
Tennessee Valley Authority, Post Office Box 2000, Soddy-Dasy. Tennessee 37379 

August 31, 2000 

TVA-SQN-TS-99-17 10 CFR 50.90 

U.S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
Washington, D. C. 20555 

Gentlemen: 

In the Matter of ) Docket Nos. 50-327 
Tennessee Valley Authority ) 50-328 

SEQUOYAH NUCLEAR PLANT (SQN) - UNITS 1 AND 2 - TECHNICAL 
SPECIFICATION (TS) CHANGE NO. 99-17, "SOLUBLE BORON CREDIT" 

Reference: TVA letter to NRC dated April 21, 2000, "Sequoyah 
Nuclear Plant (SQN) - Holtec International Topical 
Reports" 

In accordance with the provisions of 10 CFR 50.4 and 50.90, 
TVA is submitting a request for an amendment to SQN' s 
Licenses DPR-77 and 79 to change the TSs for Units 1 and 2.  
The proposed change provides for modification to the current 
TS requirements for fuel storage.  

The above referenced topical reports, concerning the 
criticality safety analysis and the boron dilution analysis, 
provide the design bases for the proposed revision.  
Subsequently, TVA proposes revisions to Design Features 5.6, 
"Fuel Storage" to provide for fuel storage management by 
taking credit for soluble boron. This proposed revision 
provides for greater flexibility and simplicity in acceptable 
fuel storage locations and was developed in compliance with 
10 CFR 50.68. Additionally, TVA proposes two new 
specifications and associated Bases; TS 3.7.13, "Spent Fuel 
Pool Minimum Boron Concentration," as mandated by
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the Boron Dilution Analysis; and TS 3.7.14, "Cask Pit Pool 
Minimum Boron Concentration," as a conservative measure 
during fuel movement and storage in the cask pit. With the 
addition of the new specifications and modification to Design 
Features 5.6, TVA also proposes revisions and relocation of 
Surveillance Requirements (SRs) 4.9.1.4 and 4.9.1.5 regarding 
soluble boron concentration during fuel movement to these new 
specifications, respectively.  

TVA has determined that there are no significant hazards 
considerations associated with the proposed change and that 
the change is exempt from environmental review pursuant to 
the provisions of 10 CFR 51.22(c) (9). The SQN Plant 
Operations Review Committee and the SQN Nuclear Safety Review 
Board have reviewed this proposed change and determined that 
operation of SQN Units 1 and 2, in accordance with the 
proposed change, will not endanger the health and safety of 
the public. Additionally, in accordance with 10 CFR 
50.91(b) (1), TVA is sending a copy of this letter to the 
Tennessee State Department of Public Health.  

Enclosure 1 to this letter provides the description and 
evaluation of the proposed change. This includes TVA's 
determination that the proposed change does not involve a 
significant hazards consideration, and is exempt from 
environmental review. Enclosure 2 contains copies of the 
appropriate TS pages from Units 1 and 2 marked up to show the 
proposed change. Enclosure 3 contains a copy of the 
appropriate Updated Final Safety Analysis Report pages marked 
up to show the proposed change.  

As discussed with NRC during a June 29, 1999 presentation, 
the proposed TS change is a part of our overall strategy to 
ensure adequate future spent fuel storage capacity at SQN.  
Accordingly, we request NRC approval of the proposed TS 
change by March 2001. TVA requests that the revised TS be 
made effective within 45 days of NRC approval.  

The request for soluble boron credit in the SQN spent fuel 
storage pool is consistent with those previously approved by 
NRC for other stations such as the South Texas Project, Units 
1 and 2 (approved on March 3, 1999) and the Byron and 
Braidwood Stations (approved on December 4, 1997).
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If you have any questions about this change, please telephone 
me at (423) 843-7170 or J. D. Smith at (423) 843-6672.  

and Industry Affairs Manager 

u cribed agd sworn to Pefore e 
on t'his • day of 

Nota Wublic

My Commission Expires October 9, 2002

Enclosures 
cc: See page 4
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cc (Enclosures): 
Mr. R. W. Hernan, Project Manager 
Nuclear Regulatory Commission 
One White Flint, North 
11555 Rockville Pike 
Rockville, Maryland 20852-2739 

Mr. Lawrence E. Nanney, Director (w/o Enclosures) 
Division of Radiological Health 
Third Floor 
L&C Annex 
401 Church Street 
Nashville, Tennessee 37243-1532 

NRC Resident 
Sequoyah Nuclear Plant 
2600 Igou Ferry Road 
Soddy-Daisy, Tennessee 37384-2000 

Regional Administrator 
U.S. Nuclear Regulatory Commission 
Region II 
Atlanta Federal Center 
61 Forsyth St., SW, Suite 23T85 
Atlanta, Georgia 30303-3415



ENCLOSURE 1

TENNESSEE VALLEY AUTHORITY 
SEQUOYAH NUCLEAR PLANT (SQN) 

UNITS 1 AND 2 
DOCKET NOS. 327 AND 328 

PROPOSED TECHNICAL SPECIFICATION (TS) CHANGE 99-17 
DESCRIPTION AND EVALUATION OF THE PROPOSED CHANGE 

I. DESCRIPTION OF THE PROPOSED CHANGE 

TVA proposes a revision to SQN TS 5.6.1.1, "Criticality 
Spent Fuel" to provide for revised storage location patterns 
(storage management). The proposed change in TS 5.6.1.1 
revises the approved loading patterns to accommodate fresh 
fuel assemblies of 4.95% ± 0.05% U-235 enrichment in 
checkerboard loading patterns with spent fuel of specified 
minimum fuel burnups. The revised patterns are also 
designed to safely accommodate fresh fuel assemblies which 
may include fuel rods containing gadolinia or integral fuel 
burnable absorber (IFBA) . Specific proposed provisions for 
management of fuel assemblies stored in the racks of 
Sequoyah spent fuel pool (SFP) are described in detail in 
Enclosure 2.  

In addition to the revision of TS 5.6.1.1, TVA proposes the 
following changes to accommodate the revised storage 
location patterns: 

1. Implement a new specification, TS 3/4.7.13, "SPENT 
FUEL POOL MINIMUM BORON CONCENTRATION." 

2. Implement a new specification, TS 3/4.7.14, "CASK 
PIT POOL MINIMUM BORON CONCENTRATION." 

3. Relocate Surveillance Requirement (SR) 4.9.1.4 to 
proposed Specification 3/4.7.13.  

4. Revise SR 4.9.1.4 by deleting "and 5.6.1.1.d." 

5. Relocate SR 4.9.1.5 to proposed Specification 
3/4.7.14.  

6. Revise SR 4.9.1.5 by modifying "5.6.1.1.e" to 
reference the correct proposed Design Features 
section, "5.6.1.1.d." 

TVA will revise the index and add the applicable TS Bases 
discussions to support the addition of these new 
specifications.

El-I



II. REASON FOR THE PROPOSED CHANGE

Since TS 5.6.1.1 was originally developed and approved, 
10 CFR 50.68 has been created which permits partial credit 
for dissolved boron under specified conditions. The purpose 
of the proposed change is: (1) to incorporate provisions of 
10 CFR 50.68, and (2) to provide for greater flexibility and 
simplification in storing fuel in the spent fuel storage 
racks thereby extending the time period before loss of full 
core storage capability. This increased flexibility will 
extend the time before dry cask storage is needed.  

III. SAFETY ANALYSIS 

Detailed evaluations supporting and documenting the 
criticality safety to the approved loading patterns and for 
the proposed revision of TS 5.6.1.1 are contained in the 
following topicals previously submitted to NRC: 

1. Holtec International Report, "Criticality Safety 
Analyses For Sequoyah Spent Fuel Racks With Alternative 
Arrangements," HI-992349, Revision 1 

2. Holtec International Report, "Boron Dilution Analysis 
Sequoyah Nuclear Plant," HI-992302, Revision 1 

The criticality safety analysis shows that, for the 
postulated fuel misplacement accident with the most severe 
reactivity effect, a soluble boron concentration of 700 part 
per million (ppm)* is adequate to assure criticality safety 
of the fuel storage system. The Sequoyah SFP normally 
contains a minimum 2000 ppm soluble boron which is more than 
adequate to assure the continued criticality safety of the 
storage pool. With 2000 ppm boron, even the incredible 
condition of completely filling the pool with fresh fuel of 
the maximum reactivity would not result in criticality.  

The boron dilution evaluation confirms that any significant 
boron dilution accident (despite the double contingency 
principle, very conservatively assumed to occur concurrently 
with the most severe independent fuel misplacement accident) 
would be detected and corrective action taken with more than 
ample time to prevent the soluble boron concentration from 
being diluted below 800 ppm. This boron dilution evaluation 
was performed on an extremely conservative basis. The level 
of conservatism in the evaluation and the numerous alarms 
and early-detection capability gives assurance that a boron 
dilution of any significance would be quickly detected and 

* For additional conservatism, an administrative limit of 800 ppm 

soluble boron concentration was used for the boron dilution accident 
analysis.
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readily corrected. Furthermore, if the second major 
accident (i.e., fuel misplacement) was not assumed to occur 
simultaneously, total boron dilution would not have a 
significant safety impact. The plant design features, 
instrumentation, and administrative procedures are 
sufficiently robust to give confidence that a significant 
boron dilution accident will not occur.  

Specific revision details of TS 5.6.1.1 are presented in 
Enclosure 2. Section 5.6.1.1.a is revised to require the 
spent fuel storage racks be maintained with keff of less than 
1.0 when flooded with unborated water and less than 0.95 
when flooded with water containing 300 ppm of soluble boron.  
In order to dilute the SFP to the design keff with boron 
credit, a large amount of unborated water (547,000 gallons) 
would be required. This volume of water is only available 
through the postulation of leaving manual isolation valves 
open for an extended period of time following a normal 
dilution or makeup operation. Since a large volume of water 
(517,000 gallons) would spill over during the event, it 
would be readily detected by plant personnel due to the 
level alarms, flooding in the Auxiliary Building, and by 
usual operator rounds in the Auxiliary Building. The event 
could then be terminated prior to exceeding the design keff 
of 0.95. Moreover, the criticality evaluation for the SFP 
confirms that keff remains less than 1.0 at a 95/95 
probability/confidence level even if the pool was completely 
filled with unborated water.  

Sections 5.6.1.1.c and 5.6.1.1.d are combined and revised, 
as the proposed Section 5.6.1.1.c, to indicate the 
appropriate loading patterns including restrictions for each 
of the three regions of the SFP. Loading pattern and 
cooling time figures, as well as burnup restriction tables 
for each region, are provided for explanation and 
determination of appropriate burnup limits. Specific 
revisions to these sections are found in Enclosure 2.  
Subsequently, the spent fuel racks have been analyzed in 
accordance with the Holtec International methodology 
contained in the criticality analysis, Reference 1. This 
methodology ensures that the spent fuel rack multiplication 
factor keff is less than or equal to 0.95, as recommended by 
the NRC guidance contained in NRC Letter to All Power 
Reactor Licensees from B. K. Grimes, "OT Position for Review 
and Acceptance of Spent Fuel Storage and Handling 
Applications," April 14, 1978, and NRC Internal Memorandum 
from L. Kopp, "Guidance On The Regulatory Requirements For 
Criticality Analysis Of Fuel Storage At Light-Water Reactor 
Power Plants," August 19, 1998. The codes, methods, and 
techniques contained in the methodology are used to satisfy 
the keff criterion. The spent fuel storage racks were 
analyzed using Westinghouse 17x17 V5H fuel assemblies, with 
enrichments up to 4.95 ± 0.05 w/o U-235 and configurations 
which take credit for checkerboarding, burnup, soluble
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boron, integral fuel burnable absorbers (such as IFBA or 
gadolinia), and cooling time to ensure that keff is 
maintained • 0.95, including uncertainties, tolerances, and 
accident conditions. In addition, the SFP keff is maintained 
< 1.0, including uncertainties, tolerances on a 95/95 basis 
without any soluble boron. Calculations were performed to 
evaluate the reactivity of fuel types used at SQN. The 
results show that the Westinghouse 17x17 V5H fuel assembly 
exhibits higher reactivity, thereby bounding all fuel types 
utilized and stored at SQN. The criticality analysis 
determined the soluble boron concentration required to 
maintain keff is maintained • 0.95 under normal conditions is 
300 ppm and 700 ppm under the most severe postulated fuel 
mislocation accident.  

The cask pit has been approved for storage of fuel 
assemblies under Amendment Nos. 167 and 157 of the SQN 
operating license, although fuel assemblies storage racks 
have not been installed. The referenced criticality 
analysis has revised the storage capability of future cask 
loading racks to Region 2 storage arrangement. This 
revision is reflected as the proposed 5.6.1.1.d section 
which states, "Region 2 array described above may be used in 
the 15x15 storage rack module in the cask loading area of 
the cask pit." As a conservative measure TVA will implement 
a new TS, discussed below, to address criticality concern in 
the cask pit pool and insure uniform boron concentration 
with the SFP.  

The proposed Section 5.6.1.1.e ensures that the spent fuel 
storage rack will be maintained with a nominal concentration 
of 2000 ppm boron in the pool water. Currently the pool is 
filled with borated water of a least 2000 ppm. This 
concentration of soluble boron provides a margin sufficient 
to allow timely detection of a boron dilution accident and 
corrective action before the minimum concentration (700 ppm) 
required to protect against the most severe postulated fuel 
handling accident or before the minimum concentration 
(300 ppm) required to maintain the storage configuration 
design basis (keff less than or equal to 0.95) is reached.  
This proposal is added insurance and a conservative measure 
which reiterates the requirement of the dilution analysis to 
maintain a minimum boron limit of 2000 ppm in the SFP.  

In support of the revised fuel assembly storage pattern, a 
new specification, TS 3/4.7.13, "Spent Fuel Pool Minimum 
Boron Concentration," is proposed. The minimum soluble 
boron concentration requirement determined from the 
criticality analysis during normal operation is 300 ppm and 
700 ppm if the most severe postulated accident is 
considered. This limiting condition for operation (LCO) 
addition, consistent with NUREG-1431, is mandated by the 
boron dilution analysis (Reference 2) to assure requirements

El-4



with credit taken for soluble boron. For additional 
conservatism, the minimum boron concentration limit of 
700 ppm for the postulated accident is increased to 
2000 ppm.  

The cask pit loading area is separated by a wall from the 
spent fuel storage area and is NRC approved for the addition 
of spent fuel assembly storage racks, although a rack is not 
currently installed. The separation wall contains a gated 
access with the ability to insert a weir gate. As a 
conservative measure to ensure the minimum soluble boron 
concentration limit exist in the cask pit pool and to 
address future criticality concerns during fuel assembly 
movement and storage in the cask pit pool, TVA proposes the 
addition of new specification, TS 3/4.7.14, " Cask Pit Pool 
Minimum Boron Concentration." This specification is 
commensurate to the proposed SFP minimum boron concentration 
specification above and is considered conservative as it 
provides LCO actions and SRs for water volume adjacent to 
the SFP.  

TVA proposes relocating SR 4.9.1.4 to the proposed 
specification for minimum boron concentration in the SFP.  
The SR existence was coordinated with a previous fuel 
storage revision and remains valid for the current proposed 
fuel storage management. However, currently this SR is 
located in specification 3/4.9.1, "Boron Concentration" of 
Refueling Operations. This particular LCO defines specific 
requirements of boron concentration for water volumes with 
direct access to the reactor vessel (i.e., the reactor 
cooling system and refueling canal). The proposed SR for 
relocation defines boron concentration requirements during 
fuel movement for the SFP. Relocation will not change or 
modify the intent of this SR, but better represent the plant 
system it is intended to address, the SFP.  

Surveillance Requirement 4.9.1.4 references two Design 
Features sections, which have proposed revisions to support 
long-term storage of fuel assemblies in the SFP. The 
revisions of the Design Features dictate the need to modify 
the SR by deleting "and 5.6.1.1.d." This deletion does not 
change the intent of the SR.  

TVA proposes relocating SR 4.9.1.5 to the proposed 
specification for minimum boron concentration in the cask 
pit pool. The SR existence was coordinated with a previous 
amendment for fuel storage within the cask pit area and 
remains valid for the current proposed fuel storage 
management. Currently, this SR is located in TS 3/4.9.1, 
"Boron Concentration" of Refueling Operations. This 
particular LCO defines specific requirements of boron 
concentration for water volumes with direct access to the
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reactor vessel (i.e., the reactor cooling system and 
refueling canal). The proposed SR for relocation defines 
minimum boron concentration for the cask pit. Relocation 
will not change or modify the intent of this SR, but better 
represent the plant system it is intended to address, the 
cask pit.  

Surveillance Requirement 4.9.1.5 references Design Features, 
which has proposed revisions to support long-term storage of 
fuel assemblies in the SFP. The revisions of the Design 
Features sections dictate the need to modify the SR by 
revising "5.6.1.1.e" to read "5.6.1.1.d." This revision is 
appropriate because is does not change intent of the SR.  

IV. NO SIGNIFICANT HAZARDS CONSIDERATION DETERMINATION 

TVA has concluded that operation of SQN Units 1 and 2, in 
accordance with the proposed change to the technical 
specifications (TSs) [or operating license(s)], does not 
involve a significant hazards consideration. TVA's 
conclusion is based on its evaluation, in accordance with 
10 CFR 50.91(a) (1), of the three standards set forth in 10 
CFR 50.92(c).  

In compliance with 10 CFR 50.91, this analysis provides a 
determination that the proposed change to the TS described 
previously does not involve any significant hazard 
consideration as defined in 10 CFR 50.92, as described 
below: 

A. The proposed change does not involve a significant 
increase in the probability or consequences of an 
accident previously evaluated.  

The presence of soluble boron in the spent fuel pool 
(SFP) water for criticality control does not increase 
the probability of a fuel assembly misplacement 
accident in the SFP. The handling of the fuel 
assemblies in the SFP has always been performed in 
borated water. The proposed change does allow greater 
flexibility for fuel storage configurations in the SFP.  
The increased flexibility does not introduce any 
greater complexity than the 3-zone configuration now in 
use. Fuel assembly placement will continue to be 
controlled pursuant to approved fuel handling 
procedures and will be in accordance with the TS 
limitations. There is no increase in the probability 
of a fuel placement accident.  

The criticality analysis shows the consequences of the 
most serious fuel assembly misplacement accident in the
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SFP are not affected when considering the presence of 
soluble boron. Under normal conditions, the rack keff 
remains subcritical as required by 10 CFR 50.68, and is 
less than 0.95 with only 300 ppm soluble boron 
concentration. In the event of a postulated fuel 
assembly misplacement, the presence of sufficient 
soluble boron in the SFP precludes criticality as a 
result of the misplacement. The criticality analysis 
demonstrates that the pool keff will remain less than 
0.95 following an accidental misplacement due to 2000 
parts per million (ppm) boron concentration of the 
pool. In fact, concentration of only 700 ppm soluble 
boron is sufficient to maintain keff less than 0.95 with 
95% probability at 95% confidence level for the most 
serious fuel assembly misplacement. The proposed TS 
will ensure that an adequate SFP boron concentration is 
maintained. There is no significant increase in the 
consequences of the accidental misplacement of spent 
fuel assemblies in the SFP.  

There is no increase in the probability of the loss of 
normal cooling to the SFP water when considering the 
presence of soluble boron in the pool water for 
subcriticality control since a high concentration of 
soluble boron has always been maintained in the SFP 
water.  

Reactivity changes due to SFP temperature changes have 
been evaluated. The base case criticality analysis 
used a SFP temperature of 200C. The SFP reactivity 
uncertainty due to temperature changes was considered 
for SFP temperatures ranging from 40C to 1200C. The 
reactivity increment between 40C and 20'C is taken into 
account as additional uncertainty in the analysis. In 
all spent fuel temperature cases, the temperature (and 
void) coefficients of reactivity are negative.  
Therefore there is no requirement for additional 
soluble boron above the base case level. Because the 
coefficients of reactivity are negative, the 
consequences of the loss of normal cooling to the SFP 
will not be increased.  

Therefore, based on the conclusions of the above 
analysis, the proposed changes do not involve a 
significant increase in the probability or consequences 
of an accident previously evaluated.
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B. The proposed change does not create the possibility of 
a new or different kind of accident from any accident 
previously evaluated.  

Spent fuel handling accidents are not new or different 
types of accidents and have been evaluated in the 
criticality analysis, Reference 1.  

The boron concentration in the SFP water is maintained 
at a minimum of 2000 ppm. The proposed changes to the 
TS do not change boron concentration requirements for 
the SFP water. A dilution of the SFP soluble boron has 
always been a possibility; however, it was shown in the 
SFP dilution evaluation (Reference 2) that there are no 
credible dilution events for which the SFP keff could 
reach criticality. Therefore, the implementation of 
proposed changes to the TS will not result in the 
possibility of a new kind of accident.  

The proposed changes for re-rack storage management 
continue to specify requirements for the spent fuel 
rack configurations. Since the proposed SFP storage 
configuration limitations are comparable to those used 
in the past, the new limitations will not have any 
significant effect on normal SFP operations and 
maintenance and will not create any possibility of a 
new or different kind of accident. Verifications will 
continue to be performed to ensure that the SFP loading 
configuration meets specified requirements.  

The misplacement of a fuel assembly in the revised 
storage configurations has been evaluated. In all 
cases, the rack keff remains subcritical and less than 
0.95 with 700 ppm boron in the water.  

As discussed above, the proposed changes will not 
create the possibility of a new or different kind of 
accident. There is no significant change in plant 
configuration, equipment design, or equipment.  

Under the proposed amendment, no changes are being made 
to the racks themselves, any other systems, or to the 
physical fuel handling structures in the Auxiliary 
Building itself. Therefore, the proposed change does 
not create the possibility of a new or different kind 
of accident from any accident previously evaluated.

E1-8



C. The proposed change does not involve a significant 
reduction in a margin of safety.  

The TS changes proposed by this License Amendment 
Request and the resulting spent fuel storage 
configuration limitations will provide adequate safety 
margin to ensure that the storage fuel assembly array 
will always remain subcritical. Those limits are based 
on a plant specific criticality analysis (Reference 1) 
performed in accordance with accepted spent fuel rack 
criticality analysis methodology.  

While the criticality analysis utilized partial credit 
for soluble boron, storage configurations have been 
defined to ensure that the spent fuel rack keff will be 
less than 1.0 with no soluble boron. Soluble boron 
credit is used to provide subcritical margin such that 
the SFP keff is maintained less than 0.95 under all 
credible conditions.  

The loss of substantial amounts of soluble boron from 
the SFP, which could lead to keff exceeding 0.95, has 
been evaluated (Reference 2) and shown to be not 
credible. This evaluation also shows that dilution of 
the SFP boron concentration from 2000 ppm to 800 ppm is 
not credible. Also, the spent fuel storage pool keff 
remains less than 1.0 at a 95/95 probability/confidence 
level with the pool filled with unborated water.  
Therefore, the proposed change does not involve a 
significant reduction in the margin of safety.  

Based on the above evaluation, TVA concludes that the 
proposed changes to the TSs does not result in a 
significant reduction in a margin of safety.  

V. ENVIRONMENTAL IMPACT CONSIDERATION 

The proposed change does not involve a significant 
hazards consideration, a significant change in the 
types of or significant increase in the amounts of any 
effluents that may be released offsite, or a 
significant increase in individual or cumulative 
occupational radiation exposure. Therefore, the 
proposed change meets the eligibility criteria for 
categorical exclusion set forth in 10 CFR 51.22(c) (9).  
Therefore, pursuant to 10 CFR 51.22(b), an 
environmental assessment of the proposed change is not 
required.
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ENCLOSURE 2

TENNESSEE VALLEY AUTHORITY 
SEQUOYAH PLANT (SQN) 

UNITS 1 AND 2 

PROPOSED TECHNICAL SPECIFICATION (TS) CHANGE 99-17 
MARKED PAGES 

I. AFFECTED PAGE LIST 

Unit 1 

Index Page IX 
Index Page XIV 
3/4 9-la 
5-5 
5-5a 
5-5c 
5-5d 
5-5e 

New Sections and Associated Bases 

3/4 7.13, "SPENT FUEL POOL MINIMUM BORON CONCENTRATION" 
3/4 7.14, "CASK PIT POOL MINIMUM BORON CONCENTRATION" 

Unit 2 

Index Page IX 
Index Page XIV 
3/4 9-la 
5-5 
5-5a 
5-5c 
5-5d 
5-5e 

New Sections and Associated Bases 

3/4 7.13, "SPENT FUEL POOL MINIMUM BORON CONCENTRATION" 
3/4 7.14, "CASK PIT POOL MINIMUM BORON CONCENTRATION" 

II. MARKED PAGES 

See attached.
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3/4.7.12 

-I
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FLOOD PROTECTION (DELETED) ...................  

CONTROL ROOM EMERGENCY VENTILATION SYSTEM ....  

AUXILIARY BUILDING GAS TREATMENT SYSTEM ......  

SNUBBERS (DELETED) ...........................  

SEALED SOURCE CONTAMINATION ..................  

FIRE SUPPRESSION SYSTEMS (DELETED) ...........  

FIRE BARRIER PENETRATIONS (DELETED) ..........

3/4 
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3/4.8 ELECTRICAL POWER SYSTEMS 
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3/4.8.2 ONSITE POWER DISTRIBUTION SYSTEMS 
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3/4 8-15

m 3/4.7.13 L 
-I 3/4.7.14 

I

SPENT FUEL POOL MINIMUM BORON CONCENTRATION ........  

CASK PIT POOL MINIMUM BORN CONCENTRATION ...........
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THIS PAGE IS INSERTED TO ASSIST IN THE REVIEW OF THE PROPOSED TS MODIFICATIONS AND 
'CONTAINS NO CHANGES.  

, I 
i 3/4.9 REFUELING OPERATIONS 

* 3/4.9.1 BORON CONCENTRATION I 
i LIMITING CONDITION FOR OPERATION , I 

3.9.1 With the reactor vessel head closure bolts less than fully tensioned or 
with the head removed, the boron concentration of all filled portions of the R116 
Reactor Coolant System and the refueling canal shall be maintained uniform and 
sufficient to ensure that the more restrictive of the following reactivity 

i conditions is met: H 

a. Either a Keff of 0.95 or less, which includes a 1% delta k/k i 
b. conservative allowance for uncertainties, or R176 

b. A boron concentration of greater than or equal to 2000 ppm, which 
includes a 50 ppm conservative allowance for uncertainties. i I 

APPLICABILITY: MODE 6* i 
ACTION: 

With the requirements of the above specification not satisfied, immediately i 
i suspend all operations involving CORE ALTERATIONS or positive reactivity I 

changes and initiate and continue boration at greater than or equal to 35 gpm 
i of a solution containing greater than or equal to 6120 ppm boron or its RU6 

i equivalent until Keff is reduced to less than or equal to 0.95 or the boron 
concentration is restored to greater than or equal to 2000 ppm, whichever is 

a the more restrictive. The provisions of Specification 3.0.3 are not i 
applicable.  

SURVEILLANCE REQUIREMENTS II 
4.9.1.1 The more restrictive of the above two reactivity conditions shall be 
determined prior to: II 

a. Removing or unbolting the reactor vessel head, and 
* b. Withdrawal of any full length control rod in excess of 3 feet from 

i its fully inserted position within the reactor pressure vessel.  

, I 
4.9.1.2 The boron concentration of the reactor coolant system and the 
refueling canal shall be determined by chemical analysis at least once per 72 F|6 

a hours. i 
II 
, I 
II 
, I 

*The reactor shall be maintained in MODE 6 whenever fuel is in the reactor 
vessel with the vessel head closure bolts less than fully tensioned or with 
the head removed.  

, I 

I November 26, 1993 
i SEQUOYAH - UNIT 1 3/4 9-1 Amendment No. 12, 144, 172



3/4.9 REFUELING OPERAIIONS

SURVEILLANCE REQUIREMENTS (Continued) 

4.9.1.3 One of the following valve combinations shall be verified closed 
under administrative control at least once per 72 hours:

Combination A 
a. 1-81-536 
b. 1-62-922 
c. 1-62-916 
d. 1-62-933

Combination B 
a. 1-81-536 
b. 1-62-922 
c. 1-62-916 
d. 1-62-940 
e. 1-62-696 
f. 1-62-929 
g. 1-62-932 
h. I.FCV-62-128

Combination C 
a. 1-81-536 
b. 1-62-907 
c. 1-62-914 
d. 1-62-921 
e. 1-62-933

Combination D 
a. 1-81-536 
b. 1-62-907 
c. 1-62-914 
d. 1-62-921 
e. 1-62-940 
f. 1-62-929 
q. 1-62-932 
h. 1-62-696 
i. 1-FCV-62-128

- - - - - - - - - - - - - - - - - - - - - - - - - - - .-.R148
4.9.1. 4 The boron concentration in the spent fuel pool shall be determined by 
ohomieal analysis to be greater than . .equal to 2,000 parts per million ,ppmt 
at least once per 72 hours curing fuel movement and until the configuration of 
the assemblies in the storage acEs is verified to comply w.. th the rit-4-a••lity 
loading orltria sp..ified in Dooign Feature 5.6.1.1.e and 6.6.1.1.d.  

4.9.1.5 The boron concentr~ation 4rn the cask loadling ar-ea of thae eask pit 
shall be eetermined by chemical analysis t be greater than ar equal to 200 
parts per ....... n .ppm) at least once per .72 ho.urs during fuel move..ent in 
that area and until the assemblies 4n that storage rack are veri=fied to comply 
with the crt-icality loading +iter•a• specified in Design Feature 5.6.1.1.e.

* 17 

I 
RI 7 

I 
I

-I- 
I - - - -- - - - - - - - - - - - - - - - - - |

SEQUOYAH - UNIT 1 3/4 9-la Amendment No. 12, 144, 
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'THIS PAGE REPRESENTS THE NEW TS REQUIRMENTS FOR BORON CONCENTRATION IN THE SPENT FUEL l 
iPOOL.  

PLANT SYSTEMS 

3/4.7.13 SPENT FUEL POOL MINIMUM BORON CONCENTRATION

LIMI TING CONDITION FOR OPERATION

3.7.13

APPLICABILITY:

The spent fuel pool boron concentration shall be Ž 2000 ppm.  

Whenever fuel assemblies are stored in the spent fuel 
storage racks.

ACTION:

a. With the requirements of the specification not satisfied, 
suspend all movement of fuel assemblies and initiate action to 
restore spent fuel storage pool boron concentration to within 
limit. The provisions of Specification 3.0.3 are not 
applicable.

SU-RVE-LL'ANC-E REQUIREMENTS

4.7.13.1 

4.7.13.2

Verify at least once per 7 days the spent fuel pool boron 
concentration is within limit.  

Verify at least once per 72 hours during fuel movement the 
spent fuel pool boron concentration is within limit and until 
the configuration of the assemblies in the storage rack is 
verified to comply with the criticality loading criteria 
specified in Design Feature 5.6.1.1.c.

SEQUOYAH - UNIT 1 3/4 7-42 Amendment No.
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|THIS PAGE REPRESENTS THE NEW TS REQUIRMENTS FOR BORON CONCENTRATION IN THE CASK PIT 
'POOL.

PLANT SYSTEMS

3/4.7.14 CASK PIT POOL MINIMUM BORON CONCENTRAIION

LI[MITING CONDITION FOR OPER-PATION\

3.7.14

APPLICABILITY:

The cask pit pool boron concentration shall be Ž 2000 ppm.  

Whenever fuel assemblies are stored in the cask pit rack.

ACTION:

I 
I 

I 
I 

I 
I 

I

a. With the requirements of the specification not satisfied, 
suspend all movement of fuel assemblies and initiate action to 
restore cask pit pool boron concentration to within limit. The 
provisions of Specification 3.0.3 are not applicable.  

SURVEILLANCE REQUIREMENTS

4.7.14.1 

4.7.14.2

Verify at least once per 7 days the cask pit pool boron 
concentration is within limit.  

Verify at least once per 72 hours during fuel movement the 
cask pit pool boron concentration is within limit and until 
the configuration of the assemblies in the storage rack is 
verified to comply with the criticality loading criteria 
specified in Design Feature 5.6.!.1.d.

I 

I 

I 
I 

I 

I
SEQUOYAH - UNIT 1 3/4 7-43 Amendment No.

SEQUOYAH - UNIT 1 3/4 7-43 Amendment No.
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I PLANT SYSTEMS 

I BASESI

3/4.7.13 SPENT FUEL POOL MINIMUM BORON CONCENTRATION

BACKGROUND

I
The spent fuel racks have been analyzed in accordance with 
the Holtec International methodology contained in Holtec 
Report HI - 992349 (Ref. 1). This methodology ensures that 
the spent fuel rack multiplication factor, kf is less than 
or equal to 0.95, as recommended by the NRC guidance 
contained in NRC Letter to All Power Reactor Licensees from 
B.K. Grimes, "OT Position for Review and Acceptance of Spent 
Fuel Storage and Handling Applications", April 14, 1978 and 
USNRC Internal Memorandum from L. Kopp, "Guidance On The 
Regulatory Requirements For Criticality Analysis Of Fuel 
Storage At Light-Water Reactor Power Plants", August 19, 
1998 (Refs. 2 & 3). The codes, methods, and techniques 
contained in the methodology are used to satisfy the k' 
criterion. The spent fuel storage racks were analyzed using 
Westinghouse 17xl7 V5H fuel assemblies, with enrichments up 

to 4.95 ±0.05 w/o U-235 and configurations which take credit 
for checkerboarding, burnup, soluble boron, integral fuel 
burnable absorbers (such as IFBA or gadolinia), and cooling 

time to ensure that k,-f is maintained ! 0.95, includino 
uncertainties, tolerances, and accident conditions. n 

addition, the SFP k,,. is maintained < 1.0, including 
uncertainties, tolerances on a 95/95 basis without anv 
soluble boron. Calculations were performed to evaluate the 
reactivity of fuel types used at SQN. The results show that 
the Westinghouse 17x17 V5H fuel assembly exhibits the 
highest reactivIty, thereby bounding all fuel types utilized 
and stored at SQN.  

In the high density Spent Fuel Storage Rack design (Refs. 1 
and 4), the spent fuel storage pool is divided into three 
separate and distinct regions which, for the purpose of 
criticality considerations, are considered as separate 
pools. Region 1 is designed to accommodate new fuel with a 

maximum enrichment of 4.95 ± 0.05 wt% U-235, or spent fuel 
regardless of the discharge fuel burnup in a l-in-4 

checkerboard arrangement of 1 fresh assembly with 3 spent 
fuel assemblies with enrichment, burnup and cooling times in 
accordance with Design Features 5.6.1.ic.l. Region 2 is 

designed to accommodate fuel which have 4.95 ± 0.05 wt% U
235 initial enrichment burned to at least 30.27 MWD/KgU 
(assembly average), or fuel of other enrichment with a 
burnup yielding an equivalent reactivity in the fuel racks 
in accordance with Design Features 5.6.1.1c.2. Region 3 is 

designed to accommodate fuel of 4.95 ± 0.05 wt% U-235 
initial enrichment or fuel assemblies of any lower 
reactivity in a 2-out-of-4 checkerboard arrangement with 
water-filled cells and in accordance with Design Features 
5.6.1.1c.3.  

The water in the spent fuel storage pool normally contains

(continued) 

SEQUOYAH - UNIT 1 B 3/4 7-9 Amendment No.
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PLANT SYSTEMS 

BASES

BACKGROUND 
(continued) soluble boron, which results in large subcriticality margins 

under actual operating conditions. However, the NRC 
guidelines, based upon the accident condition in which all 
soluble poison is assumed to have been lost, specify that 
the limiting ke," of < 1.0 be evaluated in the absence of 
soluble boron. Hence, the design of all regions is based on 
the use of unborated water, which maintains each region in a 
subcritical condition during normal operation with the 
regions fully loaded. The double contingency principle 
discussed in ANSI N-16.1-1975 and the April 1978 NRC letter 
(Ref. 5) allows credit for soluble boron under other 
abnormal or accident conditions, since only a single 
accident need be considered at one time. For example, the 
most severe accident scenario is associated with the 
accidental mishandling of a fresh fuel assembly face 
adjacent to a fresh fuel assembly of Region 3. This could 
potentially increase the criticality of Region 3. To 
mitigate these postulated criticality related accidents, 
boron is dissolved in the pool water. The soluble boron 
concentration required to maintained k,•f • 0.95 under normal 
conditions is 300 ppm and 700 ppm under the most severe 
postulated fuel mis-location accident. Safe operation of 
the spent fuel storage racks may therefore be achieved by 
controlling the location of each assembly in accordance with 
Design Features 5.6 FUEL STORAGE. During fuel movement, it 
is necessary to perform Surveillance Requirement 4.7.13.2.

APPLICABLE 
SAFETY ANALYSES

Most accident conditions do not result in an increase 
in the reactivity of any one of the three regions. Examples 
of these accident conditions are the loss of cooling and the 
dropping of a fuel assembly on the top of the rack.  
However, accidents can be postulated that could increase the 
reactivity. This increase in reactivity is unacceptable 
with unborated water in the storage pool. Thus, for these 
accident occurrences, the presence of soluble boron in the 
storage pool prevents criticality in all regions. The most 
limiting postulated accident with respect to the storage 
configurations assumed in the spent fuel rack criticality 

analysis is the misplacement of a nominal 4.95 ± 0.05 w/o 
U-235 fuel assembly into an empty storage cell location in 
the Region 3 checkerboard storage arrangement. The amount 
of soluble boron required to maintain k__ less than or equal 
to 0.95 due to this fuel misload accident is 700 ppm (Ref.  
1).

A spent fuel boron dilution analysis was performed to ensure 
that sufficient time is available to detect and mitigate 
dilution of the spent fuel pool prior to exceeding the kaf 
design basis limit of 0.95 (Ref. 6). The spent fuel pool 
boron dilution analysis concluded that an inadvertent or 
unplanned event that would result in a dilution of the 

(continued)

SEQUOYAH - UNIT 1 B 3/4 7-10 Amendment No.
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PLANT SYSTEMSI 

I

SEQUOYAH - UNIT 1 B 3/4 7-11 Amendment No.
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BASES 

APPLICABLE spent fuel pool boron concentration from 2000 ppm to 700 
SAFETY ANALYSES ppm is not a credible event.  

(continued) 
The concentration of dissolved boron in the spent fuel.  
storage pool satisfies Criterion 2 of the NRC Policy 
Statement.  

LCO The spent fuel storage pool boron concentration is required 
to be > 2000 ppm. The specified concentration of dissolved 
boron in the spent fuel storage pool preserves the 
assumptions used in the analyses of the potential critical 
accident scenarios as described in Reference 7. This 
concentration of dissolved boron is the minimum required 
concentration for fuel assembly storage and movement within 
the spent fuel storage pool.  

APPLICABILITY This LCO applies whenever fuel assemblies are stored in the 
spent fuel storage pool.  

ACTIONS Action a: 

When the concentration of boron in the spent fuel storage 
pool is less than required, immediate action must be taken 
to preclude the occurrence of an accident or to mitigate the 
consequences of an accident in progress. This is most 
efficiently achieved by immediately suspending the movement 
of fuel assemblies. The concentration of boron is restored 
along with suspending movement of fuel assemblies.  

Action a is modified by a provision indicating that LCO 
3.0.3 does not apply. If the LCO is not met while moving 
irradiated fuel assemblies in MODE 5 or 6, LCO 3.0.3 would 

not be applicable. Moving irradiated fuel assemblies while 
in MODE 1, 2, 3, or 4 is independent of reactor operation.  
Therefore, inability to suspend movement of fuel assemblies 
is not sufficient reason to require a reactor shutdown.  

(continued) | 
I 

I
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PLANT SYSTEMS 

BASES (continued) I 

SURVEILLANCE I REQUIREMENTS I 
4.7.13.1 This Surveillance Requirement verifies that the 

l concentration of boron in the spent fuel storage pool is 
within the required limit. As 'ong as this Surveillance 

n Requirement is met, the analyzed accidents are fully 
addressed. The 7 day Frequency is appropriate because no 
significant replenishment of pool water is expected to take 
place over such a short period of time. (Ref. 6) 

I 4.7.13.2 This Surveillance Requirement verifies that the 
concentration of boron in the spent fuel storage pool is i 
within the required limit during fuel movement until thei 

i final configuration of the assemblies in the storage racks 
is verified to be correct. As long as this Surveillance 

n Requirement is met, the analyzed accidents are fully I addressed. The 72 hour Frequency provides additional 
assurance that the maximum K,,[ remains below the 0.95 limit 

m under the postulated accident condition. (Ref. 8) I~I| 

REFERENCES i 

Arrangements," HI-992349 
n 

2. B.K. Grimes (NRC GL78011), "OT Position for Review and 
Acceptance of Spent Fuel Storage and Handling Applications", i 

* April 14, 1978 

i 3. L. Kopp, "Guidance On The Regulatory Requirements For i 
* Criticality Analysis Of Fuel Storage At Light-Water Reactor 

Power Plants", August 19, 1998 

4. UFSAR, Section 4.3.2.7, "Critically of Fuel Assemblies" n 
I 

5. Double contingency principle of ANSi N16.!-1975, as 

specified in the April 14, 1978 NRC letter (Section 1.2) and 
implied in the proposed revision to Regulatory Guide 1.13 
(Section 1.4, Appendix A).  

* 6. K K Niyogi (Holtec International), "Boron Dilution i 
Analysis," HI-992302 i 

7. FSAR, Section 15.4.5 i I 

i 8. NRC letter to TVA dated August 1, 1990, " Increase Fuel 
Enrichment to 5.0 Weight Percent (TAC Nos. 76074, 76075, 
76774, 76775) (TS 90-12) - Sequoyah Nuclear Plant, Units 1 

i and 2" i 

i SEQUOYAH - UNIT 1 B 3/4 7-12 Amendment No.  
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I PLANT SYSTEMS

I 

I

POOL MINIMUM BORON CONCENTRATION

I 
I 

I 
I

I

APPLICABLE 
SAFETY ANALYSES

Most accident conditions do not result in an increase in 
the reactivity of the cask pit. Examples of accident 
conditions are the loss of cooling and the dropping of a 
fuel assembly on the top of the rack. However, accidents 
can be postulated that could increase the reactivity. This 
increase in reactivity is unacceptable with unborated water 
in the storage pool. Thus, for these accident occurrences, 
the presence of soluble boron in the cask pit pool prevents 
criticality. The most limiting postulated accident bounding 
the cask pit pool has been determined to occur in the spent 
fuel pool. The postulated accident with respect to the 
storage configurations assumed in the spent fuel rack 

criticality analysis is the misplacement of a nominal 4.95 + 
0.05 w/o U-235 fuel assembly into an storage cell location 
in the Region 2 checkerboard storage arrangement for an 
irradiated fuel assembly. The amount of soluble boron 
required to maintain kff less than or equal to 0.95 due to 
this fuel misload accident is 700 ppm (Ref. 2).  

The concentration of dissolved boron in the fuel storage 
pool satisfies Criterion 2 of the NRC Policy Statement. I

LCO The cask pit pool boron concentration is required to be Ž 
2000 ppm. The specified concentration of dissolved boron in 
the cask pit pool preserves the assumptions used in the 
analyses of the potential critical accident scenarios as 
described in Reference 3. This concentration of dissolved 
boron is the minimum required concentration for fuel 
assembly storage and movement within the cask pit pool.  

(continued)

I SEQUOYAH - UNIT 1 I B 3/4 7-13 Amendment No.

BASES

The Sequoyah cask pit pool consists of a deep pool with 
adjacent shelf area. The cask pit pool is connected to the 
spent fuel pool through a weir gate. The cask pit is 
intended to be used for spent fuel shipment activities.  

High density spent fuel storage racks have been approved for 
addition and use in the cask loading area of the cask pit 
(Ref. 1) but presently are not installed. The 15 x 15 
module could store 225 fuel assemblies and is designed to 
maintain stored fuel havino an initial enrichment of up to 5 
wt % U-235, in a safe, coolabie, and sub-critical 
configuration during normal discharge, full core offload 
storages and postulated accident conditions. Fuel 
assemblies shall be stored in accordance with paragraph 
5.6.1.1.d in Design Features 5.6, Fuel Storage.

3/4.7.14 CASK PIT

BACKGROUND

I 

I 
I 

i 
I 

i 
I 

i
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I PLANT SYSTEMS I 

I BASES (continued) I 
* I 

APPLICABILITY This LCO applies whenever fuel assemblies are stored in the 
cask pit pool.  

I ACTIONS Action a: 

When the concentration of boron in the cask pit pool is less 

I than required, immrediate action must be taken to preclude 
the occurrence of an accident or to mitigate the 
consequences of an accident in progress. This is most i 
efficiently achieved by immediatey suspending the movement 
of fuel assemblies. The concentration of boron is restored 

* along with suspending movement of fue- assemblies.  

I Action a is modified by a provision indicating that LCO I 
3.0.3 does not apply. if the LCO is not met while moving 
irradiated fuel assemblies in MODE 5 or 6, LCO 3.0.3 would 

not be applicable. Moving irradiated fuel assemblies while 
in MODE 1, 2, 3, or 4 is independent of reactor operation.  

i Therefore, inability to suspend movement of fuel assemblies I is not sufficient reason to require a reactor shutdown. I 
* I 

I SURVEILLANCEI 
REQUIREMENTS 

i I 

4.7.14.1 This Surveillance Requirement verifies that the I 
concentration of boron in the cask pit pool is within the 
Srequired limit. As long as this Surveillance Requirement is 
met, the analyzed accidents are fully addressed. The 7 day 
Frequency is appropriate because no significant 
replenishment of pool water is expected to take place over 
such a short period of time. (Ref. 4) U 

I 4.7.14.2 This Surveillance Requirement verifies that the I 
I concentration of boron in the cask pit pool is within the I required limit during fuel movement until the final 

configuration of the assemblies in the storage racks is 
* verified to be correct. As long as this Surveillance 
I Requirement is met, the analyzed accidents are fully 

addressed. The 72 hour Frequency provides additional 
assurance that the maximum k÷1, remains below the 0.95 limit 
under the postulated accident condition. (Ref. 1) 

I I 
l I 

I I 
I I 

I I 
I I 

I I 
I I SEQUOYAH - UNIT 1 B 3/4 7-14 Amendment No.  I I
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I

1. NRC letter to TVA dated April 28, 1993, "issuance of 
Amendments (TAC NOS. M83068 and M83069)" 

2. Stanley E Turner (Holtec international), "Criticality Safety 
Analyses of Sequoyah Spent Fuel Racks with Alternative 
Arrangements," HI-992349 

3. FSAR, Section 15.4.5 

4. K K Niyogi (Holtec international), "Boron Dilution 
Analysis," HI-992302
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DESIGN FEATURES 

5.6 FUEL STORAGE

CRITICALITY - SPENT FUEL R171

5.6.1.1 The spent fuel storage racks are designed for fuel enriched to 
5.0 weight percent U-235 and shall be maintained with: 

r - - - - - - - - - whe - - - - ---------------

a. A keff oquivalnt to less than 4 when flooded with unborated I wate.* 
citical w unbra i Insert I - J 

I.... b•- -o77na-l "-972 "7cF 7-bttr--no-7cen~e7 dt ~nceb~t•e•n" f ̀ 77`1 
assemblies placed in the storage racks.  

r -- -- -- -- - - - --- - - - - - - - - - - --

c. 1 t ..... n r ........ in the spent fuel storage pool with-the 
following definitions : / 

1. Region 1 is designed to accommodate new fuel with a maximum 
enrichment of 4.95 ± 0.05 ,t% U-235,,,r spent fuel regardless 
of the fuel burnup-4---0•0 5spen f t.  

2. Region 2 is designed to accommodate fuel of 4.95%- i*nitial 
enrichment burned to at least @ MWD/KgU (assembly average), or 
fuel of other enrichments with a burnup yielding an equivalent 

igtime, ] reactivity in the fuel racks. The minimum required assembly 
average burnup in MWD/KgU is given by Y; when Y - 23.761 i 
22.975E .015E .... .I[ where E is the initial 
enrichment in the axial zone of highest enrichmenti.

3. Region 3 is designed to accommodate new fuel of 4.95% initial 
enrichment un to f t raot Th minimu rcouirb' assembly

avcraag burnup is given by Y(MWD/KgU) whcrc Y - - ..7-25 i 
!8.76E - .3933E4 -1 0.A666E:, wh e 3FE ,:s t-h ei4-it 1 enrihoment 
in the axial oonc of highest enrichno F ±0.05 w U-235 

An empty cell is less reactive than any cell containing fuel and
therefore may be used as a Region 

Onse 7 arrangement.  

E d.6" following arrangement of regi 
P891.l

1, Region 2, or Region 3 cell in any

eRR2 appfly' -in the spr'- -P,,--Ip-r'-

i . t-egin 1 fuel aseooamlies leeatocd alens with periphery: ef the -oto)r.arqc
Fftettulesl~ aO HHflO flOG -,J2I i2 2M4m- 1=1 q22P rm qt r'ni=;;

I 

I 

I 
I

------ - - - - - - - - - - - - - - - - - .. '71 
*For some accident conditions, the presence of dissolved boron in the 

pool water may be taken into account by applying the double contingency 
principle which requires two unlikely, independent, concurrent events to 
produce a criticality accident.

SEQUOYAH - UNIT 1 5-5 Amendment No. 13, 60, 114,144, 
167 
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DESIGN FEATURES 

5.6 FUEL STORAGE r . . . . . . . . . . . . . . . . . . . . . . . . ..- - - - - - 1 

cash other and from the inner Regon 3 00110 by at least co (1),2 
RIgi.n 2 pent fuel azorobly (i.e., furl ef 50 MWD/KgU buroup or

2. Rogion 1 fuel as.......m.. ..at .along to. w. .. .wat-... ,ap .between 
storage ifdueEir•o .Rs-t be isolated from each ethor and fromFR the inner 
Regien 3 crlb by at leot m (1) Region 2 spent furl assembly 
(4.e., fuel of 50 MWD/,KgU assembly average burnup or equivalent) 

3. Regio- 1 firl a..... bi4 located along tho narrow wat... -gapso* 
between sterage odif roiae must 19e 4lolatode froem raoh other by at least 
two (2) Region 2 soprot fiirl aooeRmblieo and firom the inner Re-olon 3 
orls by at least 0ne (1) Rogin 2 ospent fuel assembly (i. e., fa•l 
of 50 MWD/KgU assermbly .... ag. bur...up or- ouivalot) .

- A r1'�oborr� nrttrrn of for
throughout any •t.rag. moau! e

oh furl and empty e.ll. may 
I or internal to any st.rag.  
an in Figure 5.6 2.

Figure 5.6-1 •h•w• a typical arrangerent of roeegin. Figure 5.6--2 
ilu-tratro inter-nal fmreduler eheoekrareng oef fresh furl witha r•mFpt=y 

burn in a portio nof the furl pool. Figur2an 5.6 3 ic.tr.at.. the two 
burouap-ergodhfaent rguatiooo (S. 6. 1.1.e. 2 and, S.6.1. 1.e. 3) 4in gjraphiea-l 
feafor.

nt furl oretidng the Regien 3 bur-nu-p rg 'emrnts shall br stoerde

I 

I 

I 

I 
I 

I 
I

- I II NFE - - - - - - - - - - - - - - - - - - -

5.6.1.2 The new fuel pit storage racks are designed for fuel enriched to 
5.0 weight percent U-235 and shall be maintained with the arrangement of 146 
storage locations shown in Figure 5.6-4. The cells shown as empty cells in 
Figure 5.6-4 shall have physical barriers installed to ensure that inadvertant 
loading of fuel assemblies into these locations does not occur. This 
configuration ensures keff will remain less than or equal to 0.95 when flooded 
with unborated water and less than or equal to 0.98 under optimum moderation 
conditions.  

DRAINAGE 

5.6.2 The spent fuel pit is designed and shall be maintained to prevent 
inadvertent draining of the pool below elevation 722 ft.

R229

**~The nominal g~ap (2 1/8 inehrc) running in the F W dlirrotion, brt-wer then 
*aajarrot moreulro is referred to as the "wide gjap." The N S dlireetior gap 

(1.5 inch) is E.f.rrrd to. as the "narrow gap." 

July 1, 1997 

SEQUOYAH - UNIT 1 5-5a Amendment No. 13, 60, 114, 144, 
167, 225
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DESIGN FEATURES ATTACHMENT

Tech Spec Change Inserts 

INSERT 1. Change as marked and add the following sentence: 

... and a keff less than or equal to 0.95 when flooded with water 
containing 300 ppm soluble boron...  

INSERT 2. Delete marked phrase and substitute the following: 

Arrangements of one or more of three different arrays (Regions) or 
sub-arrays as illustrated in Figures 5.6-1 and 5.6-la. These 
arrangements...  

INSERT 3. Add the following 

... in a l-in-4 checkerboard arrangement of 1 fresh assembly with 
3 spent fuel assemblies with enrichment-burnup and cooling times 
illustrated in Figure 5.6-2 and defined by the equations in Table 
5.6-1. Cooling time is defined as the period since reactor 
shutdown at the end of the last operating cycle for the discharged 
spent fuel assembly. The presence of a removable, non-fissile 
insert such as a burnable poison rod assembly (BPRA) or either 
gadolinia or integral fuel burnable absorber (IFBA) in a fresh 
fuel assembly does not affect the applicability of Figure 5.6-2 or 
Table 5.6-1.  

Two alternative storage arrays (or sub-arrays) are acceptable in 
Region 1 if the fresh fuel assemblies contain rods with either 
gadolinia or integral fuel burnable absorber (IFBA). For these 
types of assemblies, the minimum burnup of the spent fuel in the 
l-of-4 sub-array are defined by the equations in Table 5.6-2.  

Restrictions in Region 1 

Any of the three sub-arrays illustrated in Figure 5.6-la may be used in any 
combination provided that: 

1) Each sub-array of 4 fuel assemblies includes, in addition to the fresh 
fuel assembly, 3 assemblies with enrichment and minimum burnup 
requirements defined by the equations in Tables 5.6-1 and 5.6-2, as 
appropriate.  

2) The arrangement of Region 1 sub-arrays must not allow a configuration 
with fresh assemblies adjacent to each other.  

3) If Region 1 arrays are used in conjunction with Region 2 or Region 3 
arrangements (see below), the arrangements shall not allow fresh fuel 
assemblies to be adjacent to each other (see also Figure 5.6-1).  

INSERT 4. Delete marked phrases and substitute the following: 

... by the equations in Table 5.6-3 in terms of E,...  

INSERT 5. Add the following: 

... (wt% U-235). The minimum required burnups are illustrated in Figure 
5.6-3 in terms of the initial enrichment and cooling time.



Restrictions in Region 2

The following restrictions apply to the storage of spent fuel in the Region 2 
cells: 

1) The spent fuel shall conform to the minimum burnup requirements defined 
by the equations in Table 5.6-3. Linear interpolation between cooling 
times may be made if desired.  

2) For the interface with Region 1 storage cells, fresh fuel in Region 1 
shall not be stored adjacent to spent fuel assemblies in the Region 2 
storage cells.  

INSERT 6. Delete the marked lines and add the following: 

... (or fuel assemblies of any lower reactivity) in a 2-out-of-4 
checkerboard arrangement with water-filled cells. The water-filled 
cells shall not contain any components bearing any fissile 
material, but may accommodate miscellaneous items or equipment.  

Restrictions in Region 3 

1) For the interface between Region 1 and Region 3 storage regions, fresh 
fuel assemblies shall not be stored adjacent to each other.  

2) If miscellaneous items or equipment are stored in the water cells of 
Region 3, the total volume of the miscellaneous items shall be no more 
than 75% of the storage cell volume.  

3) No fuel rods, assemblies, or items containing fissile material shall be 
stored in the water cells of Region 3.  

INSERT 7. Delete the indicated lines and add the following: 

d. Region 2 array described above may be used in the 15 x 15 storage 
rack module in the cask loading area of the cask pit.  

e. A nominal concentration of 2000 ppm boron in the pool water. This 
concentration of soluble boron provides a margin sufficient to allow 
timely detection of a boron dilution accident and corrective action 
before the minimum concentration (700 ppm) required to protect 
against the most severe postulated fuel handling accident or before 
the minimum concentration (300 ppm) required to maintain the storage 
configuration design basis (keff less than 0.95) is reached.  

INSERT 8. Delete the old Figures 5.6-1, 5.6-2, and 5.6-3.  

Replace with Figures 5.6-1, 5.6-1 a, 5.6-2, and 5.6-3.

Add Tables 5.6-1, 5.6-2, and 5.6-3.



Region 1 Storage Burnup Restrictions; Checkerboard of I Fresh Fuel Assembly 

and 3 Spent Fuel Assemblies (Without Gadolinium or IFBA Rods)

I 
I 

I 
I 

I 
I 

I

SEQUOYAH - UNIT 1

Table 5.6-1

Insert

I 
| 

I

For Zero Year Cooling Time 

Biu(lirmit) -28 1868 + 23.0765 x E -2.46264 x E' + 0,167868 x E3 
For One Year Cooling Time 

Bu (limit) =27,3317 + 22.5087 x E - 240586 x E+ 064207 xE3 

For Two Years Cooling Time 

Bu (limit) = -26.4693 + 218404 x E - 2.31873 x E2 + 0.158218 x E" 
For Three Years Cooling Time 

Bu (limit) = -25.7404 + 21.2659 x E - 2,24287 x E +0.153018 xE 
For Four Years Cooling Time 

Bu (limit) = - 25.1367 + 20.7910 x E -2, 18484 x E' ; 0.14993631x E3 

For Five Years Cooling Time 

Bu (limit) = - 24,5981 + 20.3568 x E - 2.141719 x E+ 0, 14543 xE 

For Ten Years Cooling Time 

Bu (limit) = - 23,2050 + 19.2969 x E - 2.06993 x E2 + 0,145875 x E3 
For Fifteen Years Cooling Time 

Bu (limit) = -22,6098 + 18-8544 x E - 2.08617 x E 2 + 0 150473 x E3 

For Twenty Years Cooling Time 

Bu (limit) =-223017 + 18.622 x E- 2.11206 x E2 + 0.15467x E

A-mendment No. I



Insert 8 

Table 5.6-2 Region 1 Storage Burnup Restrictions with Gadolinium or IFBA 

With Gadolinium Credit: Checkerboard of I Fresh Fuel Assembly with 3 Spent Fuel Assemblies I 

Zero Year Cooling Time, 0 Gadolinium Rods I 

Bu (limit) 28.1868 + 23.0765 x E - 2.46264 x E2 + 0.167868 x E3 

Zero Year Cooling Time, 4 Gadolinium Rods I 
Bu (limit) -28,4012 + 220062 x E - 219268 x E' + 0.143601 x E! 

Zero Year Cooling Time, 8 Gadolinium Rods I 
Bu (limit) -31.4262 + 22.0768 x E - 2.38845 x E' + 0. 164888 x E;

~I 

Note, If more than 8 Gadolintum rods per assembly, use the 8 rod correlation. I 

With lFBA Credit Checkerboard of I Fresh Fuel Assemblv with 3 Spent Fuel Assemblies 

Zero Year Cooling Time, 0 1FBA Rods I 

Bu (limnit) = 28.1868 + 23,0765 x E - 2.46264 E + 0.167868 x E3 

Zero Year Cooling Time, 16 IFBA Rods 

Bu (limit) = 28.5048 + 21 .6411 x E - 2.15262 x E' + 0,140904 x E 

Zero Year Cooling Time, 32 IFBA Rods 

Bu (limit) = -31.0 9 49 + 2 2 .04 3 5 x E - 2,36088 x E2 - 0,162229 xE 3 F-3 

Zero Year Cooling Time, 48 IFBA Rods 

Bu (limit) -331342 + 22.3999 x E - 2-55367 x E2 + 0. 18082 xE• I 
Zero Year Cooling Time, 64 IFBA Rods 

Bu (limit) -36.0468 + 24.1492 x E - 3.11807 x E2 ±+ 0,233987 x E3 I 

Note. If more than 64 IFBA rods per assembly, use the correlation for 64 IFBA rods. I 
I 

SEQUOYAH - UlNT 1 Amendment No. I 
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Insert 8 

Table 5.6-3 Region 2 Storage Bumup Restrictions. I 
I

Zero Cooling Time 

Bu (limit) - 2318702 + 123026 X E - 0.275672 X E2

1 Year Cooling Time 

Bu (limit) - - 23,6854 + 12.2384 x E - 0-287498 x 

2 Years Cooling Time 

Bu (limit) =- 23.499 + 12,1873 x E - 0,305988 x E2 

3 Years Cooling Time 

Bu (limit) =- 23.3124 + 12.1249 x E- 0.319566 xE 2 

4 Years Cooling Time 

Bu (limit) ý - 23.1589 + 12.0748 x E - 0.332212 x E2 

5 Years Cooling Time 

Bu (limit) = - 22.6375 + 11.7906 x E - 0.307623 xE2 
10 Years Cooling Time 

Bu (limit) = -217256 + 113.660 x E- 0.31029 x E2 

15 Years Cooling Time 

Bu (limit) = -211160 + 11.70663 x E - 03306231 x E2 

20 Years Cooling Time 

Bu (limit) =-20,6055 + t0.7906 x E - 0.29291 x E 2

SEQUOYAH - UNIT 1 Amendment No. I 
I
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Note: Water gaps between 
Rack Modules are Neg;ecied 

/

[]Water-Filled Ceill

Q Region 2 cells 

Spent Fuel for 
1-of-4 Storage 

of Fresh Fuel 
(See Figure 5.6-1a) 

* Region I cells 
Fuel up to 4.95%±0.05% 

Enrichment 
(See Figure 5.6-1a)

Note: The edges of the sketch above are not necessarily the edges of the 
pool. The Regions may appear anywhere in the pool and in any 
orientation, subject to the restriction in Design Feature 5.6.1.l.c.  

Fig. 5.6-1 Arrangements of Fuel Storage Regions in 
the Sequoyah Spent Fuel Storage Pool
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* Spent Fuel for 
Region 1 Storage 
1 -of-4 Pattern 

m Fresh Fuel for 
Region 1 cells 
No Gd or IFBA

NOTE: WHEN CREDIT IS TAKEN FOR GADOUNIA OR IFBA RODS IN FRESH ASSEMBUES 
THE SPENT FUEL ASSEMBLIES NEED NOT HAVE CONTAINED GADOUNIA OR IFBA RODS.,

Spent Fuel for 
Region I Storage 
I-of-4 Pattern 

* Fresh Fuel for 
Region 1 cells 
With Godolinio

Figure 5.6-1a

[] Spent Fuel for 
Region 1 Storoge 
1 -of-4 Pattern 

U Fresh Fuel for 
'Region 1 cells 
w %hIFBA Rods

Acceptable Spent Fuel Pool Loading Patterns 
for Checkerboard Storage of Fresh and Spent 
Fuel Assemblies - Example
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THIS PAGE IS INSERTED TO ASSIST IN THE REVIEW OF THE PROPOSED TS MODIFICATIONS AND 
iCONTAINS NO CHANGES.  

i 3/4.9 REFUELING OPERATIONS i 
3/4.9.1 BORON CONCENTRATION 

i LIMITING CONDITION FOR OPERATION , i 
3.9.1 With the reactor vessel head closure bolts less than fully tensioned or 
with the head removed, the boron concentration of all filled portions of the 
Reactor Coolant System and the refueling canal shall be maintained uniform and 
sufficient to ensure that the more restrictive of the following reactivity 

i conditions is met: 

a. Either a Keff of 0.95 or less, which includes a 1% delta k/k i 
i conservative allowance for uncertainties, or 

* b. A boron concentration of greater than or equal to 2000 ppm, which I 
includes a 50 ppm conservative allowance for uncertainties.  

APPLICABILITY: MODE 6* II 
a ACTION: 

With the requirements of the above specification not satisfied, immediately I 

suspend all operations involving CORE ALTERATIONS or positive reactivity 
i changes and initiate and continue boration at greater than or equal to 35 gpm 

of a solution containing greater than or equal to 6120 ppm boron or its R1 63 

equivalent until Keff is reduced to less than or equal to 0.95 or the boron 
* concentration is restored to greater than or equal to 2000 ppm, whichever is 

the more restrictive. The provisions of Specification 3.0.3 are not 
I applicable.  

SURVEILLANCE REQUIREMENTS 

4.9.1.1 The more restrictive of the above two reactivity conditions shall be 
determined prior to: II 

a. Removing or unbolting the reactor vessel head, and 

b. Withdrawal of any full length control rod in excess of 3 feet from 
its fully inserted position within the reactor pressure vessel.  

. I 

I 

* I 
I* The reactor shall be maintained in MODE 6 whenever fuel is in the reactor 

i vessel with the vessel head closure bolts less than fully tensioned or with R104 

Ithe head removed.  

n November 26, 1993 I SEQUOYAH - UNIT 2 3/4 9-1 Amendment Nos. 104, 163 
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REFUELING OPERATIONS

SURVEILLANCE REQUIREMENTS (Continued) 

4.9.1.2 The boron concentration of the reactor coolant system and the 
refueling canal shall be determined by chemical analysis at least once per 72 
hours.  

4.9.1.3 One of the following valve combinations shall be verified closed 
under administrative control at least once per 72 hours:

Combination A Combination B Combination C Combination D

a. 2-81-536 a. 2-81-536 a. 2-81-536 a. 2-81-536 
b. 2-62-922 b. 2-62-922 b. 2-62-907 b. 2-62-907 
c. 2-62-916 c. 2-62-916 c. 2-62-914 c. 2-62-914 
d. 2-62-933 d. 2-62-940 d. 2-62-921 d. 2-62-921 

e. 2-62-696 e. 2-62-933 e. 2-62-940 
f. 2-62-929 f. 2-62-929 
g. 2-62-932 g. 2-62-932 
h. 2-FCV-62-128 h. 2-62-696 

i. 2-FCV-62-128

4.9.1.4 The boron concontratlen in the spent- fuel peel shall be dctermined by 
.h.i.....al analysis t. be ...eater than r equal t. o 2000 ppm at least once per 72 
h.ra duin fuel ;nv..m.ent- and until the configuration of the ass.mbliee in 
the st.rag. rae.s is verified. to o.ly with t... crit..icality loadin criteria 
specified in Design Feataim 5.6.1.1.e and 5.6.•.•.•.  

4.9.1.5 The boron coneentration in the cook loadi'ng area of the cock pit 
shal be deter.mine by cehteal- analysis to be greater than or equal to 2000 
parts pes mFllion (ppm) at least .ne. per 72 hours during fuel movement in 
that area and. u.ntil the assem.blios i.n that storage rack arc verified to comply 
with the cri4ticeality loading on5tario: specified in Design Featur.e 5.6.1.1.e.

SEQUOYAH - UNIT 2 3/4 9-2 Amendment Nos. 125, 
157 
April 28, 1993
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REFUELING OPERATIOINSI

3/4.7.13 SPENT FUEL POOL MINIMUM BORON CONCENTRATION

LIMITING CONDITION FOR OPERATION

3.7.13

APPLICABILITY:

The spent fuel pool boron concentration shall be Ž 2000 ppm.  

Whenever irradiated fuel assemblies are stored in the spent 
fuel storage racks.

ACTION: 

a. With the requirements of the specification not satisfied, 
suspend all movement of fuel assemblies and initiate action to 
restore spent fuel storage pool boron concentration to within 
limit The provisions of Specification 3.0.3 are not 
applicable.  

SURVEILLANCE REQUIREMENTS

4.7.13.1 

4.7.13.2

Verify at least once per 7 days the spent fuel pool boron 
concentration is within limit.  

Verify at least once per 72 hours during fuel movement the 
spent fuel poo! boron concentration is within limit and until 
the configuration of the assemblies in the storage rack is 
verified to comply with the criticality loading criteria 
specified in Design Feature 5.6.1.1.c.
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'THIS PAG-E -REPR-ES-ENTS- T-HE -NE-WTS- REQUI-RM-ENTS- F-OR B-OR-ON -CO-NCEN-TR-ATIO-N -IN T-HE- CASK PIT 
'POOL.  

_----------------------------------------------
PLANT SYSTEMSI 

I
3/4.7.14 CASN PITI POOL MINIMUM BORON CONCENTRATION

LIMITING CONDI.TION FOR OPERATION

3.7.14

APPLICABILITY:

The cask pit pool boron concentration shall be Ž 2000 ppm.  

Whenever fuel assemblies are stored in the cask pit rack.

I 
I 

I 
I 

I 
3 

I
ACTION:

a. With the requirements of the specification not satisfied, 
suspend all movement of fuel assemblies and initiate action to 
restore cask pit pooi boron concentration to within limit. The 
provisions of Specification 3.0.3 are not applicable.  

SURVEILLANCE REQUIREMENTS

I 
I

Verify at least once per 7 days the cask pit pool boron 
concentration is within limit.  

Verify at least once per 72 hours during fuel movement the 
cask pit pool boron concentration is within limit and until 
the configuration of the assemblies in the storage rack is 
verified to comply with the criticality loading criteria 
specified in Design Feature 5.6.1.1.d.

SEQUOYAH - LNIT 2 3M 7-54 
Amendment No.

4.7.14.1 

4.7.14.2

I
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I PLANT SYSTEMS 

I BASESI

3/4.7.13 SPENT FUEL POOL MINIMUM BORON CONCENTRATION

BACKGROUND The spent fuel racks have been analyzed in accordance with 
the Holtec International methodology containec in Holtec 
Report HI - 992349 (Ref. 1). This methodology ensures that 
the spent fuel rack multiplication factor, krf1 is less than 
or equal to 0.95, as recommended by the NRC guidance 
contained in NRC Letter to All Power Reactor Licensees from 
B.K. Grimes, "'OT Position for Review and Acceptance of Spent 
Fuel Storage and Handling Applications", April 14, 1978 and 
USNRC Internal Memorandum from L. Kopp, "Guidance On The 
Regulatory Requirements For Criticality Analysis Of Fuel 
Storage At Light-Water Reactor Power Plants", August 19, 
1998 (Refs. 2 & 3). The codes, methods, and technicues 
contained in the methodology are used to satisfy the k.,
criterion. The spent fuel storage racks were analyzed using 
Westinghouse 17x1 7 V5H fuel assemblies, with enrichments up 
to 4.95 ±0.05 w/o U-235 and configurations which take credit 
for checkerboarding, burnup, soluble boron, integral fuel 
burnable absorbers (such as IFBA or gadolinia), and cooling 
time to ensure that k, is maintained < 0.95, including 
uncertainties, tolerances, and accident conditions. in 
addition, the SFP k,, is maintained < 1.0, including 
uncertainties, tolerances on a 95/95 basis without any 
soluble boron. Calculations were performed to evaluate the 
reactivity of fuel types used at SQN. The results show that 
the Westinghouse 17x17 V5H fuel assembly exhibits the 
highest reactivity, thereby bounding all fuel types utilized 
and stored at SQN.  

In the high density Spent Fuel Storage Rack design (Refs. 1 
and 4), the spent fuel storage pool is divided into three 
separate and distinct regions which, for the purpose of 
criticality considerations, are considered as separate 
pools. Region 1 is designed to accommodate new fuel with a 
maximum enrichment of 4.95 ± 0.05 wt% U-235, or spent fuel 
regardless of the discharge fuel burnup in a l-in-4 
checkerboard arrangement of 1 fresh assembly with 3 spent 
fuel assemblies with enrichment, burnup and cooling times in 
accordance with Design Features 5.6.1.Ic.l. Region 2 is 
designed to accommodate fuel which have 4.95 ± 0.05 wt% U
235 initial enrichment burned to at least 30.27 MWD/KgU 
(assembly average), or fue of other enrichment with a 
burnup yielding an equivalent reactivity in the fuel racks 
in accordance with Design Features 5.6.1.1c.2. Region 3 is 
designed to accommodate fuel of 4.95 ± 0.05 wt% U-235 
initial enrichment or fuel assemblies of any lower 
reactivity in a 2-out-of-4 checkerboard arrangement with 
water-filled cells and in accordance with Design Features 
5.6.1.1c.3.  

The water in the spent fuel storage pool normally contains

SEQUOYAH - UNIT 2 B 3/4 7-9 Amendment No.  - - - --- -- -- a - -
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SREPRESENTS THE NEW TS BASES FOR BORON CONCENTRATION IN THE SPENT FUEL PO.  
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PLANT SYSTEMS

I
BASES

BACKGROUND 
(continued)

I

soluble boron, which results in large subcriticality margins 
under actual operating conditions. However, the NRC 
guidelines, based upon the accident condition in which all 
soluble poison is assumed to have been lost, specify that 
the limiting k~," of < 1.0 be evaluated in the absence of 
soluble boron. Hence, the design of all regions is based on 
the use of unborated water, which maintains each region in a 
subcritical condition during normal operation with the 
regions fully loaded. The double contingency principle 
discussed in ANSI N-16.1-1975 and the April 1978 NRC letter 
(Ref. 5) allows credit for soluble boron under other 
abnormal or accident conditions, since only a single 
accident need be considered at one time. For example, the 
most severe accident scenario is associated with the 
accidental mishandling of a fresh fuel assembly face 
adjacent to a fresh fuel assembly of Region 3. This could 
potentially increase the criticality of Region 3. To 
mitigate these postulated criticality related accidents, 
boron is dissolved in the pool water. The soluble boron 

concentration required to maintained kuff • 0.95 under normal 
conditions is 300 ppm and 700 ppm under the most severe 
postulated fuel mis-location accident. Safe operation of 
the spent fuel storage racks may therefore be achieved by 
controlling the location of each assembly in accordance with 
Design Features 5.6 FUEL STORAGE. During fuel movement, it 
is necessary to perform Surveillance Requirement 4.7.13.2.

APPLICABLE 
SAFETY ANALYSES

Most accident conditions do not result in an increase 
in the reactivity of any one of the three regions. Examples 
of these accident conditions are the loss of cooling and the 
dropping of a fuel assembly on the top of the rack.  
However, accidents can be postulated that could increase the 
reactivity. This increase in reactivity is unacceptable 
with unborated water in the storage pool. Thus, for these 
accident occurrences, the presence of soluble boron in the 
storage pool prevents criticality in all regions. The most 
limiting postulated accident with respect to the storage 
configurations assumed in the spent fuel rack criticality 
analysis is the misplacement of a nominal 4.95 ± 0.05 w/o 
U-235 fuel assembly into an empty storage cell location in 
the Region 3 checkerboard storage arrangement. The amount 
of soluble boron required to maintain keff less than or equal 
to 0.95 due to this fuel misload accident is 700 ppm (Ref.  
1).  

A spent fuel boron dilution analysis was performed to ensure 
that sufficient time is available to detect and mitigate 
dilution of the spent fuel pool prior to exceeding the knf 
design basis limit of 0.95 (Ref. 6). The spent fuel pool 
boron dilution analysis concluded that an inadvertent or 
unplanned event that would result in a dilution of the 

(continued)
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APPLICABLE spent fuil pool boron concentration from 2000 ppm to 700 
SAFETY ANALYSES ppm is not a credible event.  

(continued) 
The concentration of dissolved boron in the spent fuel 
storage pool satisfies Criterion 2 of the NRC Policy 
Statement.  

LCO The spent fuel storage pool boron concentration is required 
to be Ž 2000 ppm. The specified concentration of dissolved 
boron in the spent fuel storage pool preserves the 
assumptions used in the analyses of the potential critical 
accident scenarios as described in Reference 7. This 
concentration of dissolved boron is the minimum required 
concentration for fuel assembly storage and movement within 
the spent fuel storage pool.  

APPLICABILITY This LCO applies whenever fue" assemblies are stored in the 
spent fuel storage pool.  

ACTIONS Action a: 

When the concentration of boron in the spent fuel storage 
pool is less than required, immediate action must be taken 
to preclude the occurrence of an accident or to mitigate the 
consequences of an accident in progress. This is most 
efficiently achieved by immediately suspending the movement 
of fuel assemblies. The concentration of boron is restored 
along with suspending movement of fuel assemblies.  

Action a is modified by a provision indicating that LCO 
3.0.3 does not apply. If the LCO is not met while moving 
irradiated fuel assemblies in MODE 5 or 6, LCO 3.0. would 
not be applicable. Moving irradiated fuel assemblies while 
in MODE 1, 2, 3, or 4 is independent of reactor operation.  
Therefore, inability to suspend movement of fuel assemblies 
is not sufficient reason to require a reactor shutdown.  

(cont inued)
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BASES (continued)I 

m 
SURVEILLANCE 

I REQUIREMENTS I 
4.7.13.1 This Surveillance Requirement verifies that the 

concentration of boron in the spent fuel storage pool is 
within the required limit. As long as this Surveillance 

m Requirement is met, the analyzed accidents are fully 
addressed. The 7 day Frequency is appropriate because no I ~significant replenishment of pool water is expected to take j 

m place over such a short period of time. (Ref. 6) 
m 

4.7.13.2 This Surveillance Requirement verifies that the 
concentration of boron in the spent fuel storage pool is 
within the required limit during fuel movement until the 
final configuration of the assemblies in the storage racks 
is verified to be correct. As long as this Surveillance 

m Requirement is met, the analyzed accidents are fully 
I addressed. The 72 hour Frequency provides additional 

assurance that the maximum keff remains below the 0.95 limit 
m under the postulated accident condition. (Ref. 8) I~I| 

REFERENCES 

C 1. Stanlev E Turner (Holtec international), "Criticality Safety 

S~Analyses of Sequoyah Spent Fuel Racks with Alternative 
Arrangements," HI-992349 

I2. B.K. Grimes (NRC GL78011), "OT Position for Review and 
Acceptance of Spent Fuel Storage and Handling Applications", I 

m April 14, 1978 

I 3. L. Kopp, "Guidance On The Regulatory Requirements For n 
mCriticality Analysis Of Fuel Storage At Light-Water Reactor 
Power Plants", August 19, 1998 

I4. UFSAR, Section 4.3.2.7, "Criticallv of Fuel Assemblies" 

S5. Double contingency principle of ANSI N16.1-1975, as 

specified in the April 14, 1978 NRC letter (Section 1.2) and 
| implied in the proposed revision to Regulatory Guide 1.13 
i (Section 1.4, Appendix A).  

m 6. K K Niyogi (Holtec International), "Boron Dilution 
Analysis," HI-992302 

7. FSAR, Section 15.4.5 I I 

I 8. NRC letter to TVA dated August 1, 1990, " Increase Fuel 
Enrichment to 5.0 Weight Percent (TAC Nos. 76074, 76075, 

m 76774, 76775) (TS 90-12) - Sequoyah Nuclear Plant, Units 1 

I and 2" | 

II 
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I BASES 
I

3/4.7.14 CASK PIT

BACKGROUND

POOL MINIMUM BORON CONCENTRATION

The Sequoyah cask pit pool consists of a deep pool with 
adjacent shelf area. The cask pit pool is connected to the 
spent fuel pool through a weir gate. The cask pit is 
intended to be used for spent fuel shipment activities.  

High density spent fuel storage racks have been approved for 
addition and use in the cask oading area of the cask pit 
(Ref. 1) but presently are not installed. The 15 x 15 
module could store 225 fuel assemblies and is desianed to 
maintain stored fuel having an initial enrichment of up to 5 
wt % U-235, in a safe, coolable, and sub-critical 
configuration during normal discharge, full core offload 
storages and postulated accident conditions. Fuel 
assemblies shall be stored in accordance with paragraph 
5.6.1.1.d in Design Features 5.6, Fuel Storage.

APPLICABLE 
SAFETY ANALYSES

Most accident conditions do not result in an increase in 
the reactivity of the cask pit. Examples of accident 
conditions are the loss of cooling and the dropping of a 
fuel assembly on the top of the rack. However, accidents 
can be postulated that could increase the reactivity. This 
increase in reactivity is unacceptable with unborated water 
in the storage pool. Thus, for these accident occurrences, 
the presence of soluble boron in the cask pit pool prevents 
criticality. The most limiting postulated accident bounding 
the cask pit pool has been determined to occur in the spent 
fuel pool. The postulated accident with respect to the 
storage configurations assumed in the spent fuel rack 
criticality analysis is the misplacement of a nominal 4.95 + 
0.05 w/o U-235 fuel assembly into an empty storage ce~l 
location in the Region 2 checkerboard storage arrangement 
for an irradiated fuel assembly. The amount of soluble 
boron required to maintain keff less than or equal to 0.95 
due to this fuel misload accident is 700 ppm (Ref. 2).  

The concentration of dissolved boron in the fuel storage 
pool satisfies Criterion 2 of the NRC Policy Statement.

LCO The cask pit pool boron concentration is required to be Ž 
2000 ppm. The specified concentration of dissolved boron in 
the cask pit pool preserves the assumptions used in the 
analyses of the potential critical accident scenarios as 
described in Reference 3. This concentration of dissolved 
boron is the minimum required concentration for fuel 
assembly storage and movement within the cask pit pool.  

(continued)
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BASES (continued), 
* I 

APPLICABILITY This LCO applies whenever fuel. assemblies are stored in the 
cask pit pool.  

I I 

ACTIONS Action a: 

tWhen the concentration of boron in the cask pit pool is less Ithan required, imriediate action must be taken to preclude 
the occurrence of an accident or to mitigate the 

i consequences of an accident in progress. This is most i 
efficiently achieved by immediately suspending the movement 
of fuel assemblies. The concentration of boron is restored 

* along with suspending movement of fuel assemblies. i 

I Action a is modified by a provision indicating that LCO 
3.0.3 does not apply. If the LCO is not met while moving 
irradiated fuel assemblies in MODE 5 or 6, LCO 3.0.3 woulo Inot be applicable. Moving irradiated fuel assemblies while 
in MODE 1, 2, 3, or 4 is inoependent of reactor operation.  
Therefore, inability to suspend movement of fuel assemblies 

I is not sufficient reason to require a reactor shutdown.  

i i 

SURVEILLANCE 
REQUIREMENTS 

* I 

4.7.14.1 This Surveillance Requirement verifies that the 
concentration of boron in the cask pit pool is within the 

* required limit. As long as this Surveillance Requirement is 
met, the analyzed accidents are fully addressed. The 7 day 
Frequency is appropriate because no sionificant I 
replenishment of pool water is expected to take place over 

a such a short period of time. (Ref. 4) 

I 4.7.14.2 This Surveillance Requirement ver'fies that the 
I concentration of boron in the cask pit pool is within the I 

required limit during fuel movement until the final 
configuration of the assemblies in the storage racks is 

* verified to be correct. As long as this Surveillance u 
Requirement is met, the analyzed accidents are fully 
addressed. The 72 hour Frequency provides additional 
assurance that the maximum keff remains below the 0.95 limit 
under the postulated accident condition. (Ref. 1) I I 

I I 

I I 
i i 

I I 
I I 

I I 
I I 
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DESIGN FEATURES 

5.6 FUEL STORAGE 

CRITICALITY - SPENT FUEL R157 

5.6.1.1 The spent fuel storage racks are designed for fuel enriched to 
5.0 weight percent U-235 and shall be maintained with: 

a. A keff equivalent to less than 4 when flooded with unborated 

F -- __wateJ-.11 

[Insert I I• aeq 
- ~ A~oncritical ful] 

~~7 .. .= An'or~ina ýT. 77 nc'r c~en•'er-lýto-cei~te=7 d~sr-acZ 7vwee-nfuirel=

assemblies placed in the storage racks.  

aC. A~k three region ain the spent fuel storage pool w4:h--the 

following definitions 

1. Region 1 is designed to accommodate new fuel with a maximum 

enrichment of 4.95 ± 0.05 wt% U-235, spent fuel re ardless 
of the fuel burnup- • +0 .05 wt% U-235 

2. Region 2 is designed to accommoate fuel of 4.95%-o nitia l 
enrichment burned to at least -5-& MWD/KgU (assembly average), or 
fuel of other enrichments with a burnup yielding an equivalent 

d c n reactivity in the fuel racks. The minimum required assembly 
andc°°hngtime average burnup in MWD/KgU is given by Y; when Y - 23.761 + 

...enric -n ;.. ..... 52F4 where F. is the initial 
nse4 enrichment in the axiaE z of highest enrichment1 

3. Region 3 is designed to accommodate new fuel of 4.95%- initial 

Sreactivity in t~he fuel raeks. The min-imum1 scur• asscmb Iy 

in the oxiol zone of higheht icri.hment. I 
___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 0.05 wt% U-235 

~i 6 An empty cell is less reactive than any cell containing fuel and 

therefore may be used as a Region 1, Region 2, or Region 3 cell in any 
arrangement.  

S d. he fo'llowing arrangement of regions apply in tho spent fuel storage 

pool:.  
i. Region 1 fucl assemblies located along with periphery of the storage 

modules adjacent to the peel walls mus. be 4...latod. .from 

---- - = - = - = - = - = - - - = - = - - -=-A 

*For some accident conditions, the presence of dissolved boron in the 

pool water may be taken into account by applying the double contingency 
principle which requires two unlikely, independent, concurrent events to 
produce a criticality accident.  

SEOUOYAH - UNIT 2 5-5 Amendment No. 4, 52, 125,157
April 28, 1993



DESIGN FEATURES 

5.6 FUEL STORAGE r , 
each other and from the inner Regdon 3 colis by at least one (1) 
Regien 2 spent fuel ascembly (i.e., fuel of SO MWD/KgU burnup or 

I equivalent)4

sotorage modeules mutst be 4-s-lated froem eaeh ether and fromf thie inner
Reglen 3 cells by at least one (1) Region- 2 spent fuel assee~bly 
(i. e. , fuci of 50 MWD/Kgj~j assemblaly aver-ate bur-nup o qiaet

0. - KP94- RR 1-F 1 :1 " q-; 1 o oml P.1- 02 ,ý -051, :- 01000T41 + P0 Rq i 4z Swater-oaos÷*

bet~ween stor-age ffoduilec mooiit be isolated from each other by at least 
two (-2) Regien 2 spent fu,ýel assembilcoe and from the innerF Region -3 
cells by at least one (1) Reglon 2 spent fu~el assembly (i.e., fuel 

of~~~~~~~~~~~ Wae0 GanTo osmlvo~os rnnoroovl

4- "IC'O000 -RPPIR-RFOYP COT 0042R0 zTl30- :,PeeffpizyP-

le~ugofany stornage 3 ful ae, or internal to any 
1½u f R0Ion flool -q shoPn F; Elur 5- 2

I 
I 

I 
I 

I 
i

I 
!isl may be used 
"storeage module in 

I
Figure 5.6 1 shows a typical: ar-nrangem~ent of regions. Fdq-iure 5.6-21 
illastrates Internal moidule cheekerbeardling of fresh fuel wi-th empty 
cello in a portion of the fu~el peel. Figure 5.6 3 !llustr-at-e the two 
burr-up- enrlehment equations (5 .6.1. -. e. 2 and 5 .6.l1. 1.e. 3) inR gjraphicea-l 

e. Orly spoRt fuel mfeetin~g the Regi:en 3 buir-nup rceeulr-ements shall be stored 

in any maedule in thie eak leadirg area o)f the cools pit.  

CRITICALITY - NEW FUEL

I 

I 
I 

I 
I 

I
5.6.1.2 The new fuel pit storage racks are designed for fuel enriched to 
5.0 weight percent U-235 and shall be maintained with the arrangement of 146 
storage locations shown in Figure 5.6-4. The cells shown as empty cells in 
Figure 5.6-4 shall have physical barriers installed to ensure that inadvertant 
loading of fuel assemblies into these locations does not occur. This 
configuration ensures keff will remain less than or equal to 0.95 when flooded 
with unborated water and less than or equal to 0.98 under optimum moderation 
conditions.  

DRAINAGE 

5.6.2 The spent fuel pit is designed and shall be maintained to prevent 
inadvertent draining of the pool below elevation 722 ft.

R216

i **The nominal gap (2-1/,8 iches) runni..g. ir the F, W d-eetien between the 
ad~ee fedules is referred to as the "we gjap." The N S direetir gjap I 

- (1.5 Inch) is referred to as the "nairrow gap.I 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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FIGURE 5.6-2 EXAMPLE OF CHECKERBOARD SPENT FUEL POOL STORAGE ARRAY
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DESIGN FEATURE ATTACHMENT

Tech Spec Change Inserts 

INSERT 1. Change as marked and add the following sentence: 

... and a keff less than or equal to 0.95 when flooded with water 
containing 300 ppm soluble boron...  

INSERT 2. Delete marked phrase and substitute the following: 

Arrangements of one or more of three different arrays (Regions) or 
sub-arrays as illustrated in Figures 5.6-1 and 5.6-la. These 
arrangements...  

INSERT 3. Add the following 

... in a 1-in-4 checkerboard arrangement of 1 fresh assembly with 
3 spent fuel assemblies with enrichment-burnup and cooling times 
illustrated in Figure 5.6-2 and defined by the equations in Table 
5.6-1. Cooling time is defined as the period since reactor 
shutdown as the end of the last operating cycle for the discharged 
spent fuel assemble. The presence of a removable, non-fissile 
insert such as a burnable poison rod assembly (BPRA) or either 
gadolinia or integral fuel burnable absorber (IFBA) in a fresh 
fuel assembly does not affect the applicability of Figure 5.6-2 or 
Table 5.6-1.  

Two alternative storage arrays (or sub-arrays) are acceptable in 
Region 1 if the fresh fuel assemblies contain rods with either 
gadolinia or integral fuel burnable absorber (IFBA). For these 
types of assemblies, the minimum burnup of the spent fuel in the 
l-of-4 sub-array are defined by the equations in Table 5.6-2.  

Restrictions in Region 1 

Any of the three sub-arrays illustrated in Figure 5.6-la may be used in any 
combination provided that: 

1) Each sub-array of 4 fuel assemblies includes, in addition to the fresh 
fuel assembly, 3 assemblies with enrichment and minimum burnup 
requirements defined by the equations in Tables 5.6-1 and 5.6-2, as 
appropriate.  

2) The arrangement of Region 1 sub-arrays must not allow a configuration 
with fresh assemblies adjacent to each other.  

3) If Region 1 arrays are used in conjunction with Region 2 or Region 3 
arrangements (see below), the arrangements shall not allow fresh fuel 
assemblies to be adjacent to each other (see also Figure 5.6-1).  

INSERT 4. Delete marked phrases and substitute the following: 

... by the equations in Table 5.6-3 in terms of E,...  

INSERT 5. Add the following: 

... (wt% U-235). The minimum required burnups are illustrated in Figure 
5.6-3 in terms of the initial enrichment and cooling time.



Restrictions in Region 2

The following restrictions apply to the storage of spent fuel in the Region 2 
cells: 

1) The spent fuel shall conform to the minimum burnup requirements defined 
by the equations in Table 5.6-3. Linear interpolation between cooling 
times may be made if desired.  

2) For the interface with Region 1 storage cells, fresh fuel in Region 1 
shall not be stored adjacent to spent fuel assemblies in the Region 2 
storage cells.  

INSERT 6. Delete the marked lines and add the following: 

... (or fuel assemblies of any lower reactivity) in a 2-out-of-4 
checkerboard arrangement with water-filled cells. The water-filled 
cells shall not contain any components bearing any fissile 
material, but may accommodate miscellaneous items or equipment.  

Restrictions in Region 3 

1) For the interface between Region 1 and Region 3 storage regions, fresh 
fuel assemblies shall not be stored adjacent to each other.  

2) If miscellaneous items or equipment are stored in the water cells of 
Region 3, the total volume of the miscellaneous items shall be no more 
than 75% of the storage cell volume.  

3) No fuel rods, assemblies, or items containing fissile material shall be 
stored in the water cells of Region 3.  

INSERT 7. Delete the indicated lines and add the following: 

d. Region 2 array described above may be used in the 15 x 15 storage 
rack module in the cask loading area of the cask pit.  

e. A nominal concentration of 2000 ppm boron in the pool water. This 
concentration of soluble boron provides a margin sufficient to allow 
timely detection of a boron dilution accident and corrective action 
before the minimum concentration (700 ppm) required to protect 
against the most severe postulated fuel handling accident or before 
the minimum concentration (300 ppm) required to maintain the storage 
configuration design basis (keff less than 0.95) is reached.  

INSERT 8. Delete the old Figures 5.6-1, 5.6-2, and 5.6-3.  

Replace with Figures 5.6-1, 5.6-1 a, 5.6-2, and 5.6-3.

Add Tables 5.6-1, 5.6-2, and 5.6-3.
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Region I Storage Burmup Restrictions, Checkerboard of 1 Fresh Fuel Assembly 

and 3 Spent Fuel Assemblies (Without Gadolinium or IFBA Rods)

SEQUOYAH - UNIT 2 Amendment No. I 
I

Table 5 6-1

For Zero Year Cooling Time 

Bu (Iinit) 28. 1868 + 23-0765 x E - 2.46264 x E 2 + 0,167868 x Eý 
For One Year Cooling Time 

Bu (limit) =-27.3317 +22,5087xE -2.40586xE 2 - 0,164207xEý 

For Two Years Cooling Time 

Bu (limit) = -26.4693 + 21,8404xE -231873 x E 0.1582-18 x E" 
For Three Years Cooling Time 

Bu (limit) = -25.7404 + 21.2659 x E - 2,24287 xE2 + 0,153018 x E-1 
For Four Years Cooling Time 

Bu (limit) = - 25.1367 + 20.79 10 x E -2.18484 x E2 ÷ 0.1499363 x El 
For Five Years Cooling Time 

Bu (limit) = - 24,5981 + 20,3568 x E - 2.12719 x E2 + 0, 145431 x E' 

For Ten Years Cooling Time 

Bu (limit) = - 23,2050 +'- 19,2969 x E - 2.06993 x E2 + 0,145875 x El

For Fifteen Years Cooling Time 

Bu (limit) -22.6098 + 188544 x E- 208617 x E2 O+1047 3 xE 

For Twenty Years Cooling Time 

Bu (limit) -22.3017 + 18. 6 2 2 x E -- 2,11206 x E2 + 0,15467 x E'

I I 
1



------- - - - - - - - -- - - -

Table 5.6-2 Region I Storage Burnup Restrictions with Gadolinium or LFBA 

With Gadolinium Credit: Checkerboard of I Fresh Fuel Assembly with 3 Spent Fuel Assemblies I 

Zero Year Cooling Time, 0 Gadolinium Rods 

Bu (limit) =- 28i1868 + 23.0765 x E - 2.46264 x E 2 + 0,167868 x E, 

Zero Year Cooling Time, 4 Gadolinium Rods I 
Bu (limit) = - 28A4012 r 22.0062 x E - 2.19268 x E2 + 0.143601 x Em 

Zero Year Cooling Time, 8 Gadolinium Rods I 

Bu (limit) = - 31.4262 + 22.0768 x E - 2 .3 8845 x E2 + 0,164888 x E I 

Note. If more than 8 Gadolinium rods per assembly, use the 8 rod correlation, m I 
I 

With LFBA Credit, Checkerboard of I Fresh Fuel Assembly with 3 Spent Fuel Assemblies I 

Zero Year Cooling Time, 0 IFBA Rods 

Bu (limit) = - 28,1868 +- 23.0765 x E - 2.46264 x E2 + 0.167868 x E3 

Zero Year Cooling Time, 16 IFBA Rods I 

Bu (limit) = - 28.5048 + 21, 6 4 11 x E - 2.15262 x E2 + 0.140904 x E3 

Zero Year Cooling Time, 32 IFBA Rods I 

Bu (limit) = - 31.0949 + 22.0435 x E - 2,36088 x E2 + 0. 162229 xE 3 F

Zero Year Cooling Time, 48 IFBA Rods 

Bu (limit) -3311342 + 22.3999 x E - 2.55367 X E2 + 0.18082 x Eý 

Zero Year Cooling Time, 64 IFBA Rods 

Bu (limit)-360468 + 24 .1492 xE-3.1180'7 x E2-+ 0,233987 xE 3 

Note. If more than 64 IFBA rods per assembly, use the correlation for 64 IFBA rods, 

I 

SEQUOYAH - UNIT 2 Amendment No.  

------------------------- - - - - --



I~I'nsert 8 
Table 5.6-3 Region 2 Storage Burnup Restrictions.  

II I 

Zero Cooling Time 

fBu (limit) - 23,8702 + 12.3026 X E - 0,275672 X E I 
1 Year Cooling Time 

Bu (limit) 23.6854 + 12.2384 x E - 0.287498 x E2 

2 Years Cooling Time 

,Bu (limit) = -23,499 + 12.1873 x E - 0.305988 x E 2 

3 Years Cooling Time I 

Bu (limit) -23.3124 + 121249 x E - 0.3 19566 xE 2 2 

4 Years Cooling Time a 

Bu(Iit) 2 -_'.1589 + 12.0748 x E - 0,332212 xE' 

5 Years Cooling Time I 

Bu (limit) - 22.6375 + 11.7906 x E - 0,307623 x E2 

10 Years Cooling Time 
II 

Bu (limit) 21,7256 + 11.3660 x E - 0-31029 x E 

15 Years Cooling Time 

2I 
Bu (limit) -21 1160 + 11.0663 x E - 0.306231x E 

20 Years Cooling Time I 

L ......Bu (limit) -20.6055 + 10,7906 x E - 0.29291 x E2 

I I 

I I 
I | 

I I 
I I 

I I 
I I 

SEQUOYAH - UNIT 2 Amendment No.  
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Note: Water gaps between 
Rack Modules are Neg;ected

I 
m 

I 
I 

I 
I 

'I 

I

0

[0 Water-Filled Cell

Note: The edges of the sketch above are not necessarily the edges of the 
pool. The Regions may appear anywhere in the pool and in any 
orientation, subject to the restriction in Design Feature 5.6.1.1.c.

Fig. 5.6-1 Arrangements of Fuel Storage Regions in 
the Sequoyah Spent Fuel Storage Pool

E Region 2 cells
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I

Spent Fuel for 
t-of-4 Storage 

of Fresh Fuel 
(See Figure 5.6-1a) 

U Region I cells 

Fuel up to 4.95% ±0.05% 
( ee E chmen t5.. . .  (See lguret5.6-1a)
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I 
I 

I
Spent Fuel for 

Region 1 Storage 1 -of-4 Pattern 

m Fresh Fuel for 
Region 1 cells 
No Gd or IFBA

NOTE: WHEN CREDIT IS TAKEN FOR GADOUNIA OR IFBA RODS IN FRESH ASSEMBUES 
THE SPENT FUEL ASSEMBUES NEED NOT HAVE CONTAINED GAIOUNIA OR IFBA RODS..

M Spent Fuel for I Spent Fuel for Region 1 Storage 
Region 1 Storage 1 -of-4 Pattern 
1-of-4 Pattern

m Fresh Fuel 
Region 1 ce 
With Gadoli, 

Figure 5.6-la

for 
ills nic

m Fresh Fuel for 
Regmon I cells 
with IFBA Rods

Acceptable Spent Fuel Pool Loading Patterns 
for Checkerboard Storage of Fresh and Spent 
Fuel Assemblies - Example
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The results of these experiments yielded a method bias of 0.0083 Ak. The most conservative keff 
under normal conditions was calculated using full density water as 0.9416, meeting the criticality 
criteria to maintain keff at or below 0.95. This keff included the method bias and 95/95 uncertainties in 
the method bias and the maximum keff. In addition, this most conservative case combined the effects 
of worst-case mechanical tolerances, material thickness tolerances, and conservatively accounting for 
enrichment variability (with enrichment assumed to be 5.05 wt%).  

A low density, optimum moderation case has been determined to be the worst-case accident scenario 
for these new fuel storage racks. The model used in the full density case was used to model the low 
density case. A water density of 0.060 gm/cm3 was also used in this analysis. The result was a ke, of 
0.9660, including all biases and uncertainties, meeting the criticality criteria for accident conditions to 
maintain ke, at or below 0.98.  

For other accident conditions, the double contingency principle of ANSI N16.1-1975 is applied. In 
applying this principle, one is not required to assume two independent, unlikely, concurrent events to 
preclude criticality. For all other accident conditions, the absence of a moderator in the new fuel 
storage racks is a realistic initial condition.  

Thus, for normal operations, using the method described above including all the biases and 
uncertainties mentioned, the keff of the new fuel storage racks is determined to be <0.95. This meets 
the criteria stated in Section 4.3.1.5.  r - - - - - - - - - - - - - - - - - - - - - - - - -

* Spent Fuel Storaqe - Wet

The high density spent fuel sterage racks for the Sequoyah Nuclear Plant ;are designed (Reference 32) 
to assure that the effective neutron multiplication factor (k.) is equal te or less than 0.95 reacti•ity, and 
flooded ..ith unborh..a.te.d .wg.ate.r a-;t the , tem.perature ,thin th • rg crespondin to the 

higes ractviy.The maximum acuae reactiVity incluides a magnfo nertainty in reactiVity 
calulaios icldin mchaicl tleancs.All uncertainties, are statisticoally comnbined, s61uch tha._ttthe

fnl will be equal to or less, th;an 0.95 with A 95% prebability at a 95.04 cenfidence~tQ !evej..  

Each storage cell has an internal envelope dimension of 8.75-inches square with 0.060-inch thick 
stainless steel walls. A single Boral absorber panel is positioned between the walls of adjacent cells 

- - " ithinhiF mu - -- -- - - - - - - - - -

Peripheral cells with a 0.0235-inch stainless steel sheathing on the outside supporting the Boral panel.  
The fuel storage cells are located on a nominal lattice spacing of 8.97 ± 0.04 inches. The Boral 
absorber has a thickness of 0.102 ± 0.005 inch and a nominal B-10 areal density of 0.0324 g/cm 2 

(0.030 g B-10/cm2 minimum). The design basis fuel assembly is a 17 x 17 Westinghouse Vantage-5H 
assembly containing U02 at a maximum initial enrichment of 4.95 ± 0.05 wt% U-235 by weight. (If fuel 
assemblies with natural U0 2 blankets are used, the design basis enrichment is that of the central 
enriched zone.) 

r It ful rack analyses, the pirmar! criticality analyses of the high density spent fuel storage racks 
were performed with the KENO 5a computer code, using the 27 group SCALE cosetio ibrar' 
; an.d the WITALA subroutineM for I 238 reso;nanceL shielding effects (NorFdhe*im integral treatment)-.  
Depletion analyses and- d-etermination of equivalenRt enrAich.ments were m~ade with the We dimensional 

U transport theOr'Y, code, CASMO 3. Three separate storage region r 
L- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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r - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
soluble poison. However, the inadvertent misplacement of a fresh fulp assemnbly in a Region 2 location 
w.~ith the remainder Of the rack fully lo~aded With fuel of the highest permnissible reactiVity, has the 
potential for exceeding the limiRting reactiVity, should there be a concurrent loss of all soluble posn 
Un1derQ this acidntcodition, calcula-tionMs- showA~ that approximately 685 ppm woeuld bee sufficint to 

fiuel ha;ndling operations will preclude the possibility of the simultaneoAucs ocurncef t-he tkyc 
independent accident coAnditions. Administrative controls require that the spent fuel pool boron 

pReel unti verification is mae ofnssrembly locasti200 ons. du
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4.3.2.8.1 Introduction 

The stability of the PWR cores against xenon-induced spatial oscillations and the control of such 
transients are discussed extensively in References 6, 12, 13 and 14. A summary of these reports is 
given in the following discussion, and the design bases are given in Paragraph 4.3.1.6.  

In a large reactor core, xenon-induced oscillations can take place with no corresponding change in the 
total power of the core. The oscillation may be caused by a power shift in the core which rapidly 
occurs by comparison with the xenon-iodine time constants. Such a power shift occurs in the axial 
direction when a plant load change is made by control rod motion and results in a change in the 
moderator density and fuel temperature distributions. Such a power shift could occur in the diametral 
plane of the core as a result of abnormal control action.  

Due to the negative power coefficient of reactivity, PWR cores are inherently stable to oscillations in 
total power. Protection against total power instabilities is provided by the Control and Protection 
System as described in Section 7.7. Hence, the discussion on the core stability is limited here to 
xenon-induced spatial oscillations.  

4.3.2.8.2 Stability Index 

Power distributions, either in the axial direction or in the X-Y plane, can undergo oscillations due to 
perturbations introduced in the equilibrium distributions without changing the total core power. The 
xenon-induced oscillations are essentially limited to the first flux overtones in the current PWR's, and 
the stability of the core against xenon-induced oscillations can be determined in terms of the 
eigenvalues of the first flux overtones. Writing the eigenvalue ý of the first flux harmonic as 

= b + ic, (4.3-1) 

then b is defined as the stability index and T = 2 itic as the oscillation period of the first harmonic. The 
time-dependence of the first harmonic 50 in the power distribution can now be represented as 

-a(t) = A eot = aebt cos ct. (4.3-2)

4.3-30
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The details of the seismic design and testing procedures are presented in Section 3.7.  

9.1.2 Spent Fuel Storaqe 

9.1.2.1 Desicqn Bases 

1. Spent fuel storage space will be provided for a total of 10 cores (193 per core) plus 161 extra 
storage positions. However, only 159 of the 161 extra storage spaces may be utilized due to 

- ._pyb-cJ qoru;tin. Thefoe,.,89,tqspac aar laJle, fueIe.nltraQ& 

2. Spent fuel storage racks ar e or new fuel enriched to-a maximum of 5.0% by weight U
235 with K eff less than 9when flooded with 1.0 

3. Administrative controls over fuel loading, discussed in , on 4.3.2.7, assures that the fuel will be 
stored in an array such that Kff will be less than 0-.9 even if the water in the storage pit contains' 
no boron. However, for some accident conditions, the presence of dissolved boron in the pool 
water is taken into account as a realistic initial condition. This assumption can be made by 
applying the double contingency principle of ANSI N16.1-1975 wjich requires two unlikely, 
independent, concurrent events to produce a criticality accident. I I

4. The depth of shielding water over the spent fuel will be sufficient to limit the radiation dose to 
acceptable levels.  

5. The spent fuel storage facility will be capable of withstanding loads imposed by the dead load of 
the fuel assemblies, loads resulting from the impact and handling of fuel assemblies, the 
maximum uplift force from the spent fuel bridge hoist and loads from 1/2 SSE and SSE's.  
Damage to spent fuel pit and storage racks will neither be sufficient to cause a loss of water 
below the top of the racks nor increase Ke ff-a ý ý .  

6. Electrical and mechanical interlocks are provided to prevent the movement of loads over stored 
-13-:11 fe I :- - - - - - - - - - -

7. The spent fuel shipping cask loading area will not be separated from the spent fuel storage area.  
A cask drop is not a credible event provided that heavy loads and safe load paths are in place in 
accordance with NUREG-0612 (SRP-9.1.2, NUREG-0800).  

8. Adequate cooling water will be available for cooling the pool water (Section 9.1.3).  

9. Consideration of criticality safety analysis is discussed in Section 4.3.2.  

9.1.2.2 Description 

The location of the spent fuel pit is shown in Figure 9.1.1-1 and in Figures 1.2.3-5 and 1.2.3-8. Figure 
9.1.2-1 shows the design of the spent fuel storage racks. Figure 9.1.2-2 shows the spent fuel storage 
rack layout in the spent fuel pool and cask pit.  

9.1.2.2.1 Storage Rack Structure 

The high density Spent Fuel Storage Racks consists of 12 modular racks containing a total of 
2091 storage cells with a 8.972" nominal pitch. All rack modules are of the so-called "free-
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Separate pedestal bearing pads are not used in the cask pit area, in that the adjustable pedestal has 
weight distribution pads integrated into the pedestal design to account for this weight bearing function.  

9.1.2.3 Safety Evaluation 

The spent fuel pit is a reinforced concrete structure which rests on the rock formation which underlies 
the Sequoyah site. The pit is designed to withstand 1/2 SSE and SSE forces and the maximum uplift 
force of the spent fuel bridge hoist without deformation, as is the Auxiliary Building in which the pit is 
located. The pit is lined with stainless steel plates to ensure water tightness. Radiological aspects of 
the facility are discussed in Chapter 12.  

The spent fuel pit structure includes a fuel storage area, a spent fuel cask loading area, and a transfer 
canal which communicates with the refueling canal in the containment building. The following 
discussion shows how the facilities comply with the design bases given in Section 9.1.2.1: 

1. The fuel storage area contains six 13 X 14 spent fuel storage rack arrays, two 12 X 14 spent fuel 
storage rack arrays, three 13 X 13 spent fuel storage rack arrays, and one 12 X 13 spent fuel 
storage rack array, for a total of 2091 storage locations. This provides storage space for 10 cores 
plus 161 additional storage spaces. Some storage spaces are "shadowed" by overhead 
obstructions. All but two of the "shadowed" spaces were pre-loaded prior to final rack positioning, 
therefore only 2089 cells can be utilized. The two inaccessible cells are located beneath the gate 
opening between the spent fuel pool and the transfer canal and are shadowed by a support plate 

.... "for"e frans'er angte, - - - - -- - - - -

2. The spent fuel storage racks provide a no nal spacing of 8.972 inches between fuel assemblies.  
The nominal gap between rack array 1'2 1/8 inch north-south and 1.5 inch east-west. The 
spacing is such that Keff is below 04.95 if the racks are filled with fuel assemblies having the 
highest anticipated enrichment even-when flooded with water and including all 
mechanical tolerances. The design of the racks precludes c icality even with a misplaced fuel 
assembly on top of te the rack. The design of the racks preclu placement of a fuel assembly 

I 5 adjacent to the rack. 2000 ppm borated 

3. The normal depth of water in the spent fuel storage area is about 39 feet 10 inches. The SFPCS 
maintains adequate water depth for shielding in the spent fuel pit, for spent fuel storage and for 
handling spent fuel over the storage racks. A low level alarm is annunciated in the control room 
when the water level drops to approximately two inches below normal pool level. The hoist on the 
spent fuel pit bridge is physically prevented from lifting the active fuel region of a spent fuel 
assembly higher than a level which is approximately 10 feet below the low level alarm setpoint 
due to the length of the long handle tool. Thus, the requirement of a water shield of 10 feet above 
the fuel assembly active fuel region is met.

4. The spent fuel storage racks shown in Figure 9.1.2-1 are designed to comply with the stress limits 
of ASME boiler and pressure vessel code, Section III, Subsection NF (1986).  

The racks have been shown by dynamic analysis to withstand SSE and 1/2 SSE loads as well as 
the dead load of the fuel assemblies. The racks are also capable of withstanding accidental 
drops of a fuel assembly or the gates which cover the slots between the pool and transfer canal 
and cask loading pit.
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Final Safety Analysis Report Inserts

INSERT 1.  

The spent fuel racks have been analyzed in accordance with the Holtec International methodology 
contained in Holtec Report HI - 992349 (Ref. 38). This methodology ensures that the spent fuel 
rack multiplication factor, keff is less than or equal to 0.95, as recommended by the NRC guidance 
contained in NRC Letter to All Power Reactor Licensees from B.K. Grimes, "OT Position for 
Review and Acceptance of Spent Fuel Storage and Handling Applications", April 14, 1978 and 
USNRC Internal Memorandum from L. Kopp, "Guidance On The Regulatory Requirements For 
Criticality Analysis Of Fuel Storage At Light-Water Reactor Power Plants", August 19, 1998 (Refs.  
39 & 40). The codes, methods, and techniques contained in the methodology are used to satisfy 
the keff criterion. The spent fuel storage racks are analyzed to allow storage of Westinghouse 17 
X 17 V5H fuel assemblies and other fuel assemblies, with enrichments up to 4.95%±0.05% w/o U
235 utilizing credit for checkerboard configurations, burnup, integral fuel burnable absorbers, 
gadolinia absorbers, cooling time, and soluble boron, to ensure that keff is maintained:_< 0.95, 
including uncertainties, tolerances, and accident conditions. In addition, the spent fuel pool keff is 
maintained < 1.0 including uncertainties and tolerances on a 95/95 basis without any soluble 
boron. Calculations have been performed to evaluate the reactivity of fuel used at SQN. The 
results show that Westinghouse 17 X 17 exhibits higher reactivity, thereby bounding all fuel 
utilized and stored in the spent fuel pool at SQN.  

In the high density Spent Fuel Storage Rack design (Refs. 38 and 41), the spent fuel storage pool 
is divided into three separate and distinct regions which, for the purpose of criticality 
considerations, are considered as separate pools. Region 1 is designed to accommodate new 
fuel with a maximum enrichment of 4.95 ± 0.05 wt% U-235, or spent fuel regardless of the 
discharge fuel burnup in a 1-in-4 checkerboard arrangement of 1 fresh assembly with 3 spent fuel 
assemblies with specified enrichment, burnup and cooling times. Region 2 is designed to 
accommodate fuel which have 4.95 ± 0.05 wt% initial enrichment burned to at least 30.27 
MWD/KgU (assembly average), or fuel of other enrichment with a burnup yielding an equivalent 
reactivity in the fuel racks. Region 3 is designed to accommodate fuel of 4.95 ± 0.05 wt% initial 
enrichment or fuel assemblies of any lower reactivity in a 2-out-of-4 checkerboard arrangement 
with water-filled cells.  

The water in the spent fuel storage pool normally contains soluble boron, which results in large 
subcriticality margins under actual operating conditions. However, the NRC guidelines, based 
upon the accident condition in which all soluble poison is assumed to have been lost, specify that 
the limiting keff of < 1.0 be evaluated in the absence of soluble boron. Hence, the design of all 
regions is based on the use of unborated water, which maintains each region in a subcritical 
condition during normal operation with the regions fully loaded. The double contingency principle 
discussed in ANSI N-16.1-1975 and the April 1978 NRC letter (Ref. 42) allows credit for soluble 
boron under other abnormal or accident conditions, since only a single accident need be 
considered at one time. For example, the most severe accident scenario is associated with the 
accidental mishandling of a fresh fuel assembly face adjacent to a fresh fuel assembly of Region 
3. This could potentially increase the criticality of Region 3. To mitigate these postulated criticality 
related accidents, boron is dissolved in the pool water. The soluble boron concentration required 
to maintained keff 0.95 under normal conditions is 300 ppm and 700 ppm under the most severe 
postulated fuel mis-location accident. Safe operation of the spent fuel storage racks may 
therefore be achieved by controlling the location of each assembly in accordance with Technical 
Specifications. During fuel movement boron concentration is verified to be within limit.  

Most accident conditions do not result in an increase in the reactivity of any one of the three 
regions. Examples of these accident conditions are the loss of cooling and the dropping of a fuel 
assembly on the top of the rack. However, accidents can be postulated that could increase the 
reactivity. This increase in reactivity is unacceptable with unborated water in the storage pool.  
Thus, for these accident occurrences, the presence of soluble boron in the storage pool prevents



criticality in all regions. The most limiting postulated accident with respect to the storage 
configurations assumed in the spent fuel rack criticality analysis is the misplacement of a nominal 
4.95±0.05 wt% U-235 fuel assembly into an empty storage cell location in the Region 3 
checkerboard storage arrangement. The amount of soluble boron required to maintain keff less 
than or equal to 0.95 due to this fuel misload accident is 700 ppm (Ref. 38).  

A spent fuel boron dilution analysis was performed to ensure that sufficient time is available to 
detect and mitigate dilution of the spent fuel pool prior to exceeding the keff design basis limit of 
0.95 (Ref. 43). The spent fuel pool boron dilution analysis concluded that an inadvertent or 
unplanned event that would result in a dilution of the spent fuel pool boron concentration from 
2000 ppm to 700 ppm is not a credible event.  

The concentration of dissolved boron in the spent fuel storage pool satisfies Criterion 2 of the 
NRC Policy Statement.  

The spent fuel storage pool boron concentration is required to be >_ 2000 ppm. The specified 
concentration of dissolved boron in the spent fuel storage pool preserves the assumptions used in 
the analyses of the potential critical accident scenarios as described in Reference 44. This 
concentration of dissolved boron is the minimum required concentration for fuel assembly storage 
and movement within the spent fuel storage pool.  

INSERT 2.  

38 Stanley E Turner (Holtec International), "Criticality Safety Analyses of Sequoyah Spent 
Fuel Racks with Alternative Arrangements," HI-992349 

39 B.K. Grimes (NRC GL7801 1), "OT Position for Review and Acceptance of Spent Fuel 
Storage and Handling Applications", April 14, 1978 

40 L. Kopp, "Guidance On The Regulatory Requirements For Criticality Analysis Of Fuel 
Storage At Light-Water Reactor Power Plants", August 19, 1998 

41 UFSAR, Section 4.3.2.7, "Critically of Fuel Assemblies" 

42 Double contingency principle of ANSI N16.1-1975, as specified in the April 14, 1978 
NRC letter (Section 1.2) and implied in the proposed revision to Regulatory Guide 1.13 
(Section 1.4, Appendix A).  

43 K K Niyogi (Holtec International), "Boron Dilution Analysis," HI-992302 

44 FSAR, Section 15.4.5 

INSERT 3.  

...2000 ppm borated water and considering uncertainties. With partial credit for dissolved 
boron in the pool, keff is less than 0.95 with 300 ppm boron for normal conditions.  

The racks are regionalized into three arrangements as to what limitations exist on fuel 
assemblies stored in each region.



INSERT 4.  

Maintaining 700 ppm dissolved boron in the pool shall meet the criteria for keff to be less 
than 0.95 with consideration of uncertainties.  

INSERT 5.  

Partial credit for dissolved boron in the pool water ensures the keff shall remain less than 
0.95 with consideration of uncertainties and fuel mis-placement. The spent fuel pool boron 
concentration is nominally above 2000 ppm though only 700 ppm is required.  

The spent fuel racks are regionalized into three arrangements as the what limitations exist 
on fuel assemblies stored in each region.


