00E)-O0 O. O0E40+0 

0 O0E 0 "3. 00EO00 
E'r-OO 0... OOOE 

c, cccE.O, (.. . coc0sEcf 

0000E2 0 C. u6J4E+00 

O.O00E+D0 TOTAL

ACCUM.

0.000E+00 
0. OOOE+00 

2.OOOE+00 

O.O000E+ 00 

.O000E+0 
O00r5E+r0 

6. .O0ESOE 

0.300KE+00 

3.O0OE+O0 

O.00KE+C0 

0. OOrOE÷O 

0.O000E+00

CALCULATION 
MULTI NODE 

EXCLUSION RADIUS

EACH 
STEP 
0. OOOE+00 

3. 928E-01 

2. 355- 33 

4. . .' _-4 E 5-ý 
2. 3 4E-E33 

345 -,35 

2.3 3E-3 

`43 9F_' 
2.3 3 7E 3 3 

2.334E. 33 

z.3435 33 

2.11 2E-33 

2.3352E--33

TOTAL

ACCUM. EACH

0. OOOE+00 
3. 928E-01 

-3. 923E-Cl' 

92_32F -01 

3. 92SE-0.7.  
3. 9. 28E -0 1 

3. 928E-0i 

"923:-7-0 

392 8f- 0, 

3.928E-01 

3.9•8K-61 

3.9~23E-01 
'.4)28E-01 

2.28E0"0i 
3.928E-01

FOR WHOLEBDY DOSE (REMS) 
CONTAINMENT WITH ESF 

LOW POPULATION ZONE

STEP 
0. OOOE+00 
0. OOOE+00 

rrC 4 .EC. 0 

-'.000E400 
TrOcAc 

.c.t:OE+) 

0.O000E0O0 
T.OTALO

CONTROL ROOM
ACCUM. EACH 

STEP 
0.OOOE+00 0.OOOE+00 
0.OOOE+00 1 25F 0 4 

.6' 4 .. .. ý 

"O, +00O 94_176E-04 

0. f - 0 C. 34E -F 4 O.2.2.2E+O0 , .2.0E--0 

_.000E-,00 3_88.7E-04 O.OOOE+00 T.OTAL-64 

'2.WJLE+J0 4.739E-u4 

.O0EF+OO K 881E10 4 
0.0O0E+00 TOTAL

PAGE 2

SUMMARY OF OFF-SITE DOSES

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Casel.in 
CALCULATION FOR SKIN-B DOSE (REMS) 

SINGLE NODE CONTAINMENT WITH NO ESF

output file: Casel.

START 
TIME 
(HRS) 
0. 000E+00 
2. 800E-04 

2.000E-01 

gOO-. _n 

- ',u K 0.7 *.200EL+00 

, 36 9"Ec'.  
rr400EcO 

* -5j'OE+'2O 

1.002 0 

•.70.21-+O.

EACH 
STEP 
0. 000E+00 
0. 000E+00 

.OE+00 

IO200+O00 

.00, c 's00 

0. O00E+O00 T.cOTcALc 
..0K, O 

c'O00E÷O 

O..22U4J& 
c O00E+O0 

TOTAL

0. 000E+00 
0. OOOE+00 

0. 000E+00 

u. O00E0E.4 
O000E+O0 

O00E+00 

I . IOO400+O 

O.OOOE+O 

OO.OE20 

2'0 

0. OOOE+00

START 
TIME 
(HRS) 
0. OOOE+00 
2.800E-04 

"c'C.; 

.0 0E-0 

-2.cE0 0c 

50C - i 

E, cE-cc 

,cc00-.c

0. OOOE+00 S..25E--04 

9934E-03 

.,0E-03 
2.' 

4 541?03 

4.2143 - 0 

5. 757E)¢ 

K6!2E-02 

.239E-02 

.42?8E-02 

''..... -C2

ACCUM.



Calculation No.: 95-E-003 1 -0 1, Rev. 2(l) 
Attachment 1 

Page 5 of 8
EXCLUSION RADIUS LOW POPULATION ZONESTART 

TIME 
(HRS) 
0 . OOOE+00 
2. BOOE-04 

* .,3E-'91 
COOuE-02 

CfOfl 01 

uct .-1 

* JOfJA+L1 

* fi i;''n 

* . 400E+00

CALCULATION FOR SKIN-B

CONTR

EACH 
STEP 

o0. OOOE+OO 

o0. OOOE+OO 

0. OOE00 .C 

0. 9992+99 
9. .2tJ'E+9.  

0. 30E'woo 

0.00GE-0 
0.000z+09 

TOTAL

DOSE (REMS)

MULTI NODE CONTAINMENT WITH ESE 

EXCLUSION RADIUS LOW POPULATION ZONE

ACCUM. EACH 
STEP 

0.OOOE+00 0.000E+OO 

0.555E-01 0.000E+00 

8.555E-0u' 0.3002.E+00J 

8.55EE:0; 0.00.  
8.555-0 0.000+00 

.. ..... 01 .000E+00 

3.115 -0 .2.2 .2 ' 

3.555E-0t 1 :,.00G:, 

8.555E)01 0.000E+00 
8.555E-01 TOTAL

ACCUM.  

o0. OOOE+00 
o . 000E,-00 

0. 00J0woo2.  

0. 000EW.  

o . OOOE+OO

CONTROL ROOM 

EACH ACCUM.  
STEP 
0.OOOE+00 0.OOOE+00 

7.333E. ''2 7 .24.2E-012 
7.2 .0E. 0 1 .057E 0 

6,87E202 2.5 36E-0: 

6V44E-02~ 3.180E2-01 

5.806E-02 4.372E-01 
5.252E f02 4.924E-091 
5.33E-2 5, ~.447E-01 

4.716E-02 6.4-.Y) 

4.47E-2 & 4...01 

4 .210E-2 *7.2 H-.fi 

o.y7-2 8>. WE--Of 

3.452E-2 8733E0.  
3.27BE-02 9.11!-0 

2.9754E-92 97 18E-01 

TOTAL 0.7t10E01

PACE 3

SUMMARY OF OFF-SITE DOSES

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Casel.in output file: Casel.  

CALCULATION FOR THYROID DOSE (REMS) 

SINGLE MODE CONTAINMENT WITH NO ESF 

START EXCLUSION RADIUS LOW POPULATION ZONE CONTROL ROOM 

TINE EACH ACCUM. EACH ACCUM. EACH ACCUM.  

(HRS) STEP STEP STEP 

G.OOOE+00 0.OOOE+00 O.OOOE+00O0.GOOE+00 O.OOOE+O0 O.OOOE+00 0.OOOE+00 

2.800E-04 O.OOOE+99 0.GOOE+00 0.OGOE+00 0.GOOE+00O0.OOOE+00 0.OOOE+00

ACCUM. EACH 
STEP 

0.OOOE+00 0.OOOE+00 
O.OOOE+O0 0.OOOE+O0 

0.000wo 0.000+00 

O.OOE 0 0.000E,00 
O.OE0; fl OOE.2 

0.002 0 0.000E+0 

O.OOOE10 '77951+i00 
O .GG E 0 0..t.tf2 .2. 2 2t4:.' 

0.000E,00 T.OTAL0

ACCUM. EACH 
STEP 

0.OOOE+00 0.0OOE+00 

0.OOOE+OO 0.OOOE+O0 
O.OOE0 3..2'u .0.00E+00' 

o.0S G _flintfi C fii. n 

0.50CJJ:.2.,. O.JJ.,.2-'2' 
0.00OE400 - nflO40 

.2'.fflj4'0'2 0 .2'',.  

O.OOO.0 Q22'222.00'* 

0.000E+00 0.300E+00 
.. . .. . . .000.-0 O.2...219a 

G.2. G AG .2.2.JA'.2 

TAU+%-9 9.9992+09 

0.99j2+99 0.00G992+u 
0.000E,0 0.00E,0 

9. 9992-99 9.9995>99 
- nn''-' Lv0.0032+00 

2.O E 0 .2.2'2tt''2 y 

0.00.vo 5.2'0., *2..  

0.OCOE+00 TOTAL

OL ROOM 
ACCUM.

o0. OOOE+OO 
o . OOOE+OO 

0.0ocos"O 

J. 000E+010' 

0.000E9+00 
O.'J(JJ4' 9.  
0.000jEp00 

9. 9992r99 
n105000woo 
0.9095>99 

9. 0002+90) 

o .OOOE+OO

START 
TIME 
(HRS) 

o0. OOOE+00 
2. 800E-04 

.2'. WO-2.  

4.OOOE-091 

n1nn (17-G 

6.,WJ:OE-0 

1. wb .21 

300Et:.. 2

EACH 
STEP 
o0. 000E+00 
8. 555E-01 

5.226E-33 

5. 124E-332..2 

5. 32 SE-33 

522..2 !'E33 

5. 2 OE.-33! 

5.312 G 33 
TOTALE-3



0.33Q4>.00 

* 2 )att 2 

3 0''- 0 C C 

* ..VE2V 

0 z2.(4 .24 

VVVOE+0

0. 000E+00 

* .OOOE4.0C 

n 3K3 

TOTALPU

0. CGOE±00 

C.. rrr4-..r 

of+0E 00 

o .0 O0OEO0

CALCULATION FOR THYROID DOSE (REMS) 

MULTI NODE CONTAINMENT WITH ESF 

EXCLUSION RADIUS LOW POPULATION ZONE

EACH 

STEP 
0 . OOOE+OO 
2. 081E+02 

.4Ž '?Ea 

275' 13 .3 

/ 24'. E'3 

TOTAL

ACCUM. EACH

0 .OOOE+OO 
2 .081E+02 

2. 031 E-02 

-E' 1 2.fl 

2 8 1' ;"2 

-502 

2.3.1Ptz'2 

2. 032 7 

2 .081E+02

STEP 
0. OOOE+00 
o .OOOE+OO 

0_000E4--00 

j. 0.O204'. 0 

0 0305C> Ga 

0.0 -Fn 

TOTAL22.-2

0. a os U.. . 0 

a .it-'-a n 

0 0 E 0 

E "~C 

TOTAL

CONTF
ACCUM. EACH 

STEP 

0.OOOE+O0 0.OOOE+00 
0.OOOE+00 2. 4774 6 07 

2..JaE'a04. 228 E 

E.2 +t:) 0 . 6 2 

0 0 0P 00 .2932 C2 

f" 2 

C. ' ., E 0 C; 

0.OOOE+0O TOTAL

SUMMARY OF OFF-SITE DOSES

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Casel.in 

CALCULATION FOR SKIN-G DOSE (REMS)

SINGLE NODE 

EXCLUSION RADIUS 
EACH ACCUM.  

STEP 
0.OOOE+00 0.OOOE+00 
0.OOOE+0C 0.OOOE+00 

.a22. o . 2 ... 2 n 2tý 2)

CONTAINMENT WITH NO ESF 

LOW POPULATION ZONE 
EACH ACCUM. E 

STEP 

0.OOOE+00 0.OOOE+0O 

0.OOOE+00 0.OOOE+00 0

ACH

output file: Casel.  

CONTROL ROOM 
ACCUM.

;TEP 
). OOOE+O0 
3.OOOE+0O 

n n:2

0. OOOE+OO 
o .OOOE+OO 

002CJ.  

Z4it)

Calculation No.: 95-E-003 1 -0 1, Rev. 2(l) 
Attachment 1 

Page 6 of 8

- aGOS.3±00 
+42,C 

.2nt-t 

TOTAL4"2.E..,..  

.4. E,

START 
TIME 
(HRS) 
0. OOOE+0Q 
2. 8OOE-04

n. 000E+00 
000+0 

-n O.E 0 0~a 

.2 'at I 

* OOr..Cr 

n2 V .t - .2 V 

rrmr-C+0

OL ROOM 
ACCUM.  

o0. OOOE+00 

4267E -L"1 

1. ",6-E 0 0 
6 . 7E. 0.2, 

1.93~O 

2. 2 0 a0 

2 f- 42 '7 4.0, 

.2 

2- 654.E4-00

PAGE 4

START 
TIME 
(HRS) 

0. OCOEtOC 
2 .8OOE-04
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0.000EýO0 0.000E+00 
0.000OF+00 O.OO0E+00 

0. :Ey+t0 0.3 2E+*0 

0 O0E0E+0 0.000E-'00 
0 OOE+O0O.O00E+OO - [)00E+)0 0'. 000E+0[0 

A O0014AEA +0 0 &.&0 E O0 

_3O00E+00 Oý.000E+O00 
O TOLE+0 O.OE+O0 

TOTAL+0 0.000E+00

TOTAL 0.000E+00

[. OOOEt00 

fA rr .A _-7 G 

t-.O0 0Er00 [3.63K-OEO0 

0. 00JE+tO0 
cA.c00c+c

3.00E-<O0 
O.O00E+O0 

*.O00E+O0).  

O.t0'0E00 

0.000E-O0 

[3.O00E+01 
O. JIOE+O0~t 
cO.cO00E+O0

TOTAL 0.OOOE+00

CALCULATION FOR SKIN-G DOSE (REMS) 
MULTI NODE CONTAINMENT WITH ESF

EXCLUSION RADIUS LOW POPULATION ZONE
ACCUM. EACH

0.OOOE+00 
6. 197E-01 

o..IO
7
E-31 _". 97 -0! 

6.197E-01 
it.197E-tOi 

7'i97E-01 

it. A97E- A 

6. i97 E-01 
6. 197E-01 

it. iCYEADi 

it. i) 7 E-01 

C. 197E-07 

6. A 97E-0A 

6. 197E-01

STEP 
0 . OOOE+00 
0. OOOE+00 

.00E•0 
O.CCK"-S3 

itO000+00 O.O00E+700 

TOA 

Al. 00E+O0
AO.'O00EcO 

AO.AO00AtE"+AO0 

T.0EOTA

CONTI
ACCUM. EACH 

STEP 
0.OOOE+00 O.OOOE+00 
O.OOOE+00 5.15

7
8E-04 

. E .. 5 -0..  

0. O00E + -0 . 3z E- 03 

I.300E+00 1.2u 64E- 03 

O.000E+-O0 5.t4E-t 

000E+00 1.'I .96E-G3 

0.000E+00 1.040E-03 
O.O0E+O09.S71E-04 

t'00E+ 5. 5E-A4 
[3.O00 ~E+63Q S. A.AE-04I 
0.00 0 E+O0f 8 .411 E-04 

0.O000EýýO0 7' '09E_-G0 

0.000E,00 i? -4 

0.000E+00 TOTAL

SUMMARY OF OFF-SITE DOSES

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Casel.in 
CALCULATION FOR SKIN-T DOSE (REMS)
SINGLE NODE 

EXCLUSION RADIUS
EACH 
STEP 
0. 000E+00 
0 000E+00 

0 G0E+O 

0 O00E+O0 

<.•<.:I: .'I t.+: .  

A O 14+'A

CONTAINMENT WITH NO ESF 
LOW POPULATION ZONE

ACCUM. EACH

0. OOOE+00 
0. OOOE+00 

0 .000E:+00 

0 O00zEf.0 

0 O00E+ý00 

A OOALA 00 
C O00E+pO0i 

* . I t.+>I

STEP 

0. 000E+00 
0. OOOE+0K 

AA OOOE+cc 

f;0 CO0 z0E+0 

A A 4* 
O IAO (A 

A' 14 'A A

ACCUM. EACH 
STEP 

0.OOOE+00 0.000 
0.OOOE+00 0.000 

0 OE+O .O 

0 0 E ..t0 000 

0 A00O0 C C.O A

output file: Casel.  

CONTROL ROOM 
ACCUM.  

E+0D 0.OOOE+00 
E+00 0.OOOE+00 

OE+0 0 .O00+O7 00 
•E~OO 0. 0 00E,0 'Et 00 0 A . ;01 O 

PA+ -0 0A.0EAA+A0A.A 
77O OOOEO

7.¢OEO 

2 C4 C.A 

-. . ot .-oI 

*.O00E-+O0 
CC ('pOE+Oi

.3.600E+00 0..OOOE+00 

OcOc --00 

0. 000E+00 

O,0+O00 
O.0E+O0 

0.O0007+00 
-O.1100r+O0 

O.00E+O'0 
-. ,C 00E+O0(

O.O00EGEO00 

0.000E+400 
0.O00E+00 

.0 0 ýE+ 0O, 
O.00,E+OO 

O.OOOE+OE 
u.O00E+tO0 

O.CO0E+O

START 
TIME 
(HRS) 
0. OOOE+00 
2. 800E-04 

U. cl!c•3p..0 

A.i. . 7-O 

* .1 I0" E,, 0 

0, C 14A t0 0 

'.000E-it 

A5.0A0AE-Of 
6. 7 -O

EACH 
STEP 
0. OOOE+00 
6. 197E-01 

` 33E'-33 

3 709E- 33 

3. 707-E -3 3 
3. 704E-33 

o..7.2.-3 

o.698E-33 
.. c9GE-33 

-3 6E3 3 

' 90Z-33 

3 S 5E - 3 

3681iE-33 

TOTAL

ROL ROOM 
ACCUM.  

0.OOOE+00 
B. 1 58E--0 4 

3. E,'5E-;:-0j3 
•i6 . "0f 

7.94 9[3E 

9.!6E-03 
.0 3,2E -0 L 

1.A'!F-02 

1.245E-02 

* 544E7- ;2 

157-02 
dithyiE-AA 

2. 0 35 -2

PAGE 5

START 
TIME 
(HRS) 

0. 000E+00 
2. 800E-04 
I.AA E- V 

,0 -it A



C0E CC;P' 

.O 0E*0 

TOT A
0

LE+ T 0EOTA

0. OOOE+00

I O00E+O0C 
O.OOOEý00 

TOTAL

0.cOOK-+O0 

0.000Eoto 

O.OOOE+0O

-. OOOE+O0 

ToO00EAL 

TOTAL

CALCULATION FOR SKIN-T DOSE (REMS)
MULTI NODE 

EXCLUSION RADIUS
EACH ACCUM. EACH
STEP 
O.OOOE+00 0.OOOE+00 
1.475E+00 1.475E+00 
'.334KE-33 1.4

7
5EK 

8 839E-33 Z.275ECoC 

e .635EK3 .3' 

-825E -"1 

8. 'J5E" I.3 3 1. 5 

$ SIOE-,]. I . 4 ',E+ 
8 806-3' 2.2-475Er0C 

S. 20E-3 3 1.45 E+00 

8. 78-E-3-3 475E'00 

TOTAL 1.475E+00

STEP 
0. 000E+00 
0. 000E+00 

0. K-0 

0 0 r 

¢.0E+Oý0 0. 000E+00 

0,OOE+00 

.0 . , 0 E

TOTAl

CONTAINMENT WITH ESF 
LOW POPULATION ZONE CONT]

ACCUM. EACH 
STEP 

0.OOOE+00 0.OOOE+00 
0.OOOE+00 3.970E-0 

O.O0E+O0 6.910E -0 

0 0 FOE0+C0 .C;E--0 2 
2.tGGKEO2 5'. 2 

O.OOE+ 2 4.8E-02 
-,2

O. -, ', 7!E- .02 

O.¢OOE 7 4. E0 2 
7C C E-0 

O.OsE-OO 4. 911E-02 

O.O00 *O0 7 9 ---02 2 O"OOOE+00 TOTAL 

3.03E+-o0 3.3117E-62 

0.OOOE+00 TOTAL

1 NO MORE CASES 

END OF EXECUTION

Calculation No.: 95-E-003 1-01, Rev. 2(l) 
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C. OOFE+O¢ 
C.CC0E; 

-.0OOE+.

0. OOOE÷OO

-; -C0r 
0 z* 00O 4 .20; Ti4 .0 

f.3C;0E+G 0 

E.400jE+ 0 
9.7 0EO

START 
TIME 
(HRS) 
0. OOOE+00 
2. 800E-04 

2.00 CE -I 

>o- 5 E'-3Ki3 
5* G--C-0 

- 0 1 

S2.'OE 4.-I 
7.00 E-t 

C.CC'- CC 

9.0--E-Of 

-.0E0 

-- ,!OGE+O0

ROL ROOM 
ACCUM.  

o.OOOE+00 
3. 97E-02 

1.166E-01 
!* U 'E-0i 

S.589E- -111 

3-46E-- 0 

8.244E--01 

5.615E-0 

2. 1 8E- :0) 
6. 550lE- O' 

7.441K-0' 
7-. $,3E-3 
8.244K -31 

$. , K-0 

.1,96EO 

0.,•21E- C

I
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ATTACHMENT 2 
CASE 2 Input and output Files

Input File: Case2.in 
'a:FHAdata 
'a:LTAPE ','a:MTAPE ','a:NTAPE 
'ANO UNIT 2 FHA Dose, 100 hour decay; input file: Case2.in output file: Case2.out' 
'236 rods failed, with ESF filtration 

0, 0, 1, 0 

1, 3 
'POOL' 

3.000E+00, 0.OOOE+00 
0.000E+00, 0.OOOE+00 
3.000E+00, 0.OOOE+00 
7.500E-03, 2.500E-03, 0.OOOE+00 
1.000E+00, 0.OOOE+00, 0.OOOE+00
-. 78E+06, 4.OOOE+04 

'-IME INTERVAL ',0,0,0,0,2, 
'INITIAL FRACTION',0,0,0,0,1,
':NITIAL CURIES 
'DNITIAL CURIES 
'INITIAL CURIES 
'INITIAL CURIES 
'INITIAL CURIES 
'7NITIAL CURIES 

'TIME INTERVAL 
'CR FILTER EFF 
'CR FILTER EFF 
'CR FILTER EFF 
'FILTER EFF 
'FILTER EFF 
'FILTER EFF 
'TRANSFER CFM 

'CONTROL ROOM 
'DOSE PARAMS

,0,0,I1,0,i1 
,0,0, 2, 0, 1, 
,0,0,3,0, 1, 

0, 0, 4, 0, 1, 
,0,0,5,0,1, 

,0,0,6,0,1, 

',0,0,0,0,2, 
',1,1,0,0,2, 
',1,2,0,0,2, 

,1,3 ,0 , 0 ',1,3,0,0,2, 

', 1,21,0,1, 1, 
',1,2, 0, 1,1, 

',0,0,0,1,2, 
',0,0,0,0,5, 
',0,0,0,0,7, 

0, 0, 3, 0, :2, 

,0, 0,0,-f, 2, 

0, , C., C., 2, 

2,2,0,0,,2, 

, , f, 2,

71NTERVAL 

"I",CEVi.  
AL 

INERVAL 

ZN TR "A L 

!N TR VA L

0.OOOE+00, 2.800E-04 
1.OOOE+00 
3.228E+03 
9.543E+02 
2.121E+03 
1.088E+05 
8.258E+04 
7.906E+03

2. 800E-04, 
0. 950E+02 
0. 950E+02 
0. 950E+02, 
9. 000E+01 
7. 000E+01 
0. 000E+00 
4. OOOE+04, 
1. 000E+01, 
6. 500E-04, 

. . . .E+.O.  

2.0E÷0, 

J.500E+ O, 

0.0 El-0,0

0. 990E+02 
0. 990E+02 
0. 990E+02 

0. 000E+00 
3. 330E+02, 
3. 470E-04, 

C .3,L f/Oi 

0. 800E+O00 

W+30 0 

i 1'.0E+i L

3.430E+02, 1.667E+03, 1.OOOE+00 
0.000E+00, 3.470E-04, .. -L , 3.470E-04, 0.000E+00

,0,0,0,0,0, 0.000E+00, 0.000E+00

7 -!T 

7 - Mq 

N D..5'
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Output File: Case2.out 
TRANSACT Version 1.0, Revision 2 

Based on TACT V - SEP 87 PC VERSION 

REVISED TO REVISION 2 December 1996 
BY OMEGA TECHNICAL SERVICES, INC.  

REVISED TO REVISION 1 FEBRUARY 1995 
BY OMEGA TECHNICAL SERVICES, INC.  

MODIFIED FALL 1992 FOR GGNS 
BY OMEGA TECHNICAL SERVICES, INC.  

NUCLEAR REGULATORY COMMISSION 

ACCIDENT EVALUATION BRANCH 

DATE 9!%2000 T1ri c:;Ž:0 ': 

MODEL SUMMARY FOR CASE 1 

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Case2.in output file: Case2.  

236 rods failed, with ESF filtration 
I TIME INDEPENDENT INPUT 

CASE NUMBER 1 

NODES NSTEP 
I 

OUTPUT CONTROL PARAMETER 

I 1 2 3 4 5 

IPRINT(I) 0 0 0 1 0 

NUMBER OF DOSE EVALUATION POINTS - 3 

POWER (MWT) REACTOR SHUTDOWN TIME (HRS) 

0.000E+00 0.000E+00 

FRACTION OF ACTIVITY RELEASED FROM CORE TO CONTAINMENT BY ISOTOPIC GROUP 

HALOGENS NOBLES 

0.OOOE+00 0.OOOE+00 

PLATEOUT FACTOR FOR ACTIVITY RELEASED FROM 

CORE TO CONTAINMENT BY ISOTOPIC GROUP 

HALOGENS NOBLES 

0.000E+00 0.000E+00 

FRACTION OF CORE INVENTORY AIRBORNE IN THE CONTAINMENT BY ISOTOPIC GROUP 

HALOGENS NOBLES 
0.000E+00 0.000E+00 

ISOTOPIC SPLIT BY GROUP 

ELEM. ORG. PART.  

HALOGENS 7.500E-03 2.500E-03 0.000E+00 

NOBLES 1.000E+00 0.000E+00 0.000E+00 

VOLUME OF NODES (CU FT) 

POOL 

1.780E+06

CONTROL ROOM VOLUME (CU FT) 
4.000E+04 

DATA FROM NUCLIDE FILE a:FHAdata
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SOURCE 
(CI/MWT) 
4.1020000E+02 
2.5950000E+02 
1.3840000E+03 
5.6220000E+04 
1.8810000E+02 
6.2700000E+01 
4.2165000E+02 
1.4055000E+02

DECAY CONSTANT 
(1/HR) 

7.3512000E-06 
2.4048000E-03 
1.2564000E-02 
5.4792000E-03 
3.5870390E-03 
3.5870390E-03 
3.3188400E-02 
3.3188400E-02

DOSE CONVERSION FACTORS
WHOLEBDY 
3.310E-04 
1.250E-03 
4.290E-03 
4.960E-03 
5.590E-02 
5.590E-02 
9.110E-02 
9.110E-02

SKIN-B 
4.840E-02 
1.330E-02 
2.960E-02 
9.670E-03 
3.070E-02 
3.070E-02 
8.900E-02 
8.900E-02

THYROID 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
1.100E+06 
1.100E+06 
1.800E+05 
1.800E+05

TIME INTERVAL 
INITIAL FRACTIC 
INITIAL CURIES 
INITIAL CURIES 
INITIAL CURIES 
INITIAL CURIES 
INITIAL CURIES 
INITIAL CURIES 
TIME INTERVAL 
CR FILTER EFF 
CR FILTER EFF 
CR FILTER EFF 
FILTER EFF 
FILTER EFF 
FILTER EFF 
TRANSFER CFM 
CONTROL ROOM 

3.43000E+02 
DOSE PARAMS 

0.00000E+00 

Ep.'TVA7 rTýE TIN TRVA 

E -RaVAL 
"1~lE Nr qT E VA _7 

T,," iP !T,. -RL• 

F. TER VA 
.ERVAL

0 
IN 0 

0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 

1 
0 
0 

1. 66700E+03 
0 

3. 470008-04

TIME DEPENDENT 
CASE NUMBER 

0 0 0 
0 0 0 

0 1 0 
0 2 0 
0 3 0 
0 4 0 
0 5 0 
0 6 0 
0 0 0 
1 0 0 
2 0 0 
3 0 0 
1 0 1 
2 0 1 
3 0 1 
0 0 1 
0 0 0 

1.00000E+00 
0 0 0 

(1.2 0Er

INPUT 
1

2 
1 
1 
1 

2 
2 
2 
2 
2 1 
1 

2 
5 

7 
3 

2 

2

2 

0 2 

0 2 
C. 2 

2 

C 2

0.00000E+00 
1.00000E+00 
3.22800E+03 
9.54300E+02 
2.12100E+03 
1.08800E+05 
8.25800E+04 
7.90600E+03 
2.80000E-04 
9.50000E+01 
9.50000E+01 
9.50000E+01 
9.00000E+01 
7.00000E+01 
0.00000E+00 
4.00000E+04 
1.00000E+01

2.80000E-04 

9.90000E+01 
9.90000E+01 
9.90000E+01 

0.00000E+00 
3.33000E+02

6.50000E-04 3.47000E-04 
.47000E-04 0.00000E+00 

Ji.O0000E-OI 2.c/0000EO 
L.OOOOOE-0i 2 3.GOOOOE-Oi 

,00 00 0 E-O 4.COC; 0 CrC.E- C 

4.0000E4-00 I5 1C .C .0000 ý0E-Ci 
5,20000K-O 6.•00E• 

7.00000E-+U'J 00OEO 

9 .GC.E00 10E+ 0 2,-ICOG0 00E÷O0 
1.30000E+0 !.40000E+O 

..00E+O ISOOE¢

PAGE 1

SUMMARY OF OFF-SITE DOSES 

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Case2.in 
CALCULATION FOR WHOLEBDY DOSE (REMS) 

SINGLE NODE CONTAINMENT WITH NO ESF 

START EXCLUSION RADIUS LOW POPULATION ZONE 

TIME EACH ACCUM. EACH ACCUM. EAC 

(HRS) STEP STEP STE 

0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0 

2.800E-04 0.OOOE+00 0.000E+00 0.000E+00 0.OOOE+00 0.0 

2. O --O .00 E. 1 0 00 OF- ,00 O._O00 -•O G f.O00E+O00 O.0 G0-; G0 G .

output file: Case2.  

CONTROL ROOM 
H ACCUM.  

0 0 
00E+00 0.000E+00 

OOOE+O0 O.OOOE+O0

ISOTOPE 
NAME 

KR 85 
XE 131M 

XE 133M 
XE 133 
I 131 
I 131 
I 133 
I 133

SPLIT 
ELEM.  
ELEM.  
ELEM.  
ELEM.  
ELEM.  
ORG.  
ELEM.  
ORG.

SKIN-G 
4.750E-04 
2.710E-03 
7.000E-03 
7. 890E-03 
7.950E-02 
7. 950E-02 
1.310E-01 
1.310E-01

SKIN-T 
0. 000E+00 
0.000E+00 
0. OOOE+00 
0. 000E+00 
0.000E+00 
0. 000E+00 
0.000E+00 
O.O00E+00

0
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CE '2 12.'40g0 0.C000E+000 C. 0C00ŽF1-.- .0 . -;'.0K-C-

2
0 .. j0 '2E~C + 00,÷0 00E 0

O.00oE4O0 

.000E+00 
O.O0E+O0 

.000EO00 

G.200E+O0 

u. L00E+O0'

TOTAL 0.OOOE+00

Z+ O0E+a0 
0 jc'00E+ 0O 
0. OO0E+0
0.O00E+O00 
0 OOE÷.00 
0, 00CE-LO0 
0.000E+OO 
0. 000E+O-'0 

O.OOOE+OO 
C CC1. CC 

)OO0E1O0 

OOOOEk.

C0C C S-i0 C

+>':E..  

{.2 2 E÷ -

TOTAL 0.OOOE+00

o.o0E+O0 

0.000E+00 

O..00E+o0 

_4CC

O.O0E+O00 

2.O00E+00 

O(C"OE÷C 

OOCOE+CC 

2.O00E+O0LI.

O. OE+ 00 

Li. uti0K i&-3 o. OOOE+ 00 
O'.000E00 
"CCC00E+C0 
u.&O00-"230 

O.C00E+'0 

CCCC10. E. CC0 

2.O00E+O±>'IL

TOTAL 0.OOOE+00

CALCULATION FOR WHOLEBDY DOSE (REMS) 
MULTI NODE CONTAINMENT WITH ESF

EXCLUSION RADIUS
ACCUM. EACH

0 . OOOE+00 
4. 70E-0.2 

8. 7332-2 

i.2512E -01 

!. 79E-0 
2, 0O1 2E-O1 
2.21.5E 2.1 
2. 3 C93-1 

2.?548E-01 

C .6S4 
2. 802KE-01 

2. 906rE-0 1 2. 996E-0! 

4 -. 204E 1 
3.377E- 01 
13. 377E-01

STEP 
0. OOOE+00 

O1. ."u.?E12 

2. 300E+2"0.0 
0. 0.20LE+O0O 

C C00CE+'C 
O..000E+'O0 

O, O00E+O0 

O. OOOEO00 

O.'O00E+2,'', 

0. 2)0QEAO0 

2,0 ' 0./LE +'(LILI 

o . OOOE+C0

TOTAL 0.000E+00TOTAL 3.377E-01

LOW POPULATION ZONE CON'IFROL ROOM 
ACCUM.  

o.OOOE+00 

2.452E--04 
5.K E4-04 

8. 759E- 04 

7 757E-03 
2. 259E-'03 
2. 7S 9SE- C.  
.3. 338E-03 

.6.005-03 

0. 1 0 32 5,7 1E-0 

8.332E- 1 
7.5,$5E-03 7.2ED

TOTAL . 22E-02
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SUMMARY OF OFF-SITE DOSES

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Case2.in 
CALCULATION FOR SKIN-B DOSE (REMS)
SINGLE NODE 

EXCLUSION RADIUS
CONTAINMENT WITH NO ESF 

LOW POPULATION ZONE
ACCUM. EACH

STEP 
0.000E+00 
0. 000E+00 

OOOOE+O0 

CC0.00 0C 
pL, LOLZ+O 

2.200E-O0 

'.O.OE+.  

C CCC0- C"

ACCUM. EACH 
STEP 

0.000E+00 0.000 
0.OOOE+00 0.000 

0 LI C+. - 0 G.0 

O.CC10E-C P.C0'

output file: Case2.  

CONTROL ROOM 
ACCUM.  

E+00 0.OOOE+00 
IE+00 0.000E+00 

. CC (.O00'CC 0.  

O+0. 000E+÷`0 
?Eý00 0.O00E'too 

0E+.0OC..O0 0EC+;00 

0 1`00 .O0+OK-I0 OE+O O.00Ž1+'.  
.2+0 .2205" +3 

OE¢ .OO..E+.  

OE+O0 O.220E÷-O 

CECO C CCC0+CC

C. E - I 2 0 UOE-
1,-O0E40C 

0.000E+O0 

'3. £30K-0E+ 
O, *00E+O0 

O.O00E+O0t2L 

-,2&2E"LI 
C O.O0EiO0 
&.,'3 '3E+iQ0 
" 2.2'0E+OC 

†12..E÷00 
-.O-0EC"0 

23.O00E2Ž+O02 

9. CC0Ei.C

&.O00E÷O

START 
TIME 
(HRS) 
0. OOOE+00 
2. 800E-04 

2.f E-C.C 

E31.000 
- .C OE-C' 

CCC0E-.O 

•,C00E-.0

EACH 
STEP 
0. OOOE+00 

4.003E-02 
'.496K-02 
305-'E-02 

2. 329E-02 

1. -77E-02 
i5 529'-02 

i4E-'0-'

9029E-03 

C.0J15;7- 0 
-.2 , 'E-,t"' 1'.588E-C3

ACCUM. EACH 
STEP 

O.OOOE+00 O.OOOE+00 

... ,,r-0 ;.8. 0E-.04 
.Jt2E+O .,76KE-'04 

0..2.20:+.20 2 .541K-04 
2.2E00E2O416E0 

C CCCCC0 4 537E-04 

0 00E;oO 5. E 2 _3 
"'"C 4.t"'E CA0 

C. f 7:7. C. 1 

0 .0 0 E+ 0 5 692E - 0 4 
.7E-4 

0 00C+0 5 .4 , E- 04 

E2 0. 2 ii E 

O.OOOE+00 ','1 2E - 4

START 
TIME 

HRS) 
0. OOOE+00 
2.800E-04 

5.: '."9 -'2. C

EACH 
STEP 
0.000E+00 
0.000E+00 

7 . 00 E 0G CCoO+O 

C -20'E10C 
It"0*O

0. 000E+00 
0. 000E+00 

0 O -E00 

n . .. '.~ On" 

."•O" E+, LI LI00E2: LI 
C 2CC0' +OC 

- .2222:+ L



0 -00.2 E + 0 01 C. 000+O00 
O.O00E+00 

C <00E+O0 

TOTAL

... 0E+ 00 

C CC0E+00 

O.OOOE+0O

0 E .'02-0K 

TOTAL

CALCULATION FOR SKIN-B DOSE (REMS) 

MULTI NODE CONTAINMENT WITH ESF

EXCLUSION RADIUS
ACCUM. EACH

LOW POPULATION ZONE

STEP 
0. OOOE+00 

.2.'.OO&tOO.  

0.1U' UE 

0 0,E+ 10 

0 000E+O00 
0OOE+O00 

O OOOE+O0 

00OE*00 

O.0OOE+OO 

. TOTAL 
2..O00E. -,,.2..2 
C .0nin'+ Ci 

O.2Th0E+ 

o . OOE+DO 

TOTAL

CONTR
ACCUM. EACH 

STEP 

0.OOE+00 0.OOOE+00 
O.OOO*O0 .8872-63 

4. 10+O 1 . 7 6E 
-. .00E+O0, 2. 103E--2 

*.O0E+0, 0 -. 2 8E-2 

O.O00E• 4.3.47E-0-2 

" E4.2 0E0' ' .'35E-O.  

ý.00E+i-0 40 iE 

COEeO 47E-02 

1'';OE+ 4..!.E-02 

O.O0E+O04.34';5-02 

0.2OOE"W0 4.E 'S3E

.O0C0E+O0 3.253E- 2 

O.OOE+O0 4.. ±E-.  

D.OOOE+00 TOTAL

Calculation No.: 95-E-003 1-01, Rev. 2(1) 
Attachment 2 
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,.5007+00 

O. OOOE+00

tOL ROOM 
ACCUM.  

0. OOOE+00 
4. 887E -?03 

. d6 5 E- 02 
2. 968E-02 

2. 967E-01 

-. 4 0 - 1 

832E-2 02 

4.26BE-"I 

it 096 "' 11' 

0 39E-01 

6.724-0! 
7.2 933E-'01 
4.298E-02
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SUMMARY OF OFF-SITE DOSES 

ANO UNIT 2 FHA Dose, i00 hour decay; input file: Case2.in output file: Case2.  

CALCULATION FOR THYROID DOSE (REMS)
SINGLE NODE 

EXCLUSION RADIUS
EACH 
STEP 
o . DDOE+00 
0. OOOE+00 
0.000E+00 
0. 0OOE+O0 

C 0O , -+O0 

.0 E+O0 

U.UUU0E-2÷O0 

UJ2S0E'U) 

O..2.2T+"C 

2.O00E+2O0'2.  
•.2CC,'+OO

CONTAINMENT WITH NO ESF 
LOW POPULATION ZONE

ACCUM. EACH

0. OOOE+00 

O.OOOE+0O 

C. 00E+O'0 

'.00 0 P, o 

0. OE+0.  
Ii.1St"' O.  

O.2.00E+O02 

2. 2002'2U 
C.inOE2C0 

'S'. O .OE (OC

STEP 
0.OOOE+00 
0 . OOE+00 

G. OOOE+ 0.  

0.00E+O 
0.O00E+O00 

0.Oý00E+0O 

6.00E+O0 
- 930E+O6 

O.2Cf0E+O0 C 

2. 222St'O5 

UJO00E+O0 

1.S0t+O 

2.2.20UE+'0 
C.00 -O 

''.cC0,+OO

ACCUM. EACH 
STEP 

0.0O0E+00 0.OE+00 

O.OOOE+O0 O.OOOE+O0 

O.s00E÷60 00 .5OOE2O 

0 0 0 .. 002.O2 

.27002+<2,.'., StO 
-I-0E+O O.0E

- Ci0E+$C '-.$0.2+0C 

O.200E12 .!0E-O

CONTROL ROOM
ACCUM.

D.OOOE+00 
0. OOOE+O0 

0' ' 0 z C 
0.O00E-00 

-.O 0E0 

02 0. 02, 0 , - .2 0.  

2.O0US-U+tOU 

CCCOCCO 
O.2.00E+O0'2.

..t-E0 '0 

-ISIU> "U 
* C.. 2E 'i.

0. 000E+C0 
0.T00T+00 

4"OCW+÷CC 

TOTAL

J. OOOE+)i 0 

o. OOOE+00 

0. 0OOE+00

START 
TIME 
(HRS) 
0.000E+00 
2.800E-04 

21.000E-0! 

_f'00E-7+0 

C.i0-O 
2:6332-9i 

-5.02.E---Of 

-.005E-3i 

- . StE -

EACH 
STEP 
0. OOOE+00 

9.29E - 02 

61E-02 

5.372 1E- " 

,.691F. C2 

3.126E-32 
.3.7360E-02 

2.384E-02 

,8 39E-02 

1.389E-02 

1.2i2E-02 

9.245 2-03 

TOTAL

0. OOOE+00 
.554E- 

2.83E-01 

0'1 '&2 0 
4. a82 E

. 61 - 011 

7. 6.14 -` 
7.468E-01 

7 .787E-01 
'7,337'E- .  

7. 7:7 -ii 

7. 787E'-Ol 
7 .787E-0l

START 
TIME 
(HRS) 

o.OODE+00 
2 .800E-04 

2 C. !_0C': 0~ . IJUO E..- ' 
2CS00--O C 

'.2 105-

- ., 221."-.2



TOTAL 0.OOOE+00 TOTAL 0.000E+00

CALCULATION FOR THYROID DOSE (REMS) 
MULTI NODE CONTAINMENT WITH ESF 

EXCLUSION RADIUS LOW POPULATION ZONE
EACH ACCUM.  
STEP 
0.000E+00 0.000E+00 

•.t•U.E+¢O .0 7E+ 1 

2.62ztE÷0nC 1.,300E+017 

2. C ý3E+ 0C .29E+01 

.2.L-E+Ž0C 2.057E±+0 
1.3353e00 2. 190 E'0i 

I. !o-5E-+c . 307E+0! 
118E+00 2.409E;+0 

.8E-1 3..498E+o: 

7 -0: 2,575 E411 

6* 8;:E --.1 2. C43F+01 

2 ..., C.  

2.90z--SI 2.7B3E÷t1 
5.l$E-Oi2.74E+01 

3. 16E-01 2.904E+01 
TOTAL 2.904E+01

EACH 
STEP 
0. 000E+00 

. 00;0FO 

0.000E+00 
I.OOOE, O.O0E+O0 

0. 000E÷00 
0.O00OE+O0 

O.)0E+00; 

O.OOOE+00

ACCUM.  

0.000E+00 

O.OOOE+00 
6. !00,E+00 

J.O01"0E+-0j 

0. O0CE+00 O.00DE+O00 

J. OOOE+ 00 

.OE+O01 
O.O00EO00 

O.O0E÷O00 0 .000E+00

Calculation No.: 95-E-003 1-0 1, Rev. 2(1) 
Attachment 2 
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TOTAL 0.000E+00

CONI

EACH 
STEP 
0.000 

2. 0I 

2. 736 
2.64-' 

2.333 
14 

.424 
269 
1328 

9,.93 

7. 79 
3.872

TOTAL 0.000E+00

'ROL ROOM 
ACCUM.

E+00 0.000E+00 

3E-02 2.329-:02 

'E-.02 .216 E-02 

E-02 I .269E-01 

E-02 1.534E-01 
6E- C02.' ,784E-01 

7E-2 2.0321-01 

'2-02 2.423 8Ew 

2E-G2 2. 74E-®r: 

IE-t 2 3.  
9 -2 3.146.E-0 1 

3E-03 3.463E- 01 
*-3 3. 4E3-.EI 

?E-03 3.481E-01 
TOTAL 3.421e-0i
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SUMMARY OF OFF-SITE DOSES

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Case2.in 
CALCULATION FOR SKIN-G DOSE (REMS) 
SINGLE NODE CONTAINMENT WITH NO ESF

EXCLUSION RADIUS

EACH 
STEP 
0 . OOOE+00 
0. 000E+00 

"C 10.C 

TOTAL

LOW POPULATION ZONE

ACCUM. EACH ACCUM.  
STEP 

0.000E+00 0.OOOE+00 0.000E+00 
0.000E+00 0.OOOE+00 0.OOOE+00 

O.O00+O0 OO0E+0 .O00E+O00 
C0C00E÷.O0 0.CO00f÷O0 C..O00E00 

0.000E400 6.00OE2+0 0.O00E+00 

+.00E0 0 CE .00+020 .004632E+ 

-'.OOE+O O0EO . 0E O 
O.OOE+0 O. -)EE+0 O.00E+O0 

.. E OE+00 ."E+0 0 .E 
,.C4OE0 0 .®0E-i-O0 -. O00E+O0 

6...60,O0 0.O000E+0 0.000E+00 

0 0-0 0. 00C OF0 C. 3 O0E-0 
"O.o0Et"O0 5.0E .000EO00 

O,$<:OE+O0~~~ 0.0EO 0,OEO 
O.OOOE+O0~~ 0.0 O O0E +O.0 

C.0E 0 fo 70 C;+0 CO.C ý7 r C 
,+ O.O)6I+C20 0. O.OOOE+OO 

0.000E+00 TOTAL 0.000E+00

output file: Case2.  

CONTROL ROOM

EACH 
STEP 
0.000E+00 
0. OOOE+00 

ý.O0E+ 0 0. 0002ECo 
6.O00E2+60 

- CC; OE 

0 .0 E!O 

TOTAL 

O,00E÷O00 
,.O00E+OO6 

'7"c E0," 

;.O00E'O 

;. .JOE+t

C"1.00E+Cr 

TOTAL

ACCUM.

0.000E+00 
0. OOOE+00 

0. OO-E÷ýO0 

4.6002E+60 
000E+00 

7"1 .. CC z0 

0. 000E+0 

O.OOOE+O0

CALCULATION FOR SKIN-G DOSE (REMS)
MULTI NODE 

EXCLUSION RADIUS 
EACH ACCUM.  
STEP

CONTAINMENT WITH ESF 
LOW POPULATION ZONE 

EACH ACCUM.  
STEP

EACH 
STEP

CONTROL ROOM 
ACCUM.

START 
TIME 
(HRS) 

0.OOOE+00 
2. 800E-04 

4. E

3.00E+0i 

"2 .CF C C~ 

4.00E--Of 

5.-O"E--4' 

*,O2OE02' 

9.0 IE-0 
'.100EO

START 
TIME 
(HRS) 
0. OOOE+00 
2. 800E-04 

START 

TIME 
(HRS)



o.000E+00 
2.800E-04 

2 . OOOE-04 

22. .2E-O 

0 0 

, 0E-O I

O.OOOE+00 O.OOOE+00 
7.266E-02 7266E-02 

5.559E-02 1.9195-91 
4.855E-02 2.405E-01 
4.240F-02 2.329E-01 

3.70E-023.199E-01 

3,23E- 12 3.522 2E-0 
2.825E-02 3.805E-01 
2,4 6 747-:t2 4 0.'s- it 

4.4Ž5C 
2.c455E92 4.c297E-0i 
1.6- 0 4. 155E-01 
-. 644E1-02 4.620E-02 

.4E-02 4 6E-0 

1,25'E-02 4 3839E-i 

1.095E-02 4.9.985E - 1 
9, .56E-3 5. 094F-01 

8,33525E-3 - 77)-3 

3. 37iE-03 5.31 4E-01 

5.564E-J' 5.369E-01 

TOTAL 5.369E-01

0. 000E+00 

2. O2OE+Oj 

0. O00E+ 00 

0. 00E+O0 

0. 000E+00 

5. 61 0 E OL` 

0.00EO00 

O.O0E+O 

0 .000E+00 

OOOE+00 O.O00E+O0

TOTAL 0.000E+00

0. OOOE+00 

t:OOOE+O 
. 00E+ 

0.00E+O0 

0O.O0E+00 

..0E O 

,.u005+59 
OUO0E+O 

9.9995+99 
O.2.00E95+ 

O,. 
9

00E+O0S 

2.,.0995+9 

O,00E+O0< 
it,: 00t5.+.tf 

.20.000E+00'

Calculation No.: 95-E-0031-01, Rev. 2(1) 
Attachment 2 

Page 7 of 8 
0. OOOE+00 
IJ 0,23E-04i 

,-. 0E -0"4 

.. 395E 
2.05 7E-03 

. 797E-03 
"3,5971E-- 03 

4. 440E-63 
5 ..31 5ý E- 0.3 
. .2115-23 

3. 027E-03 
6. 9-'4E- 03' 
9, S32EF-03 
i.072E--02 t' .9245-'2 
2. ~327- 02 

.26'. .6 i-2 

' 6E'-02

PAGE 5

SUMMARY OF OFF-SITE DOSES

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Case2.in output file: Case2 

CALCULATION FOR SKIN-T DOSE (REMS)
SINGLE NODE 

EXCLUSION RADIUS
CONTAINMENT WITH NO ESF 

LOW POPULATION ZONE

ACCUM. EACH

TOTAL 0.OOOE+00

CONTROL ROOM
ACCUM. EACH 

STEP 
0.000E+00 0.000E+00 
0.OOOE+00 0.000E+00 

O.O0E+OOO.OO0E+00 

C. ,t00Eý00 0 (Cp-, 0C O O00"EJO0 O.000E÷OO0 
0 : -00E+0 0.000E+Oc 
O,'22+,.o'000E+ 1-0 

0. .0 GflE00' 
0.000E+O0 0.O00OE+O0 

O.O00E÷OO T.0EOTA O.O00E54O O.00E+.'O0 

0.OOOE+00 TOTAL

ACCUM.

0. 00OE+00 
0. 00OE+00 

O00E+0 

0.00E+00 

0. OO0E+00 

9.¢EO 
CCO0E+O0 

O.O2,,0: 2O0 

O.O00E+O0 

t it0itV+O0 
O.2595E÷, 

O.O00E+O0iti 

0.O00OE+O0

CALCULATION 
MULTI NODE 

EXCLUSION RADIUS 
EACH ACCUM.  
STEP 
0.000E+00 0.000E+00 

.C90 -i <.5.99E-0 

7E-0 2 Q$3 S F-0 
2. i E.-O 8,930E O<

FOR SKIN-T DOSE (REMS) 
CONTAINMENT WITH ESF 

LOW POPULATION ZONE 
EACH ACCUM. E 
STEP S 
0.0005+00 0.000E+00 0 

2 

,OO + !7 70.. 'Zoo 

.cOz0EcO ititcr±O 
oo. OOOE+ , O.OOOE+O0,. -

o.000E+00 
Z..O23E-04 

5. 638E-04 
6.624E-04 

7 .400E-04 
7099i5Et0 

. 438E-04 

8. 57E -04 

695P-04 

.2.450-04 

2,5~ 24 

T.0T63EA 

TOTAL

START 
TIME 
(HRS) 
0.OOOE+00 
2.8OOE-04 

itE,

EACH 
STEP 
0. 00OE+00 
0. 000E+00 

C C L 

00"E4' ,2 .00,2 O.OOE+ 0O 

000-90,+00 

.5 00 

C; 00E+oz 0 

•.2O:iE+' 

Citit0 +t0 

2,. 2,2.E2'O0 

0.00 .<+2,2

0.00OE+00 
0.000z+00 

I.CUit9. Uit 0.O00E+O0 

O.;_00E+-00 

0.ooOg+'"'".2 
it.itiit +O0 

2,.OOO2,,52, 

it.Cft'09+itt 
9.,92,5+22, 

O.00E+O0.  

20 25E+ 9 
0. 02,2220.  
it 9t'9E+99 

2,. 2,22,5+O0

STEP 
0. OOOE+00 
0. OOOE+00 

" 0. O0 E+-` 

it itrit

.20020E 02, 

T.0095OL 

2,.O00E,542, 
T.0EOTA

START 
TIME 
(HRS) 
0.000E+00 
2.800E-04 

:. F-O

CONI 
ACH 
TEP 

000E+00 

.9$9E-2.  

7423--72 

, '.02 -E 

2 2

TROL ROOM 
ACCUM.  

0.000E+00 

- E 2,' 0 2,9 21.904E-02 .5 E-2.  

0.920E-2 

I.OO3E-S O'



-� '''-'h 24-' 0' '244C. t<Lt 4 -�

6,0 E- 9 9.27E-0I 

4.612E-02 3.992E+00 
4.&6K02i!3E0 

3.513E-02 I1 ,7E+00 
3.07E- 02 1 7.8E+00 
2.o4E -02 p25, E, 

2.3449-02 l 248EK 

1.78 E-02 1 .286E+:,!0 

.3641E-02 1.316E+00 
TOTAL 1.316E+00

0. 00EI0

0. 100E+00 
O.O00E+'0 

O.OOOE+00

-' t .-. 0"

O.. ...OE+O0 

O.OOKE+00 
*O.O0004+O0 

O.00+O00 

o .OOOE+OO

TOTAL O.OOOE+00

-. 268F
-

02 

-. 922E-02 
4.438E-02 

44243E-02 

4.,322E-02 

4. 47K -02 

3.31 7E-02

Calculation No.: 95-E-0031-01, Rev. 2(1) 
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Page 8 of 8 
.?.16Th-01 
'. 52E-01 

3 .4 1 3 E - : 

2- 029'E - 01 

3.541E-01 
- . Ji5K-01 

4. 796-01 

5.652K-0i 

o.4 72E-01 

7.t 247E-0i

TOTAL 7.247E-01

1 NO MORE CASES 

END OF EXECUTION

. 2 0 )E 40 0 

7.Cf 
'-30EO0 

* 4, .E. 4 

- , )i0t*O0 

.,52t23+CC



Calculation No.: 95-E-003 1-01, Rev. 2(1) 
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ATTACHMENT 3 
CASE 3 Input and output Files 

Input File: Case3.in 
a: FHAdata 
'a:LTAPE ','a:MTAPE ','a:NTAPE 
'ANO UNIT 2 FHA Dose, 100 hour decay; input file: Case3.in output file: Case3.out' 

60 rods failed, with ESF filtration

0, 0, 0, 1, 0 
1, 3 

POOL'

0.OOOE+00, 
0. OOOE+00, 
0. OOOE+00, 
7. 500E-03, 
1. OOOE+00,

0.OOOE+00 
0.OOOE+00 
0.000E+00 
2.500E-03, 0.OOOE+00 
0.OOOE+00, 0.OOOE+00

1.78E+06, 4.OOOE+04 
'TIME INTERVAL ',0,0,0,0,2, 
'INITIAL FRACTION',0,0,0,0,1, 
'INITIAL CURIES ',0,0,i,0,1, 
'INITIAL CURIES ',0,0,2,0,1, 
'INITIAL CURIES ',0,0,3,0,1, 
'INITIAL CURIES ',0,0,4,0,1, 
'INITIAL CURIES ',0,0,5,0,1, 
'INITIAL CURIES ',0,0,6,0,1, 

'TIME INTERVAL ',0,0,0,0,2, 
'CR FILTER EFF '1,1,0,0,2, 
'CR FILTER EFF ',1,2,0,0,2, 
'CR FILTER EFF ',1,3,0,0,2, 
'FILTER EFF 1,I1l,0,ii, 
'FILTER EFF ',1,2,0,1,1, 
'FILTER EFF ',1,3,0,1,1, 
'TRANSFER CFM ',0,0,0,1,2, 
'CONTROL ROOM ',0,0,0,0,5, 
'DOSE PARAMS ',0,0,0,0,7, 
3.470E-04, 0.OOOE+00

:7 R T-A L 

-E RRVA 7 

-X.'9'RVAL 

'.ER'-,,A L 

%." JTER V.,a L 

7'l _ 'R ý A L 

I':TRVA: 
ITERVAL 

INTRVA

'0, 0,0, 0, 2, 

0, ,2, 

,0,0 0,0,2, 

', 0 , C, 0, 2, CCC-0,O,2, 
, , , ,0, 2, 

-,,0 0,0,2, 

C', ,0, , ,2, 
, 0 ,2, ' , O, , ,2

0.OOOE+00, 2.800E-04 
1.000E+00 
8.207E+02 
2.426E+02 
5.392E+02 
2.766E+04 
2.099E+04 
2.010E+03

2.800E-04, 
0. 950E+02 
0. 950E+02 
0. 950E+02, 
9. OOOE+01 
7. OOOE+01 
0. OOOE+00 
4. OOOE+04, 
1. OOOE+01, 
6. 500E-04, 

C 30~~ (ý

0. 010E+O0, 
0. 8-90E+00, 
0.50OE+OO, 

0.00E+O0 

I.800E4+00, 
20G900E+0 0, 

.! E+0, 
1.C20 F0 0, .3000, 

A,,,,' OO 

'.500E+-',

0. 990E+02 
0. 990E+02 
0. 990E+02 

0. OOOE+00 
3. 330E+02, 
3. 470E-04, 

0 2000s4.00 

600E+,0 

9-- - ::+ (, 

1.200E+00 

2. 00.)E'-'0 i.00EOW

3.430E+02, 1.667E+03, 1.OOOE+00 
0.OOOE+00, 3.470E-04, .. -, I

',0,0,0,0,0, 0.OOOE+00, 0.OOOE+00

+ 7T M 

'T-ZE 

'ENDM
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Output File: Case3.out 
TRANSACT Version 1.0, Revision 2 

Based on TACT V - SEP 87 PC VERSION

REVISED TO REVISION 2 December 1996 
BY OMEGA TECHNICAL SERVICES, INC.  

REVISED TO REVISION 1 FEBRUARY 1995 
BY OMEGA TECHNICAL SERVICES, INC.  

MODIFIED FALL 1992 FOR GGNS 
BY OMEGA TECHNICAL SERVICES, INC.  

NUCLEAR REGULATORY COMMISSION 
ACCIDENT EVALUATION BRANCH 

DATE ,/9,220 0 T'ME 6:>'iP:'7

MODEL SUMMARY FOR CASE 1

ANO UNIT 2 FHA Dose, 
60 rods failed, with 

1

100 hour decay; input file: Case3.in 
ESF filtration 

TIME INDEPENDENT INPUT 
CASE NUMBER 1

output file: Case3.

NODES NSTEP 
1 21 

OUTPUT CONTROL PARAMETER 
I 1 2 3 4 5 

IPRINT(I) 0 0 0 1 0 

NUMBER OF DOSE EVALUATION POINTS - 3

POWER (MWT) 
0.OOOE+00

REACTOR SHUTDOWN TIME (HRS) 
0.00OE+00

FRACTION OF ACTIVITY RELEASED FROM CORE TO CONTAINMENT BY 
HALOGENS NOBLES 
0.OOOE+00 0.OOOE+00 

PLATEOUT FACTOR FOR ACTIVITY RELEASED FROM 
CORE TO CONTAINMENT BY ISOTOPIC GROUP 

HALOGENS NOBLES 
0.000E+00 0.OOOE+00

ISOTOPIC GROUP

FRACTION OF CORE 
HALOGENS 

0.OOOE+00

INVENTORY AIRBORNE IN THE CONTAINMENT BY 
NOBLES 

0.OOOE+00

ISOTOPIC GROUP

HALOGENS 
NOBLES 

POOL 
1.780E+O0

ISOTOPIC SPLIT BY GROUP 
ELEM. ORG.  

7.500E-03 2.500E-03 0.0 
1.OOOE+00 0.OOOE+00 0.0(

PART.  
0OE+00 
O0E+00

VOLUME OF NODES (CU FT)

CONTROL ROOM VOLUME (CU FT) 
4.OOOE+04

6
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DATA FROM NUCLIDE FILE a:FHAdata

SOURCE 
(CI/MWT) 

4.1020000E+02 

2.5950000E+02 

1.3840000E+03 

5.6220000E+04 

1.8810000E+02 

6.2700000E+01 

4.2165000E+02 

1.4055000E+02

DECAY CONSTANT 
(1/HR) 

7.3512000E-06 

2.4048000E-03 

1.2564000E-02 

5.4792000E-03 

3.5870390E-03 

3.5870390E-03 

3.3188400E-02 

3.3188400E-02

DOSE CONVERSION FACTORS 
WHOLEBDY SKIN-B THYROID 

3.310E-04 4.840E-02 0.OOOE+00 

1.250E-03 1.330E-02 0.OOOE+00 

4.290E-03 2.960E-02 0.OOOE+00 

4.960E-03 9.670E-03 0.OOOE+00 

5.590E-02 3.070E-02 1.100E+06 

5.590E-02 3.070E-02 1.100E+06 

9.110E-02 8.900E-02 1.800E+05 

9.110E-02 8.900E-02 1.800E+05

TIME DEPENDENT INPUT 
CASE NUMBER 1

TIME INTERVAL 
INITIAL FRACTION
INITIAL CURIES 
INITIAL CURIES 
INITIAL CURIES 
INITIAL CURIES 
INITIAL CURIES 
INITIAL CURIES 
TIME INTERVAL 
CR FILTER EFF 
CR FILTER EFF 
CR FILTER EFF 
FILTER EFF 
FILTER EFF 
FILTER EFF 
TRANSFER CFM 
CONTROL ROOM 

3.43000E+02 
DOSE PARAMS 

0.00000E+00 
T-iME' NT!N ,A 

N'L'EIRVA 
U.F fRYVA 1 

;TME IPERI 7L 
- ItN:iTERVAL 

IME INTER SL 

TIM INl .'TERVSAL 

,E TXiTERKVAL 

TIPE 1,TER'AL 

" "-PEITEi%

0 
0 
0
0 
0 
0 
0 

0 
0 
1 
1 
1 
1 
1 
1 
0 
0 

1.66700E+03 
0 

3.47000E-04 

C

0 

0 

0 
0 
0 
0 
0 
0 
1 
2 

3 

2 
3 

a 
0 

0

0 0 
0 0 
1 0 
2 0 
3 0 
4 0 
5 0 
6 0 
0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
0 0 

1.OOOOOE+00 
0 0 
-.0000E- 03, 

0 0 
0 0 

2 '2 

g 

U

0.OOOOOE+00 2.80000E-04 
1.OOOOOE+00 

8.20700E+02 
2.42600E+02 
5.39200E+02 
2.76600E+04 
2.09900E+04 
2.01000E+03 
2.80000E-04 .03000E 
9.50000E+01 9.90000E+01 
9.50000E+01 9.90000E+01 
9.50000E+01 9.90000E+01 
9.OOOOOE+01 
7.OOOOOE+01 
0.OOOOOE+00 

4.OOOOOE+04 0.OOOOOE+00 
1.OOOOOE+01 3.33000E+02 

6.50000E-04 3.47000E-04 
47000E-04 0.OOOOOE+00 

rrf0000E-'I 2.'0CC00E-Of 
.0 0 00F-0E-1 3 0 000E - 01 

.S.OO00E01 .C0000P0E-O 
-:03000E-01 0.}0000E-0i 

5.-030. -031 j.O000E--a 

71.30000E-O 7000E-O 

"*7 'A..,0 + .0 E

S.O000E- z 1,O00,00,-00; 

I.[O00E•0 Z 2 'OOOE-G £ 

i.3000E+O0 J30000E+£0 

Z.t
m

OO0E•0io 00OGE4-CC 

-ogO000E+Or . lrc r,0E+rr

ISOTOPE 
NAME 

SKIN-T 
KR 85 

o. 000E+00 
XE 131M 
o .OOOE+00 

XE 133M 
. 000E+00 

XE 133 
o .OOOE+00 

I 131 
o .OOOE+00 

I 131 
o. 000E+00 

I 133 
0. 000E+00 

I 133 
0. 000E+00

SPLIT 

ELEM.  

ELEM.  

ELEM.  

ELEM.  

ELEM.  

ORG.  

ELEM.  

ORG.

SKIN-G 

4. 750E-04 

2. 710E-03 

7. OOOE-03 

7. 890E-03 

7. 950E-02 

7. 950E-02 

1. 310E-01 

1.310E-01
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SUMMARY OF OFF-SITE DOSES

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Case3.in 
CALCULATION FOR WHOLEBDY DOSE (REMS)
SINGLE NODE 

EXCLUSION RADIUS
CONTAINMENT WITH NO ESF 

LOW POPULATION ZONE

ACCUM. EACH

TOTAL 0.000E+00 

CALCULATION 
MULTI NODE 

EXCLUSION RADIUS

STEP 
0. 000E+00 
0. 000E+00 
O. O0E+O 
O.000E2-O0 

n.O00E+O0 

O.002+÷0 

0. 01 t'2+ 20 O.00CE+o0 
.O0 0 E+O 

0.00E÷O0.  
o .n00EnO 

0. 0202 0. E 0 

TOTAL

output file: Case3.  

CONTROL ROOM

ACCUM. EACH ACCUM.  
STEP 

0.OOOE+00 0.OOOE+00 0.OOOE+00 
0.OOOE+00 0.OOOE+00 0.OOOE+00 

nO.no.0E+O 2.200E+02 no.O00E+O0 
.2..2-02~0E 2.,3E÷9 O.u00Eu+0 

nn,.EO 4-00EO0 700P+0 

0* E 4- f+O 6.1+ 

o. C0._E.Go 0.2000400 02.2n22KY0 
., ).OOOE+ ".uQOE4+O C..0CE÷O0 O.O00;+O 0,0 0E÷O +0 

O.J00E0+O0 0.030E+00 O.O00OEVO0 

OOEO O. E÷tO0 O.0 E+Ot 
O.O00E+O2 O.0E+O0 0.O00E +0 .  .O On+¢ OnO~eOOE+O(.00.E+OnO 

.p.OO E O , O E O .0EE+ 
OOOO+O0 .O00+OO0.000O7+00 

...+ "."-0E+`0 . 0 .00E+0 

O.O 20E÷0 ToO OTAL0 OO002E+O0 
O.OOOE+O .O00E+t1O O.3u00E+0 

0.000E+00 TOTAL 0.OOOE+00

FOR WHOLEBDY DOSE (REMS) 
CONTAINMENT WITH ESF 

LOW POPULATION ZONE

ACCUM. EACH
STEP 
0. OOOE+00 
0. 00CE÷-00 

OO0E-00 0,O00CE+OO0 

0. O0 0E+>0 
0. OOOE+O0 

4.  
0. O00E+0 

T0AL0 
0. OOOE+O0 

T.0EOTA

CONTROL ROOM

ACCUM. EACH 
STEP 

0.OOOE+00 0.OOOE+00 
0n.n0-%EC0 1 .63E-05 

..3 E , 3 . : , 

ý. 1+ 137 2, E-05 "+ . ! 4E-0 I o.nn0OE+o¢ 2.USE-A 

OOOEOO1.3475 E-04 

O.O0E+0 14294E-0;4 
O. OE O0 C __27 -1E.- 04 

J27,, O.OOOE+0 245 -4 

O.OOOE+00 !.tTOTAL: 
0.000E+00 TOTAL

0.000E+00 

2.634E -5 K. 235E-25 

2.22 7E - 4 

8.4,.E-.04 

7 

29 716K 01 

-7 Y<'E 0.  

1.29";E- 3 

-17.42E0 

2. 38E-:.32

PAGE 2

SUMMARY OF OFF-SITE DOSES

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Case3.in

EACH 
STEP 
0. OOOE+00 
0.000E+00 

*J000E+00 

O.O00E+O00 
0.000E+00 

O. O0E+O0 

O. 000 E+ 

O.O00E+00 

O 00E+O-0 

- - 092-.- 9 

,. 900+90 

n O00E+OQ 
O 00E)+22

0. OOOE+00 
0. OOOE+00 

.030E+00 

-,00OE÷O0 

0,00E4 01 

1.O00E+001 

O.2. 70E+ '7 
O.OCCOE+OO 

OO00E+O0 
nrnOnOn+O 

O.00E+400 

0.O200E+-O0

START 
TIME 
(HRS) 
0. OOOE+00 
2. 800E-04 

2.,00E-Of 
Ku.O0E-OL 
4-0non--(2 

5.072E-Oj 

0'1 

*7.0JE-00 

"*.0 +00 

3.00E i00

START 
TIME 
(HRS) 
0. OOOE+00 
2.800E-04 

on, 01 c- 000E-01 

1 . 2; 7E-O 

7 . .E- .i 
0 .00-O 

27 27Ž E+272

EACH 
STEP 
0.OOOE+00 
1.1627-02 

. 2 20E-2

7.445E-23 

J.924 23 

2.22E-03 
- .!5E-.3 

651E-03 

6.4E-03 
3o44E- 0 

0.1 9E(-0 
TO2T2AL-02 

"2.295E-03 
TOTAL-¢

0. OOOE+00 
I,62EF-02 

3. 845E-0 2 

L3 1 E~ -0 4.52 920 

(.6;32E-02 6. 084E-02 
C. 478E- 02 

6.823E-02 
.24EF-0-2 

7 /SE-02 

79 2E2-0 2 

I 45E 2-.2 
S.2727-op 

-2 '2 8. 39 5E -02 

8. 586E-02 
8. 586E-02

ACCUM.

output file: Case3.



CALCULATION 
SINGLE NODE 

EXCLUSION RADIUSSTART 
TIME 
(HRS) 
o.OOOE+00 
2. 800E-04 

3. 0!0E -i0 
4.770E-O7 

"7.000E-O! 

9.0007E-t 0 

-.OO+OC 

* . it.E+ ..  

i.7K '31O 
"c"7;OE+c' 

'"C..E Cc

ACCUM.  

0 . OOOE+00 
0. OOOE+00 

. 00E+ GO0 
.. 000E+00 

,.§O00E+O0 

O, "O0E+OO 
t. 'DQE+O0' 

COO;E+CC 

.. 00E+OC 
O `OE4O: 

u. 9OK0E+K.  
CCO0ECO 

O .cc0E÷O0 
5 .sL00E-+00 

O .7.0.7E' 77.

TOTAL O.OOOE+00

FOR SKIN-B DOSE (RE 
CONTAINMENT WITH NO E 

LOW POPULATION ZONE
EACH 
STEP 

o . OOE+O0 
o0. OOOE+DO 0.000E4+00 

0.000E400 
0 00 O 0 GO 

0. 00EK0D 

0 CO0E+'O0 
O.O00E÷03 

0 O00E +O 

0 00F÷O' 0 

TOTAL

ACCUM.

0. OOOE+00 
o. OOOE+O0 

O.O0E+O0 
O.O'QE+00 

0. 0 E+O-00 

0.00E+00 

O.00EO00 
2. 200E÷uC 

0.000E+00 9. 3-OO+OO 

ý7.. n On su 7. r's 

O.OOOE+00
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MS) 
:SF 

CONTROL ROOM 
EACH ACCUM.
STEP 

0. 000E+00 
0. 000E+00 
0.O000E700 

.O00oE+L0 

.0 0 E+0 

O.O00Ef+O0 

CO00TOTAL 
.O. GSE+CJ 
c ,"cO;÷Oc 

C.OG0E'O0 

'oOOOE'
0.003+0 

O.OO+0 

T,0EOTA

EACH 
STEP 
0. OOE+00 
0. OOOE+00 
O.O00EO0-11 
0.000E+00 

. u00GGKO06 

O.COOE+O0 
OO0E+O0 

3.O00EO-OC 

c. CC00CE+O0 

0. CCOE+0 

OI..O600E 7. 7

CALCULATION FOR SKIN-B DOSE (REMS)
MULTI NODE CONTAINMENT WITH ESF 

EXCLUSION RADIUS LOW POPULATION ZONE

EACH 
STEP 
0. OOOE+00 

..u'r
7 

7 .,.7 
z . 64K.  2. 36E-!2 

'2.09E-02 

K.528E-02 

2.691,K E-3 

2.053E-03 
TOTAL

ACCUM.  

0 . OOOE+00 

025K-32 
"!.274E-02 

2:64K-02 

94r3E-0 1 
1,7E01 

1 .959E-0'! 

1.980E-01 .9438E-O0 

1.7580E-Ol 
1.9802E-0l

EACH 
STEP 

O.OOOE+OO 

G. 000E+-00 

C. 00Wý 0.O300E+-0 

O.OOOE+O0 

T .OOOE+TO 

T,0EOTA

ACCUM.  

0. OOE+00 

2. 00EK+00 

0. O00E÷rO0 

0. O00E÷-00 
0. 000E4 00 

0. 000E+00 
0. OOOE+0O 

s.'.70E7."s 
c .2'OggOc 

..,.L0.'÷LI 
7'.O00E+t,.c 

.7 7."E.), 

c.O00E., 
¢..u'u+O' 

o .OOOE+OO 
0 .000E+00

CONTROL ROOM
EACH 
STEP 
0.000E+00 

4 7E'._ 

11t473E-3 

'5E 

"2,4E-02 

_076E-02 

"2 1 -02 

3.203E-02 

J.7.99 ' .  

E 6- C'26 

TOTAL

PAGE 3

SUMMARY OF OFF-SITE DOSES

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Case3.in 
CALCULATION FOR THYROID DOSE (REMS) 
SINGLE NODE CONTAINMENT WITH NO ESF 

START EXCLUSION RADIUS LOW POPULATION ZONE 

TIME EACH ACCUM. EACH ACCUM. EACH 
(HRS) STEP STEP STEP

output file: Case3.

CONTROL ROOM 
ACCUM.

o.OODE+00 
0 . OOOE+OO 
0. 000E+00 
O.OOG0EOC 

2. OOOE+O0 
"O. 00E+O0 O000EO00 
_.000E+00 

n3 C C. E. i-# 07 r 0.00E+O0" 

O'.O00E+O0 

G. GOOE÷O00 

O.O00EO00 
O.OOOE+OO 

S. OOOE+OO

START 
TIME 
(HRS) 

0. OOOE+00 
2.800E-04 

-.00 0E-Oi 

0cG OF C. I 

Cv. -7 

"Cr/PC" "7.0• -+ 
S .7 J7E- L .  

"".p0 7E-01

ACCUM.  

0. OOOE+00 

"-1 7 

r63E7- 02 

3 9 6E- 02 

6. 455E- 2 

";' 547 E-07 
3 6- 3 E--02 

i9 43E-01 

- 302E-01 
4 420! 

S511-O 
1 123E-0,1
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0 . OOOs+oo 
2. 800E-04 

2 C; C C: 

+ 0"'

o0. OOOE+OO 

0 -. 0* .0 0C. E 1 

TOTAL

CALCULATION FOR THYROID DOSE (REMS) 
MULTI NODE CONTAINMENT WITH ESF 

EXCLUSION RADIUS LOW POPULATION ZONE

EACH 

STEP 
o0. OOOE+oO 

7.  

C ( 

3 9 3E - 0 

2 3 - E'Kc 1 
.'"2 . 1, 

74, 2 

57 0211

ACCUM. EACH

0 . OOOE+00 

-.3,2E'K-0 

2. 63CC;00 

5. 8C4K-i 00 
6. 123E-i-C0C0 

I.3> 

6.-c,546E 100 

21 /KE+00 

7 .381E+00

STEP 
o0. OOOE+00 

0000KE400 

O.CC'2.>L-CC 

'K OOOK-00

TOTAL 7.381E+00

CON¶
ACCUM. EACH 

STEP 

0.OOOE+00O0.OOOE+OO 

n.mn.-
4

.Cn 24 7-Fi C03 

5.5,1.147 22' '2.'. - f; 

1v.0220'-0 5..............  

0 0.0 0E -. 0- 1.. 2 C

0 .0 0 0-7 0 0C. 'O2C3' 

0.000g-i-QC 2,46E-!7'

0.s00K0E4rss 5.4C CrY2 -" 
C . t'72I00

TOTAL 0.0005+00

PROL ROOM 
ACCUM.  

o.OOOE+OO 

5-"A5- - `2 

- '.4E, 

6-17 Cap;2 

`2 2K-0 2 

c.,:'E 02 
n22i-s

TOTAL 8.84,8E-02

PAGE 4

SUMMARY OF OFF-S ITE DOSES

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Case3.in 

CALCULATION FOR SKIN-G DOSE (REMS) 
SINGLE NODE CONTAINMENT WITH NO ESF 

START EXCLUSION RADIUS LOW POPULATION ZONE 

TIME EACH ACCUM. EACH ACCUM. El 

ýHRS) STEP STEP 

0.0005+00 0.0005+00 0.000E+00O0.0005+00 0.0005+00 0.  

2.800E-04 0.0005+00 0.OOOE+00 0.000E+00 0.OOOE+00 0.  
S L4 -C 0 E, ' 0i 0~-' 0 . 0'4 C ' 0 '~ ECC041 

2 -. E 0 , 04' 2.4 -+ 020 0.. 000;f400 3.0'00z+00 2

�CH

output file: Case3.  

CONTROL ROOM 
ACCUM.

PEP 
-000+00 
OOOE+0O

0. OOOE+00 
0 . 000+00

o0. OOOE+OO 
0. DOOE+00 

fi Cn-. '1 - E n 

C.OCOE4 CC.  

. "OOOK+7)0 

C C00, 00 

i. 000K'-J0 

0.030E+00 

o .OOOE+OO

o0. OOOE+0O 

o . OOOE+OO 

0. 0K0-' 00 
- .TOTAL/

0. OOOE+OO 
o0. OOOE+OO 

f WrC. 0'brio 
'.00KrCQ0 

"I.000÷+00 

- 000z+00 

0. 000K00 

o .OOOE+OO

O.OOOE+OO 
o0. OOOE+OO 

0Cn- E., 0 C ;'' 

C.000 5400 

U. 005K-O 

00C'30-0;"' 

TOTAL

0. OOOE÷00 
o .OOOE+0O 

0;. C, C" 'C, 

-. '00K"WC0 

ný.C 0CE i-C.C.  

.0. 000K-i-d 

{.000K-i-CC 

o .OOOE+O0

START 
TIME 

(HRS) 
0. OOOE+OO 
2. 8O0E-04 

"21 -.  

0 022 E '2
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0.900E2+00 

W.0002+00 

O.UOOtOE+0 

0. 0002+20 

TOTAL

0. 0002±00 

0.300E00-G 

0.OOG000'~ 
0.00E0 

0. 000E+0-G 

0.000)E'00' 

o .OOOE+O0

CALCULATION FOR SEIN-G DOSE (REMS) 

MULTI NODE CONTAINMENT WITH ESF

EXCLUSION RADIUS
ACCUM. EACH

TOTAL 1.365E-01

LOW POPULATION ZONE CON']
ACCUM. EACH 

STEP 
O.OOOE+O0O0.OOOE+O0 

03.000E+00 1.120E-04 
0.O002eQO0 1.433E-04 

O.7OOCS.4Q -.881E-04 

0,000EJF00'J.1'd.L-0L4 

>O'2SOO .<0 .304EC04 

0.00:20E+0 2.314SF04 

O.OOO+00 -. '05E 4 

C0C.000s
4
00 2.234E-04 

C C2''7
4

pC 2.21!E-04 

0.039E+O00 .5E0

TOTAL 0.000E+00

?ROL ROOM 
ACCUM.  

o .OOOE+OO 

2. 112E-04 
3.5 46E-04 
.5. 23CE-04 

7, 11 - 4 

2. j-1oF $3 
'K. 42KE £3

TOTAL 3.777E03

PAGE 5

SUMMARY OF OFF-SITE DOSES

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Case3.in 

CALCULATION FOR SEIN-T DOSE (RENS) 

SINGLE MODE CONTAINMENT WITH NO ESF 

START EXCLUSION RADIUS LOW POPULATION ZONE

ACCUM. EACH

STEP 
0. OOOE+00 
0. OOOE+00 
U. UftC-CCC 

0. WI-E03

ACCUM. EACH 
STEP 

0.OOOE+00 0.000 

0.600E+00 0.00C 
G. U ft C U 0.0U 

C C(0EM 0.0 

C.005S.
0 4-

.C C0C 

0 ,100E000 - . 0 

3.0K0 C 0.= 

0.000..I00UI .1-Cl

output file: Casel.  

CONTROL ROOM 
ACCUM.  

)E+00 0.OOOE+00 

)E+00 0.OOOE+00 
Of+C UU . UUCtE'C 

72 .- C5 0.00G2--0G 

-2,0 0C . 000K-'-'0 
,t-30 0.0-00E--0 

V -0 0 .300Eft , -

.1 '00+0 

S. 30,t--uu 
1.40"E+00 

1 .000E+0024 

- ... I0tt..C 

1:799EXOU 

- -' U0t CCC

0.000EWi0 
C C/'~fltCf 

- 000E+00 

:2.000OEY00 

I .3(2200 

TOTAL

:;. :'GGF+0O 
O.OOOE00-G 

C £0024-GO 

(7* QCE+ CC 

0.~C0004.00 

0. 300E+00 
""''74.." 

o .OOOE+00

0.000E+-00 
'7 00.0 

0.000E.C0C 

0r000.00r 

0.t00=400 

* .OO:+0 

0.000E400C 

TOTAL+0

0. O002+00 

'1 00020 
2. 333+00 

500JE+ 00 

0. OOGF.+0O

START 
TIME 
(HRS) 
0 . OOOE+00 
2. 800E-04 

2. 5Gj.E-01.4 

7, OOO-~-01 

.,.,.t .1 

* . E-'-v 

-OE so.C.C 

* t-I-. O 

CC '7 CC 

1.Ut,-,., 

* ftC-SO

EACH 
STEP 
o .OOOE+OO 

.C.C, 24-02 

1 .073E02 
9. 415E-03 

6. 2 72E- 03 

5.••••••••• 

2784E-03 
2. 431E-03? 
2. 123E-0 3 

1 54-0f 

1.'62"E-033 
- 411-0f

o0. 000E+00 

6 .5&13E 02 

7. 12 E02 
0. 113E-2-C 

. 955E--022 

C, 673ft0C 

1. 3674E-01

STEP 

o .OOOE+OO 

0. 000E400 

U.CC32700 

0 .030E+00

EACH 
STEP 
0. OOOE+00 
0 . OOOE+00 

0.C CUO+0 

-. CCC.' C 

0. OOCEPO

TIME 
(CR5) 
0. OOOE+00 

2. SOODE-01 

-CrO-C.-, 

.1 It0

0. OOOE+00 
0. OOOE-'00 

0. 102 '-p0 

C CCC C00C 

CCC, 0. Q



0.000;-00 O.O00E+O0 
O.O00E+ 0 .0 E+ 00 

0C COO, C 00 E+rp00 

I.0I E+Oc O0OEO 

TOTLO.OOOE+ . 00 
O.3300E+OO O>.3OOOE+O0 

TOTAL 0.0O0E+00

0 V. 0f -0 C 

22.OOE

0. 00E0KOS 

0 .;o08, 0 Et 

o. .3
0
CE-> 

6.O lOOEý-.  
O.O00Eý00 
.. , ' E +,.O.  
O,. 00E, ÷11 

O.500E+0L'

TOTAL O.QOOE+00

*ý E0C~ CC 

C.0 0rEO0 

3. 'SCSK+O0 

O.5.OflE+£ts0

0. OO0EtO0 
0..000K+--0 

.3..S'SE+OO 

O.OOOE+00 

O.OO0E+O0 
-1O00IE +O00

CALCULATION FOR SKIN-T DOSE (REMS)
MULTI NODE 

EXCLUSION RADIUS
ACCUM. EACH

O. OOOE+O0 
4 526cE--2 
8 49E- 60 

2 3 95 --0 1 

ý2,4E-0;1 
2.3r755E-0i 

3,045E-0,' 

3. 225E;-.01 

"70E 
2.;;,S-C1 

2. 35-01

TOTAL 3.345E-01

CONTAINMENT WITH ESF 
LOW POPULATION ZONE

STEP 

O.OOOE-00 

o . OOOE+OO 

C;C. 0C-r C;C.  

O.OOOE+OO 

TOTAL

CONTE
ACCUM. EACH 

STEP 

O.OOE+00 O.OOE+00 
C.00 .268-E-03 

9 .  

O.O00E•$ .5.459E-03 

0 . 0,0Eý--0 68E --JG3 

O.OOO+¢O1.110E-02 
S. 5510.vS :.i74E-32 

ronr. 05 ' 5n, 2 

O.OOOE+7 7. - 5 

OO00E÷0' I. TOTAlLE 

O.OOE•0 Z I '4E-~02 

O.OSOK'-..: :.n25E-02 

C O00+01-0 _ Cn4E-02 

O.ODOE+OO !.79E- 2.  

O.OOOE+O0 TOTAL

. NO MORE CASES 

END OF EXECUTION

- , Cp.-C, 

7:0 .E-$+0 ..50"O
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TOTAL 0.OOOE+00

START 
TIME 
(HRS) 

0. OOOE+00 
2. 800E-04 

2,2 

.OfE-C C.  

C. 00 -C

*.017 04 

* ,;.tE-O 

- .' OE-' 1' 

nnr0EOf 

74..z02-.1

EACH 
STEP 
0. OOOE+00 

.52oK-02 

9.65E- -u 

.0 f4E-02 

2,01,5 E- 02 

O.57E-02 

!.342-F02 

1A 24E-02 
8. 944E-03 

'S.823E-03C 
.9 59E-0 

5 .204E-03 

4. 546E-03 
3.970E-0(3 

,467E.-02.

LOL ROOM 
ACCUM.  

0.OOOE+00 
1.268E-03 
4.84 EK-0'3 

3. 467-1,02 

505E-02 
1". 590IIE -0L2 

S2400E-02 
8.834K-02

9o953E - C2 

1.219E- 01 

.4 ,' 7E-01' 

7.542Z-01 

1. 645E-0! 

.842E-0Y 1, 72C---1



Calculation No.: 95-E-0031-01, Rev. 2(1) 
Attachment 4 

Page 1 of 8 

ATTACHMENT 4 
CASE 4 Input and output Files

Input File: Case4.in

'a:FHAdata 
'a:LTAPE ', 'a:MTAPE ','a:NTAPE 

'ANO UNIT 2 FHA Dose, 100 hour decay; input file: Case4.in 

'60 rods failed, no ESF filtration

output file: Case4.out'

0, 0, 0, 1, 0 
1, 3 

'POOL' 

0.000E+00, 0.OOOE+00 
0.000E+00, O.OOOE+00 
0.OOOE+00, O.OOOE+00 

7.500E-03, 2.500E-03, 0.OOOE+00 
1.000E+00, 0.OOOE+00, 0.000E+00
1.78E+06, 4.000E+04 

'TIME INTERVAL ',0,0,0,0,2, 
'INITIAL FRACTION',0,0,0,0,1, 
'INITIAL CURIES ',0,0,1,0,i, 

'INITIAL CURIES ',0,0,2,0,1, 
'INITIAL CURIES ',0,0,3,0,1, 

'INITIAL CURIES ',0,0,4,0,1, 
'INITIAL CURIES ',0,0,5,0,1, 

'INITIAL CURIES ',0,0,6,0,1, 

'TIME INTERVAL ',0,0,0,0,2, 
'CR FILTER EFF ',1,1,0,0,2, 

'CR FILTER EFF ',1,2,0,0,2, 
'CR FILTER EFF ',1,3,0,0,2, 

'FILTER EFF ',Ii,0,1,1, 
'FILTER EFF ',1,2,0,1,1, 
'FILTER EFF ',1,3,0,1,1, 
'TRANSFER CFM ',0,0,0,1,2, 

'CONTROL ROOM ',0,0,0,0,5, 
'DOSE PARAMS ',0,0,0,0,7, 

3.470E-04, 0.000E+00

ITE RVA L 
VINTER".11L 

ITEý -RVA_

i N TE VA 

1N 7:, RL 

EsTERVAL 
I'TR VAL 

7 TZ ýZ• 

i iE ,T

TIE 

'END

' , 0, 0,,2, 0,,2, 

2, 

, , 2, 
, , 0, C,0,2, 

, 2, 

, , 0 2, 

",-,OOOL,

0.OOOE+00, 2.800E-04 
1. OOOE+00 
8. 207E+02 
2 .426E+02 
5. 392E+02 
2 .766E+04 
2. 099E+04 
2 .010E+03

2. 800E-04, 
0. 950E+02 
0. 950E+02 
0. 950E+02, 
0. OOOE+00 
O. OOOE+00 
0.OOOE+00 
1. 000E+06, 
1.OOOE+01, 
6. 500E-04, 

0200E+ý00, 
.300E+-00, 

-0 700E+-, 

0 90 +0E-0, 

0 iOO0, 
C 200E+00, 

O300E+0, 
3 u0-E'O0, 

i. 50OE:,,

0. 990E+02 
0. 990E+02 
0. 990E+02 

0.OOOE+02 
3.330E+02, 
3. 470E-04, 

.300.E-;00 
0. 400E+00 
0.50E+ 0 0 

1.600E,ý00 

0.E8000+ E,0 

i. 1 "Itt I 

I. O +O 

* .200E+' 

1.'00E+O0 

1.4 EO0

3.430E+02, 1.667E+03, 1.OOOE+00 
0.OOOE+00, 3.470E-04, .

',0,0,0,0,0, 0.000E+00, 0.OOOE+00
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Output File: Case4.out 

TRANSACT Version 1.0, Revision 2 
Based on TACT V - SEP 87 PC VERSION 

REVISED TO REVISION 2 December 1996 

BY OMEGA TECHNICAL SERVICES, INC.  

REVISED TO REVISION 1 FEBRUARY 1995 

BY OMEGA TECHNICAL SERVICES, INC.  

MODIFIED FALL 1992 FOR GGNS 
BY OMEGA TECHNICAL SERVICES, INC.  

NUCLEAR REGULATORY COMMISSION 

ACCIDENT EVALUATION BRANCH 

DATE -/29/3¢00 TitlE Ic:4o:49 

MODEL SUMMARY FOR CASE 1 

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Case4.in output file: Case4.  

60 rods failed, no ESF filtration 
1 TIME INDEPENDENT INPUT 

CASE NUMBER 1 

NODES NSTEP 
1 zi 

OUTPUT CONTROL PARAMETER 

I 1 2 3 4 5 

IPRINT(I) 0 0 0 1 0 

NUMBER OF DOSE EVALUATION POINTS - 3 

POWER (MWT) REACTOR SHUTDOWN TIME (HRS) 

0.000E+00 0.000E+00 

FRACTION OF ACTIVITY RELEASED FROM CORE TO CONTAINMENT BY ISOTOPIC GROUP 

HALOGENS NOBLES 
0.000E+00 0.000E+00 

PLATEOUT FACTOR FOR ACTIVITY RELEASED FROM 

CORE TO CONTAINMENT BY ISOTOPIC GROUP 

HALOGENS NOBLES 

0.000E+00 0.OOOE+00 

FRACTION OF CORE INVENTORY AIRBORNE IN THE CONTAINMENT BY ISOTOPIC GROUP 

HALOGENS NOBLES 

0.000E+00 0.OOOE+00 

ISOTOPIC SPLIT BY GROUP 

ELEM. ORG. PART.  

HALOGENS 7.500E-03 2.500E-03 O.000E+00 

NOBLES 1.000E+00 0.000E+00 0.000E+00 

VOLUME OF NODES (CU FT) 

POOL 
1.780E+06

CONTROL ROOM VOLUME (CU FT)
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4. OOOE+04

DATA FROM NUCLIDE FILE a:FHAdata

ISOTOPE 
NAME SPLIT 

SKIN-T 
KR 85 ELEM.  

o.0OOE+00 
XE 131M ELEM.  

o.OOOE+00 
XE 133M ELEM.  

o.OO0E+00 
XE 133 ELEM.  

0.OOOE+00 
I 131 ELEM.  

0.000E+00 
I 131 ORG.  

o.OOOE+00 
I 133 ELEM.  

o.000E+00 
I 133 ORG.  

O.OOOE+O0

SOURCE 
(CI/MWT)

DECAY CONSTANT 
(1/HR)

4.1020000E+02 7.3512000E-06 3.310E-04 

2.5950000E+02 2.4048000E-03 1.250E-03 

1.3840000E+03 1.2564000E-02 4.290E-03 

5.6220000E+04 5.4792000E-03 4.960E-03 

1.8810000E+02 3.5870390E-03 5.590E-02 

6.2700000E+01 3.5870390E-03 5.590E-02 

4.2165000E+02 3.3188400E-02 9.110E-02 

1.4055000E+02 3.3188400E-02 9.110E-02

DOSE CONVERSION FACTORS 
WHOLEBDY SKIN-B THYROID SKIN-G

4.840E-02 0.000E+00 4.750E-04

1.330E-02 0.OO0E+00 2.710E-03 

2.960E-02 0.O00E+00 7.O00E-03 

9.670E-03 0.OOE+00 7.890E-03 

3.070E-02 1.100E+06 7.950E-02

3.070E-02 1.100E+06 77. 950E-02

8.900E-02 1.800E+05 1.310E-01

8.900E-02 1.800E+05 1. 310E-01

TIME DEPENDENT INPUT 
CASE NUMBER 1

TIME INTERVAL 
INITIAL FRACTION 
INITIAL CURIES 
INITIAL CURIES 
INITIAL CURIES 
INITIAL CURIES 
INITIAL CURIES 
INITIAL CURIES 
TIME INTERVAL 
CR FILTER EFF 
CR FILTER EFF 
CR FILTER EFF 
FILTER EFF 
FILTER EFF 

FILTER EFF 
TRANSFER CFM 
CONTROL ROOM 

3.43000E+02 I 
DOSE PARAMS 
0.OOOOOE+00 3 

4E ZINTERVAL 
TE TER VAL 

I-,- 11A"P'ERVA7.  
INTERVAL 

"NTERVAL 
TT.E INTERVAL 

TrI1E INTERVIt, 

TAME INTERJ L - ME INTERVAL 

UIME IN7TERVAL 

TE ITERIVAL 

J INTMTER VA L

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 

1 
0 
0 

.66700E+03 
0 

.47000E-04

0 0 0 
0 0 0 
0 1 0 
0 2 0 
0 3 0 
0 4 0 
0 5 0 
0 6 0 
0 0 0 
1 0 0 
2 0 0 
3 0 0 
1 0 1 
2 0 1 
3 0 1 
0 0 1 
0 0 0 

1.00000E+00 
0 0 0 

S 0 

o o D 
:.2C'o F o 

I .1 o 

C '2 

o 2 

o 5 

'2 1' 

:1 " 

., .2

2 
1 
1 
1 
1 
1 
1 

1 
2 
2 
2 
2 
1 
1 
1 
2 
5

7 
3.  

2 

2 

2 

2 

2 

2.  
) 

.2 

2 

4 

2

o.OO000E+00 
1.00000E+00 
8.20700E+02 
2. 42600E+02 
5. 39200E+02 
2 .76600E+04 
2. 09900E+04 
2. 01000E+03 
2. 80000E-04 
9. 50000E+01 
9. 50000E+01 
9. 50000E+01 
o. 00000E+00 
0. 00000E+00 
o.OOOOOE+00 
1.00000E+06 
1.00000E+01

2.80000E-04 

. _0100OE--01 
9.90000E+01 
9.90000E+01 
9.90000E+01 

o.OOOOOE+00 
3.33000E+02

6.500OOE-04 3.47000E-04 
47000E-04 0.OOOOOE+00 

2.. 0 00 

I.2'*00E-OZ f .00000E-OZ 

-. -.1) ~ Cj ;,-

E-L ,,OOOE-O 
8.0,000E-01 1 .000E-01 

0C C2'C 0. 0C.'2C'2p*01 

25100000E-O! 60 0000E+ -0! 

7.00000E--Of +-00 0 0

. 0E0 I . 0 00 E+ 4-0 C 

!.O2.EO 1.000 -0E+O0
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SUMMARY OF OFF-SITE DOSES

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Case4.in 
CALCULATION FOR WHOLEBDY DOSE (REMS)
SINGLE NODE 

EXCLUSION RADIUS
EACH 
STEP 
0. OOOE+00 
0. OOOE+00 
0. O00E+O0 
O.O00E+O0 
O.O000E+00 
0. OO0EKO0 

OO0OE+O0 

'.,OKE+00 
-,O00E+O0 

0O00E+O0 
.O00E+OO 

0 00E÷O00 

* 3300E+O0 
K KC'0K.4Ot 
0. iL0iE+JO 

'2 O00E+O0'fl 

0 .O00E+O0.&

CONTAINMENT WITH NO ESF 
LOW POPULATION ZONE

ACCUM. EACH

0. OOOE+00 
0. OOOE+00 

O.O00EOK0O 
- 0,00 E0fL0 

-. G'24-G0 

'.0 0E+00 

O.OOOE+D3 
0.000E+00 

(7 1m-i-OK n.000E+0O 
0.O000!+400 

0.00E+00 
5.300E+00 
f 000.E 4 C~-ufo 

:,cjr.-"cv 
7'00+O 

D.UDK+O0 
- .0OOE+OOU

TOTAL 0.OOOE+00

STEP 
0. OOOE+00 
0. OOOE+00 

OO.OE+O00 

0,1000£+ý00 
.OOOE+OO 

0 0 E0E+OO 

T OTAL+O¢ 

- L'L'0E4:' }L 

:3 COOO'+CS 

5. 30)K-+O0 

6 O:OlEp+OO 

2 120mE+O0 
c~oOEz' 

K.OE÷O 
TOTAL;nt

ACCUM. EACH 
STEP 

0.OOOE+00 0.OOOE+00 
0.OOOE+00 0.OOOE+00 
0o000E£o00.O,000E+00 

L'. COK-E'O O. .,0E+O0 

O.OOOE+00 .K00CEC-CO 0.000E+O0 0.0n00E+O0 KK.'00E'O0 O.O0E+O00 

O.O0E+O 0.0OE+0 0 

0. 00Ez 0 0r0' E0 0 

c.iOij0'0 9O.O0OE+00 

_, 0E÷O ,000E7+00 

O.OOOE+00 TOTAL

output file: Case4.  

CONTROL ROOM
ACCUM.  

0.OOOE+00 
0. OOOE+00 
O.000E-00 
C. OOE+00 

OOOE+-0 

O.00;0E+O0 
000z+00 

'.D00E+O0 

0.O00GE+O0 
0.000E+-00 
O.O00EO00 

O.GOOE+00 

O.O00EO00 

00 -7 i -0 

O.OOOE+0O 
. OOK+O0 

0.000DE+00

CALCULATION FOR WHOLEBDY DOSE (REMS) 
MULTI NODE CONTAINMENT WITH ESF 

EXCLUSION RADIUS LOW POPULATION ZONE

ACCUM. EACH

0. OOOE+00 

9. 985E-02 
9. 98ý5E - 03 

9,85EF-02 
985K - jL 9. 98559-02 

9.935.--02 

9.98!,E-02 

998'E-C-2 

9'. 935. -32 

9'. 
7 85K-02 

9.985 -0 

'.9 5' 1 4 .9.9S5E-02

TOTAL 9.985E-02

STEP 
0. OOOE+00 

2 2''77 .  

0 OOOE+00 

K0 
0

CK;4- C C 

0 '.OE-.A' -'00.000E+00 

.j.O00OE ýO0 

O.OOOE+
0

O 

TOTAL

CONTF

ACCUM. EACH 
STEP 

0.OOOE+00 0.OOOE+00 

O.OOOE+00 2.339- 0

(7 + 0 2.37J4-E4 
OOOO+OO .8476E-04 

C.C'0 40E0 /5 217- C4 

3.K00;+00 49 

0 3 '.3 .37-; --Z4' '4' E - 0 '4 

Oo00E+Oý0 31094E-04 

C Cfl(77 i0 1.217E-04 
L0.0L'E+0 -1.175E-c4 

C - mnEV. '.663E-04 

O.OOOE+00 TOTAL

SUMMARY OF OFF-SITE DOSES

START 
TIME 
(HRS) 

0. 000E+00 
2. 800E-04 

.E ... 01 

,* K0EO0 

.0E+-00 
f +.0E-01 

00 
* .. 'rE -i.  

- . '- '4 ,-c 
'.4 .rc0 

2.'O+O

START 
TIME 
(HRS) 

0. 000E+00 
2-OOE-04 

7 C; < 

-'. O- 'O 

-. (7E-7 

Cm 2(7-0 

- . .', E -U

EACH 
STEP 
0. 00OE+00 

4.3'3-;3 

!.354E-07 

.,597,E-IC 
64,- 97'5 

4'.SZL-K-UJ 
3. 484E- f 

-. 221-1 

.629E-18 

,..9
0

8E-2 
3.&gO --K 

-,0610'23 

2,45 -

" "2'. E-.  

4. 39-f

IOL ROOM 
ACCUM.  

0.OOOE+00 

6.!933E-c0 

!0,57:7-03 
!.262K-03 
1456T- 0( 

Z.641K-0O3 

-.982E-0 

2.290E -G3 

2.567E-03 

2. 66E-03 
2.817E-03 
2.933E-03 

3i7-03* 
3. 4 7- 3 
-. 245E-CS

PAGE 2
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ANO UNIT 2 FRA Dose, 100 hour decay; input file: Case4.in 

CALCULATION FOR SKIN-B DOSE (REMS) 
SINGLE NODE CONTAINMENT WITH NO ESF

EXCLUSION RADIUS LOW POPULATION ZONESTART 
TIME 
(HRS) 

0. 000E+00 
2.800E-04 

"'.JOOE-ui 

.0-00-E-01 

3. 0007-01 

0 ,.0 01 

* 1'SF 010 1.600E-i0 

.000E-0,1 

O.OOOE+O0 

2.800E+04 

!..300EO07 

C4-CL) 

S. 40E+00 

START 
TIME 
(HRS) 

0. 000+00 
2.800E-04 

2.0CC.E-C' 

* .00E-O 
nSF 0E-1 

S. 00E-'OCr C 

* . 'C--O' 

* bv0tE- aa 

- -. CC- C

ACCUM. EACH 
STEP 

0.000E+00 0.OOOE+00 
2.099E-01 3.gO.*+30 
- .172E-0] 'a.O0E 

2.175E-01 0.OOOE+00 
2;1755 -1 . E 
2. 75 -0 C7 0 . OE0C C 

- 175 E-0 ' .- 0E I 2.1.5E-01 C. 5o00E +0 

ci C.0 

2. 1 P C' C. EfC C 2. 75E .w I CE+> .17fE0 .OEO 

2. 75 E-0 C o0C.C0S0 3.•7E-0 O.00"E+"! 
2.1 '5E.-1 2.0 EO 

2. 1 7E- 01 C; 1..,a - 4CE , 

2. 175E-01 O.0'0E-'00 
2.175E-01 '. T0OTAL 
2.1755-01 TOTAL

ACCUM. EACH 
STEP 

0.OOOE+00 0.OOOE+00 
0.OOOE+00 0.000E+00 
O.000-E+0 O..00E-O0 

0.000E+OO 3. 000+500 
0.O00'jE+- '.00E+00 
O.000E+O0 0.000+-00 

0~ ~ 00EO 1,00E +OJ0 
0. G00E+00 0.a00E+O0 
0 . 00E +00 0.O000E+OO 
0 0E +0 . C-if-CE'O0 
0.0 OE5Oo 0.00+ato0 
C C.Cr00E+C0 C.OCP0E+0C 

0. -0 'a.0 .0 ." E + 

C 0CE.C 00' C'O00E +0 
0 OO40E+ O.OOE+OO 

000E+O4 'a O0d a a0 

0 -00E0 .. 0E+0 

0.OOOE+00 TOTAL

EACH ACCUM. EACH 
STEP STEP 
0.000E+00 0.OOOE+00 0.OOOE+00 
0.000E+00 0.OOOE+00 0.000E+00 

0.; 00E+0 0.000E+00 C .O00-E+00 

0.O00EO 00E+0 0 O.OOOE+ 000z00 ;u:,O1OE0O :0.000E+00 u.O00E+O0 

0,000£a+00 0.00E+00 0. 000E+00 

O.OCCEO0 0.000E+00 C.000E+00 
-O0E+0 -. 00+O00, O0EO O.OOOE+O0 O.O00E+00 0.00E5O00 

C.i0rOC + .000E+110 CO.00E0,0r 

0.00E-+0 :.O000E+00 0. 000E+O0 
0. 000 E+0 '.OE+ 

C. . 0 0'0 ; . 00EG0 C. .0GE00 

O.J00t+YO a.000+O0 }.ca0E÷O0 

0.O00OEr+0 O.O00E+00 O.OOOEý00 a00E0;0 + . 0130E-c 0. 0.0E+5O0 
0. 00iE+0 a. 00E+O 0&. O a.0E +t 

0.0'0E•OQ u.00E+40 u.0000-0V 
"Oana0 0+ 0 0. ` 0 vE + 0 t- . +

TOTAL 0.OOOE+00 TOTAL 

CALCULATION FOR SKIN-B 
MULTI NODE CONTAINMEN¶ 

EXCLUSION RADIUS LOW POPUL

output file: Case4.

CONTROL ROOM
ACCUM.

0. OOOE+00 
0. 000E+00 

.O00E+O0 

"O.0E+O0 
0.00E+O00 

O.00E+jO 
i.f00-E+"O0 
O.OO-E+-00 

0,00E+00 

.OOOE+O0 
O.O0E+O0 

0.000E400 
0.O000E+00 
0. O00E+00 C.OCCC+O0 

Oa.'a00'5-O

0. 000E+00

ROL ROOM 
ACCUM.  

0.OOOE+00 

2836 -. L O '5 E0f, 
-. !i555-02 

* Zn 1

9.C.L3E-0` 2.247E-01 

2C-1 _CE 

2 '. 467F- Co., 

2.31O-O 

2. 3326-O! 

2. 49E5-01 

2.4167E-0J

CONTI
ACCUM. EACH 

STEP 
0.OOOE+00 0.000E+00 
3.000E+30 9.5'3--03 

0. 000E+0;0" ; .820E- "f0 
O.OOOE+00 S. 2CrE-,C2 

.0E +00 '4.4E-02 

:.000E00 1. 25E --02 

O.00.+O!ZOEo 
C.CCC7E-0 :. 1 4r-"2 

300 0 E 0 10.82E-02 

O.O00E+: 0 8.793E-03 
"3.OOE+3 0 '.347E -03 
0. O00E-'O0 7.925E-03 
VO. O00EO0 .523?-0
0.OOOE+00 TOTAL

PAGE 3

SUMMARY OF OFF-SITE DOSES

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Case4.in 
CALCULATION FOR THYROID DOSE (REMS) 
SINGLE NODE CONTAINMENT WITH NO ESF 

START EXCLUSION RADIUS LOW POPULATION ZONE 
TIME EACH ACCUM. EACH ACCUM. EACH

output file: Case4.  

CONTROL ROOM 
ACCUM.

DOSE (REMS) 
T WITH ESF 
ATION ZONE

EACH 
STEP 
0.000E+00 
2. 09ct-01 

2. 00 - 0C 

8.58E-- 2 

4. 6A3if-I 
2 37' 7E-3 

-. 662E-7 
S71' 0

i 61E-20 

.914E-25 

0 371--2S 
3.TOTA-2L 

TOTAL
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(HRS) 

o0. OOE+00 
2 .8OOE-04 

2.000S-01 

_2.00E+00 
nn- CnE+ C 

500E+00 

6 n.00+00 

S TART 
TIME 
(ERS) 
o0. OOOE+O0 
2. 800E-04 

0 fi0 E 11 

3.nn 0- 1' 

I . 200E+00*,

STEP 
o0. OOOE+OO 
o .OOOE+O0 

0...2

* . 0 _7--: 0 
.")10E+11 

0. 9002-'00 

TOTAL

STEP 
o .OOOE+OO 
0. OOOE+OO 

9. 000992Uu 

01 .. W000'+00 

00.GOCE40G 
O. 000Eý00 

O.OO0002-0 

TOTAL

CALCULATION FOR THYROID DOSE (HEMS) 
MULTI NODE CONTAINMENT WITH ESF 

EXCLUSION RADIUS LOW POPULATION ZONE

EACH ACCUM. EACH 
STEP STEP 

0.0005+00 0.000E+00O0.OOOE-e0O 

77;-7+0 5.282E+01 09.000E400 

2.89-03 5.289E-e0i 0.OODE+0O 
1 E2-9Ž0 "...49 1+1 9. C000+9.9 

2. 4 t_5 -y .' 26'0 3ý.00019-00 

~3 n~r.fiQ A 233.01 .fOOE..00 

-'..-!2 , 3 .,9Em. o. 0.00OE'00 

.... : 13 5 K. K 9, -.-0'0 

4 Z .t . - . 0; E + 

- -7--22 ".239F40 C- . 0 - CF#ý0 

4e 5 ;.o.9 E0 .00;4 
, ~ .2230.7 0 C;.. 0: 0 0~,~ 

TOTAL 5.289E+01 TOTAL

CONTI
ACCUM. EACH 

STEP 

0.0005+00 0.DDOE+OO 

0.00019-Ou I~S , 5E -C.  

0.KOOO2÷00K.1R 

0.0005+00 8 .U 35 3;-2 

0. 0302-u.00 O.72c 
9. j~j5~ . 46t83E 3 

0K000EinpOn 2. 625;7 C02 

0u02'u9 2 F- ,E.2 
0ý .r2 3.72 

0. 0-30L+ 3.  

-0. 0 00 z0 0 3. -1 u f,-0C 

0 00 O 00 19-.&.1.  
C.022f0 3463 5 i 

c.9.'9iL00 TOTA

0. OOOE+00 
0. OOOE+00 

- . , 992+9J 
fi flnfirsfln 

020200; 

9. O902+90 

K,0002-ý00 

100E+00 

0. OOO2+00

ZOL ROOM 
ACCUM.  

o .OOOE+00 
4E02 

-. 307E-02' 

4. ?f i2Z-.90 

IC jy E.I 

5'3C .- E. - !.  

6. 37 2 20E

PAGE 4

SUMMARY OlF OFF-SITE DOSES

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Case4.in output file: Case4.  
CALCULATION FOR SKIN-G DOSE (REMS) 
SINGLE NODE CONTAINMENT WITH NO ESF 

START EXCLUSION RADIUS LOW POPULATION ZONE CONTROL ROOM 

TIME EACH ACCUM. EACH ACCUM. EACH ACCUM.  

(HRS) STEP STEP STEP 

O.000E+00 0.000E+00 O.000E+00 0.0005+00 O.000E+00 0.000E-400 0.000E+00 

2.800E-04 0.000E+00 0.OOOE+00 0.0005+00 0.0005+00 0.000E+00 0.0005+00 
3. 0.Ž 0 0 .*0 Ci E 30-0- ý 0. 00Z02E,+2 0 0. J23-.. 3-v

o .OOOE+OO 
0. OODE+00' 

0. '000'-00 

0'. 0002-. .90 

9. 0001+ 99 

0. 0OO2O+00 

0. OE02--0 

0. 0002±00 

0. 000f-e00 
.000K+00 

0. OOOE+O0

STEP 
0. OOOE+O0 
0. 0OOE+00 

0. 93 92900 

.000E-00 

0. 0002*00 

0. 0002e CO 
0. 0002-tOO 

Cr0CC CnrnC.n 

*09 -CI . 0 
TOTAL

0. OOOE+D0 
0 . OOOE+OO 

OOOE000-O 
0.99 90E40C 

00 0 E + 0 0 

JOE 30 .0K 

0. 0002+00 
K 0002E+00 

0. 0002+00 
2.000-E+00 

o . OOE+O0
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0.3"-00E+00 

Li0i3K+ 0`0' 

- . 000L00-i

E - 0.1C" 

LiE +Li0 

Li 00Lit'0 

700E+00 

Lit'ý0 

STARi~T'-A 

0- ECC- 0 1 

o . JOO1E+ 01 
2-.800CE-04 

30 E +i'0.0o 

01 L 

-. C;K,+90 0

ACCUM. EACH ACCUM.  

STEP 

0.000E+O0O0.OOOE+00 0.DD0E+00 

.5ti C3J0 0 . E~ +~>' C C 0 - -0 E 0 

1.575E-01 0.ODDE+00O0.OOOE+DO 

.575K-62 Li. Li3Li+Li0 3.:00 

5.75K0 0.000E+00u 0.0iSt-i-o 

1.5 75K-01 0 . ;0~oo 0 Jr . 000E4-00 

ý.575K E s .' 0 'i 9 3K-tOO 

E. G 15K 0C C C Ef C 201C C fC 0 C0 

1.575E-01 TOTAL 0.OOOE+00

S. 000K+00 
0.00E'-00 

3. O0O2+00 

0 0OKE-00 

J'JCOEk 00 

- 0 ; 0.  

0. 00K+Ot' 

S. 000EJK00 
Li.3002' 05 

TOTAL

CONTF
EACH 
STEP 
o0. OOOE+OD 

3. 9i47E-94 

3.c23E-04 

32632 -0
J097K -04 

9.939E-C04 

64,6E- 1 

2.2r,5EK- 04 

2. 0 7,'E-4 

-E - 03-.' 4.  

65eE '4 

TOTAL

S. 0OK-E-0O 
0. O0GE+00 
S. O3OE+00 

0. 00KE-i-00 

0. OOOE3+00 

0. OOOE' Li 

C.n 00,q"+00 
Li. f3002+00 

o . 00E+00

tOL ROOM 
ACCUM.  

o .OOOE+0O 

!. 964K 0'1 

2 . C6, 4 .Ei 0j 

2.612E-03 
2. 8912K'-C 

3. 4 8 E- 03 
5.46K-L 

3. r _7 7 ' 

7.292E-inS 

1'3 

5.016 E

PAGE 5

SUMMARY OF OFF-SITE DOSES

ANO UNIT 2 FHA Dose, 100 hour decay; input file: Case4.in 

CALCULATION FOR SKIN-T DOSE (REMS) 

SINGLE NODE CONTAINMENT WITH NO ESF

EXCLUSION RADIUS TOW POPULATION ZONE

ACCUM. EACH 
STEP 

0.OOOE+DO 0.ODOE+00 
0.OOOE+DD 0.OOOE+00 

0i.LiJ)E+r-00ooi.Li 

09') 0EK+ 0C 0.

ACCUM. EACH 
STEP 

0.ODOE+00 0.000 
0.000E+DD 0.000 

. 0 0 Lt~i~ Li0Li

output file: Case4.  

CONTROL ROOM 
ACCUM.  

iE+00 0.000E+DO 
E+00 0.OOOE+00 

E5 '0 nrw 

+ l1.C) !- . )00E+

0. 00+005 

.0005>00 
.7)02+00 

-O000E+00 

n. 300K+00 
L.0.000'E+00) 

50,0K+00 
Li.OLiSE+00 

S. 5002+00 
TOTAL

Li. 55OE0K-O 
0. 0005>00 
0. 9000+00 

O. OOKE+00 
C 50OE02+ 
0.0O'3OK-u0 
C 0.00"E+0 

0L. L300E+00 
O 555K i-0O 

G. S0vK+ 00 

0. 00OE+O0

Li 11 jKE+ SO0 

S. 5555>-OS 

0.000E+00i~ 

0.000E"O0 

C CCC 0*00 

TOTAL

CALCULATION FOR SKIN-G DOSE (REMS) 

MULTI NODE CONTAINMENT WITH ESF 

EXCLUSION RADIUS LOW POPULATION ZONE

EACH 
STEP 
0. ODOE+00 
! . 5Ž2KE01 

2..273E-03 
611E-04 

L2' 

2519K-i0 
S.o52E-22 

3. 5,042E i6 

4 2 0LE -I2 

- 7,5E-22 

2..2PE-2 K.  

TOTAL

S TART 
TIME 
(HRS) 
0. OOOE+OD 
2. 800E-04 

0CCC CE012

EACH 
STEP 

0. OOOE+00 
0. OOOE+00 
0. 000E+00S 

0 0CCCWAý in 

0 LIE0 0 ~~
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0.00052400 0. 000FI-00 

O.OO.2E+40O9.OO990909 

0 "". 0rOE0 OOGE0 

TOTA)iEL~ Li.Li0L52"Li

0 0E+ 0t 
9 09Ž9 
0 )L'Li+i0h-0'L 

0 G nnr,.CEnC 

.2 oz Lib~0

'7.0005Ž00 

0. 000E2#0--' 

000E2#L.  

0. 000E+0-00 

0 . 0 0 0 E "-e0

0.000E+ 0 

0, 0*00OE2+ 0ft 

J , 0 E + 0 0, 

3.03E2+0,

TOTAL 0.OODE+0D

0. 00052÷00 
.,. 9005.0 

0.OO00052-C 

Li.00052 C 

0.'000E+00

TOTAL 0.000E+00

CALCULATION FOR SKIN-T DOSE (REMS) 
MULTI NODE CONTAINMENT WITH ESF

EXCLUSION RADIUS

EACH 

STEP 
o0. OOOE+OD 

25,5E-02 

99u8551 0.' 

06 'E- 605

2 43 ",E 14 

2.866E2 17 
9 4352 19 

3.03 82 20 
1 . '-. 

4 703 E 

'4029, 

TOTAL

LOW POPULATION ZONE

ACCUM. EACH

0. 000E+00 

3. 750E-01 

3. 7. .  

3. 75052.- 0 1 

.J.510 E C-12 

3.5755 0E 

3.7 5'0 E- 1, 

"- ' 50f2 Lii1 

3. 
7
5 OE-- 02 

3. 750E-01

STEP 
o. .0005+00 

0n. .. t 

o . OOOE 100 

0.002-0 

TOTAL

CONTE
ACCUM. EACH 

STEP 

0.OOOE+00 0.OOOE+OO 

9.L52.L <74~5 E -0 

0.OOOE+OD .8.585-.22z 

'.43s53E 

'0 0rE;0
0  

0 2 

0.000E2+00` 1-164E2-02 
1. 000E5200 '1.10552-ft2 

:,0LJC Li.Li.E'0t1 t LiE-0 

0....0 9.JSi i 

0.OOOE+00 TOTAL

1 NO MORE CASES 

END OF EXECUTION

22 . ' .005-E 

9 0/nU Et- 01 

-J.'952t'UO 

900'+00

START 
TIME 
(H-RS) 
0. OOOE+OD 
2 .800E-04 

1j.20OE42: 

.3 0_ 

Li LE4itL 

40 "E4'!

'.OL ROOM 
ACCUM.  

o .OOOE+00 
9.I4E-03 

2.89552-02 
4.?53E-u 02 

8.11935-9-2 

2.I9 E -91 

-5-38E2-01 
1..6052 01 
1.777E2-01 

1.88 7E-01 

-9-2E2-0;1 

2. 13 6,E-0 1 

2 .. 's6i1t' 0 1 

2. 51 9E-0
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ATTACHMENT 5 
Input Data File

Data File: FHAdata 

2 5 3 
WHOLEBDY SKIN-B
HALOGENS NOBLE 

ELEM. ORG.  
KR 85 
2. 042000E-09 
3. 310000E-04 
0.0 
0.0 

1 2 
XE 131M 
6. 680000E-07 
1. 250000E-03 
0.0 
0.0 

2 2 
XE 133M 
3. 490000E-06 
4. 290000E-03 
0.0 
0.0 

3 2 
XE 133 
1. 522000E-06
4.96 
0.0 
0.0

0 0 
THYROID

1 0 0 
SKIN-G SKIN-T

PART.

4.102000E+02
4.8 
0.0 
0.0

40000E-02 0.OOOOOOE+00 
0.0 
0.0 

0 0 0 0

2. 595000E+02 
1. 330000E-02 
0.0 
0.0

0. OOOOOOE+00 
0.0 
0.0

0 0 0 0 

1.384000E+03 
2.960000E-02 0.OOOOOOE+00 
0.0 0.0 
0.0 0.0 

0 0 0 0

5. 622000E+04
OOOOE-03 9.670000E-03 0.OOOOOOE+00 

0.0 0.0 
0.0 0.0 

4 2 0 0 0 0
I 131 
9. 963996E-07 
5.590000E-02 
0.0 
0.0 

5 1 
I 133 
9. 219000E-06
9.11 
0.0 
0.0

2.508000E+04 
3.070000E-02 
0.0 
0.0

1. 100000E+06 
0.0 
0.0

4.750000E-04 
0.0 
0.0 

0 

2.710000E-03 
0.0 
0.0 

0 

7. OOOOOOE-03 
0.0 
0.0 

0 

7.890000E-03 
0.0 
0.0 

0 

7 . 950000E-02 
0.0 
0.0

0 0 0 0 0 

5. 622000E+04
OOOOE-02 8.900000E-02 1.800000E+05 1.310000E-01 

0.0 0.0 0.0 
0.0 0.0 0.0 

6 1 0 0 0 0 0


