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5.3 REACTOR

Applicability 

Applies to the reactor core, reactor coolant system, and emergency core cooling 

systems.  

Objective 

To define those design features which are essential in providing for safe system 

operations.  

A. REACTOR CORE 

1. The reactor core contains approximately 87 metric tons of uranium in the 

form of slightly enriched uranium dioxide pellets. The pellets are 

encapsulated in Zircaloy-4 tubing to form fuel rods. The reactor core is 

made up of 193 fuel assemblies. Each fuel assembly contains 204 fuel 

rods (1).  

2. Deleted 

3. The enrichment of reload fuel will be no more than 5.0 weight percent 

U-235 and will bestored in accordance with Technical Specification 5.4.  

4. Deleted 

5. There are 53 control rods in the reactor core. The control rods contain 

142 inch lengths of silver-indium-cadmium alloy clad with stainless 
(2) 

steel 

B. REACTOR COOLANT SYSTEM 

1. The design of the reactor coolant system complies with the code 

requirements . Design values for system temperature and pressure are 

6500F and 2485 psig, respectively.

Amendment No. 5.3-1



5.4 FUEL STORAGE

Applicability 

Applies to the capacity and storage arrays of new and spent fuel.  

Objective 

To define those aspects of fuel storage relating to prevention of criticality in 

fuel storage areas.  

Specifications 

1. The spent fuel pit structure is designed to withstand the anticipated 

earthquake loadings as a Class I structure. The spent fuel pit has a 

stainless steel liner to ensure against loss of water.  

2.A. The new fuel storage rack is designed so that it is impossible to insert 

assemblies in other than an array of vertical fuel assemblies with a 

sufficient center-to-center distance between assemblies to assure K eff 

< 0.95, even if unborated water were used to fill the pit and with fuel 

assemblies containing a maximum enrichment of 5.0 weight percent U-235, and 

poisons, if necessary to meet the K eff limit.  

2.B. The spent fuel storage racks are designed and their loading maintained within 

the limits of Technical Specification 3.8.D.1, such that K eff 0.95, even if 

unborated water were used to fill the pit and with the fuel assemblies 

containing a maximum enrichment of 5.0 weight percent U-235.

Amendment No.5. 15.4-1
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Section I - Description of Change 

This application for amendment to the Indian Point Unit No. 2 Technical 
Specifications seeks to amend Section 5.3.A.3 (Reactor Core), 5.4.2.A (New 
Fuel Storage) and 5.4.2.B (Spent Fuel Pool Storage). T B change is being 
made to increase the fuel enrichment limit to 5.0 w/o U for storage of 
reload fuel assemblies in the new fuel storage racks and storage of spent 
fuel in'the spent fuel racks. This limit has already been accepted by the 
NRC for the spent fuel racks in Amendment 150 which was issued April 19, 
1990. The modification of these specifications is requested in order to 
facilitate the use of more highly enriched fuel assemblies and to provide 
the capability for extended fuel cycles. Extended fuel cycles will result 
in reduced fuel handling which in turn will provide ALARA savings.  

Section II - Safety Review 

Analysis A~ shown that fuel assemblies with nominal enrichments of up to 
4.5 w/o U can be stored in the new fuel racks without surpassing the K eff 
limit. Enrichments above 4.5 w/o and up to 5.0 w/o can also be stored in 
the fresh fuel racks by taking credit for Integral Fuel Burnable Absorbers 
(IFRAs). The IFBAs will enable the existing rack to maintain an 23Srray of 
vertical fuel assemblies with enrichments of up to 5.0 w/o U , at a 
K ef<0.95 with full water density condition and at a K eff <0.98  with low 
density optimum moderation.  

Enclosure 1 to this application includes a summary of the criticality 
analysis performed for the new fuel assembly storage rack, including the 
identification of the computer codes used, and a description of IFBAs.  
Consequently this amendment would update Sections 5.3.A.3 and 5.4.2.B to be 
consistent with the present spent fuel rack capability.  

The environmental effects of transportation of fuel and waste of this type 
will not be significantly impacted by this change. Since future fuel 
shipments will have an enrichment less than or equal to 5.0 w/o, and the 
expected burnup would be less than 60 GWD/MT, the NRC's staff position 
concerning the negligible effect of the new fuel enrichment on the overall 
transportation risks applies. ,We adopt the staff's position that there 
would be no significant impact as a result of this change.  

Section III - No Significant Hazards Evaluation 

The Commission has provided guidance concerning the application of the 
standards for determining whether a significant hazards consideration exists 
by providing examples in 51 FR 7751. This amendment request falls under 
example (vi) of the Commission's "Examples of Amendment That Are Considered 
Not Likely to Involve a Significant Hazards Consideration" (51 FR 7751).  

"1(vi) A change which either may result in some increase to the 
probability or consequences of a previously analyzed accident or may 
reduce in some way a safety margin, but where the results of the change 
are clearly within all acceptable criteria with respect to the system 
or components specified in the Standard Review Plan: For example, a 
change resulting from the application of a small refinement of a 
previously used calculational model or design method."
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In applying the standards of 10 CFR 50.92, we have concluded that the 
proposed Technical Specification change would not involve a significant 
hazards consideration based on the answers to the following questions: 

1. Does the proposed license amendment involve a significant increase 
in the probability or consequences of an accident previously 
evaluated? 

Response: 

Neither the probability nor the consequences of an accident 
previously analyzed is increased due to the proposed change. The 
proposed change is based on conservative analyses which show that, 
taking credit for the use of IFBAs for fuel with enrichments above 
4.5 w/o and up to 5.0 w/o will enable this type of fuel to be 
stored in the new fuel racks while meeting the design criteria of 
K ef <0.95 for fully loaded racks flooded with nonborated water at 
a Sensity of 1 gm/cc (68'F) and K_ = <0.98 assuming low density 
optimum moderation. The spent uel racks have already been 
approved to accept a 5.0 w/o fuel.  

The enrichment of the reload fuel is used in the Reload Safety 
Evaluation which is performed for each fuel cycle to evaluate the 
use of new fuel in the reactor. The maximum fuel enrichment used 
in the reload would be limited to 5.0 w/o when this amendment is 
approved.  

2. Does the proposed license amendment create the possibility of a 
new or different kind of accident from any previously evaluated? 

Response: 

The higher fuel enrichment limit for the new fuel rack will not 
create the possibility of a new or different kind of accident.  
The new fuel storage rake will meet the required criticality 
design criteria of K eff <0.95 for fully loaded racks flooded with 
nonborated water at a density of 1 gm/cc (68*F) and Kef f <0.98 
assuming low density optimum moderation. The spent fuel racks are 
already approved for 5.0 w/o. The reload Safety Evaluation will 
use a maximum of 5.0 w/o.  

3. Does the proposed license amendment involve a significant 
reduction in the margin of safety? 

Response: 

The proposed amendment does not involve a significant reduction in 
the margin of safety. The new fuel racks will meet the required 
subcriticality of Keff <0.95 for fully loaded racks flooded with 
nonborated water at a density of 1/gm/cc (68°F) and K eff <0.98 
assuming low density optimum moderation. For fuel above 4.5 w/o 
and up to 5.0 w/o IFBAs will be used to ensure this 
subcriticality.  

The Spent Fuel Storage racks have already been approved for 5.0 
w/o. The Reload Safety Evaluation will use a maximum of 5.0 w/o.
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Section IV - Impact of Change 

This change will not adversely impact the following: 

ALARA Program 
Environmental Qualification 
Emergency Plan 
FSAR or SER Conclusions, 
Overall Plant Operations and Environment 
Security and Fire Protection Program 
Seismic Capabilities 

Section V - Conclusions 

The incorporation of this change: a) will not increase the probability or 
the consequences of an accident or malfunction of equipment important to 
safety as previously evaluated in the Safety Analysis Report; b) will not 
create the possibility for an accident or malfunction of a new or different 
kind from any previously evaluated in the Safety Analysis Report; and c) 
will not reduce the margin of safety. Therefore, Con Edison has determined 
that the proposed amendment involves no significant hazards consideration as 
defined in 10 CFR 50.92.  

The proposed changes have been reviewed by both the Station Nuclear Safety 
Committee and the Con Edison Nuclear Facilities Safety Committee. Both 
Committees concur that the proposed changes do not represent a significant 
hazards consideration and will not cause any change in the types or an 
increase in the amounts of effluents or any change in the authorized power 
level of the facility.
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I. Summary 

A detailed criticality analysis has been performed for the new fuel 
storage rack at the Indian Point Unit 2 Nuclear Power Plant. The 
analysis demonstrates that by taking credit for Integral Fuel Burnable 
Absorbers (IFRAs) for fuel above 4.5 w/o and up to 5.0 w/o, the K eff ? f 
the rack system, including uncertainties and calculational biases, is 
less than the criticality design criteria of Ke <0.95 for fully 
loaded racks flooded with nonborated water at a einsity of 1 gm/cc 
(68'F) and K e ff <0.98 assuming low density optimum moderation, with 15 
x 15 Westinghouse fuel assemblies stored in the rack.  

II. Description of the New Fuel Storage Racks 

The new fuel storage facility at the Indian Point Nuclear Power Plant 
has a total storage capacity of 72 new fuel assemblies. As originally 
constructed, each storage location consists of upper and lower steel 
guides held in place by a steel decking on top, and the floor below.  
The storage locations are arranged in four parallel rows with a pitch 
of 20.5"1 between boxes within a row. The pitch between rows varies.  
The rows of boxes are grouped in pairs, the rack consisting of four 
rows of boxes arranged in two pairs of rows. The rows in each pair are 
spaced 20.5"1 apart and the distance between the pair of rows is 46.0"1.  
The storage facility has concrete and steel walls, a concrete floor, 
and is normally free of water. Under the regular dry conditions the 
racks have sufficient safety margin to withstand the possibility of 5.0 
w/o enriched fuel being accidentally loaded without any IFBA rods.  

III. Reference Analysis 

The Monte Carlo code KENO Va was used to determine the values of K f 
for the various configurations in this analysis. The working cross 
section libraries used as input to KENO Va were prepared from the 
ENDF/B-V 227 group cross section library. The NITAWL program includes, 
in this library, the self-shielded resonance cross-sections appropriate 
for each geometry. Weighting of the cross sections was performed by 
the XSDRNPM program which is a one-dimensional S n transport theory 
code.  

A set of critical experiments was analyzed using the above method to 
demonstrate its applicability to criticality and to establish the bias 
and uncertainty. This benchmarking data is sufficiently diverse to 
establish that the bias and uncertainty will apply to rack conditions 
which include strong neutron absorbers, large water gaps and low 
moderator densities. From these results, the most conservative bias 
was chosen. This KENO Va bias and uncertainty was found to be 
consistent with the previous analytical bias and uncertainty calculated 
for KENO IV.  

Studies of the effects of fuel storage configuration which could affect 
the nuclear characteristics of the fuel and racks were performed. The 
introduction of water into the new fuel racks area was found to be the 
worst case accident scenario. The fully flooded and low density 
optimum moderation cases analyzed is the bounding accident situation 
which results in the most conservative fuel rack K eff*
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Other postulated accidents which could cause reactivity increases 
included misloading a fuel assembly with an enrichment - IFBA 
combination outside of the calculated acceptable range and dropped (or 
compacted) fuel. For these accident conditions the double contingency 
principle was applied. This principle is based on the premise that it 
is not required to assume two unlikely, independent concurrent events 
to ensure protection against a criticality accident. Thus, for these 
other accident conditions, the absence of a moderator in the racks can 
be assumed to be a realistic initial condition.  

Since the normal, dry new fuel rack Keff is 0.71, any of these other 
postulated accidents would have to cause a reactivity increase of more 
than 20% Ak to approach the Technical Specification criteria.  

For the misloading enrichment IFBA accident, the increase of fresh fuel 
rack reactivity would be approximately 5% Ak with every cell in the 
rack misloaded with fresh 5.0 w/o fuel assemblies without IFBAs.  
Misloading of just a single assembly, then would result in a 
correspondingly much smaller reactivity increase. For the other 
accident conditions of dropping a fuel assembly between the rack and 
wall, or dropping an assembly on top of the rack, generic studies have 
shown that the maximum reactivity increase will be less than 10% Ak.  

Therefore, for postulated accidents, the maximum rack Kef f will be less 
than 0.95.  

The values of Kef f were calculated with a "worst case" reference 
configuration consisting of symmetrically placed fuel assemblies of 
4.55 w/o enrichment extending infinitely in the lateral and vertical 
directions to prevent any neutron leakage. The structural steel of the 
racks was ignored as part of the conservatism used in the results of 
this analysis.  

The maximum K e was found to be 0.9491 at full water density 
conditions ande6!9475 at low density optimum moderation conditions.  
These values include all uncertainties and calculational biases. These 
values for Keff meet the NRC Standard Review Plan NUREG-0800 design 
criteria.  

A criticality analysis with the KENO Va code was done for 5.0 w/o 
enriched fuel with IFBA, for fully flooded and low density optimum 
moderation conditions. The K e values for this analysis also met the 
Standard Review plant acceptance criteria of <0.95 and <0.98 
respectively.  

IV. Description of the Integral Fuel Burnable Absorbers 

IFBAs consist of neutron absorber material applied as a thin coating of 
ZrB2 on the outside of the UO2 fuel pellet. As a result, the neutron 
absorber material is a non-removable or integral part of the fuel 
assembly once it is manufactured.
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V. Reactivity Equivalencing 

Storage of fuel assemblies with initial enrichments higher than that 
used in the reference case above of 4.5 w/o is achievable by means of 
the concept of reactivity equivalencing. Reactivity equivalencing is 
predicated upon the reactivity decrease associated with the addition of 
IFBA fuel rods. A series of reactivity calculations were performed to 
generate a set of IFBA-rod numbers versus enrichment ordered pairs 
which all yield an equivalent Keff when stored in the new fuel racks.  

The data points on the reactivity equivalencing curve were generated 
using the transport theory code PHOENIX. The PHOENIX code has been 
validated by comparisons with experiments where the isotopic fuel 
composition has been examined following discharge from a reactor in 
addition to an extensive set of critical experiments.  

The acceptance criteria for criticality in the new fuel racks can be 
increased to 5.0 w/o enrichment using reactivity equivalencing. Table 
1 shows the Indian Point 2 Fresh Fuel Storage 7nimum IFBA 
Requiremenia. These numbers are based on an IMA linear B loading of 
1.77 mg-B /inch. For higher IFBA linear B loading, the required 
number of 18BA rods per assembly can be redujed by the ratio of the 
increased B loading to the nominal 1.77 gm-B /inch loading.
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TABLE 1 

Indian Point Unit 2 Fresh Fuel Storage Minimum IFBA Requirements

Initial U235 

Enrichment 

4.5 

4.6 

4.7 

4.8

4.9

IFBA Rods 
in Assembly 

0 

7 

13 

19 

26 

32

10 10 
These numbers are based 9 an IFBA linear B loading of 1.77 mg-B /inch.  
For higher IFBA linear B loadings, the required number,8 f IFBA rods per 
assembly can be i duced by the ratio of the increased B loading to the 
nominal 1.77 mg-B /inch loading.


