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1.0 RADIOLOGICAL CONSEQUENCES DUE TO NUREG-1465 SOURCE TERMS 

1 .1 Introduction 

The Indian Point Unit 2 licensing basis for the radiological consequences analyses is 
currently based on methodologies and assumptions that are derived from TID-14844 
(Reference 1) and other early guidance.  

In 1995, the NRC issued NUREG-1465, "Accident Source Terms Light-Water Nuclear 
Power Plants" (Reference 2) which provides a source term model for the large break 
LOCA with core melt that is based on current understanding of light-water reactor 
(LWR) accidents and fission product behavior. NUREG-1 465 is applicable to LWR 
designs and is intended to form the basis for the development of regulatory guidance for 
the analysis of radiological consequences for the large break LOCA and other design 
basis accidents.  

The large break Loss-of-Coolant Accident (LOCA) radiological consequences have 
been reanalyzed for Indian Point Unit 2 using the NUREG-1 465 source term model in 
order to justify modification of the plant design to remove the HEPA and charcoal filters 
located in the containment air recirculation cooling and filtration system. (In addition to 
the removal of these filters will be the elimination of supporting systems, components, 
Technical Specifications, and maintenance operations).  

Additionally, the radiological consequences of the fuel handling accident have been 
reanalyzed based on the NUREG-1 465 source term model in order to justify reduction in 
the time delay required after shutdown before fuel is moved from 174 hours to 100 
hours and to demonstrate that fuel handling operations do not require that the 
containment be isolated (supporting the possibility of having the equipment hatch and/or 
personnel hatch open during fuel handling operations).  

In addition to the reanalysis of the large break LOCA and the fuel handling accident to 
support changes in plant design and operation, the radiological consequences for the 
Locked Reactor Coolant Pump Rotor Accident and the Rod Ejection Accident were 
reanalyzed using the NUREG-1465 source term model in order to provide a consistent 
approach to the accidents for which fuel damage is postulated.  

Although it is not currently included in the Indian Point 2 licensing basis, an analysis was 
made to determine the radiological consequences of a small break LOCA in which the 
containment sprays are assumed not to actuate. This analysis also utilized the NUREG
1465 source term modeling.  

1.2 Common Analysis Inputs and Assumptions 

The assumptions and inputs described below are common to the accident analyses 
addressed in this report. Inputs and assumptions specific to the individual accidents are 
discussed in Sections 2 through 6.  

The radiological consequences are reported as total effective dose equivalent (TEDE) 
dose which is the sum of the whole-body dose and the committed effective dose 
equivalent (CEDE) dose. Doses are determined at the site boundary (SB) for the worst



two hour interval, at the low population zone boundary (LPZ) for the duration of the 
accident, and in the control room for the duration of the accident.  

The nuclide data used in the analysis (decay constants, CEDE dose conversion factors, 
and average gamma disintegration energies) are listed in Table 1-1. The core fission 
product inventory at shutdown is provided in Table 1-2. Both of these tables include a 
broad spectrum of nuclides that would only be applied to the large break LOCA with 
core melt. The other accidents would only release iodines, noble gases, and alkali 
metals. Table 1-3 lists control room parameters, offsite atmospheric dispersion factors, 
and breathing rates that are applicable to all analyses. The atmospheric dispersion 
factors at the control room air intake are dependent on the activity release point(s) for 
the individual events.



Table 1-1: Nuclide Data

Decay Gamma CEDE 
Nuclide Constant (hr") Energy (Mev/dis) DCF (rem/Ci) 

lodines 
1-131 3.59E-3 3.8E-1 3.29E4 
1-132 3.03E-1 2.2E+O 3.81 E2 
1-133 3.33E-2 6.OE-1 5.85E3 
1-134 7.91 E-1 2.6E+O 1.31 E2 
1-135 1.05E-1 1.4E+O 1.23E3 

Noble Gases 
Kr-85m 1 .55E-1 3.707E-2 N/A 
Kr-85 7.37E-6 4.84E-4 N/A 
Kr-87 5.47E-1 1 .46E-1 N/A 
Kr-88 2.48E-1 3.7E-1 N/A 
Xe-131m 2.41 E-3 1.52E-3 N/A 
Xe-133m 1.3E-2 5.53E-3 N/A 
Xe-i 33 5.46E-3 6.24E-3 N/A 
Xe-i 35m 2.72E+O 7.75E-2 N/A 
Xe-i 35 7.56E-2 4.82E-2 N/A 
Xe-1 38 2.93E+Q 1.98E-1 N/A 

Alkali Metals 
Cs-134 3.84E-5 1.55 4.62E4 
Cs-i 36 2.2E-3 2.16 7.33E3 
Cs-137 2.64E-6 5.64E-1 (a) 3.19E4 
Rb-86 1 .55E-3 9.45 E-2 6.63E3 

Tell uriurn 
Te-i 27 7.41 E-2 4.86E-3 3.18E2 
Te-127m 2.65E-4 1.12E-2 2.15E4 
Te-129mn 8.6E-4 3.75E-2 2.39E4 
Te-i29 8.6E-4 5.91 E-2 9.OE1 
Te-1 31 m 2.31iE-2 i.42E+O 6.4E3 
Te-132 8.86E-3 2.33E-1 9.44E3 
Sb-i27 7.5E-3 6.88E-1 6.04E3 
Sb-i29 1.6E-1 1.44E+O 6.44E2 

Strontium & Barium 
Sr-89 5.72E-4 8.45E-5 4.14E4 
Sr-90 2.72E-6 ----- 1.3E6 
Sr-91 7.3E-2 6.93E-1 1 .66E3 
Sr-92 2.56E-1 i.34E+O 8.1 E2 
Ba-139 5.02E-1 4.3E-2 1.7E2 
Ba-140 2.27E-3 1.82E-1 3.74E3



Table 1-1 (continued) 

Decay Gamma CEDE 
Nuclide Constant (hr") Energy (Mev/dis) DCF (rem/Ci) 

Noble Metals 
Ru-103 7.35E-4 4.68E-1 8.95E3 
Ru-lOS 1.56E-1 7.75E-1 4.55E2 
Ru-i 06 7.84E-5 N/A 4.77E5 
Rh-1 05 1.96E-2 7.8E-2 9.56E2 
Mo-99 1 .05E-2 1 .5E-1 3.96E3 
Tc-99mn 1.15E-1 1.26E-1 3.3E1 

Cerium Group 
Ce-141 8.89E-4 7.6E-2 8.96E3 
Ce-143 2.1 E-2 2.82E-1 3.39E3 
Ce-144 1.02E-4 2.1 E-2 3.74E5 
Pu-238 9.02E-7 1.81 E-3 3.92E8 
Pu-239 3.29E-9 8.08E-4 4.3E8 
Pu-240 1.21 E-8 1 .73E-3 4.3E8 
Pu-241 5.5E-6 2.54E-6 8.26E6 
Np-239 1 .23E-2 1 .72E-1 2.51 E3 

Lanthanide Group 
Y-90 1 .08E-2 1 .7E-6 8.44E3 
Y-91 4.94E-4 3.61 E-3 4.89E4 
Y-92 1.96E-1 2.51 E-1 7.8E2 
Y-93 6.86E-2 8.89E-2 2.15E3 
Nb-95 8.22 E-4 7.66E-1 5.81 E3 
Zr-95 4.51 E-4 7.39E-1 2.37E4 
Zr-97 4.1 E-2 1.79E-1 4.33E3 
La-140 1.72E-2 2.31 E+0 4.85E3 
La-1 41 1.76E-1 4.27E-2 5.81 E2 
La-i 42 4.5E-1 2.68E+0 2.53E2 
Nd-147 2.63E-3 i.4E-1 6.85E3 
Pr-143 2.13E-3 8.9E-9 1.09E4 
Am-241 1 .83E-7 3.24E-2 4.44E8 
Cm-242 1 .77E-4 1 .83E-3 1 .73E7 
Cm-244 4.37E-6 1 .7E-3 2.48E8 

()This disintegration energy is from Ba-i 37m that is produced by the decay of 
Cs-i 37. There is no gamma energy released by decay of Cs-i 37; however, 
Ba-i 37m has such a short half-life that the gamma energy released can be 
considered as coming from Cs-i 37.



Table 1-2: Core Fission Product Inventory

Nuclide 
1-131 
1-132 
1-133 
1-134 
1-135 

Kr-85m 
Kr-85 
Kr-87 
Kr-88 
Xe-i 31 m 
Xe-i 33m 
Xe-i 33 
Xe-i 35m 
Xe-i35 
Xe-1 38 

Cs-i 34 
Cs-i 36 
Cs-i 37 
Rb-86 

Te-i 27 
Te-i 27m 
Te-i 29m 
Te-i 29 
Te- 31 m 
Te-132 
Sb-i 27 
Sb-1 29 

Sr-89 
Sr-90 
Sr-9i 
Sr-92 
Ba-i 39 
Ba-i 40 
Ru-i 03 
Ru-i 05 
Ru-1 06 
Rh-i 05 
Mo-99 
Tc-99m

Inventory (Ci) 
8.63E7 
1.25E8 
1.76E8 
1.93E8 
1 .65E8 

2.25E7 
1.09E6 
4.32E7 
6.08E7 
9.63E5 
5.46E6 
1.73E8 
3.45E7 
4.27E7 
1.45E8 

1 .95E7 
5.00E6 
1.19E7 
2.04E5 

9.14E6 
1.21 E6 
4.06E6 
2.73E7 
1.25E7 
1.23E8 
9.23E6 
2.77E7

Nuclide 
Ce-i 41 
Ce-i 43 
Ce-i44 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Np-239 

Y-90 
Y-91 
Y-92 
Y-93 
Nb-95 
Zr-95 
Zr-97 
La-i 40 
La-i 41 
La-i 42 
Nd-i 47 
Pr-i 43 
Am-24i 
Cm-242 
Cm-244

8.25E7 
8.63E6 
1.03E8 
1.11 E8 
1.57E8 
1.51 E8 
1.33E8 
9.13E7 
4.84E7 
8.40E7 
1.58E8 
1.38E8

Note 1: Core inventory based on end-of-cycle and operation at 3216.5 MWt.

Inventory (Ci) 
1.44E8 
1.33E8 
1.13E8 
3.47E5 
2.97E4 
4.56E4 
1.24E7 
1.67E9 

9 .02E6 
1.07E8 
1.12E8 
1.29E8 
1.46E8 
1.45E8 
1.45E8 
1.58E8 
1.43E8 
1.38E8 
5.75E7 
1.30E8 
1.53E4 
4.41 E6 
3.97E5



Table 1-3: Inputs and Assumptions Applicable to All Analyses 

Control Room Parameters

Volume 
Normal intake flow (unfiltered) 
Emergency mode intake air flow (filtered) 
Emergency mode recirculation air flow (filtered) 
Filter efficiencies (for intake and recirculation) 

Elemental iodine 
Organic iodine 
Particulates 

Unfiltered inleakage 

Offsite Atmosp~heric DispersionFactors

Site Boundary (0 - 2 hours)

Low Population Zone Outer Boundary 
0 - 8 hours' 
8 - 24 hours 
24 - 96 hours 
96 - 720 hours

7.5E-4 sec/n 3 

3.5E-4 sec/n 3 

1 .2E-4 sec/n 3 

4.2E-5 sec/n 3 

9.3E-6 sec/n 3

Breathing Rates

Of fsite
0 - 8 hr 
8 -24 hr 
>24 hr

3.47E-4 mn3 /sec 
1 .75E-4 mn3 /sec 
2.32E-4 m 3/sec 

3.47E-4 rn3 /secControl room

102,400 ft3 

920 cfm 
1800 cfm 
0.0 cfM 

95% 
90% 
99% 
1185 cfm



2.0 LARGE BREAK LOSS-OF-COOLANT ACCIDENT 

An abrupt failure of the main reactor coolant pipe is assumed to occur and it is assumed 
that the emergency core cooling features fail to prevent the core from experiencing 
significant degradation (i.e., melting). This sequence cannot occur unless there are 
multiple failures and thus goes beyond the typical design basis accident that considers a 
single active failure. A portion of the activity that is released to the containment is 
assumed to be released to the environment due to the containment leaking at its design 
rate.  

2.1 Input Parameters and Assumptions 

The input parameters and assumptions are listed in Table 2-1. The following sections 
address topics of significant interest that benefit from extended discussion.  

2.1.1 Source Term 

The reactor coolant activity is assumed to be released over the first 30 seconds of the 
accident. However, the activity in the coolant is insignificant compared with the release 
from the core and is not included in the analysis.  

The use of NUREG-1465 (Reference 2) source term modeling results in several major 
departures from the assumptions used in the existing LOCA dose analysis as reported 
in the FSAR. Instead of assuming instantaneous melting of the core and release of 
activity to the containment, the release of activity from the core occurs over a 1.8 hour 
interval. Also, instead of considering only the release of iodines and noble gases, a 
wide spectrum of nuclides is taken into consideration. Table 1 -2-ists the nuclides being 
considered for the LOCA with core melt (eight groups of nuclides). Table 2-1 provides a 
comparison between the fission product release fractions and the timing/duration of 
releases to the containment as assumed in TID-1 4844 (Reference 1) and in NUREG
1465.  

Instead of the iodine being primarily in the elemental form, the iodine is mainly in the 
particulate form (cesium iodide) and the fraction that is in the organic form is much 
smaller than in the earlier model. The iodine characterization from NUREG-1 465 is 
compared below with that from Regulatory Guide 1.4 (Reference 3): 

Iodine Form R.G. 1.4 NUREG-1465 
Elemental 91% 4.85% 
Organic 4% 0.15% 
Particulate 5% 95% 

The other groups of nuclides (other than the noble gases) all occur as particulates only.  

2.1 .2 Containment Modeling 

The containment is modeled as two discrete volumes: sprayed and unsprayed. The 
volumes are conservatively assumed to be mixed only by the emergency fan coolers.  
The containment volume is 2.61 E6 cubic feet with a sprayed fraction of 80 percent of 
the total (2.09E6 cubic feet).

-10-



The containment is assumed to leak at the design leak rate of 0. 1% per day for the first 
24 hours of the accident and then to leak at half that rate (0.05% per day) after 24 
hours. The reduction in leak rate at 24 hours is consistent with Regulatory Guide 1.4 
which specifies a long term leak rate equal to one half the initial rate.  

2.1.3 Removal of Activity from the Containment Atmosphere 

With the deletion of the safety-grade in-containment filters, the removal of elemental 
iodine and particulates from the containment atmosphere is accomplished only by 
containment sprays, sedimentation (for particulates), radioactive decay, and leakage to 
the environment. The noble gases and the organic iodine are subject to removal only by 
radioactive decay and leakage to the environment.  

2.1.3.1 Containment Spray Removal of Elemental Iodine 

One train of the containment spray system is assumed to operate following the LOCA.  
Section 6.5.2 of the Standard Review Plan (Reference 4) identifies a methodology for 
the determination of spray removal of elemental iodine independent of the use of spray 
additive. The removal rate constant is determined by: 

Xs=6KgTF /VID 

where Xs= Removal rate constant due to spray removal, hr-' 

Kg = Gas phase mass transfer coefficient, 9.84 ftlmin 
T =Time of fall of the spray drops, min 
F = Volume flow rate of sprays, ft3/hr 

V = Containment sprayed volume, ft3 

D = Mass-mean diameter of the spray drops, ft 

Parameters for Indian Point..Unit 2 are: 

T = 0. 178min 
F = 17,648 ft3/hr (2200 gpm - spray injection phase) 

V = 2.09 x106 ft3 

D = 3.94 x10-3 ft 

With these parameters the spray removal coefficient is calculated to be 22.5 hr-1 which 
is reduced to 20 hr' since this is the upper limit specified by this model.  

When sprays are operating in the recirculation phase, the spray flow is only 1100 gpm 
and the spray removal coefficient is 11.2 hr-1. However, to address the loading of the 
recirculating solution with elemental iodine, the removal coefficient is reduced to half this 
value (5.6 hr>1).

-1I1I-



Removal of elemental iodine from the containment atmosphere is assumed to be 
terminated when the airborne inventory drops to 0.5 percent of the total elemental iodine 
released to the containment (this is a DF of 200).  

2.1.3.2 Containment Spray Removal of Particulates 

The current FSAR analysis does not include modeling of particulate removal. With 
implementation of the NUREG-1 465 source term, particulates are the most significant 
portion of the activity in the containment atmosphere. Particulate spray removal is 
determined using the model described in SRP Section 6.5.2 (Reference 4).  

The first order spray removal rate constant for particulates is written as follows: 

Xp =3hFE /2Vd 

where h = Drop Fall Height, ft 

F = Spray Flow Rate, ft3/hr 

V = Volume Sprayed, ft3 

E =Single Drop Collection Efficiency 

d = Drop Diameter, ft 

Indian Point 2 values for h, F, and V are: 

h =118.5ft 

F =17,648 ft3/hr (2200 gpm - injection phase) 
V =2.09 x106 ft3 

The E/d term depends upon the particle size distribution and spray drop size. From 
SRP Section 6.5.2, it is conservative to use 10 m-1 for E/d until the point is reached 
when the inventory in the atmosphere is reduced to 2% of its original value (DF of 50).  
For the NUREG-1465 source term this is interpreted as being 2% of the total release to 
the containment over the duration of gap and core release intervals. SRP Section 6.5.2 
recommends that after the DF of 50 is reached the value for E/d should be reduced by a 
factor of ten. For the Indian Point 2 analysis it is assumed that the sprays are 
terminated after the DF of 50 is reached and that particulate removal continues after 
that time due to sedimentation only.

- 12 -



The particulate removal constant for the spray injection phase is determined to be: 

=4.5 hr1 

For operation in the recirculation spray mode (spray flow of 1100 gpm) the particulate 

removal constant is: 

Xp= 2.28 hr-1 

2.1.3.3 Sedimentation Removal of Particulates 

During spray operation no credit is taken for sedimentation removal of particulates 
although it would take place. It is assumed that containment spray operation is 
terminated when particulates are reduced to 2.0 percent of total particulates released to.  
the containment.  

Based on the Containment Systems Experiments (OSE) which examined the air cleanup 
experienced through natural transport processes, it was found that a large fraction of the 
aerosols were deposited on the floor rather than on the walls indicating that 
sedimentation was the dominant removal process for the test (Reference 5). The OSE 
tests determined that there was a significant sedimentation removal rate even with a 
relatively low aerosol concentration. From Reference 5, even at an air concentration of 
10 jig/in3 , the sedimentation removal coefficient was above 0.3 hr-1. With 2.0 percent of 
particulates remaining airborne at the end of crediting spray removal, there would be in 
excess of 10,000 jig/in3 and an even higher sedimentation rate would be expected. The 
sedimentation removal coefficient is conservatively assumed to be only 0.1 hr'1. It is 
also conservatively assumed that sedimentation removal does not continue beyond a 
D Fof 1000.  

2.2 Acceptance Criteria 

The offsite dose limits for the LOCA are that they meet the dose guidelines of draft 
10 CFR 50.67 (Reference 6). These limits are 25 rem TEDE at the Site Boundary (for 
the worst two hour interval), 25 rem TEDE at the Low Population Zone outer boundary 
(for the duration of the accident - taken as 30 days), and 5 rem TEDE for the operators 
in the control room (for the duration of the accident, as adjusted to reflect occupancy 
factors).  

2.3 Results 

The large break LOCA doses are: 

Site Boundary 16.6 rem TEDE 
Low Population Zone 11.3 rem TEDE 
Control Room 3.7 rem TEDE 

The Site Boundary dose reported is for the worst two hour period: 0.6 - 2.6 hours.  

The acceptance criteria are met.

- 13 -



The analysis also included consideration of a number cases addressing variations in the 
control room HVAC flows based on the tracer gas tests that were performed at Indian 
Point Unit 2. The control room doses for these sensitivity cases are all less than or 
equal to the 3.7 rem TIEDE that was determined for the base case which assumed 1800 
cfm filtered inflow, no filtered recirculation cleanup, and an unfiltered inleakage rate of 
1185 cfm. The doses for the sensitivity cases are:

Filtered 
Inflow (cfm) 

1263 
1102 
1218 
1218

Filtered 
Recirc (cfm) 

632 
737 
713 
582

Unfiltered 
lnleakacje (cfm) 

959 
808 
1185 
1185

Dose 
(rem TEDEI 

3.3 
3.0 
3.6 
3.7

- 14 -

Case 1 
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Table 2-1: Large Break LOCA Input and Assumptions

Source Term 
Core Activity 
Activity release fractions and timing 
Iodine chemical form 

Elemental 
Organic 
Particulate (cesium iodide)

See Table 1-1 
See Table 2-2

4.85% 
0.15% 
95%

Containment 
Volume 

Sprayed 
Unsprayed 

Fan cooler units 
Number in operation 
Flow rate (per FCU) 

Leak rate 
0 - 24 hours 
>24 hours

2.09E6 ft 3 

5.2E5 ft 3 

3.  
.64,500 cf m 

0. 1% per day 
0.05% per day

Removal coefficients 
Spray operation 

Time to initiate sprays 
Time to switch to recirculation spray operation 
Minimum containment spray duration 
Spray flow rate (injection phase) 
Spray flow rate (recirculation phase) 
Spray fall height 

Spray removal coefficient 
Elemental iodine (injection spray phase) 
Elemental iodine (recirculation spray phase) 
Particulates (injection spray phase) 
Particulates (recirculation spray phase) 

Sedimentation removal coefficient 
DF limit 

Elemental iodine 
Particulates (spray removal) 
Particulates (total)

80 seconds 
20 minutes 
3.4 hours 
2200 gpm 
1100 gpm 
118.5 feet 

20 hr1 
5.6 hr'1 
4.5 hr-' 
2.28 hr-1 

0.1 hr

200 
50 
1000

- 15 -



Table 2-1 (continued)

Control Room Parameters 
Volume 
Emergency mode intake air flow (filtered) 

Base case 
Sensitivity case 1 
Sensitivity case 2 
Sensitivity case 3 
Sensitivity case 4 

Emergency mode recirculation air flow (filtered) 
Base case 
Sensitivity case 1 
Sensitivity case 2 
Sensitivity case 3 
Sensitivity case 4 

Filter efficiencies (for intake and recirculation) 
Elemental iodine 
Organic iodine 
Particulates 

Unfiltered inleakage 
Base case 
Sensitivity case 1 
Sensitivity case 2 
Sensitivity case 3 
Sensitivity case 4 

Time to Switch CR HVAC from Normal to Emergjency Mode

Control Room Occupancy Factors 
0 - 24 hours 
24 - 96 hours 
>96 hours 

Atmospheric Dispersion Factors 
Of fsite 
Control room 

0 - 2 hr 
2 - 8 hr 
8 - 24 hr 
24 - 96 hr 
96 - 720 hr

Breathing Rates

102,400 ft3 

1800 cfm 
1263 
1102 
1218 
1218 

0.0 cfm 
632 
737 
713 
582 

95% 
90% 
99% 

1185 cfm 
959 
808 
1185 
1185 

Assumed to be in 
emergency mode at 
beginning of event

See Table 1-3 

3.53E-4 sec/in3 

1 .88E-4 sec/in3 

6.87E-5 sec/in3 

5.46E-5 sec/in3 

4.87E-5 sec/in3 

See Table 1-3
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Table 2-2: Core Fission Product Release Fractions

Gap Release ()Early In-Vessel 

TID-14844__ NUREG-1 465 _TID-14844 FNUREG-1 465

Noble gases 0.05(') 0.95

Halogens n/al2" 0.05() 0.5 (4) 0.35 

Alkali Metals n/a 0.0i .00 0.25 

Tellurium group n/a 0 0.0111 0.05 

Barium, Strontium n/a 0 0.0i0) 0.02 

Noble Metals (Ruthenium n/a 0 0.0111 0.0025 
group)__ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ 

Cerium group n/a 0 0.01i(5 0.0005 

Lanthanides n/a 0 0.01(5 0.0002

(1) The TID-1 4844 methodology does not specifically address the gap release. The 
NUREG-1 465 methodology assumes that gap and early in-vessel (core melt) releases are 
sequential. The TID-14844 source term model assumes the instantaneous release of 50% 
of core iodine and 100% of core noble gases, with no distinction made between gap activity 
release and early in-vessel release. The NUREG source term assumes a release of gap 
activity (5% of core) followed by an iodine release of 35% of initial core inventory and a 
noble gas release all of the remaining noble gas activity in the fuel (95% of initial activity).  

(2) Gap fraction is not defined by TID-1 4844.  

(3) 3% immediate release at 30 seconds followed by 2% over 0.5 hours 

(4) Per TID-14844, half of this is assumed to plate out instantaneously.  

(5) Referred to in TID-14844 as "other fission products" but not typically included in dose 
analyses.
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3.0 FUELHANDLING ACCIDENT 

A fuel assembly is assumed to be dropped and damaged during refueling. Activity 
released from the damaged assembly is released to the outside atmosphere through 
either the containment purge system or the fuel-handling building ventilation system to 
the plant vent.  

3.1 Input Parameters and Assumptions 

The major assumptions and parameters used in the analysis are itemized in Table 3-1.  
Analysis of the accident is performed with assumptions selected so that the results are 
bounding for the accident occurring either inside containment or in the fuel handling 
building. All of the activity released from the damaged fuel is assumed to be released 
within two hours. Since the assumptions and parameters for a FHA inside containment 
are identical to those for a FHA in the fuel-handling building, the offsite doses are the 
sa me regardless of the location of the accident.  

3.1.1 Source Term 

The current licensing basis analysis assumes that one fuel assembly is damaged 
releasing the gap inventory from all fuel rods. The gap inventory is assumed to be 10% 
of the iodines and noble gases in the rod. The assembly inventory is based on the 
assumption that the subject fuel assembly has been operated at 1.7 times core average 
power (and thus has 1.7 times the average assembly fission product inventory). A 
decay time of 174 hours is specified by the Technical Specifications.  

The revised analysis of the radiological consequences following a fuel handling accident 
(FHA) uses the source terms outlined in NUREG-1 465 (Reference 2). While 
NUREG-1 465 specifies that the gap fraction is 3.0 percent for immediate release (with 
an additional 2.0% released if the fuel cooling is maintained), a gap fraction of 5.0% is 
conservatively assumed. The gap inventory includes the iodines, noble gases, and the 
alkali metals (cesium & rubidium).  

As in the existing licensing basis, it is assumed that all of the fuel rods in the equivalent 
of one fuel assembly are damaged to the extent that all their gap activity is released.  
Also consistent with the existing licensing basis, the assembly inventory is based on the 
assumption that the subject fuel assembly has been operated at 1.7 times core average 
power.  

The decay time used in the analysis is 100 hours. Thus, the analysis supports reduction 
of the Technical Specifications limit of 174 hours decay time prior to fuel movement to 
100 hours.  

3.1.2 Fission Product Form 

While NUREG-1 465 specifies that the iodine released from the fuel is in the form of 
95% cesium iodide, 4.85% elemental, and 0.15% organic, the FHA reanalysis assumes 
that the iodine is 99.75% elemental and 0.25% organic. This is consistent with NRC 
guidance in draft DG-1081 (Reference 7). In actuality, the nonvolatile cesium iodide
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would all be retained in the water although gradual conversion of the cesium iodide to 
form elemental iodine would slowly increase the amount of iodine in the volatile form 
and which might be released to the environment.  

This assumption of 99.75% elemental iodine and 0.25% organic iodine also is consistent 
with the existing licensing basis analysis and with Safety Guide 1.25 (Reference 8).  

3.1.3 Pool Scrubbing Removal of Activity 

Per the technical specifications, it is assumed that there is a minimum of 23 feet of 
water above the reactor pressure vessel flange and the spent fuel racks. With this water 
depth the decontamination factor (DF) of 500 specified by draft DG-1081 (Reference 7) 
for elemental iodine would apply. However, in recognition that fuel rod pressure might 
exceed 1200 psig (but would be less than 1500 psig), the DF is reduced to 400. The DF 
for organic iodine and noble gases is 1.0.  

The cesium released from the damaged fuel rods is assumed to remain in a nonvolatile 
form and would not be released from the pool.  

3.1.4 Isolation and Filtration of Release Paths 

No credit is taken for removal of iodine by filters nor is credit taken for isolation of 
release paths. Although the containment purge will be automatically isolated on a purge 
line high radiation alarm, isolation is not modeled in the analysis. The activity released 
from the damaged assembly is assumed to be released to the environment over a two 
hour period. Since no filtration or containment isolation is modeled, this analysis 
supports refueling operation with the equipment hatch or personnel air lock remaining 
open.  

3.2. Acceptance Criteria 

From draft DG-1 081 (Reference 7), the off site doses should be "well within" the 
guidelines from draft 10 CFR 50.67 (Reference 6), or 6.25 rem TEDE. This applies for 
both the site boundary dose (worst two hour interval) and for the low population zone 
boundary dose (duration of accident). From draft 10 CFR 50.67, the dose limit for the 
operators in the control room is 5.0 rem TEDE.  

3.3 Results 

The fuel handling accident doses are: 

Site Boundary 1.6 rem TEDE 
Low Population Zone 0.75 rem TEDE 
Control Room 0.44 rem TEDE 

The acceptance criteria are met.
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Table 3-1: Fuel Handling Accident Assumptions

Delay after shutdown before fuel movement 

Core activity at 100 hours after shutdown 
1-131 
1-132 
1-133 
1-135 
Kr-85 1.08E6 
Xe-i 31 m 
Xe-i 33m 
Xe-i 33 
Xe-i 35m 
Xe-i 35 

Number of fuel assemblies in core 

Radial peaking factor 

Fuel rod gap fraction 

Fuel damaged 

Iodine species 
Elemental 
Organic 

Water depth 

Pool scrubbing factor 
Elemental iodine 
Organic iodine 
Noble gases 

Filter eff iciency 

Isolation of release paths 

Control Room X/Q (0-2 hr) 
(based on plant vent release at 20,000 cfm) 

Offsite X/Q 

Breathing rates 

Control Room parameters 

Time to switch CR HVAC from normal to emergency mode

100 hours 

6.18E7 
5.21iE7 
6.42E6 
4.60E3 

9.30E5 
2.25E6 
1.20E8 
7.37E2 
2.23E5 

193 

1.7 

0.05 

one assembly 

99.75% 
0.25% 

23 feet 

400 
1 
1 

N/A 

None 

5.53E-4 sec/in3 

See Table 1-3 

See Table 1-3 

See Table 1-3 

10 minutes
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4.0 LOCKED ROTOR ACCIDENT 

An instantaneous seizure of a reactor coolant pump rotor is assumed to occur which 
rapidly reduces flow through the affected reactor coolant loop. Fuel clad damage is 
assumed to occur as a result of this accident. Due to the pressure differential between 
the primary and secondary systems and assumed steam generator tube leakage, fission 
products are discharged from the primary into the secondary system. A portion of this 
radioactivity is released to the outside atmosphere through either the atmospheric relief 
valves or safety valves. In addition, iodine activity is contained in the secondary coolant 
prior to the accident and some of this activity is released to atmosphere as a result of 
steaming from the steam generators following the accident.  

4.1 Input Parameters and Assumptions 

The existing licensing basis does not address radiological consequences for the locked 
rotor accident. The event is being included in the evaluation of use of NUREG-1 465 
(Reference 2) source term methodology on design basis accidents for completeness in 
considering accidents for which fuel damage is postulated. The major assumptions and 
parameters used in the analysis are itemized in Table 4-1.  

4.1.1 Source Term 

The analysis of the locked rotor radiological consequences uses the source terms 
outlined in NUREG-1465 and assumes a pre-accident iodine spike in the reactor coolant 
system. For the pre-accident iodine spike, it is assumed that a reactor transient has 
occurred prior to the locked rotor and has raised the RCS iodine concentration to 60 
ptCi/gm of dose equivalent 1-131.  

The noble gas and the alkali metals group (i.e., cesium and rubidium isotopes) activity 
concentrations in the primary coolant at the time the accident occurs are based on a fuel 
defect level of 1.0%. The iodine activity concentration of the secondary coolant at the 
time the locked rotor occurs is assumed to be 0.10 RCi/gm of dose equivalent 1-131.  

As a result of the locked rotor event, no more than 2.5% of the fuel rods in the core 
undergo DNB. In determining the offsite doses following the locked rotor, it is 
conservatively assumed that 5% of the fuel rods in the core suffer sufficient damage that 
all of their gap activity is released to the primary coolant. The percentage of the total 
core activity assumed to be in the fuel-cladding gap is 5%.  

4.1.2 Iodine Chemical Form 

NUREG-11 465 specifies that the iodine released from the fuel is in the form of 95% 
cesium iodide, 4.85% elemental, and 0.15% organic. However, draft 'regulatory guide 
DG-1081 (Reference 7) states that the iodine in solution should be considered to be all 
elemental and that after iodine is released to the environment the iodine should be 
modeled as 97% elemental and 3% organic. The draft DG-1081 model is used in this 
analysis for the locked rotor.
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4.1.3 Release Pathway 

Activity is released to the environment by way of primary to secondary leakage and 
steaming from the secondary side to the environment. The total primary to secondary 
steam generator tube leak rate used in the analysis is the Technical Specification limit of 
0.3 gpm per steam generator (1 .2 gpm total).  

The Residual Heat Removal System is assumed to be placed into service at 42 hours 
into the accident and there are no further releases to the environment after this point in 
time.  

4.1 .4 Removal Coefficients 

No credit for iodine removal is taken for any steam released to the condenser prior to 
reactor trip and concurrent loss of offsite power. All noble gas activity carried over to the 
secondary side through steam generator tube leakage is assumed to be immediately 
released to the outside atmosphere.  

An iodine partit ion factor in the steam generators of 0.01 curies/gm steam per curies/gm 
water is used (Reference 9). This partition factor is also used for the alkali metal activity 
in the steam generators.  

4.2 Acceptance Criteria 

From draft DG-1081 (Reference 7), the offsite doses should be "small fraction of" the 
guidelines from draft 10 CER 50.67, or 2.5 rem TEDE. This applies for both the site 
boundary dose (worst two hour interval) and for the low population zone boundary dose 
(duration of accident). From draft 10 CFR 50.67, the dose limit for the operators in the 
control room is 5.0 rem TEDE.  

4.3 Results 

The locked reactor coolant pump rotor accident doses are: 

Site Boundary 0.88 rem TEDE 
Low Population Zone 1.1 rem TEDE 
Control Room 1.6 rem TIEDE 

The acceptance criteria are met.
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Table 4-1: Locked Rotor Accident In put and Assumptions 

Source Term

Core activity 
Fission product gap fractions 

lodines 
Noble gases 
Cesium & Rubidium 

Fraction of fuel rods in core failing 
Iodine chemical form (prior to release to atmosphere) 
Iodine chemical form after release to atmosphere 

Elemental 
Organic 

Primary coolant activity before fuel failure 
.lodines

Other nuclides

Secondary coolant activity at beginning of event 
lodines 

Other nuclides (nongaseous)

See Table 1-1 

5% 
5% 
5% 
5% 
All as elemental 

97% 
3.0% 

60 jiCi/g dose 
equivalent 1-131 

Based on 
operation with 
1.0% fuel defects 

0.1 gCi/g dose 
equivalent 1-131 

10% of primary 
coolant activity

Release Path

Primary coolant mass 
Secondary coolant mass 
Primary to Secondary leak rate 
Steaming rate from the secondary side 

0 - 2 hr 
2 - 8 hr 
8 -24 hr 
24 - 42 hr 

Steaming partition coefficient 
Termination of. releases

2.37E8 g 
1.275E8 g 
4550 g/min 

2.27E6 g/min 
1 .39E6 g/min 
7.09E5 g/min 
6.14E5 g/min 
0.01 
42 hours



S

Table 4-1 (continued)

Control Room Parameters 

Time to Switch CR HVAC from Normal to Emergency Mode 

Control Room 0Occupancy Factors 

0 - 24 hours 
>24 hours 

Atmospheric Dispersion Factors 

Off site 
Control room 

0-2 hr 
2 - 8 hr 
8 -24 hr 
>24 hr 

Breathing Rates

See Table 1-3 

10 minutes 

1.0 
0.6 

See Table 1-3 

1 .09E-3 sec/n 3 

8.14E-4 sec/n 3 

2.64E-4 sec/n 3 

2.67E-4 sec/n 3 

See Table 1-3
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5.0 ROD EJECTION ACCIDENT

It is assumed that a mechanical failure of a control rod mechanism pressure housing 
has occurred, resulting in the ejection of a rod cluster control assembly and drive shaft.  
As a result of the accident, fuel clad damage and a small amount of fuel melt are 
assumed to occur. Due to the pressure differential between the primary and secondary 
systems, radioactive reactor coolant is discharged from the primary into the secondary 
system. A portion of this radioactivity is released to the outside atmosphere through 
either the atmospheric relief valves or the main steam safety valves. Iodine and alkali 
metals group activity is contained in the secondary coolant prior to the accident, and 
some of this activity is also released to the atmosphere as a result of steaming the 
steam generators following the accident. Finally, radioactive reactor coolant is 
discharged to the containment via the spill from the opening in the reactor vessel head.  
A portion of this radioactivity is released through containment leakage to the 
environment.  

5.1 Input Parameters and Assumptions 

A summary of input parameters and assumptions is provided, in Table 5-1.  

5.1.1 Source Term 

As a result of the rod ejection accident, less than 10% of the fuel rods in the core 
undergo DINB. In determining the offsite doses following rod ejection accident, it is 
conservatively assumed that 10% of the fuel rods in the core suffer sufficient damage 
that all of their gap activity is released. NUREG-1 465 (Reference 2) does not propose a 
gap release magnitude that should be applied to fission product releases resulting from 
reactivity insertion accidents such as the rod ejection accident. As such, the maximum 
gap fraction discussed in NUREG-11 465 (5%) is used in the rod ejection dose 
calculation.  

A small fraction of the fuel in the failed fuel rods is assumed to melt as a result of the 
rod ejection accident. This amounts to 0.25% of the core and the melting takes place in 
the centerline of the affected rods. Consistent with Regulatory Guide 1.77 (Reference 
10), one half of the iodine activity in the melted fuel is released while all of the alkali 
metals group and the noble gas activity in the melted fuel is assumed to be released.  

A pre-existing iodine spike in the reactor coolant is assumed to have increased -the 
primary coolant iodine concentration to 60 jiCi/gm of dose equivalent 1-131 prior to the 
rod ejection accident. The alkali metals and noble gas activity concentrations in the 
RCS at the time the accident occurs are based on operation with a fuel defect level of 
one percent. The iodine activity concentration of the secondary coolant at the time the 
rod ejection accident occurs is assumed to be 0.10 giCi/gm of dose equivalent 1-131.
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5.1.2 Iodine Chemical Form 

NUREG-1 465 specifies that the iodine released from the fuel is 95% particulate (cesium 
iodide), 4.85% elemental, and 0.15% organic. These fractions are used for the 
containment leakage release pathway. However, draft regulatory guide DG-1081 
(Reference 7) states that the iodine in solution should be considered to be all elemental 
and that after iodine is reieased to the environment the iodine should be modeled as 
97% elemental and 3% organic. The draft DG-1081 model is used in this analysis for 
the steam generator steaming pathway.  

5.1.3 Release Pathways 

Conservatively, all the iodine, alkali metals group and noble gas activity (from prior to 
the accident and resulting from the accident) is assumed to be in the primary coolant 
(and not in the containment) when determining doses due to the primary to secondary 
steam generator tube leakage.  

The primary to secondary steam generator -tube leak used in-the analysis is 0.3 gpm per 
steam generator (total of 1.2 gpm).  

When determining the doses due to containment leakage, all of the iodine, alkali metal 
and noble gas activity is assumed to be in the containment. The design basis 
containment leak rate of 0. 1% per day is used for the initial 24 hours. Thereafter, the 
containment leak rate is assumed to be one-half the design value, or 0.05% per day 
(Reference. 10).  

5.1.4 Removal Coefficients 

No credit for iodine removal is taken for any steam released to the condenser prior to 
reactor trip and concurrent loss of offsite power. All noble gas activity carried over to the 
secondary side through steam generator tube leakage is assumed to be immediately 
released to the outside atmosphere.  

An iodine partition factor in the steam generators of 0.01 curies/gm steam per curies/gm 
water is used (Reference 9). This partition factor is also used for the alkali metal activity 
in the steam generators.  

For the containment leakage pathway, no credit is taken for sedimentation or plateout 
onto containment surfaces or for containment spray operation, which would remove 
airborne particulates and elemental iodine.  

5.2 Acceptance Criteria 

From draft DG-1 081 (Reference 7), the offsite doses should be "well within" the 
guidelines from draft 10 CFR 50.67 (Reference 6), or 6.25 rem TEDE. This applies for 
both the site boundary dose (worst two hour interval) and for the low population zone 
boundary dose (duration of accident). From draft 10 CFR 50.67, the dose limit for the 
operators in the control room is 5.0 rem TEDE.

- 26 -



5.3 Results 

The rod ejection accident doses are: 

Site Boundary 1.2 rem TIEDE 
Low Population Zone 2.7 rem TEDE 
Control Room 1.4 rem TEDE 

The acceptance criteria are met.
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Table 5-1: Rod Ejection Accident Input and Assumptions 

Source Term

Core activity 
Fission product gap fractions 

lodines 
Noble gases 
Cesium & Rubidiumn 

Fraction of fuel rods in core failing 
Fraction of fuel melting 
Activity release from melted fuel 

lodines 
Noble gases 
Cesium & Rubidium 

Primary coolant activity before fuel failure 
lodines

See Table 1-1 

5% 
5% 
5% 
10%/ 
0.25% 

50% 
100% 
100% 

60 giCi/g dose 
equivalent 1-131 

Based on 
operation with 
1.0% fuel defects 

0.1 pgCi/g dose 
equivalent 1-131 

10% of primary 
coolant activity 

4.85% 
0.15% 
95%

Other nuclides

Secondary coolant activity at beginning of event 
lodines 

Other nuclides (nongaseous) 

Iodine Chemical Form (containment release path)

Elemental 
Organic 
Particulate

Iodine Chemical Form (steam generator steaming gath) 

Iodine chemical form (prior to release to atmosphere) 
Iodine chemical form after release to atmosphere 

Elemental 
Organic

All as elemental 

97% 
3.0%
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Table 5-1 (continued) 

Containment Leakage Release Path

Removal coefficients 
Leak rate 

0 - 24 hours 
>24 hours 

Duration of releases

None assumed 

0. 1% per day 
0.05% per day 
30 days

Steam Generator Steaming Release Path 

Primary coolant mass 
Secondary coolant mass 
Primary to Secondary leak rate 
Steaming rate from the secondary side 
Steaming partition coefficient 
Duration of releases

Control Room Parameters

Time to Switch CR HVAC from Normal to Emeraencv Mode

2.37E8 g 
1.275E8 g 
4550 g/min 
2.268E6 g/min 
0.01 
4000 seconds 

See Table 1-3

3 minutes

Control Room Occupancy Factors

0 - 24 hours 
24 - 96 hours 
96 - 720 hours

Atmospheric Dispersion Factors

Of fsite 
Control room (containment leakage pathway) 

0-2 hr 
2 - 8 hr 
8 -24 hr 
24 - 96 hr 
>96 hr 

Control room (steam generator steaming pathway) 
0-2 hr

See Table 1-3 

3.53E-4 sec/in3 

1 .88E-4 sec/in 3 

6.87E-5 sec/n 3 

5.46E-5 sec/n 3 

4.87E-5 sec/n 3 

1 .09E-3 sec/in3 

See Table 1-3Breathing Rates



6.0 SMALL BREAK LOSS-OF-COOLANT ACCIDENT

An abrupt failure of the primary coolant system is assumed to occur and it is assumed 
that the break is small enough that the containment spray system is not actuated by 
high containment pressure but that the core experiences substantial cladding damage 
such that the fission product gap activity of all fuel rods is released. Activity that is' released to the containment is assumed to be released to the environment due to the 
containment leaking at its design rate. There is also a release path through the steam 
generators (primary to secondary leakage) until the primary system becomes 
depressurized to below the secondary system pressure. The existing licensing basis for 
Indian Point Unit 2 does not address the radiological consequences of this event.  

6.1 Input Parameters and Assumptions 

The input parameters and assumptions are listed in Table 6-1. The following sections 
address topics of significant interest that benefit from extended discussion.  

6.1.1 Source Term 

The use of NUREG-1 465 (Reference 2) source term modeling results in a gap fraction 
of 3.0% being used. Only the iodines, noble gases, and alkali metals (cesium & 
rubidium) are assumed to be available for release from the gap. The gap release is 
conservatively assumed to occur at the beginning of the accident, ignoring the delay that 
would be expected.  

The contribution from the primary and secondary coolant inventories prior to the 
accident is ignored since it is trivial in comparison to the gap release from the entire 
core.  

For the primary to secondary leakage pathway, the activity released from the fuel is 
conservatively assumed to remain in the primary coolant (transfers to the containment 
are ignored) and available to leak into the secondary coolant.  

6.1.2 Iodine Chemical Form 

NUREG-1 465 specifies that the iodine released from the fuel is in the form of 95% 
cesium iodide, 4.85% elemental, and 0.15% organic. These fractions are used for the 
containment leakage release pathway. However, draft regulatory guide DG-1 081 
(Reference 7) states that the iodine in solution should be considered to be all elemental 
and that after iodine is released to the environment the iodine should be modeled as 
97% elemental and 3% organic. The draft DG-1081 model is used in this analysis for 
the steam generator steaming pathway.  

6.1.3 Release Pathways 

Conservatively, all the iodine, alkali metals group and noble gas activity is assumed to 
be in the primary coolant (and not in the containment) when determining doses due to 
the primary to secondary steam generator tube leakage.  

The primary to secondary steam generator tube leak used in-the analysis is 0.3 gpm per 
steam generator (total of 1.2 gpm).
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When. determining the doses due to containment- leakage, all of the iodine, alkali metal 
and noble gas activity is assumed to be in the containment. The design basis 
containment leak rate of 0. 1% per day is used for the initial 24 hours. Thereafter, the 
containment leak rate is assumed to be one-half the design value, or 0.05% per day 
(Reference 10).  

6.1.4 Removal Coefficients 

No credit for iodine removal is taken for any steam released to the condenser prior to 
reactor trip and concurrent loss of offsite power. All noble gas activity carried over to the 
secondary side through steam generator tube leakage is assumed to be immediately 
released to the outside atmosphere.  

An iodine partition factor in the steam generators of 0.01 curies/gm steam per curies/gm 
water is used (Reference 9). This partition factor is also used for the alkali metal activity 
in the steam generators.  

For the containment leakage pathway, credit is taken for sedimentation of particulates 
and deposition of elemental iodine onto containment surfaces. The sedimentation 
removal coefficient is 0.1 hr-', the same as credited in the large break LOCA analysis 
(see Section 2. 1A33). As in the large break LOCA, a DF limit of 1000 will be 
conservatively assumed for particulate removal.  

Deposition removal of elemental iodine is determined using the model described in SRP 
Section 6.5.2 (Reference 4).  

The first order deposition removal rate constant for elemental iodine is written as 
follows: 

?= kA / V 

where k = Mass transfer coefficient = 4.9 in/hr (Reference 4) 
A = Area available for deposition = 250,000 ft2 (for I1P2) 
V = Containment volume = 2.61 X 106 ft3 (for I P2) 

The resulting deposition removal coefficient is 1.5 hr-'. Consistent with SRP Section 
6.5.2, removal of elemental iodine is terminated when a DF of 200 is reached.  

It is assumed that the containment spray system is not actuated (operation of the 
containment spray system would more rapidly remove airborne particulates and 
elemental iodine).
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6.2 Acceptance Criteria 

From draft DG-1081 (Reference 7), the offsite doses should meet the guidelines from 
draft 10 CFR 50.67 (Reference 6), or 25 rem TEDE. This applies for both the site 
boundary dose (worst two hour interval) and for the low population zone boundary dose 
(duration of accident). From draft 10 CFR 50.67, the dose limit for the operators in the 
control room is 5.0 rem TEDE.  

6.3 Results 

The small break LOCA doses are: 

Site Boundary 5.3 rem TEDE 
Low Population Zone 6.1 rem TEDE 
Control Room 2.4 rem TEDE 

The acceptance criteria are met.
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Table 6-1: Small Break LOCA Input and Assumptions 

Source Term

Core activity 
Fission product gap fractions 

lodines 
Noble gases 
Cesium & Rubidium 

Fraction of fuel rods in core failing

See Table 1-1 

3% 
3% 
3% 
100%

Iodine Chemical Form (containment release path) 

Elemental 
Organic 
Particulate 

Iodine Chemical Form (steam cienerator steaming path) 

Iodine chemical form (prior to release to atmosphere) 
Iodine chemical form after release to atmosphere 

Elemental 
Organic

4.85% 
0.15% 
95%

All as elemental 

97% 
3.0%

Containment Leakage Release Path

Sedimentation removal coefficients 
Elemental iodine deposition removal coefficient 
DE limit for elemental iodine 
DF limit for particulates 
Leak rate 

0 - 24 hours 
>24 hours 

Duration of releases 

Steam Generator Steaming Release Path 

Primary coolant mass 
Secondary coolant mass 
Primary to Secondary leak rate 
Steaming rate from the secondary side 
Steaming partition coefficient 
Duration of releases

0.1 hr-1 

1.5 hr-' 
200 
1000

0. 1% per day 
0.05% per day 
.30 days

2.37E8 g 
1.275E8 g 
4550 g/min 
2.268E6 g/min 
0.01 
4000 seconds
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Table 6-1 (continued)

Control Room Parameters See Table 1-3

Time to Switch CR HVAC from Normal to Emergency Mode Emergency mode 
assumed at start 
of event

Control Room Occupancy Factors

0 - 24 hours 
24 - 96 hours 
96 - 720 hours

Atmospheric Disrpersion Factors

Of fsite 
Control room (containment leakage pathway) 

0-2 hr 
2 - 8 hr 
8 -24 hr 
24 - 96 hr 
>96 hr 

Control room (steam generator steaming pathway) 
0-2 hr

Breathing Rates

See Table 1-3 

3.53E-4 sec/in 3 

1 .88E-4 sec/in 3 

6.87E-5 sec/n 3 

5.46E-5 sec/in3 

4.87E-5 sec/in3 

1 .09E-3 sec/n 3 

See Table 1-3
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7.0 CONCLUSIONS 

NUREG-1 465, "Accident Source Terms Light-Water Nuclear Power Plants" (Reference 
2) defines an alternate source term model for use in evaiuating the radiological 
consequences of a postulated large break Loss-of-Coolant Accident with core melt. This 
new model is based on current understanding of light-water reactor (LWR) accident 
progression and fission product behavior.. This alternate source term model also forms 
the basis for determining the radiological consequences for other design basis 
accidents.  

Implementation of this alternate source term methodology on the Indian Point Unit 2 
plant's design basis accidents has been made to support changes in the plant design 
and operation. Analyses of the large break LOCA, the fuel handling accident, the 
locked reactor coolant pump rotor accident, the rod ejection accident, -and the small 
break LOCA have been made using the NUREG-1 465 source term methodology and 
using analysis assumptions consistent with planned-changes in the plant design and 
operation and the calculated doses do not exceed the defined acceptance criteria.  

Calculated Doses (rem TEDE) 

Site Boundary LPZ Boundary Control Room 
Accident Dose and (limit) Dose and_(limit) Dose and (limit) 
Large Break LOCA 16.6 (25) 11.3 (25) 3.7 (5) 
Fuel Handling 1.6 (6.25) 0.75 (6.25) 0.44 (5) 
Locked Rotor Accident 0.88 (2.5) 1.1 (2.5) 1.6 (5) 
Rod Ejection Accident 1.2 (6.25) 2.7 (6.25) 1.4 (5) 
Small Break LOCA 5.3 (25) 6.1 (25) 2.4 (5) 

This report supports the following changes to Indian Point Unit 2 design and operation: 

* Relaxation of the Technical Specification time to handle fuel during refueling from 
174 hours to 100 hours 

* Movement of fuel in the containment with the equipment hatch and/or the personnel 
air lock open 

* Elimination of filters from the containment air recirculation cooling and filtration 
system 

* Elimination of filters from the fuel-handling building ventilation system.
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