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10 CFR §50.90

FPL

U. S. Nuplear Regulatory Commission
Attn: Document Control Desk
Washington, D. C. 20555
Re:

Turkey Point Units 3 and 4
Docket Nos. 50-250 and 50-251
Proposed License Amendments
Soluble Boron Credit for Spent Fuel Pool and Fresh Fuel Rack
Criticality Analyses

In accordance with 10 CFR §50.90, Florida Power and Light Company (FPL) requests that
Appendix A of Facility Operating Licenses DPR-31 and DPR-41 be amended to modify
Technical Specifications (TS) Table 3.9-1 and 5.6.1.
These proposed changes increase the subcritical margin in the Spent Fuel Pool (SFP) in order to
accommodate degradation of the Boraflex panels in the fuel storage racks by permitting credit
for soluble Boron. The generic methodology for crediting soluble boron in spent fuel rack
criticality analysis, Westinghouse Spent Fuel Rack Criticality Analysis mefhodology WCAP
14416-NP-A, Revision 1, was approved by the Nuclear Regulatory Commission on October 25,
1996. The Turkey Point Units 3 and 4 specific Criticality Analyses for Fresh and Spent Fuel
storage racks and the SFP Dilution Analysis are submitted herein to update the licensing bases
which support the proposed TS changes.
A description of the amendments request is provided in Attachment 1. FPL has determined that
the proposed license amendments do not involve a significant hazards consideration pursuant to
10 CFR §50.92. The no significant hazards determination in support of the proposed TS
changes is provided in Attachment 2. Attachment 3 provides the proposed revised TS pages.
Attachments 4 and 5 provide the Criticality Analyses for Spent Fuel Storage for Turkey Point
Units 3 and 4. Attachment 6 provides the Turkey Point Units 3 and 4 SFP Dilution Analysis.
Attachment 7 provides the Fresh Fuel Storage Criticality Analysis. Attachment 8 provides the
Turkey Point Units 3 and 4 SFP monthly silica concentration data.
In accordance with 10 CFR §50.91(b), a copy of the proposed license amendment is being
forwarded to the State Designee for the State of Florida.

an FPL Group company
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Turkey Point Units 3 and 4
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Soluble Boron Credit for Spent Fuel Pool and Fresh Fuel Rack
Criticality Analyses
The proposed license amendments have been reviewed by the Turkey Point Plant Nuclear Safety
Committee and the FPL Company Nuclear Review Board.
FPL requests the review and approval of the proposed amendments by June 2000.
Should there be any questions, please contact us.
Very truly yours,

R. J. Hovey
Vice President
Turkey Point Plant
SM
cc:

Regional Administrator, Region II, USNRC
Senior Resident Inspector, USNRC, Turkey Point Plant
Florida Department of Health and Rehabilitative Services
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)

STATE OF FLORIDA

) ss.

)

COUNTY OF MIAMI-DADE

R. J. Hovey being first duly sworn, deposes and says:
That he is Vice President, Turkey Point Plant, of Florida Power and Light Company, the
Licensee herein;
That he has executed the foregoing document; that the statements made in this document are
true and correct to the best of his knowledge, information and belief, and that he is authorized to
execute the document on behalf of said Licensee.

R. J. Hovey

Subscribed and sworn to before me this
01"

day of /J0 veI

19 9 9 .

Name of Notary Public (Type or Print)

R. J. Hovey is personally known to me.
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ATTACHMENT 1
DESCRIPTION OF AMENDMENTS REQUEST

1.0

Purpose

Florida Power and Light Company (FPL) requests that Appendix A of Facility Operating License
DPR-31 and DPR-41 be amended to modify Technical Specifications (TS) Table 3.9-1, "Spent
Fuel Burnup Requirements for Storage in Region II of the Spent Fuel Pit," and 5.6.1,
"Criticality." The proposed changes seek to take advantage of improvements in the NRC
approved Westinghouse methodology which credits soluble boron and provides a direct method
for ensuring spent fuel rack subcriticality.
The proposed changes will enhance FPL's ability to retain the use of spent fuel storage cells in
the Spent Fuel Pool (SFP) in the event of further Boraflex degradation, thereby preserving the
ability to store spent fuel in the SFPs without the need for out of pool storage capability.

2.0

Background

The industry has experienced issues related to the degradation of Boraflex, e.g. dissolution of
B'°, gap formation, and shrinkage. NRC had requested the licensees via Generic Letter (GL)
96-04 "Boraflex Degradation in Spent Fuel Pool Storage Racks" to (1) assess the capability of
the Boraflex to maintain a 5 % subcriticality margin and (2) submit to the NRC a plan
describing its proposed actions if this subcriticality margin cannot be maintained by Boraflex
material because of current or projected future Boraflex degradation. In response to the request,
Turkey Point had assessed Boraflex degradation by considering the integrated gamma dose to
the Boraflex panels in conjunction with the Blackness Testing results and the monitoring of
silica level in the SFP.
The response to the GL concluded that at Turkey Point, no further Boraflex degradation could
occur due to gamma irradiation. It is known that gamma irradiation from the spent fuel results
in the formation of gaps and the shrinkage of the Boraflex panels. The saturation gamma dose
level for the Boraflex degradation mechanism has been reported by EPRI to be between 9x10 9
and 1.5x10l 0 rads. The calculated gamma dose to irradiated Boraflex panels in Turkey Point
Units 3 and 4 SFPs is beyond the saturation level for this Boraflex degradation mechanism.
Therefore, no additional significant shrinkage is expected due to gamma exposure beyond the
saturation level.

/
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The GL response also outlined the long-term remedies if a subcriticality margin of 5 % could
not be maintained because of Boraflex degradation. FPL had indicated that should Boraflex
degradation impact the capability to maintain Keff < 0.95, FPL would consider taking credit for
soluble boron in the SFP. Furthermore, it was stated in the response that FPL would evaluate
the Westinghouse soluble boron credit methodology for reanalyzing the spent fuel rack
criticality for Turkey Point Units 3 & 4 for crediting soluble boron.
3.0

Need for the Proposed Technical Specification Change

FPL has an on-going in-service Boraflex verification program. The goals of the program are to
confirm the in-service Boraflex panel performance data in terms of gap formation, gap
distribution, and gap size. The program accomplishes these goals through the performance of
the Blackness Testing, and the tracking of the SFP silica levels.
Blackness Testing is performed on a test frequency of every five years on specific Boraflex
panels in either SFP. Engineering evaluations are performed to evaluate the results of the
Blackness Testing to demonstrate that the subcritical margin required by Technical
Specifications for the storage of fuel in the Spent Fuel Pool continues to be met. The results of
these tests have demonstrated that the required TS suberitical margin for the storage of fuel in
the SFP has been met.
The proposed changes to Turkey Point Units 3 and 4 TS Table 3.9-1 and Section 5.6.1, seek to
take advantage of the NRC approved Westinghouse methodology which provides a direct
method for ensuring subcriticality by utilizing the soluble boron that is contained in the SFP.
TS Table 3.9-1 will be revised to provide less restrictive enrichment and burnup requirements
for the storage of fuel assemblies and TS 5.6.1 will be revised to provide boron concentration
requirements for the water contained in the SFP. Westinghouse has performed criticality
analyses for the Spent Fuel Storage for Turkey Point Units 3 & 4 and submitted here as
Attachments 4 and 5. The Turkey Point Units 3 & 4 Boron Dilution analysis is submitted here as
Attachment 6.
The criticality analyses presented in Attachment 7 change the analytical basis for the Fresh Fuel
storage without the need to change the TS 5.6.1.2.
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4.0

System Description and Design Basis Requirements

The design basis of the SFP is to provide for the safe storage of irradiated fuel assemblies. The
pool is filled with borated water. The water removes decay heat, provides shielding for the
personnel handling the fuel, and reduces the amount of radioactive gases released during a fuel
handling accident. The water volume corresponding to the TS minimum level elevation of
56'-10" is conservatively determined to be 264,000 gallons.
Turkey Point Units 3 and 4 SFPs are each divided in two regions. Region I is designed to store
high reactivity fuel (fresh or low burnup fuel). Region H can store lower reactivity (lower
enrichment or higher burnup), but at a higher storage density. The maximum number of fuel cell
locations is 1404. The spent fuel racks are designed to support and protect the spent fuel
assemblies under normal and credible accident conditions. The SFP boron concentration is
typically in the range of 2000 to 2100 ppm. Existing TS 3.9.14 states that the minimum boron
concentration in the Spent Fuel Pit shall be 1950 ppm at all times when fuel is stored in the
Spent Fuel Pit.
Criticality of fuel assemblies in a fuel storage rack is prevented by the design of the rack, which
limits fuel assembly interaction. The SFP is maintained in a subcritical configuration in
unborated water by:
(w/o) U 235
"* Limiting the fuel enrichment to no greater than 4.5 weight percent
"* Maintaining a fixed separation between individual fuel assemblies stored in cells arranged
into two separate regions (Regions I and I1),
"* Interposition of neutron absorbing panels (Boraflex) between assemblies, and
"* Specifying assignment of fuel assemblies to a physical location based on accumulated
burnup criteria.
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5.0

Technical Specification Change Request

The proposed changes are described below and a markup of the proposed changes is provided in
Attachment 3:
1. TS 3/4.9.14, "Table 3.9-1 Spent Fuel Bumup Requirements for Storage in Region H of the
Table 3.9-1 which
Spent Fuel Pit": Replace existing TS Table 3.9-1 with the revised
235
that is allowed to be
provides the burnup for a given enrichment up to 4.5 w/o of U
stored in Region I1.
Justification: The Turkey Point spent fuel racks have been analyzed to take credit for
soluble boron including the presence of Boraflex poison panels in the spent fuel rack. The
maximum enrichment limit is increased from 1.5 w/o to 1.6 w/o of U 235, and the required
burnups for storage of initial enrichments up to 4.5 w/o of U 235 are updated. Storage of
fuel assemblies with initial enrichments higher than 1.6 w/o of U235 in all cells of the
Turkey Point Units 3 and 4 Region H fuel racks is achievable by means of burnup credit
using reactivity equivalencing. The concept of equivalencing is based on reactivity
decrease associated with fuel depletion. For burnup credit a series of reactivity calculations
has been performed assuming conservative conditions for the fuel storage cells
(Attachment 4) to generate a set of enrichment-fuel assembly discharge burnup ordered
pairs which all yield an equivalent Kfr when stored in the spent fuel storage racks in
Region II. The limit of 1950 ppm, bounds the value of 650 ppm for normal conditions,
which is required to maintain the spent fuel storage rack Keff < 0.95 when fuel assemblies
are stored in accordance with TS 3/4.9.14.TS Table 3.9-1 represents combinations of fuel
enrichment and discharge burnup based on calculations of constant rack reactivity with a
soluble boron requirement of at least 650 ppm.
2.

TS 5.6.1.1 "Criticality": Renumber 5.6.1.1a to 5.6.1.1b, 5.6.1.1b to 5.6.1.1c, and 5.6.1.1c to
5.6.1.1d.
Justification: This is an administrative change. Renumbering of these sections is needed in
order to incorporate a new TS section numbered as 5.6.1.1a.

3.

TS 5.6.1.1a: Add 5.6.1.1a to read, "A Keff equivalent to less than 1.0 when flooded with
unborated water, which includes a conservative allowance for uncertainties."
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Justification: TS 5.6.1.1a is added in accordance with the "Westinghouse Spent Fuel Rack
Criticality Analysis Methodology" SFP criteria without the presence of soluble boron. For
both Region I and Region II, Keff is required to remain less than 1.0 without soluble boron
present in the SFP water ensuring that the spent fuel racks will remain subcritical under
conditions when all cells are loaded with fuel assemblies with permitted enrichments and
fuel burnups. The analytical criterion of Keff equivalent to less than 1.0 when flooded with
unborated water has been specifically approved by the NRC for this application.
4.

TS 5.6.1.1b: Revise 5.6.1.1b to read, "A Keff equivalent to less than or equal to 0.95 when
flooded with water borated to 650 ppm, which includes a conservative allowance for
uncertainties."
Justification: Delete the current reactivity limitations of flooded conditions with unborated
water. In addition, the conservative allowances of 0.97% Ak/k for Region I and 1.96% Ak/k
for Region II are addressed in the Turkey Point specific analyses using the approved
Westinghouse methodology and are not included in the TS. These limitations are replaced
with Keff limits that are based on the SFP criterion for the minimum soluble boron
requirements to maintain subcriticality in accordance with the "Westinghouse Spent Fuel
Rack Criticality Analysis Methodology" described in WCAP-14416-NP-A, Rev 1. The
minimum soluble boron of 650 ppm is the required soluble boron limit which has been
calculated by Westinghouse specifically for Turkey Point Units 3 and 4 and the supporting
analyses are presented in Attachment 4. The TS limit of 1950 ppm, bounds the value of 650
ppm for normal conditions, which is required to maintain the spent fuel storage rack
Keff< 0.95 when fuel assemblies are stored in accordance with TS 3/4.9.14. The analysis
uncertainties will be incorporated into the UFSAR consistent with NUREG 1431.

5.

TS 5.6.1.1c: Change the Region "1" to read "I" and Region 2 to read "LI".
Justification: This is an administrative change to have consistent naming of SFP Regions I
and II.

6.

TS 5.6.1.2: There is no change required for the TS 5.6.1.2.
Justification: The criticality analyses for Fresh Fuel storage racks for Turkey Point Units 3
and 4 constitute an update to the safety analyses bases. The safety analyses supporting the
current TS for Fresh Fuel Storage racks has been updated as presented in Attachment 7 and
in accordance to the Westinghouse methodology described in WCAP 14416-NP-A,
Revision 1. The results of the analyses in Attachment 7 meet the current TS acceptance
criteria for the effective neutron multiplication factor including uncertainties for fully
flooded and for optimum moderation conditions. Therefore, there is no need to change the
current TS.
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6.0

Safety Analysis

6.1

Westinghouse Spent Fuel Rack Criticality Analysis Methodology
The methodology which allows credit for soluble boron is contained in the topical report
"Westinghouse Spent Fuel Rack Criticality Analysis Methodology" described in WCAP
14416-NP-A, Revision 1. This methodology was approved by a NRC Safety Evaluation
dated October 25, 1996.
Criticality of fuel assemblies in a fuel storage rack is prevented by the design of the rack,
which limits fuel assembly interaction. This is done by fixing the minimum separation
between fuel assemblies and placing absorber panels between storage cells. The design
basis for preventing criticality in the SFP or for fresh fuel storage is examined on a 95/95
basis. The 95/95 basis is defined as the upper limit, with a 95 percent probability at a 95
percent confidence level, of effective neutron multiplication factor Ker of the fuel assembly
array, including uncertainties and manufacturing tolerances.
For the SFP, the criteria with the credit for soluble boron are:
1.
2.

The 95/95 basis Kff for the storage will be less than 1.0 without the presence of the
soluble boron.
The 95/95 basis KIff for the storage will be less than or equal to 0.95 with the
presence of a defined level of soluble boron in the SFP.

These criteria are defined in the topical report in WCAP-14416-NP-A, Revision 1. The
analyses require the reactivity of the racks to be below 1.0 with all manufacturing
tolerances and uncertainties and without any credit for soluble boron. Credit for soluble
boron is taken to provide safety margin by maintaining rack reactivity to be approximately
5% below that for the no boron case, but also less than or equal to 0.95, including
uncertainties and tolerances. Credit for soluble boron is also taken under accident
scenarios.
6.2

Turkey Point Specific Calculations
The methodology employed in Turkey Point spent fuel rack criticality calculations is based
on the NRC approved 'Westinghouse Spent Fuel Rack Criticality Analysis Methodology"
described in WCAP-14416-NP-A, Revision 1.

L-99-176
Attachment 1
Page 7 of 15
The Turkey Point Units 3 & 4 spent fuel racks have been analyzed to allow storage of
Westinghouse 15x15 fuel assemblies in all cells in Regions I and in all cells in Region II

of the SFP. The Keff was calculated for Region I and Region H. Westinghouse analyzed
two cases for each region, one case with no soluble boron, and one case with credit for
soluble boron. These analyses include the presence of Boraflex poison panels in the
spent fuel rack. However, the Boraflex panels are degraded by shrinkage, which creates
gaps in the panels. The storage racks were analyzed assuming Boraflex degradation to
account for gap formation, shrinkage, and loss of B10 from the Boraflex panel via
dissolution.
A Boron Dilution analysis was performed by Westinghouse for crediting soluble boron
in the Turkey Point Units 3 & 4 spent fuel rack criticality analysis. The boron dilution
analysis was performed to ensure that sufficient time is available to detect and mitigate a
dilution event before the spent fuel rack criticality analysis 0.95 Kefr design basis is
exceeded.
Attachment 4 contains the Turkey Point specific calculations "Criticality for Spent Fuel
Storage for Turkey Point Units 3 & 4 (Degraded Boraflex)." Attachment 5 contains the
criticality analyses results for the more limiting cases (no soluble boron for Region I and
Region I) which assume loss of B'0 from the Boraflex panels via dissolution.
Attachment 6 contains the SFP Boron Dilution analysis for Turkey Point.
6.3

Analytical Assumptions
The design method, which insures the criticality safety of fuel assemblies in the fuel
storage rack, is described in detail in the Westinghouse topical report WCAP-14416-NP
A, Revision 1. In Attachment 4, Westinghouse describes the computer codes, the
benchmarking, and the methodology which are used to calculate the criticality safety
limits for Turkey Point Units 3 & 4. The specific assumptions employed in the Turkey
Point criticality analyses are listed in the related sections of Attachments 4 and 5. The
assumptions made for the Boron Dilution calculations are listed in Attachment 6.
In addition to crediting soluble boron in the SFP criticality analysis, the following
storage configurations and enrichment limits were evaluated in the spent fuel rack
criticality analyses:
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"

Westinghouse 15X15 fuel assemblies with nominal enrichments less than or equal to
long natural uranium axial blankets at the top and bottom
4.50 w/o U 235 with 6 inch
of the fuel rods, can be stored in any cell location in Region I.

"* Westinghouse 15X15 fuel assemblies with initial nominal enrichments less than or
equal to 1.60 w/o U 235 can be stored in any cell location in Region HI.
"* Westinghouse 15X15 fuel assemblies with initial nominal enrichments greater than
1.60 w/o U235 must satisfy a minimum burnup requirement as shown in the revised
TS Table 3.9-1.
"* The characteristics of the Westinghouse 15x15 Optimized Fuel Assembly (OFA)
Debris Resistant Fuel Assembly (DRFA) fuel assemblies were assumed in the spent
fuel rack criticality analysis, since they bound storage of the Westinghouse 15X15
OFA and Low Parasitic Absorber Rod (LOPAR) fuel assemblies.
6.4

Validation of the Analytical Assumptions
Boraflex degradation is monitored by the Blackness Testing and the level of silica in the
water of the SFP. The measured data is used to validate the assumptions used in the
criticality analyses and to ensure that they conservatively bound the actual Boraflex
conditions in the Turkey Point SFP.
The input and assumptions on uncertainties and tolerances for the storage racks
criticality analyses and the input used in the boron dulution analyses have been
documented and independently verified in accordance to FPL's Quality Assurance
program.

6.4.1

Blackness Testing Results
The Blackness Testing results for each unit and both of their respective storage regions
have been consolidated for the following reasons:
"* The radiation and chemical environment that cause the formation of gaps and
shrinkage are similar,
"* The Boraflex material in both storage regions is made from the same polymer.
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Blackness Testing has been performed for a fraction of the total Boraflex panels in the
SFP. However, the measured results conservatively represent the conditions of
irradiated Boraflex panels in the SFP for the following reasons:
*
*
*
*

The manufacturing process for the spent fuel storage racks was very similar,
The thermal and chemical processes for every storage cell are very similar,
The degradation mechanism by gamma irradiation is the same for every cell, and
The measured cells were chosen to provide information representative of the dose at
which the irradiation effects plateau.

The consolidated Blackness testing results showed the following characteristics about
Boraflex gaps and shrinkage:
*
*
*
*
•
•
•

Less than 60% of all panels measured had gaps.
The number of gaps per panel ranged from 0 to 7.
At least 95% of the panels tested showed that there were 3 gaps or less.
The largest gap width was 2.4 inches and the smallest gap was 0.5 inches.
At least 95% of the gap widths were 1.5 inches or less.
The axial location of these gaps along the panel was randomly distributed and the
median distance between gaps was 44 inches.
The nominal panel length had decreased by 2 inches.

A conservative representation of the entire SFP is taken in the analysis by assuming all
cells having the following characteristics for each Boraflex panel:
"* Five gaps/panel are assumed, with the width of each gap being 1.5 inches, separated
by 7.5 inches (center to center). This assumption is conservative because it assumes 5
gaps in every panel whereas 40% of the panels tested showed no gaps.
"* The length of each Boraflex panel is assumed to shrink by approximately 4.2 inches,
which is greater than the measured shrinkage of 2.0 inches.
"* The measured results yield a value of 2.1% of Boraflex unavailable for neutron
absorption compared to the analysis value of 8.2 %.
"* The gaps in the model are at the same axial position in each panel, which significantly
increases the neutronic communication between cells. This does not occur in the
actual SFP since the gaps are randomly distributed along the axial length of the
Boraflex panel.
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6.4.2

Silica Monitoring
Silica is a component of Boraflex. Dissolution of silica from the Boraflex into the main

body of the water of the Spent Fuel Pool will occur until it reaches an equilibrium
concentration. One way to disturb this equilibrium condition and encourage further
degradation is via the Spent Fuel Purification System that removes impurities from the
water via a mixed bed ion exchanger. There are three factors limiting dissolution of silica
from the Boraflex:
"

The free flow of Spent Fuel Pool water inside the Boraflex wrapper plate is very
limited due to the construction of the Boraflex wrapper plate and its attachment to
the wall of the fuel storage cell,

"* There are very few exchange sites available in the ion exchange resin for the removal

of silica causing the resin to saturate with silica quickly which results in only a slight
decrease in silica concentration, and
"* The purification system is normally lined up to the Refueling Water Storage Tank.

The most significant method of decreasing silica concentration in the SFP is via a feed
and bleed operation, which is an evolution that is rarely used.
Dissolution of B'0 out of the Boraflex as a degradation mechanism is not considered a
significant problem. This is evidenced by the low concentration of silica in the SFP
water as a function of time. Attachment 8 provides the surveillance results for measured
levels of silica in the SFP.
The effect of loss of B1° from the Boraflex was evaluated in Attachment 5. The
sensitivity calculations were based on the degraded Boraflex base case presented in
Attachment 4. The criticality calculations were performed assuming a reduction in either
the areal density of B or a reduction in the areal density of B10 with a corresponding
reduction in thickness of the Boraflex panel. The most limiting combination that would
continue to support the criteria of Keff < 1.0 with no soluble boron in the Spent Fuel Pool
water was then determined for:
"• Region I: The combination was a reduction of both areal density and thickness by a

factor of slightly more than two.
"* Region II: The combination was no change in thickness and reduction of the areal

density by a factor of two.
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The effect of silica dissolution on the thickness and areal density of Boraflex panels can
be estimated by assuming that dissolution of silica into the pool water is a uniform
process. From the data in Attachment 8 it appears that over a period of several years

there is only a small decrease in the average panel thickness and areal density given that
the average silica concentration has increased at a very slow rate over the elapsed time.
Therefore, the assumptions made in the analysis in Attachment 5 are considered very
conservative and the resulting KIfr is conservatively high.
It is apparent that the amount of Boraflex degradation assumed in the criticality analyses
compared to the measured values is greater. Therefore, the calculated Keir would be
considered bounding for the present conditions in the SFP.
6.5

Analysis Results
The criticality analyses performed for the Turkey Point spent fuel storage racks show
that the acceptance criteria for criticality are met for the storage of Westinghouse 15X15
fuel assemblies under both normal and accident conditions with soluble boron credit,
partial credit for the spent fuel rack Boraflex neutron absorber, credit for natural uranium
axial blankets (Region I), and the burnup and enrichment limits described above.
The proposed TS 5.6.1.1 changes establish a boron concentration requirement for the
water contained in the SFP. Since TS 3/4.9.14, already contains a limit that exceeds this
requirement, and soluble boron has always been contained in the SFP water, this
requirement will have no effect on normal SFP operations and maintenance. The
proposed TS Table 3.9-1 changes establish less restrictive enrichment and burnup
requirements for the storage of fuel assemblies. Since the TS for a given enrichment
currently contain more restrictive bumup requirements for spent fuel storage, the revised
limitations will have no effect on normal pool operations and maintenance.
Based on the results of the criticality analyses presented in Attachment 4, SFP boron
concentration of 1100 ppm for accident conditions would maintain the spent fuel storage
rack K~eff_< 0.95, while compensating for the increased reactivity which could result from
a misplaced fuel assembly. The misplaced fuel assembly event bounds a loss of SFP
cooling event. The current TS SFP boron concentration limit of 1950 ppm is consistent
with the boron concentration normally maintained in the SFP. Since soluble boron has
always been contained in the SFP, this requirement will have no effect on normal pool
operations and maintenance. The limit of 1950 ppm, bounds the value of 650 ppm for
normal conditions, which is required to maintain the spent fuel storage rack Kerff 0.95
when fuel assemblies are stored in accordance with TS 3/4.9.14.
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The 30 day frequency for sampling the boron concentration in the SFP in current TS
3/4.9.14 is adequate because significant reductions in SFP boron concentration result
from significant increases in pool volume or significant changes in the sources of non
borated water to the pool. Significant changes in the boron concentration are difficult to
produce without detection, since the pool contains such a large volume of water.
Soluble boron concentration reduction requires the inflow and outflow of large volumes
of water, which are readily detected. Pool inventory changes provide a good indication
of potential boron concentration changes. The pool water inventory is monitored by level
indication and alarms and by periodic operator rounds of the SFP. Sampling and
verification of the SFP boron concentration on a 30-day frequency provides adequate
assurance that smaller and less readily identifiable boron concentration reductions are
not taking place.
SFP systems, instrumentation, and supporting systems are not modified as a result of the
proposed license amendments. Operations involving SFP water cooling and cleanup do
not change.
The Turkey Point spent fuel rack criticality analysis also addressed postulated accidents
in the SFP. The accidents that can occur in the SFP and their consequences are not
significantly affected by taking credit for the soluble boron present in the pool water as a
major subcriticality control element.
The criticality analyses confirmed that most SFP accident conditions would not result in
an increase in Keff of the spent fuel racks. Examples of such accidents are the drop of a
fuel assembly on top of a rack, and the drop or placement of a fuel assembly into the
cask loading area. At Turkey Point, the spent fuel assembly rack configuration is such
that it precludes the insertion of a fuel assembly in between rack modules. A dropped
fuel assembly can only land on the top of the racks.
From a criticality standpoint, the dropped fuel assembly accident assumes a fuel
assembly in its most reactive condition is dropped on to the spent fuel racks. The rack
structure pertinent for criticality is not excessively deformed. Previous accident analysis
with unborated water showed that a dropped fuel assembly which comes to rest
horizontally on top of the spent fuel rack has sufficient water separating it from the
active fuel height of stored fuel assemblies to preclude neutronic interaction. For the
borated water condition, the interaction is even less since the water contains boron, an
additional thermal neutron absorber.
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However, two accidents can be postulated which could result in an increase in reactivity.
The first postulated accident would be a loss of the SFP cooling system. The second
would be the misloading of a fuel assembly into a cell for which the restrictions on
enrichment and burnup are not satisfied, which can occur in Region II (which bounds all
other fuel misloading accidents).
The loss of normal cooling to the SFP water causes an increase in the temperature of the
water passing through the stored fuel assemblies. This causes a decrease in water density,
which would result in a net increase in reactivity when soluble boron is present in the
water and Boraflex neutron absorber panels are present in the racks. A fuel assembly
misload accident relates to the use of restricted storage locations based on fuel assembly
initial enrichment and burnup. Administrative controls are placed on the loading of
assemblies into these locations (Region HI). The misloading of a fuel assembly constitutes
not meeting the enrichment and bumup requirements of that location. The result of the
misloading is to add positive reactivity, increasing Keff toward 0.95.
The amount of soluble boron required to offset each of these postulated accidents was
evaluated for all of the storage configurations in the criticality analysis described above.
The evaluation established the amount of soluble boron necessary to ensure that the
spent fuel rack Keff will be maintained less than or equal to 0.95 should a loss of SFP
cooling or a fuel assembly misload accidentoccur.
The amount of soluble boron necessary to mitigate either of these events, 1100 ppm, is
bounded by the SFP boron concentration limit contained in TS 3/4.9.14. Based on the
double contingency principle, the boron concentration limit for accident conditions
contained in the TS does not have to account for both a loss of cooling event and a
misload event occurring at the same time.
The radiological consequences of a dropped assembly accident in the SFP do not change
because of the presence of soluble boron in the SFP water. The current Updated Final
Safety Analysis Report (UFSAR) accident analysis (Section 14.2.1) assumes that a high
burnup fuel assembly is dropped, and the outer row of fuel rods (15) in the dropped
assembly ruptures releasing the gap radioactive gases. A large fraction of the halogen
gases is entrained in the pool water limiting the off-site exposures.
A boron dilution analysis was performed to ensure that sufficient time is available to
detect and mitigate dilution of the SFP before the 0.95 Krff design basis is exceeded.
The results of the SFP boron dilution analysis are summarized in Attachment 6.
Calculations were performed to define the dilution times and volumes for the SFP. The
dilution sources available were compiled and evaluated against the calculated dilution
volumes, to determine the potential for a SFP boron dilution event.
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The analysis shows that a large volume of water (approximately 290,000 gallons) is
necessary to dilute the SFP from the TS limit of 1950 ppm to a soluble boron

concentration where a Keff of 0.95 would be approached in the SFP. A dilution event
large enough to result in a significant reduction in the SFP boron concentration would
involve the transfer of a large quantity of water from a dilution source and a significant
increase in SFP level which would ultimately overflow the pool. In addition, because of
the dilution flow rates available at Turkey Point during normal plant operations
(Attachment 6), and the large quantities of water required, any significant dilution of the
SFP would only occur over a long period of time (hours to days). Detection of a SFP
dilution via level alarms and/or visual inspections would be expected long before a
significant dilution would occur. Therefore, it is highly unlikely that any dilution event
in the SFP could result in the reduction of the SFP boron concentration to less than the
650 ppm design basis limit.
The proposed TS 5.6.1.lb requires that the spent fuel rack K&ff be less than or equal to
0.95 when flooded with water borated to 650 ppm. The dilution analysis (Attachment 6)
concluded that large volumes of water are necessary to dilute the SFP water from the
1950 ppm Technical Specification limit to less than the boron concentration limit of 650
ppm. The availability of such large water supplies on site is limited. In addition, the
transferability of the available water supplies to the pool is very low due to the small
number of possible flow paths, and in many cases impossible due to the physical
arrangement of the SFP relative to the supplies.
The SFP dilution analysis assumes thorough mixing of all the nonborated water added to
the SFP. It is unlikely, with cooling flow and convection from the spent fuel decay heat,
that thorough mixing would not occur. However, if mixing were not adequate, it would
be conceivable that a localized pocket of non-borated water could form somewhere in
the SFP. This possibility is addressed by the calculation in Attachment 4, which shows
that the spent fuel rack K&ff will be less than 1.0 on a 95/95 basis with the SFP filled with
non-borated water. Thus, even if a pocket of non-borated water formed in the SFP, Keff
would not be expected to exceed 1.0 anywhere in the pool.
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The Fresh Fuel racks were analyzed (Attachment 7) for the full density water flooding
and for introduction of water at optimum density. (Optimum density is defined as the
low density of water, which would lead to the highest reactivity of the storage array).
Under normal conditions, the fresh fuel racks are maintained in a dry environment. The
introduction of water into the fresh fuel rack area is the worst case accident scenario.
The water flooding cases analyzed in Attachment 7 are bounding accident situations,
which result in the most conservative fuel rack Kef.w Since Keffwas calculated to be less
than 0.95 for the full density analysis and less than 0.98 for the optimum water density
moderation analysis, including uncertainties at a 95/95 probability/confidence level, the
respective acceptance criteria for criticality are met for storage of the 15x15 fuel
assemblies with maximum allowed enrichment.
7.0

Conclusion
The safety analyses in Attachments 4, 5, 6 and 7 demonstrate that the required margin
for suberiticality in the SFP and the New Fuel storage racks will not be exceeded.
The combination of the following provides a level of safety:
1.

The 95/95 Keff calculation, which shows that the spent fuel rack K&ff will remain
less than 1.0 when flooded with unborated water.

2.

The proposed TS which will ensure that the SFP boron concentration and fuel
assembly storage will be maintained consistent with the assumptions in the
criticality analysis, thus maintaining the required margin to criticality.

3.

The criticality analysis for the Turkey Point spent fuel racks which was
performed utilizing the NRC approved Westinghouse Spent Fuel Rack Criticality
Analysis Methodology described in WCAP-14416-NP-A, Revision 1, October
25, 1996.

4.

The 95/95 Keff calculation, which shows that the New Fuel storage rack Keff will
remain less than 0.95 when flooded with unborated water and less than 0.98 for
low-density optimum moderation conditions.

In conclusion, the proposed TS amendments provide reasonable assurance of continued
protection of the public health and safety.
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ATTACHIMENT 2
NO SIGNIFICANT HAZARDS CONSIDERATION DETERI

INATION

Introduction
The Nuclear Regulatory Commission has provided standards for determining whether a significant
safety hazards consideration exists [10 CFR §50.92(c)]. A proposed amendment to an operating
license for a facility involves no significant hazards consideration, if operation of the facility in
accordance with the proposed amendment would not (1) involve a significant increase in the
probability or consequences of an accident previously evaluated; or (2) create the possibility of a
new or different kind of accident from any accident previously evaluated; or (3) involve a
significant reduction in a margin of safety. Each standard is discussed below for the proposed
amendments.
Discussion
(1)

Operation of the facility in accordance with the proposed amendments would not
involve a significant increase in the probability or consequences of an accident
previously evaluated.
There is no increase in the probability of a fuel assembly drop accident in the Spent
Fuel Pool (SFP) when considering the presence of soluble boron in the SFP water for
criticality control. The handling of the fuel assemblies in the SFP has always been
performed in borated water. The consequences of a fuel assembly drop accident in
the SFP are not affected when considering the presence of soluble boron.
There is no increase in the probability of the accidental misloading of spent fuel
assemblies into the SFP racks when considering the presence of soluble boron in the
pool water for criticality control. Fuel assembly placement will continue to be
controlled pursuant to approved fuel handling procedures and will be in accordance
with the Technical Specification (TS) spent fuel rack storage limitations. There is no
increase in the consequences of the accidental misloading of spent fuel assemblies
into the SFP racks because criticality analyses demonstrate that the pool will remain
subcritical following an accidental misloading if the pool contains an adequate boron
concentration. The proposed TS ensure that an adequate SFP boron concentration
will be maintained. 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.
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A loss of normal cooling to the SFP water causes an increase in the temperature of the
water passing through the stored fuel assemblies. This causes a decrease in water
density, which would result in a net increase in reactivity when soluble boron is
present in the water and Boraflex neutron absorber panels are present in the racks.
However, the additional negative reactivity provided by the 1950 ppm boron
concentration limit, above that provided by the concentration required (650 ppm) to
maintain Keff less than or equal to 0.95, will compensate for the increased reactivity
which could result from a loss of SFP cooling event. Because adequate soluble boron
will be maintained in the SFP water, the consequences of a loss of normal cooling to
the SFP will not be increased.
The Fresh Fuel racks are analyzed by employing the "Westinghouse Spent Fuel Rack
Criticality Analysis Methodology" approved by the NRC and described in WCAP
14416, NP-A, Revision 1. Only the method for Fresh Fuel storage racks criticality
calculations has changed. The method of handling fuel, the maximum fuel
enrichment, and the limiting values for criticality have not changed. Therefore, there
is no change in the margin of safety for the Fresh Fuel storage racks.
Therefore, based on the conclusions of the above analysis, the proposed changes will
not involve a significant increase in the probability or consequences of an accident
previously evaluated.
(2)

Operation of the facility in accordance with the proposed amendments would not
create the possibility of a new or different kind of accident from any previously
evaluated.
Spent fuel handling accidents are not new or different types of accidents, they have
been analyzed in Section 14.2.1 of the Updated Final Safety Analysis Report
(UFSAR). Criticality accidents in the SFP are not new or different types of accidents,
they have been analyzed in the UFSAR and in the spent fuel storage criticality
analysis.
Current TS 3/4.9.14 already contains a limit on the SFP boron concentration. The
boron concentration in the SFP has always been maintained near the limit of the
RWST boron concentration for refueling purposes. The current TS boron
concentration requirement for the SFP water conservatively bounds the boration
assumptions of the revised criticality analyses. Since soluble boron has always been
maintained in the SFP water, the implementation of this requirement for criticality
purposes will have no effect on normal pool operations and maintenance.
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Since soluble boron has always been present in the SFP, a dilution of the SFP soluble
boron has always been a possibility. However, it was shown in the SFP dilution
analysis that a dilution of the Turkey Point SFP which could increase the spent fuel
storage rack Keff to greater than 0.95 is not a credible event. Therefore, the
implementation of limitations on the SFP boron concentration for criticality purposes
will not result in the possibility of a new or different kind of accident.
Proposed TS 3/4.9.14 Table 3.9-1 specifies the requirements for the spent fuel rack
storage, which is currently contained in the TS. These proposed new SFP storage
limitations are consistent with the assumptions made in the spent fuel rack criticality
analysis, and 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 Fresh Fuel racks are analyzed by employing the "Westinghouse Spent Fuel Rack
Criticality Analysis Methodology" approved by the NRC and described in WCAP
14416, NP-A, Revision 1. Only the method for Fresh Fuel storage racks criticality
calculations has changed. The method of handling fuel, the maximum fuel
enrichment, and the limiting values for criticality have not changed. Therefore, there
is no change in the margin of safety for the Fresh Fuel storage racks.
As discussed above, the proposed changes will not create the possibility of a new or
different kind of accident from any previously evaluated. There is no significant
change in plant configuration, equipment design or equipment.
(3)

Operation of the facility In accordance with the proposed amendments would not
involve a significant reduction in a margin of safety.
The proposed TS changes will provide adequate safety margin to ensure that the
stored fuel assembly array will always remain subcritical. Those limits are based on a
plant specific criticality analyses performed in accordance with the NRC approved
Westinghouse Spent Fuel Rack criticality analysis methodology.
The criticality analysis takes credit for soluble boron to ensure that Keff will be less
than or equal to 0.95 under normal circumstances. Storage configurations have been
defined using a 95/95 Keff calculation 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 safety
margin by maintaining KIff less than or equal to 0.95, including uncertainties,
tolerances, and accident conditions in the presence of SFP soluble boron.
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The loss of substantial amounts of soluble boron from the SFP that could lead to
exceeding a Keff of 0.95 has been evaluated in the SFP Dilution analysis and shown to
be not credible.
The analysis shows that the dilution of the SFP boron concentration from 1950 ppm
to 650 ppm is not credible. When this result is combined with the results from the
95/95 criticality analyses, which show that the spent fuel rack Keff will remain less
than 1.0 when flooded with unborated water, it provides a level of safety comparable
to the conservative criticality analysis methodology required by ANSI 57.2-1983,
NUREG-0800, and Regulatory Guide 1.13.
The Fresh Fuel racks are analyzed by employing the "Westinghouse Spent Fuel Rack
Criticality Analysis Methodology" approved by the NRC and described in WCAP
14416, NP-A, Revision 1. Only the method for Fresh Fuel storage racks criticality
calculations has changed. The method of handling fuel, the maximum fuel
enrichment, and the limiting values for criticality have not changed. Therefore, there
is no change in the margin of safety for the Fresh Fuel storage racks.
Therefore, the proposed changes in these license amendments will not result in a
significant reduction in the plant's margin of safety.
Summary
Based on the reasoning presented above, FPL has determined that the proposed amendments
request does not (1) involve a significant increase in the probability or consequences of an
accident previously evaluated, (2) create the possibility of a new or different kind of accident
from any accident previously evaluated, or (3) involve a significant reduction in a margin of
safety; therefore the proposed changes do not involve a significant hazards consideration
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be used for intermediate points.
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5.6.1.1 The spent fuel storage racks are designed to provide safe subcritical
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A nominal 10.6 inch center-to center distance for Region.Aand 9.0
inch center-to-center distance for Region,2for two region fuel
storage racks. -_
The maximum enrichment loading for fuel assemblies is 4.5 weight
"percent of U-235.

5.6.1.2 The racks for new fuel storage are designed to store fuel in a safe
subcritical array and shall be maintained with:
a.

b.

A nominal 21 inch center-to-center spacing to assure keff equal to
or less than 0.98 for optimum moderation conditions and equal to or
less than 0.95 for fully flooded conditions.
Fuel assemblies placed, in the New Fuel Storage Area shall contain no
more than 4.5 weight percent of U-235.
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1.0

Introduction

This report presents the results of criticality analyses of the Florida Power & Light Turkey Point
Units 3 and 4 spent fuel storage racks with credit for spent fuel pool soluble boron.
Turkey Point Units 3 and 4 spent fuel pool is divided into two regions. Region 1 is designed to
store high reactivity fuel (fresh or low burnup fuel). Region 2 can store lower reactivity (lower
enrichment or higher burnup) fuel, but at a higher storage density.

The methodology employed here is contained in the topical report, "Westinghouse Spent Fuel
Rack Criticality Analysis Methodology"(i).

The Turkey Point Units 3 and 4 spent fuel racks have been analyzed to allow storage of
Westinghouse 15x15 fuel assemblies with nominal enrichments up to 4.5 w/o 231U (with 6 inches
long natural uranium axial blanket at top and bottom of the fuel rods) in Region I storage cell
locations and fuel with an equivalent enrichment up to 1.60 w/o 2 3 5U (with no axial blankets) in
Region 2. Both analyses take credit for soluble boron in the pool. These analyses include the
presence of the Boraflex poison panels in the spent fuel rack. However, the boraflex panels are
degraded by shrinkage which creates gaps in the panels.
The analyses require the reactivity of the racks to be below 1.0 with all manufacturing tolerances
and uncertainties and without any credit for soluble boron. Credit for soluble boron is taken to
provide safety margin by maintaining rack reactivity to be approximately 5% below that for the
no boron case, but also less than or equal to 0.95, including uncertainties and tolerances. Credit
for soluble boron is also taken under accident conditions.
The following storage configurations and enrichment limits were considered in these analyses:
All Cell Storage
in Region I

Storage of 15x15 fuel assemblies in any cell location. Fuel
assemblies must have an initial nominal enrichment no greater
than 4.50 w/o 235 U with 6 inches long natural uranium axial
blanket at top and bottom of the fuel rods. The soluble boron credit
required for this storage configuration is 450 ppm.

Ml Cell Storage
in Region 2

Storage of 15x15 fuel assemblies in any cell location. Fuel
assemblies must have an initial nominal enrichment no greater
than 1.60 w/o 235U or satisfy a minimum burnup requirement for
higher initial enrichments. The soluble boron credit required for
this storage configuration is 650 ppm.

1.1

Des.

Description

The Turkey Point Unit 3 spent fuel storage cells for Regions 1 and 2 are shown in Figure 1 on
page 26 and Figure 2 on page 27, respectively. These are also used to represent the Turkey Point

Unit 4 pool, as they are the same or more limiting. The degraded boraflex panel is shown in
Figure 3 on page 28.
¶t
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The fuel parameters relevant to this analysis are given in Table I on page 17. The Table I fuel
parameters bound the previous fuel designs used in Turkey Point Units 3 &
4. The fuel rod and
guide thimble and instrumentation thimble tube cladding are modeled as zircaloy
in this analysis.
This is conservative with respect to the Westinghouse ZIRLOTM product
which is a zirconium
alloy containing additional elements including niobium. Niobium has a small
absorption cross
section which causes more neutron capture in the cladding resulting
in a lower reactivit
Therefore, this analysis is conservative with respect to fuel assemblies
containing ZIRLOT
cladding in fuel rods and guide thimble and instrumentation thimble tubes.

1.2

Design Criteria

Criticality of fuel assemblies in a fuel storage rack is prevented by the design
of the rack which
limits fuel assembly interaction. This is done by fixing the minimum separation
between fuel
assembly and/or placing absorber panels between storage cells.
The design basis for preventing criticality in the spent fuel pool (SFP) or for
fresh fuel storage, is
examined on the 95/95 basis. The 95/95 basis is defined as the upper limit,
with a 95 percent
probability at a 95 percent confidence level, of the effective neutron multiplication
factor Keff of
the fuel assembly array, including uncertainties and manufacturing tolerances.
For the spent fuel pool, the criteria with the credit for soluble boron are:
I. The 95/95 basis Kff for the storage will be less than 1.0, without the presence
of soluble boron.
2. The 95/95 basis Keff for the storage will be will be less than or equal to 0.95
with the presence
of a defined level of soluble boron in the pool.
These criteria are defined in the topical report, "Westinghouse Spent Fuel
Rack Criticality
Analysis Methodology"(1).
The design criteria are consistent with ANSI 57.2-1983(2),
NRC guidance( 3),
NUREG-80oo(4) and the NRC approved Westinghouse criticality
topical report
"Westinghouse Spent Fuel Rack Criticality Analysis Methodology'(1).
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2.0

Analytical Methods

The criticality calculation method and cross-section values are verified by comparison
with
critical
experiment data for fuel assemblies similar to those for which the racks are designed.
This
benchmarking data is sufficiently diverse to establish that the method bias and
uncertainty will

apply to rack conditions which include strong neutron absorbers, large water gaps, low
moderator

densities and spent fuel pool soluble boron.

The design method which insures the criticality safety of fuel assemblies in the fuel storage
rack
is described in detail in the Westinghouse Spent Fuel Rack Criticality Analysis
Methodology
topical report(l). This report describes the computer codes, benchmarking,
and methodology

which are used to calculate the criticality safety limits presented in this report for Turkey
Point
Units 3 and 4.

As determined in the benchmarking in the topical report, the method bias using
the described
methodology of NITAWL-II, XSDRNPM-S and KENO-Va is 0.00770 AK with
a 95 percent

probability at a 95 percent confidence level uncertainty on the bias of 0.00300 AK. These
values
will be used in this report.

?It)
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3.0

Criticality Analysis of Region 1 All Cell Spent
Fuel Storage

This section describes the analytical techniques and models employed to perform the criticality
analysis for the storage of fuel in all cells of the Turkey Point Units 3 and 4 Region 1 spent fuel
storage racks with credit for soluble boron.
Section 3.1 describes the no soluble boron Keff calculations. Section 3.2 discusses the results of
the spent fuel rack Keff soluble boron credit calculations.
Region t fuel storage rack configuration is shown in Figure 1 on page 26 and the rack parameters
are shown in Table 2 on page 18.

3.1

No Soluble Boron Keff Calculation

For the no soluble boron conditions the 95/95 basis Keff should be less than 1.0. KENO-Va is used
to establish a nominal reference reactivity and PHOENIX-P is used to assess the temperature bias
of a normal pool temperature range and the effects of material and construction tolerance
variations. A final 95/95 Keff is developed by statistically combining the individual tolerance
impacts with the calculational and methodology uncertainties and summing this term with the
temperature and method biases and the nominal KENO-Va reference reactivity. The equation for
determining the final 95/95 Keff is defined in Reference land is shown below:

Keff = Knominal + Bmethod + Btemp + Bself +Buncert

where:
KnominaI

=

nominal conditions KENO-Va Keff

Bmethod

=

method bias determined from benchmark critical
comparisons

Btemp

=

temperature bias

=

10 B

=

statistical summation of uncertainty components

Bself

self shielding bias, if applicable.

[[Sum {tolerance(i) 2 ... or ... uncertainty(i)} 2 ]** 1/2
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Following assumptions were used develop the nominal KENO-Va model for storage of fuel
assemblies in all cells of the Turkey toPoint
Units 3 and 4 spent fuel storage rack:
1. The fuel assembly parameters relevant to the
criticality
Westinghouse 15x15 DRFA fuel design with nominal analysis were based on the
enrichment of 4.5 w/o and
with 6 inch natural uranium axial blanket at top
and bottom (see Tables I and 2 for
fuel parameters).
2. The fuel pellets were modeled assuming nominal
values for pellet density and dish
ing fraction.
3. No credit was taken for any 234U or 236U in the
fuel, nor was any credit taken for the
buildup of fission product poison material.
4. No credit was taken for any grids in the assembly.
5. No credit was taken for any burnable absorber
in the fuel rods.
6. Credit was taken for theyresence of spent fuel
rack Boraflex poison panels. I°B areal
density of 0.020 gm/cm was used.
7. The moderator was water with 0 ppm soluble
boron at a temperature of 68F. A
water density of 1.0 gm/cm3 was used.
8. The array was infinite in lateral (x and y) extent
and finite in axial (vertical) extent
9. All available storage cells were loaded with
fuel assemblies.
Fuel assembly data is shown in Table I on page 17.
Dimensions for the Region 1 fuel racks are
shown in Table 2 on page 18 and the cell arrangement
is shown in Figure I on page 26.
With the above assumptions, the nominal KENO-Va
calculation resulted in a Keff of 0.93970 +
0.00081 under normal conditions.
Following biases are included:
Methodology: The benchmarking bias as determined
for the Westinghouse KENO-Va
methodology was considered.
Water Temperature: A reactivity bias determined in
PHOENIX-P was applied to account for
the effect of the normal range of spent fuel pool water
temperatures (509F to 1850F).
Particle Size Effect In Boraflex: A bias on reactivity
resulting from the finite particle size of
the boron bearing compound in Boraflex panels.
All biases are shown in Table 3 on page 19. To evaluate
the reactivity effects of possible variations
in material characteristics and mechanical/construction
dimensions, PHOENIX-P perturbation
calculations were.performed. For the Turkey Point Units
3 and 4 spent fuel rack all cellstorage
configuration; iLV. -pialeriai tolerances were considered
along with construction tolerances.
Uncertainties agsociated with calculation and methodology
statistical summation of uncertainty components. Nominalaccuracy were also included in the
values are shown in Table 2 on
page 18 and manufaci-tuing tolerances and uncertainties
are shown in Table 3 on page 19.
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Following tolerance and uncertainty components were considered in the total uncertainty
statistical summation:
23 5 U

Enrichment: The standard DOE enrichment tolerance of ±0.05
w/o 235U about the
nominal reference enrichment of 4.50 w/o 235 U was considered.

U0 2 Density: A +2.0% variation about the nominal reference theoretical density
was
considered.
Fuel Pellet Dishing: A variation in fuel pellet dishing fraction from 0.0% to the
nominal
dishing was considered.
Storage Cell I.D.: The +0.050/-0.025 inch tolerance about the nominal 8.75 inch
reference cell
1.D. was considered.
Storage Cell Pitch: The +0.12/-0.12 inch tolerance about the nominal 10.60
inch reference
cell pitch was considered.
Stainless Steel Wall Thickness: The +0.007/ -0.007 inch tolerance about the
nominal 0.075
inch reference stainless steel wall thickness was considered.
Boraflex Thickness: A tolerance of +0.007/-0.007 inch about the reference 0.078
inch
thickness of Boraflex is included.
Boraflex Width: A manufacturing tolerance of +0.075/-0.075 inch around the
nominal
Boraflex width of 7.5 inches is included.
Boraflex Length: Nominal Boraflex length is 139.4 inches with a manufacturing
uncertainty of
+0.25/-0.25 inch. Based on a previous study, the reactivity variation due to this
small tolerance
is negligible. No calculation was performed here for this tolerance.
Wrapper Thickness: A manufacturing tolerance of +0.002/-0.002 inch around
the nominal
stainless steel wrapper thickness of 0.02 inch is included.
Poison Cavity: The +0.010/-0.010 inch tolerance around the nominal poison cavity
thickness
of 0.090 inch is included.
Assembly Position: The KENO-Va reference reactivity calculation assumed fuel
assemblies
were symmetrically positioned (centered) within the storage cells. Potentially
an increase in
reactivity can occur if the comers of the four fuel assemblies were positioned together.
Calculation Uncertainty: The 95 percent probability/95 percent confidence level
uncertainty
on the KENO-Va nominal reference Kff was considered.
Methodology Uncerminty: The 95 percent probability/95 percent confidence uncertainty
in
the benchmarking bias as determinedTor the Westinghouse KENO-Va methodology
was
included (0.00300 AK).
These manufachtq
*tolerances and uncertainties are convoluted and added to the nominal Keff to
arrive at the final kffon a 95/95 basis.
This summation is shown in Table 3 on page 19 and results in a 95/95 basis Keff
of 0.96150.

Criticality Analysis of Region 1 All Cell Spent Fuel Storage
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Since Keff is less than 1.0. the Turkey Point Units 3 and 4 spent fuel racks will remain subcritical
under conditions when all cells are loaded with 4.50 w/o 2-'5U 15x 15 fuel
assemblies with natural
uranium axial blankets and no soluble boron is present in the spent fuel pool
water. This meets the
design basis.

3.2

Soluble Boron Credit Keff Calculations

The criterion for defining the boron level, used here is that the Keff
of the racks should be
approximately 5% below the value of Kff for no boron and also below or
equal to 0.95. Based on
the results of Section 3.1, the target 95/95 Keffis approximately 0.912.
To determine the amount of soluble boron required to maintain the target
Keff, KENO-Va was
used to establish a nominal reference reactivity and PHOENIX-P was
used to assess the pool
temperature bias, the effects of material and construction tolerances, as described
in Section 3.1.
The assumptions used to develop the nominal KENO-Va model for soluble
boron credit for all
cell storage in the Turkey Point Units 3 and 4 spent fuel racks were similar
to those in Section 3.1
except for assumption 7 regarding the moderator soluble boron concentration.
The moderator was
replaced with water containing 450 ppm soluble boron.
With the above assumptions, the KENO-Va calculation for the nominal case
with 450 ppm soluble
boron in the moderator resulted in a Kff of 0.86326 + 0.00076.
All biases and tolerances are shown in Table 4 on page 20. A final 95/95
Kff was developed by
statistical convolution of the individual tolerance impacts and the calculational
and methodology
uncertainties and then summing this term with the biases and the nominal
KENO-Va reference
reactivity. The same equation as defined in Section 3.1 is used for the final
95/95 Kff. Summation
shown in Table 4 on page 20, results in a 95/95 basis Kff of 0.90391.
Since eff is less than or equal to 0.95 including soluble boron credit and
uncertainties at a 95/95
probability/confidence level, the acceptance criteria for criticality is met
for all cell storage of
l5xl5 fuel assemblies in di; Turkey Point Units 3 and 4 spent fuel
racks. Storage of fuel
assemblies with nominal enrichments no greater than 4.50 w/o 235U with
natural uranium axial
blankets is acceptable for storage in all cells with the presence of 450 ppm
soluble boron.

Criticality Analysis of Region I All Cell Spent Fuel Storage
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4.0

Criticality Analysis of Region 2 All Cell Spent
Fuel Storage

This section describes the analytical techniques and models employed
to perform the criticality
analysis and reactivity equivalencing evaluations for the storage
of fuel in all cells of the Turkey
Point Units 3 and 4 Region 2 spent fuel storage racks with credit
for soluble boron.
Section 4.1 describes the no soluble boron Keff calculations. Section
4.2 discusses the results of
the spent fuel rack KIff soluble boron credit calculations. Finally,
Section
4.3 presents the results
of calculations performed to show the minimum burnup requirements
for assemblies with initial
enrichments above those determined in Section 4.1.

4.1

No Soluble Boron Keff Calculation

For the no soluble boron conditions the 95/95 basis Keff should
be less than 1.0. KENO-Va is used
to establish a nominal reference reactivity and PHOENIX-P is
used to assess the temperature bias
of a normal pool temperature range and the effects of material
and
variations. A final 95/95 Iff is developed by statistically combining construction tolerance
the individual tolerance
impacts with the calculational and methodology uncertainties
and summing this term with the
temperature and method biases and the nominal KENO-Va reference
reactivity. The equation for
determining the final 95/95 Keff is defined in Reference I and is
shown below:

Keff -- Knominali+method
+
+

8

temp + B self 4- uncert

where:
Knominal

= nominal conditions KENO-Va Keff

Bmethod

=

Btemp
Bseif

-

r

method bias determined from benchmark critical
comparisons

= temperature bias

= IOB self shielding bias, if applicable.
= statistical summation of uncertainty components
([Sum (tolerance(i) 2 ... or ... uncertainty(i)} 2 ]** 1/2

Criticality Analysis of Region 2 All Cell Spent Fuel Storage
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Following assumptions were used to develop the no soluble boron nominal KENO-Va model for
storage of fuel assemblies in all cells of the Turkey Point Units 3 and 4 spent fuel storage racks:
1. The fuel assembly parameters relevant to the criticality analysis were based on the
Westinghouse 15x15 DRFA fuel design (see Table I on page 17 for fuel parameters).
2. Fuel assemblies contain uranium dioxide at a nominal enrichment of 1.60 w/o 2-1U
over the entire length of each rod.
3. The fuel pellets were modeled assuming nominal values for theoretical density and
dishing fraction.
4. No credit was taken for any natural or reduced enrichment axial blankets.
5. No credit was taken for any 23U or 236U in the fuel, nor was any credit taken for the
buildup of fission product poison material.
6. No credit was taken for any grids in the assembly.
7. No credit was taken for any burnable absorber in the fuel rods.
8. Credit was taken for thepresence of spent fuel rack Boraflex poison panels. 10 B areal
density of 0.012 gm/cm was used.
9. The moderator was water with 0 ppm soluble boron at a temperature of 68°F. A
water density of 1.0 gm/cm3 was used.
10. The array was infinite in lateral (x and y) extent and finite in axial (vertical) extent.
11. Fuel storage cells were loaded with fuel assemblies in all cell arrangement.
Fuel assembly data is shown in Table 1 on page 17. Dimensions for the Region 2 fuel racks are
shown in Table 5 on page 21 and the cell arrangement is shown in Figure 2 on page 27.
With the above assumptions, the nominal KENO-Va calculation resulted in a 4Ke f of 0.94785 ±
0.00042 under normal conditions.
Following biases were included:
Methodology: The benchmarking bias as determined for the Westinghouse KENO-Va
methodology was considered.
Water Temperature: A reactivity bias determined in PHOENIX-P was applied to account for
the effect of the normal range of spent fuel pool water temperatures (50"F to 185 F).
Particle Size Effect In Boraflex: A bias on reactivity resulting from the finite particle size of
the boron bearing compound in Boraflex panels.
All biases are shown in Table 6 on page 22. To evaluate the reactivity effects of possible variations
in material cbact•istics and mechanical/construction dimensions, PHOENIX-P perturbation
calculations were peiformed. For the Turkey Point Units 3 and 4 spent fuel rack all configuration,
U0 2 material tolerances were considered along with construction tolerances. Uncertainties
associated with calcu-lation and methodology accuracy were also considered in the statistical
summation of uncertainty components. Nominal values are shown in Table 5 on page 21 and
manufacturing tolerances and uncertainties are shown in Table 6 on page 22.

Criticality Analysis of Region 2 All Cell Spent Fuel Storage
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The following tolerance and uncertainty components were considered in the total uncertainty
statistical summation:
13 5 jU Enrichment: The standard DOE enrichment tolerance of ±0.05 w/o 2 3 5 U about the
nominal reference enrichment of 1.60 w/o 2 3 5U was considered.
U0 2 Density: A ±2.0% variation about the nominal reference theoretical density was
considered.
Fuel Pellet Dishing: A variation in fuel pellet dishing fraction from 0.0% to the nominal
dishing.

Storage Cell LD.: The +0.025/-0.025 inch tolerance about the nominal 8.80 inch reference cell

I.D. was considered.
Storage Cell Pitch: The +0.07/-0.03 inch tolerance about the nominal 9.0 inch reference cell
pitch was considered.
Stainless Steel Wall Thickness: The +0.007/-0.007 inch tolerance about the nominal 0.075
inch reference stainless steel wall thickness was considered.
Boraflex Thickness: A tolerance of +0.007/-0.007 inch about the reference 0.051 inch
thickness of Boraflex is included.
Boraflex Width: A manufacturing tolerance of +0.075/-0.075 inch around the nominal
Boraflex width of 7.5 inches is included.
Boraflex Length: Nominal Boraflex length is 139.4 inches with a manufacturing uncertainty of
+0.25/-0.25 inch. Based on a previous study, the reactivity variation due to this small tolerance
is negligible. No calculation was performed here for this tolerance.
Wrapper Thickness: A manufacturing tolerance of +0.002/-0.002 inch around the nominal
stainless steel wrapper thickness of 0.02 inch is included.
Assembly Position: The KENO-Va reference reactivity calculation assumed fuel assemblies
were symmetrically positioned (centered) within the storage cells. Potentially an increase in
reactivity can occur if the comers of the four fuel assemblies were positioned together.
Calculation Uncertainty: The 95 percent probability/95 percent confidence level uncertainty
on the KENO-Va nominal reference Keff was considered.
Methodology Uncertainty: The 95 percent probability/95 percent confidence uncertainty in
the benchmarking bias as determined for the Westinghouse KENO-Va methodology was

considered.
These manufacturing tolerances and uncertainties are convoluted and added to the nominal Keff to
arrive at the final Keff on a 95/95 basis.
This summatdoij*h-owný in Table 6 on page 22 and results in a 95/95 basis Keff of 0.97217.
Since Keff is less than 1.0, the Turkey Point Units 3 and 4 spent fuel racks will remain subcritical
when all cells are loaded with nominal 1.60 w/o 235U 15xl5 fuel assemblies and no soluble boron
is present in the spent fuel pool water. This meets the design basis.

Criticality Analysis of Region 2 All Cell Spent Fuel Storage
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4.2

Soluble Boron Credit Keff Calculations

The criterion for defining the boron level, used here is that the Keff of the racks
should be
approximately 5% below the value of Keff for no boron and also below or equal to 0.95.
Based on
the results of Section 4.1, the target Keff is approximately 0.922.

To determine the amount of soluble boron required to maintain the target Kff,
KENO-Va was
used to establish a nominal reference reactivity and PHOENIX-P was used to
assess the pool
temperature bias, the effects of material and construction tolerances, as described
in Section 4.1.
The assumptions used to develop the nominal KENO-Va model for soluble boron
credit for all
cell storage in the Turkey Point Units 3 and 4 spent fuel racks were similar to those
in Section 4.1
except for assumption 9 regarding the moderator soluble boron concentration. The
moderator was
replaced with water containing 250 ppm soluble boron.
With the above assumptions, the KENO-Va calculation for the nominal case with
250 ppm soluble
boron in the moderator resulted in a Kff of 0.89088 + 0.00040.
All biases and tolerances are shown in Table 7 on page 23. A final 95/95 Kff was
developed by
statistical convolution of the individual tolerance impacts and the calculational and
methodology
uncertainties and then summing this term with the biases and the nominal KENO-Va
reference
reactivity. The same equation as defined in Section 4.1 is used for the final
95/95 Keff. The
summation is shown in Table 7 on page 23 and results in a 95/95 basis Kff of 0.91663.
Since Kff is less than or equal to 0.95 including soluble boron credit and uncertainties
at a 95/95
probability/confidence level, the acceptance criteria for criticality is met for all
cell storage of
15x15 fuel assemblies with nominal enrichments no greater than 1.60 w/o 23'U
in the Turkey
Point Units 3 and 4 spent fuel racks with the presence of 250 ppm soluble boron.

4.3

Burnup Credit Reactivity Equivalencing

Storage of fuel assemblies with initial enrichments higher than 1.60 w/o 235U in
all cells of the
Turkey Point Units 3 and 4 spent fuel racks is achievable by means of bumup
credit using
reactivity equivalencing. The concept of reactivity equivalencing is based on
the reactivity
decrease associated with fuel depletion. For burnup credit, a series of reactivity
calculations is
performed to generate a set of enrichment-fuel assembly discharge burnup ordered
pairs which all
yield an equivalent Kff when stored in the spent fuel storage racks.
Figure 4 on page 29 shows the constant Kff contours generated for all cell storage
in the Turkey
Point Units 3 and 4 spent fuel racks. This curve represents combinations of fuel
enrichment and
discharge burnup-vhic.k.yield.the same rack multiplication factor (Kff) as the
rack
loaded with
1.60 w/o 235 U fuel-aisemblies at zero burnup in all cell locations.
Uncertainties associated with burnup credit include a reactivity uncertainty
of 0.01 AK at
30,000 MWD/MTU applied linearly to the burnup credit requirement to account
for calculation
and depletion uncertainties and 5% on the calculated bumup to account for burnup
measurement

Criticality Analysis of Region 2 All Cell Spent Fuel Storage
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uncertainty. The amount of additional soluble boron needed to account for these uncertainties in
the burnup requirement of Figure 4 on page 29 was 400 ppm. This is additional boron above the
250 ppm required in Section 4.2. This results in a total soluble boron requirement of 650 ppm.
It is important to recognize that the curve in Figure 4 on page 29 is based on calculations of
constant rack reactivity. In this way, the environment of the storage rack and its influence on
assembly reactivity is implicitly considered. For convenience, the data from Figure 4 on page 29
are also provided in Table 9 on page 25. Use of linear interpolation between the tabulated values
is acceptable since the curve shown in Figure 4 on page 29 is linear in between the tabulated
points.
The effect of axial burnup distribution on assembly reactivity has been considered in the
development of the Turkey Point Units 3 and 4 all cell storage burnup credit limit. Previous
evaluations have been performed to quantify axial burnup reactivity effects and to confirm that the
reactivity equivalencing methodology described in Reference 1 results in calculations of
conservative burnup credit limits. The evaluations show that axial burnup effects only become
important at burnup-enrichment combinations which are above those calculated for the Turkey
Point Units 3 and 4 all cell storage burnup credit limit. Therefore, additional accounting of axial
burnup distribution effects in the Turkey Point Units 3 and 4 all cell storage burnup credit limit is
not necessary.

Criticality Analysis of Region 2 All Cell Spent Fuel Storage
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5.0

Discussion of Postulated Accidents in the Spent
Fuel Pool

Most accident conditions will not result in an increase in Keff of the rack.
Examples are:
Fuel assembly drop
on top of rack

The rack structure pertinent for criticality is not excessively deformed
and the dropped assembly which comes to rest horizontally on top of
the rack has sufficient water separating it from the active fuel height of
stored assemblies to preclude neutronic interaction.

Fuel assembly drop
between rack
modules or between
rack modules and
spent fuel pool wall

The design of the spent fuel racks and fuel handling equipment is such
that it precludes the insertion of a fuel assembly between rack
modules. However, it is possible that a fuel assembly can be positioned
between the rack modules and the spent fuel pool wall. The reactivity
increase caused by this incident is bounded by the misplacement of a
fuel assembly inside the spent fuel racks where it does not meet the

enrichment or burnup restrictions.

However, two accidents can be postulated for each storage configuration which can increase
reactivity beyond the analyzed condition. The first postulated accident
would be a change in the
spent fuel pool water temperature and the second would be a misload
of an assembly into a cell
for which the restrictions on enrichment or bumup are not satisfied.

Loss of Cooling Accident
For the change in spent fuel pool water temperature accident
(due to loss of cooling), a
temperature range of 32"F to 240F is considered. Calculations were
performed for all Turkey
Point Units 3 and 4 storage configurations to determine the reactivity
change caused by a change
in the spent fuel pool water temperature outside the normal range (50"F
to 185"F). The results of
these calculations are tabulated in Table 8 on page 24 for both Regions
I and 2.

Assembly Misloaded Accident
The misloaded assembly accident addresses the largest reactivity
increase caused by a 4.50 w/o
enriched 15x15 unirradiated fuel assembly misplaced into a storage
cell for which the restrictions
on enrichment or bumup are not satisfied. For Region 1, there are
no restrictions on assembly
burnup for placing the assemblies in an all cell configuration. Consequently,
this accident is not
relevant to Regio~n1.. For Region 2, the accidental placement of a high
reactivity assembly (4.5%
enrichment and-fob;rný-p) in the all cell configuration can lead to a
reactivity increase.The results
of these calculitions are also tabulated in Table 8. It shows the increase
in the soluble boron level
required to assure that with this accidental misload, the target reactivity
with boron is still met.

Discussion of Postulated Accidents in the Spent Fuel Pool
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Boron Dilution
Further it has been shown in a companion report that the time and quantities of water to dilute
the
boron in the pool to the normal boron levels meet the design criterion.
For an occurrence of the above postulated accident conditions, the double contingency principle
of ANSTIANS-8.1-1983( 5) can be applied. It specifies that assumption of two unlikely,
independent, concurrent events need not be considered to ensure protection against a criticality
accident. Dilution of boron in water and misload of an assembly are two independent
accidents.Thus, for these postulated accident conditions, the presence of additional soluble boron
in the storage pool water (above the concentration required for normal conditions and reactivity
equivalencing) can be assumed as a realistic initial condition.
Based on the above discussion, should a loss of spent fuel pool cooling accident or a
fuel
assembly misload occur in the Turkey Point Units 3 and 4 spent fuel racks, Keff will
maintained below the target level as well as less than or equal to 0.95 with the presence of at be
least
1100 ppm of soluble boron in the spent fuel pool.

Discussion of Postulated Accidents in the Spent Fuel Pool
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6.0

Soluble Boron Credit Summary

Spent fuel pool soluble boron has been used in this criticality analysis to offset storage rack and
fuel assembly tolerances, calculational uncertainties, uncertainty associated with reactivity
equivalencing (burnup credit) and the reactivity increase caused by postulated accident
conditions. The total soluble boron concentration required to be maintained in the spent fuel pool
is a summation- of each of these components. Table 8 on page 24 summarizes the storage

configurations and corresponding soluble boron credit requirements.

.*
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7.0

Summary of Criticality Results

For the storage of Westinghouse 15x15 fuel assemblies in the Turkey Point
Units 3 and 4 spent

fuel storage racks, the acceptance criteria for criticality requires the effective
neutron
multiplication factor, Keff, to be < 1.0 with all tolerances and uncertainties
with no soluble boron,
and < 0.95 including uncertainties, tolerances and accident conditions in
the presence of spent
fuel pool soluble boron.
This report shows that the acceptance criteria for criticality is met for the
Turkey Point Units 3
and 4 spent fuel racks for the storage of Westinghouse 15x 15 fuel assemblies
under both normal
and accident conditions with enrichment limits tabulated below.
Enrichment Limits
All Cell Storage In
Spent Fuel Pool In
Region 1

Storage of 15x15 fuel assemblies in any cell location. Fuel
assemblies must have an initial nominal enrichment no greater
than 4.50 w/o 2 5 U and have 6 inches of natural uranium blanket at
top and bottom. The soluble boron credit required for this storage
configuration is 450 ppm.

All Cell Storage in
Spent Fuel Pool in
Region 2

Storage of 15x15 fuel assemblies in any cell location. Fuel
assemblies must have an initial nominal enrichment no greater
than 1.6 w/o or satisfy a minimum burnup requirement for higher
initial enrichments. The soluble boron credit required for this
storage configuration is 650 ppm.

Soluble boron level needed in the spent fuel pool for normal and accident conditions are shown in
Table 8 on page 24.
The analytical methods employed herein conform to ANSI N1 8.2-1973, "Nuclear
Safety Criteria
for the Design of Stationary Pressurized Water Reactor Plants", Section
5.7 Fuel Handling
System; ANSI 57.2-1983, "American Nuclear Society, American National
Standard Design
Requirements for Light Water Reactor Spent Fuel Storage Facilities at
Nuclear Power Plants",
Section 6.4.2; ANSI 8.1-1983, "Validation of Calculational Methods for
Nuclear Criticality
Safety"; the NRC Standard Review Plan(4), Section 9; and the NRC approved
Westinghouse
criticality topical report "Westinghouse Spent Fuel Rack Criticality Analysis
Methodology"(1 ).

It
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Table 1. Nominal Fuel Parameters Employed In the Criticality Analysis

Parameter
Number of Fuel Rods per Assembly

Westinghouse
15x15 DRFA
204

Rod Clad O.D. (inch)

0.422

Clad Thickness (inch)

0.0243

Fuel Pellet O.D. (inch)

0.3659

Fuel Pellet Density (% of Theoretical)

96

Fuel Pellet Dishing Factor (%)

1.187

Rod Pitch (inch)

0.563

Number of Zirc Guide Tubes

20

Guide Tube O.D. (inch)

0.533

Guide Tube Thickness (inch)

0.017

Number of Instrument Tubes

1

Instrument Tube O.D. (inch)

0.533

Instrument Tube Thickness (inch)

0.017

Turkey Point Units 3 & 4

17

Table 2. Turkey Point 3 and 4 Region I Spent Fuel Storage Cell and
Fuel Nominal Parameters
Unit

Value

Rack Cell Inner Dimension

inch

8.75

Rack Cell Pitch

inch

10.60

Rack Parameter

SS

Rack Material
Rack Wall Thickness

inch

0.075
SS

Wrapper Material
Wrapper Plate Thickness

inch

0.020

Poison Panel Thickness

inch

0.078

Poison Cavity Thickness

inch

0.090

Poison Panel Width

inch

7.5

Poison Panel Length

inch

139.4

gm/cm 2

0.020

inch

6.16

inch

6.0

I°B Loading in Boraflex
Bottom of Boraflex Above Support Pad
Fuel Parameter
Axial Blanket at Each End of the Rods

Natural
Uranium

Blanket Material
Nominal Fuel Enrichment of the Central Length

%

4.5

Blanket Region Enrichment

%

0.79

Theoretical Density

%

96

Turkey Point Units 3 & 4

I
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Table 3. Region 1 - No Soluble Boron
Base Keno Reference Reactivity

Calculation and Methodology Biases
Methodology (Benchmark) Bias
Pool Temperature Bias

0.93970

Range

0.00770
50Fto 185F

0.00111

Boron Particles in Boraflex
Total Bias

0.01021

Tolerances and Uncertainties

Parameter
Variation

Reactivity
Variation

+0.051-0.05 %

0.00184

Fuel Density

+2/-2 %

0.00255

Fuel Pellet Dishing

-1.187%

0.00148

Rack Cell Inner Dimension

+0.051-0.025 inch

0.00204

Rack Cell Pitch

+0.12/-0.12 inch

0.00950

Rack Wall Thickness

+0.0071-0.007 inch

0.00031

Wrapper Plate Thickness

+0.002/-0.002 inch

0.00000

Poison Panel Thickness

+0.007/-0.007 inch

0.00251

Poison Cavity Thickness

+0.010/-0.010 inch

0.00001

Poison Panel Width

+0.075/-0.075 inch

0.00020

Fuel Enrichment

Asymmetric Assembly Position

0.00325

Calculation Uncertainty

0.00134

Benchmark Bias Uncertainty
Total Uncertainty (convoluted)

Final Kff on 95/95 Basis

0.00300
0.01159

0.96150

",.

Turkey Point Units 3 & 4
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Table 4. Region 1 - With Soluble Boron (450 ppm)
Base Keno Reference Reactivity

Calculation and Methodology Biases

0.88326
Range

Methodology (Benchmark) Bias
Pool Temperature Bias

0.00770
50 F to 185 F

Boron Particles in Boraflex

0.00084
0,00140

Total Bias

0.00994
Tolerances and Uncertainties

Parameter
Variation

Reactivity
Variation

+0.051-0.05 %

0.00206

Fuel Density

+2/-2 %

0.00312

Fuel Pellet Dishing

-1.187%

0.00181

+0.05/-0.025 inch

0.00169

-0.12 inch

0.00886

Rack Wall Thickness

+0.007/-0.007 inch

0.00014

Wrapper Plate Thickness

+0.002/-0.002 inch

0.00000

Poison Panel Thickness

+0.007/-0.007 inch

0.00228

Poison Cavity Thickness

+0.010/-0.010 inch

0.00001

Poison Panel Width

+0.0751-0.075 inch

0.00018

Fuel Enrichment

Rack Cell Inner Dimension
Rack Cell Pitch

Asymmetric Assembly Position
Calculation Uncertainty
Benchmark Bias Uncertainty
Total Uncertainty (convoluted)

Final Kea on 95/95 Basis

Turkey Point Units 3 & 4

0.00045
0.00125
0.00300
0.01071

0.90391
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Table 5. Turkey Point 3 and 4 Region 2 Spent Fuel Storage Cell Nominal Parameters
Parameter

Unit

Value

Rack Cell Inner Dimension

inch

8.80

Rack Cell Pitch

inch

9.0

Rack Material

SS

Rack Wall Thickness

inch

Wrapper Material

0.075
SS

Wrapper Plate Thickness

inch

0.020

Poison Panel Thickness

inch

0.051

Poison Cavity Thickness

inch

0.090

Poison Panel Width

inch

7.5

Poison Panel Length

inch

139.4

gm/cm 2

0.012

inch

6.16

' 0 B Loading in Boraflex
Bottom of Boraflex Above Support Pad

-'.."

- •

.

Turkey Point Units 3 & 4
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Table 6. Region 2 - No Soluble Boron
Base Keno Reference Reactivity

Calculation and Methodology Biases

0.94785

Range

Methodology (Benchmark) Bias
Pool Temperature Bias

50Fto 185F

0.00140

Boron Particles in Boraflex

0,00317

Total Bias

0.01227
Parameter
Variation

Reactivity
Variation

+0.05/-0.05 %

0.00959

Fuel Density

+2/-2 %

0.00272

Fuel Pellet Dishing

-1.187%

0.00134

+0.025/-0.025 inch

0.00000

+0.071-0.03 inch

0.00092

Rack Wall Thickness

+0.007/-0.007 inch

0.00000

Wrapper Plate Thickness

+0.002/-0.002 inch

0.00000

Poison Panel Thickness

+0.007/-0.007 inch

0.00579

Poison Cavity Thickness

+0.010/-0.010 inch

0.00000

Poison Panel Width

+0.075/-0.075 inch

0.00055

Tolerances and Uncertainties
Fuel Enrichment

Rack Cell Inner Dimension
Rack Cell Pitch

Asymmetric Assembly Position

0.00000

Calculation Uncertainty.

0.00069

Benchmark Bias Uncertainty

0.00300
0.01205

Total Uncertainty (convoluted)

Final Keff on 95/95 Basis

Turkey Point Units 3 & 4

I

0.00770

0.97217
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Table 7. Region 2 - With Soluble Boron (250 ppm)
Base Keno Reference Reactivity

Calculation and Methodology Biases
Methodology (Benchmark) Bias
Pool Temperature Bias

0.89088

Range
0.00770

50 F to 185 F

Boron Particles in Boraflex

0.00317
0.01251

Total Bias

Tolerances and Uncertainties

0.00164

Parameter
Variation

Reactivity
Variation

+0.05/-0.05 %

0.01037

+2/-2 %
-1.187%

0.00383

+0.025/-0.025 inch

0.00015

+0.07/-0.03 inch

0.00158

Rack Wall Thickness

+0.007/-0.007 inch

0.00020

Wrapper Plate Thickness

+0.002/-0.002 inch

0.00001

Poison Panel Thickness

+0.007/-0.007 inch

0.00592

+0.010/-0.010 inch

0.00004

+0.075/-0.075 inch

0.00102

+0.07/-0.03 inch

0.00000

Fuel Enrichment
Fuel Density
Fuel Pellet Dishing
Rack Cell Inner Dimension
Rack Cell Pitch

Poison Cavity Thickness

_

Poison Panel Width
Asymmetric Assembly Position
Calculation Uncertainty
Benchmark Bias Uncertainty
Total Uncertainty (convoluted)
.-

0.00223

0.00066

0.00302
0.01324

,%'

Final Kef on 95/95 Basis

Turkey Point Units 3 & 4

0.91663
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Table 8. Spent Fuel Pool Soluble Boron Requirements

Region

Normal
(ppm)

For Loss of

Cooling
(ppm)

For
Misloaded
Assembly
(ppm)

Soluble
Boron for
Accidents

(ppm)

1

450

50

0

500

2

650

< 450

450

1100

Pool

650

1100

it

Turkey Point Units 3 & 4
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Table 9. Burnup Needed for Fuel Storage In Region 2 of the Spent Fuel Pool

Enrichment

Turkey Point Units 3 & 4

I

Burnup

(%)

(MWD/MTU)

1.60

0.0

1.80

3706

2.00

7459

2.20

9724

2.40

12582

2.60

15338

2.63

15914

2.80

17994

3.00

20548

3.25

23312

3.40

25354

3.60

27605

3.88

30256

400

31804

4.20

33752

4.40

35599

4.50

36746
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Figure 1. Turkey Point Units 3 and 4 Region I Spent Fuel Pool Storage Cell
Nominal Dimensions
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Figure 2. Turkey Point Units 3 and 4 High Density Spent Fuel Pool Storage Cell (Region 2)
Nominal Dimensions
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Figure 3. Degraded Boraflex Panel
(Not to Scale)
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Figure 4. Turkey Point Units 3 and 4 High Density All Ceil Configuration
Burnup Credit Requirements (Region 2)
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Criticality Analysis With a Reduced B10 Loading In the Degraded Boraflex
for Turkey Point Units 3 & 4 Region I and Region 2 Spent Fuel All Cell Storage
(No Soluble Boron)

A criticality analysis was performed with a reduced BI 0 loading in the degraded boraflex
for Turkey
Point Units 3 & 4 Region I and Region 2 spent fuel all cell storage (No Soluble
Boron). The
methodology and assumptions used in the analysis are the same as in Reference I except
that the absorber
BI0 loading and its thickness are reduced to 0.009 g/cm 2 and.0.0351 inch for Region 1 and
0.0006 g/cm 2
and 0.051 inch (remain unchanged) for Region 2. For Region 1, the reduction of both
the BIO loading
and the corresponding thickness is slightly more limiting than the reduction of the B10 loading
only. For
Region 2, the reduction of the B 1 0 loading only is slightly more limiting than the reduction
of the B10
loading and the corresponding thickness. The final 95/95 Keff is shown in the attached
Table I and
Table 2 for spent fuel rack Region I and Region 2, respectively. Since both Keff's are still
less than 1.0,
the Turkey Point Units 3 and 4 spent fuel racks will remain subcritical when all cells are
loaded MIxlS
fresh fuel assemblies with nominal enrichments no greater than 4.50 w/o U2 3 5 with natural
uranium axial
blankets in Region 1, and with nominal enrichments no greater than 1.60 w/o in Region
2. This meets the
design basis for no soluble boron water in the pool.

Reference: 1) 99FP-G-0071 Criticality for Spent Fuel Storage for Turkey Point Units 3
&4
(Degraded Boraflex)
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Table 1. Region I - No Soluble Boron

Base Keno Reference Reactivity
Calculation and Methodology Biases

0.97155

Range

Methodology (Benchmark) Bias

0.00770

Pool Temperature Bias

50 F to 185 F

Boron Particles in Boraflex

0.00077
0.00384
0.01231

Total Bias

Tolerances and Uncertainties

Parameter
Variation

Reactivity
Variation

+0.051-0.05 %

0.00191

+2/-2 %

0.00250

-1.187 %

0.00145

Rack Cell Inner Dimension

+0.051-0.025 inch

0.00153

Rack Cell Pitch

+0.121-0.12 inch

0.01022

Rack Wall Thickness

+0.007/-0.007 inch

0.00024

Wrapper Plate Thickness

+0.002/-0.002 inch

0.00000

Poison Panel Thickness

+0.007/-0.007 inch

0.00973

Poison Cavity Thickness

+0.010/-0.010 inch

0.00004

Poison Panel Width

+0.0751-0.075 inch

0.00047

Fuel Enrichment
Fuel Density
Fuel Pellet Dishing

Asymmetric Assembly Position

0.00534

Calculation Uncertainty

0.00129

Benchmark Bias Uncertainty

0.00300

0.01590

Total Uncertainty (convoluted)

I'

Final Ken on 95/95 Basis

0.99976
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Table 2. Region 2 - No Soluble Boron
Base Keno Reference Reactivity

0.97383

Calculation and Methodology Biases

Range

Methodology (Benchmark) Bias

0.00770

Pool Temperature Bias

50 F to 185 F

0.00103

Boron Particles in Boraflex

0.03450

Total Bias

0.01323

Tolerances and Uncertainties

Parameter
Variation

Reactivity
Variation

+0.051-0.05 %

0.00972

Fuel Density

+2/-2 %

0.00254

Fuel Pellet Dishing

-1.187%

0.00116

+0.025/-0.025 incl

0.00000

+0.07/-0.03 inch

0.00116

Rack Wall Thickness

+0.007/-0.007 inck

0.00000

Wrapper Plate Thickness

+0.002/-0.002 inck

0.00000

Poison Panel Thickness

+0.0071-0.007 inck

0.00582

Poison Cavity Thickness

+0.010/-0.010 inct

0.00000

Poison Panel Width

+0.075/-0.075 inct

0.00026

Fuel Enrichment

Rack Cell Inner Dimension
Rack Cell Pitch

Asymmetric Assembly Position

0.00000

Calculation Uncertainty

0.00041

Benchmark Bias Uncertainty

0,00300

Total Uncertainty (convoluted)

U,1213

Final Ieag on 95/95 Basis

0.99919
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1.0

INTRODUCTION

A boron dilution analysis has been completed for crediting boron in the Turkey Point Units 3 and 4
spent fuel rack criticality analysis. The boron dilution analysis includes an evaluation of the following
plant specific features:

-

Dilution Sources
Boration Sources

-

Instrumentation

-

Administrative Procedures

-

Piping

-

-

Loss of Offsite Power Impact
Boron Dilution Initiating Events

-

Boron Dilution Times and Volumes

The boron dilution analysis was completed to ensure that sufficient time Is available to detect and
mitigate the dilution before the spent fuel rack criticality analysis 0.95 k,, design basis is exceeded.

1

2.0

SPENT FUEL POOL AND RELATED SYSTEM FEATURES

This section provides background information on the spent fuel pool and its related systems and
features. A one-line diagram of the spent fuel pool related systems is provided as Figure 1. For the
purposes of this evaluation, the spent fuel pool and Its related systems are sufficiently similar between
the two Units that they will be treated as identical. Any significant differences will be identified, so that
this report will be bounding for both Units.
2.1

Spent Fuel Pool

The design purpose of the spent fuel pool Is to provide for the safe storage of irradiated fuel
assemblies. The pool is filled with borated water. The water removes decay heat, provides shielding
for personnel handling the fuel, and reduces the amount of radioactive gases released during a fuel
handling accident. Pool water evaporation takes place on a continuous basis, requiring periodic
makeup. The makeup source can be unborated water, since the evaporation process does not carry
off the boron. Evaporation actually increases the boron concentration In the pool.
The spent fuel pool is a reinforced concrete structure with a minimum Y4" Inch welded steel liner. The
water-tight liner has dedicated drain lines to collect and detect liner leakage. The pool structure is
designed to meet seismic requirements. The pool is approximately 38 feet deep. The top of the pit is
located on the 58' elevation of the fuel handling building. The bottom of the pit is approximately at the
18' elevation.
In the event of excessive makeup flow into the pool, the pool would overflow onto the floor. There are
no floor drains. Water would slowly drain into the transfer canal through metal covers which are not
water-tight. The transfer canal is normally isolated from the SFP and empty. If the makeup rates
exceeds the drain rate Into the canal, the water level would rise approximately 3" to the bottom of the
room door. Water would seep through the normally closed door to the outside roof of the fuel building.
The open transfer canal and leakage through the room door minimize the effect of pool dilution
sources, if any, from the floor elevation level.
As shown in Figure 2, the transfer canal lies adjacent to the pool and connects to the reactor refueling
water cavity during refueling operations. The gates between the pool and the transfer canal are
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normally closed. The volume of the pit is approximately 39,946 ft to the Tech Spec minimum level
elevation of 56'-10" less instrument accuracy. The majority of the water volume displaced by objects
in
the pit is by the spent fuel assemblies. The maximum number of assembly locations is 1404. The
volume of all 1404 assemblies (3707 fe) Is subtracted from the total pit volume. The racks themselves
occupy a relatively small volume(403 ft'), but they are subtracted as well. Finally, it is ascumed that
a
spent fuel cask is loaded into the pit, which displaces a small volume(429 ft). When the above
volumes are subtracted from the pit volume, the remaining water volume (35,407 ft3 = 264,845 gal.)
is
conservatively rounded down to 264,000 gallons.
2.2

Spent Fuel Storage Racks

The spent fuel racks are designed to support and protect the spent fuel assemblies under normal and
credible accident conditions. Their design ensures the ability to withstand combinations of dead loads,
live loads (fuel assemblies), and seismic loads.
2.3

Spent Fuel Pool Cooling System

The spent fuel pool cooling system is designed to remove the heat generated by stored spent fuel
elements from the spent fuel pool. The system design Incorporates redundancy for the only active
component, the spent fuel pool cooling pump. System piping is configured so that failure of any
pipeline in the cooling system does not drain the spent fuel pool below the top of the stored spent fuel
assemblies.
The portion of the spent fuel pool cooling system which, If it failed, could result in a significant release
of pool water is seismically designed.
The cooling system train consists of redundant pumps, a heat exchanger, valves, piping and
instrumentation. The pump takes suction from the-fuel pool at an inlet located below the pool water
level, transfers the pool water through a heat exchanger and returns it back into the pool through an
outlet located below and a large distance away from the cooling system inlet. The return line is
designed to prevent siphoning. The heat exchangers are cooled by component cooling water.
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2.4

Spent Fuel Pool Cleanup System

The spent fuel pool cleanup system is designed to maintain water clarity and to control
borated water
chemistry. The cleanup system is connected to the spent fuel pool cooling system. About
100 gpm of
the spent fuel pool cooling pump(s) discharge flow can be diverted to the cleanup loop,
which includes
the spent fuel pool demineralizer and filters. The filters remove particulates from the
spent fuel pool
water and the spent fuel pool demineralizer removes ionic Impurities.
The refueling water purification loop also uses the spent fuel pool demineralizer and
filters to clean up
the refueling water storage tank after refueling operations. The design flow rate in the
loop is limited to
100 gpm to accommodate the design flow of the spent fuel pool demineralizer.
The spent fuel pool has a surface skimmer system designed to provide optical clarity
by removing
surface debris. The system consists of two surface skimmers, a single strainer, a single
pump and
three filters. The skimmer pump is a centrifugal pump with a 100 gpm capacity. The
pump discharge
flow passes through the filter to remove particulates. It returns to the spent fuel pool.
2.5

Dilution Sources

2.5.1

Chemical and Volume Control System (CVCS)

The CVCS connects to the spent fuel pool via a 2" line from the discharge of the outlet
of the holdup
tanks recirculation pump to the refueling water purification pump bypass line to the spent
fuel pool
demineralizer inlet and Into the cooling loop return header. This connection is normally.
isolated and is
used to transfer water from the holdup tanks to the spent fuel pool. The Isolation is
by three manual
valves.
Since there is also a check valve at the recirculation pump discharge, water will not flow
from the spent
fuel pool to the holdup tanks. Also, holdup tank water will not gravity-drain to the spent
fuel pool
because the holdup tank recirculation pump Is normally isolated, and the maximum tank
water level is
below the minimum SFP level.
-
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The recirculation pump can take suction from either of the three holdup tanks. However, by procedure,
the only one pump is aligned to one holdup tank at a time. Manual valve manipulations are required to
switch the pump suction to another tank. Each holdup tank has a total volume of approximately 97,000
gallons and can be at a boron concentration from 0 ppm up to 2000 ppm. The flow from this source is
estimated to be 90 gpm.
2.5.2

Primary Water Makeup System

The primary water makeup system consists of one primary water storage tank and two primary water
pumps per Unit. During normal operation, one primary water pump is running on recirculation to
provide primary water on demand to multiple users. Each primary water storage tank contains
approximately 150,000 gallons of non-borated, demineralized water.
The primary water makeup system connects to the spent fuel pool directly via the cooling loop return
line, and Indirectly through the spent fuel pool demineralizer outlet and the local station In the spent fuel
pit area. Using the direct connection, the contents of the primary water storage tank can be transferred
directly to the spent fuel pool cooling system via the primary water pumps. The direct connection is
normally isolated from the primary water system by three locked-closed manual valves. The preferred
method of makeup is from the refueling water storage tank which Is borated. The second preferred
makeup method is from the direct connection to the spent fuel pool cooling loop return header. The
flow rate through this path is estimated to be 415 gpm.
When primary water is used to flush spent resin, the spent fuel pool demineralizer is isolated from the
cleanup loop by one manual valve. Ifthis valve were left open, primary water could be transferred into
the spent fuel pool. The flow from this pathway is estimated to be 240 gpm.
Finally, the 2" primary water station in the spent fuel pit area is isolated by a normally closed valve and
a capped connection. The flow from this pathway is estimated to be 500 gpm.
2.5.3

Demlnerallzed Water System

The demineralized water system is supplied from a water treatment plant. This source of makeup is
utilized only when the treatment plant supply pressure is at least 50 psig. Demineralized water is
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provided through the same connection to the spent fuel pool cooling loop return piping as the primary
water source. The demineralized water supply is isolated by one normally closed and one locked
closed valve. The flow from this source is estimated to be 174 gpm.
2.5.4

Component Cooling Water System

Component cooling water is the cooling medium for the spent fuel pool cooling system heat exchanger.
There is no direct connection between the component cooling system and the spent fuel pool cooling
system. If, however, a leak were to develop in a heat exchanger that is In service, the connection
would be made. Since the component cooling system normally operates at a slightly higher pressure
than the spent fuel pool cooling system, it is expected that a breach in a spent fuel pool cooling system
heat exchanger tube would result in non-borated component cooling water entering the spent fuel pool
cooling system.
It would be expected that the flow rate of any leakage of component cooling water into the spent fuel
pool cooling system would be very low due to the small difference in operating pressures between the
two systems. Even if there was significant leakage from the component cooling water system to the
spent fuel pool, the impact on the spent fuel pool boron concentration would be minimal because a loss
of water from the component cooling water surge tank would initiate an alarm and control room
indication to alert the control room operators.
If the alarms which would alert the control room operators of a component cooling water system leak
were to fail and leakage from the component cooling water system to the spent fuel pool cooling
system were to continue undetected, the component cooling water surge tank would be
administratively refilled with primary water. Until makeup Is initiated, the volume added to the spent
fuel pool would be limited by the component cooling water surge tank volume of 2000 gallons.
Because of the limited dilution volume from this source relative to the spent fuel pool volume, it is not
considered further in this analysis.
2.5.5

Drain Systems
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The equipment drain system connects directly to the spent fuel pool cooling system and skimmer
"systemat the drain connections for the spent fuel pit pumps, heat exchangers (tube side), filters,
demineralizer, the skimmer pump, and skimmer filter. Each connection has a normally closed valve to
isolate it. Backflow through these paths is not considered credible, because if the drain valves were
left open, the pressurized spent fuel pool cooling system would flow into the drain system, not vice
versa.
2.5.6

Fire Protection System

In an emergency loss of spent fuel pool inventory, a fire hose station is available outside the spent fuel
pool area door. This station is capable of providing 100 gpm of non-borated water. Although an
available source, the fire hose is not specifically addressed by an approved procedure for makeup.
2.5.7

Spent Fuel Pit Demlneralizer

The spent fuel pit demineralizer has a capacity of 30 ft of 1:1 equivalent mixed bed resin. This implies
a volume ratio of 60%/40% anion to cation resin. If we assume the bed was loaded with 100% anion, it
would bound the capacity to remove boron when it is first aligned to the system. The demineralizer
would be operated at a nominal 100 gpm flow rate. Dilution of the spent fuel pool resulting from
operation of the demineralizer will not result In an Increase in the spent fuel pool level.
2.5.8

Rainwater Collection System

The room housing the spent fuel pool includes 4-6" piping along the walls to carry rainwater from the
roof to a drain system. The piping is not seismically designed and could therefore be postulated to
break during an earthquake.
2.5.9

Dilution Source and Flow Rate Summary

Based on the evaluation of potential spent fuel pool dilution sources summarized above, the following
dilution sources were determined to be capable of providing a significant amount of non-borated water
to the spent fuel pool. The potential for these sources to dilute the spent fuel pool boron concentration
to the design basis boron concentration (650 ppm) will be evaluated in Section 3.0.
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SOURCE

APPROXIMATE
FLOW RATE (GPM)

CVCS
- Holdup Tank to Cleanup Loop

90

Primary Water System
- To SFP via valve 821
- To SFP via demineralizer sluice line
- 2" PW station near SFP

415
240
500

Demineralized Water System
- To SFP via valve 821

174

Fire Protection System
- Fire hose station outside SFP room

100

SFP Demineralizer

100

2.6

Boration Sources

The normal source of borated water to the spent fuel pool is from the refueling water storage tank. It is
also possible to borate the spent fuel pool by the addition of dry boric acid directly to the spent fuel pool
water.
2.6.1 Refueling Water Storage Tank
The refueling water storage tank (RWST) connects to the spent fuel pool through the purification loop
via the refueling water purification pump. This connection is used to purify the RWST water when the
purification loop is isolated from the spent fuel pool cooling system. Normally, this connection can
supply borated water to the spent fuel pool via the refueling water purification pump to the inlet to the
spent fuel pit cooling system purification loop. The refueling water purification pump Is powered from a
non-vital bus power supply. The RWST is required by Technical Specifications to be kept at a
minimum boron concentration of 1950 ppm.
2.6.2 Direct Addition of Boric Acid
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If necessary,.the .boron concentration of the spent fuel pool can be increased by emptying bags of dry
boric acid directlyjinto the spent fuel pool. However, boric acid dissolves very slowly at room
temperature and requires that the spent fuel pool cooling pumps be available for mixing the spent fuel
pool water (see section 3.1 for further discussion on spent fuel pool mixing.) Furthermore, there is no
procedure curren'ly in place to provide operator guidance for this method. Therefore, this method
would be used only in an emergency.
2.7

Spent Fuel Pool Instrumentation

Instrumentation is available to monitor spent fuel pool water level and temperature. Additional
instrumentation is provided to monitor the pressure and flow of the spent fuel pool cleanup system, and
pressure, flow, and temperature of the spent fuel pool cooling system.
The instrumentation provided to monitor the temperature of the water In the spent fuel pool is indicated
locally and annunciated in the control room. The water level Instrumentation alarms, high and low
level, are annunciated in the control room. Two area radiation monitors are available in the spent fuel
pool room.
A change of one foot in spent fuel pool level with the transfer canal isolated requires approximately
7816 gallons of water. If the pool level was raised from the low level alarm point to the high level
alarm (6" including instrument error), a dilution of approximately 3908 gallons could occur before an
alarm would be received in the control room. Ifthe spent fuel pool boron concentration were at 1950
ppm initially, such a dilution would only result in a reduction of the pool boron concentration of
approximately 28 ppm.
2.8 Administrative Controls
The following administrative controls are in place to control the spent fuel pool boron concentration and
water Inventory:
1.

Procedures are available to aid In the Identification and termination of dilution events.

2.

The procedures for loss of inventory (other than evaporation) specify that a borated makeup
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source (RWST) be usedoas the preferred makeup source. The procedures specify non-borated
sources as secondary preferences.
3.

Inaccordance with procedures, plant personnel perform rounds in the spent fuel pool room
once every 12 hours. The personnel making rounds to the spent fuel pool are trained to be
aware of the change In the status of the spent fuel pool. They are instructed to check the
temperature and level In,the pool and conditions around the pool during plant rounds.

4.

Administrative controls (locked closed valves on primary water and demineralized water flow
paths to the spent fuel pool cooling system) are placed on some of the potential dilution paths.

5.

Procedures require that the chemistry department verify the pool boron-concentration will not be
diluted below 1950 ppm when makeup is added.

2.9

Piping

There are no systems (other than those listed In section 2:5.1 to 2.5.8) identified which have piping
in
the vicinity of the spent fuel pool which could result in a dilution of the spent fuel pool ifthey were
to
fail.
2.10 Loss of Offsite Power Impact
Of the dilution sources listed in Section 2.5.9, only the fire protection system Is capable of providing
non-borated water to the spent fuel pool during a loss of offsite power.
The loss of offsite power would affect the ability to respond to a dilution event. The spent fuel pool
level instrumentation is not powered from vital power supplies.
The refueling water purification pump Is not powered from a safeguards supply and would not be
available to deliver borated water from the RWST. However, at maximum water level, the RWST
can
be gravity-drained to the spent fuel pool through the refueling water purification pumps, if necessary,
to provide a borated water source. Finally, manual addition of dry boric acid to the pool could be
used
if it became necessary to Increase the spent fuel pool boron concentration during a loss of offsite
power.
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3.0

SPENT FUEL POOL DILUTION FVALUATION

3.1

Calculation of Boron Dilution Times and Volumes

For the purposes of evaluating spent fuel pool dilution times and volumes, the total pool volume
available for dilution, as described in section 2.1, is conservatively assumed to be 264,000 gallons.
Based on the criticality analyses (Reference 1), the soluble boron concentration required to maintain
the spent fuel pool boron concentration at k• < 0.95, including uncertainties and bumup, with a 95%
probability at a 95% confidence level (95/95) Is 650 ppm.
The spent fuel pool boron concentration is typically in the range of 2000 and 2100 ppm. If the
concentration falls below 1950 ppm, Turkey Point enters a Limiting Condition of Operation Action
Requirement procedure and uses administrative procedures to restore and monitor the concentration.
However, for the purposes of evaluating the dilution times and volumes, the initial spent fuel pool boron
concentration is assumed to be at the current Technical Specification minimum limit of 1950 ppm. The
evaluations are based on the spent fuel pool boron concentration being diluted from 1950 ppm to 650
ppm. To dilute the combined pool volume of 264,000 gallons from 1950 ppm to 650 ppm would
conservatively require 290,000 gallons of non-borated water, based on a feed-and-bleed operation
(constant volume).
This analysis assumes thorough mixing of all the non-borated water added to the spent fuel pool with
the contents of the spent fuel pool. Refer to Figure 3. Based on the design flow of 2300 gpm per
spent fuel pit pump, the 264,000 gallon system volume Is turned over approximately every two hours
with one pump running, which is the normal alignment. It is unlikely, with cooling flow and convection
from the spent fuel decay heat, that thorough mixing would not occur. However, if mixing was not
adequate, it would be conceivable that a localized pocket of non-borated water could form somewhere
in the spent fuel pool. This possibility is addressed by the calculation in Reference 1 which shows that
the spent fuel rack Kf will be less than 1.0 on a 95/95 basis with the spent fuel pool filled with non
borated water. Thus, even If a pocket of non-borated water formed in the spent fuel pool, Y. would not
exceed 1.0 anywhere in the pool.
--
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The time to dilute the spent fuel pool depends on the i.tial volume of the pool and the postulated rate
of dilution. The dilution volumes and times for the dilution scenarios discussed in Sections 3.2 and 3.3
are calculated based on the following equation:
t,. = In (C. /C, )V/Q

(Equation 1)

Where:
Co = the boron concentration of the pool volume at the beginning of the event (1950 ppm)
cow = the boron endpoint concentration (650 ppm)
Q = dilution rate (gallons/minute)
V = volume (gallons) of spent fuel pool (264,000)
td=

3.2

time to reach C,, (minutes)

Evaluation of Boron Dilution Events

The potential spent fuel pool dilution events that could occur are evaluated below:
3.2.1 Dilution From CVCS Holdup Tanks
The contents of a CVCS holdup tank can be transferred via the recirculation pump to the spent fuel
pool via the cleanup loop. The flow path to the transfer canal is through a line that is isolated by one
normally closed valve. This connection is a designated source of makeup water In a loss of spent fuel
pool Inventory event. Each of the three CVCS recycle holdup tanks has a total volume of
approximately 97,000 gallons. The water in the tanks can have a boron concentration from 0 ppm to
approximately 2000 ppm. Any amount of boron in the CVCS holdup tank water would reduce the
dilution of the spent fuel pool resulting from the transfer of CVCS holdup tank water to the spent fuel
pool. To dilute the spent fuel pool volume from 1950 ppm to 650 ppm would require 290,000 gallons of
unborated water. The combined contents of the three CVCS holdup tanks (approximately 300,000
gallons) is slightly more than the required dilution volume. The path from the recirculation pump to the
spent fuel pool via the connection to the spent fuel pool purification loop can provide approximately 90
gpm. Ifthe manual isolation valve were left unattended, It would take 43 minutes to increase the spent
fuel pool level from the low to high alarm setpoints, and 54 hours to provide the 290,000 gallons
required to dilute the pool from 1950 to 650 ppm boron, assuming 0 ppm boron in the holdup tanks.
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The CVCS recirculation pump can take suction from either of the three CVCS holdup tanks.
Administrative procedures specify that the pumps are aligned to one holdup tank at a time. Manual
valve manipulations are required to switch the pump suction to another tank. Thus, it is assumed for
the purposes of this evaluation that only the contents of one CVCS holdup tank is available for a spent
fuel pool dilution event. The 97,000 gallons of water contained In one CVCS holdup tank is less than
the 290,000 gallons necessary to dilute the spent fuel pooVtransfer canal from 1950 ppm to 650 ppm.
Because of these factors, the CVCS holdup tanks are not considered a credible dilution source for the
purposes of this analysis.
3.2.2 Dilution From Primary Water Storage Tanks
The contents of the primary water storage tank can be transferred via the primary water pumps directly
or Indirectly to the spent fuel pool.
The primary water system consists of a primary water storage tank and two primary water pumps per
Unit. Primary water can be supplied to the spent fuel pool cooling system from the tank and pumps
associated with either Unit. The two primary water storage tanks each contain approximately 150,000
gallons of non-borated reactor grade water. The tanks are normally not cross-connected. Thus, the
contents of one tank is not sufficient to dilute the spent fuel pool from 1950 to 650 ppm.
The path from the primary water pumps to the spent fuel pool via the connection to the spent fuel pool
cooling loop return header can provide approximately 415 gpm. If the manual Isolation valve were left
unattended, it would take 9 minutes to increase the spent fuel pool level from the low to high alarm
setpoints, and 12 hours to provide the 290,000 gallons required to dilute the pool from 1950 to 650
ppm boron.
The path from the primary water pumps to the spent fuel pool via the spent fuel pit demineralizer resin
flushing connection can provide approximately 240 gpm. If the manual Isolation valve were left
unattended, it would take 16 minutes to increase the spent fuel pool level from the low to high alarm
setpoints, and 20 hours to provide the 290,000 gallons required to dilute the pool from 1950 to 650
ppm boron.

-
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The path from the primary water pumps to the spent fuel pool via the 2" station in the spent fuel pit
area can provide approximately 500 gpm. If the temporary hose connection were left unattended, it
would take 8 minutes to Increase the spent fuel pool level from the low to high alarm setpoints, and 10
hours to provide the 290,000 gallons required to dilute the pool from 1950 to 650 ppm boron.
3.2.3 Dilution From Demineralized Water System
This source consists of a trailer-type portable system which is administratively controlled. Thus, its
capacity and surge volume are very limited.
The path from the demineralized water connection to the spent fuel pool via the 2M connection to the
spent fuel pool cooling system return header can provide approximately 174 gpm. If the path were left
unattended, it would take 22 minutes to Increase the spent fuel pool level from the low to high alarm
setpoints, and 28 hours to provide the 290,000 gallons required to dilute the pool from 1950 to 650
ppm boron.
3.2.4

Dilution from Fire Protection System

The fire protection system draws from two raw water tanks with a capacity of 500,000 and 750,000
gallons, respectively. The path from the fire water pump to the spent fuel pool via the fire hose station
outside the spent fuel pit area can provide approximately 100 gpm. Ifthe hose were left unattended, it
would take 39 minutes to increase the spent fuel pool level from the low to high alarm setpoints, and 48
hours to provide the 290,000 gallons required to dilute the pool from 1950 to 650 ppm boron.
3.2.5

Dilution Resulting From Seismic Events or Random Pipe Breaks

A seismic event could cause piping ruptures in the vicinity of the spent fuel pool in piping that is not
seismically qualified. The only piping within the Immediate vicinity of the spent fuel pool that could
result In dilution of the spent fuel pool if it ruptures during a seismic event are the 4-6" rain collection
piping along the walls. In order to consider this piping as a dilution source, it would be necessary to
assume that a seismic event occurred coincident with a major rainstorm that would dump significant
volumes of unborated rainwater into the spent fuel pool. This combination of events is considered to
have a sufficiently low probability of occurrence to eliminate It from consideration for this analysis.
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For a seismic event with offsite power available, rupture of the primary water station piping in the spent
fuel pit area are bounded by the analyses in Sections 3.2.2. If offsite power is not available, the
primary water systems would not operate, and thus, there would be no dilution source.
3.2.6 Dilution From Spent Fuel Pool Demineralizer
When the spent fuel pool demineralizer is first placed In service after being recharged with fresh resin,
it can initially remove boron from the water passing through it. In the worst case, assuming 30 ft3 of
anion resin in the demineralizer, up to 18 ppm of boron could be removed from the spent fuel pool
water before the resin would become saturated. Since the demineralizer normally utilizes a mixed bed
of anion and cation resin, less boron would actually be removed before saturation. Because of the
small amount of boron removed by the demineralizers, it is not considered a credible dilution source for
the purposes of this evaluation.
3.2.7 Review of Ucensee Event Reports(LER)
A review of 8 LERs related to the spent fuel pool and cooling system was conducted to identify any
extraordinary mechanisms of dilution not previously addressed In the previous sections. The review
resulted In no new dilution paths or mechanisms.
3.3 Summary of Dilution Events
The four available water sources for spent fuel pool dilution are primary water, demineralized water,
CVCS holdup tank fluid, and fire protection. Fire protection is the least likely source, since it is not
controlled by procedure for use as makeup, and because the fire hose Is located outside the spent fuel
pool room. The CVCS holdup tank source is the next least likely because it is normally borated to
some degree, and because the volume of one tank is less than that required to dilute the spent fuel
pool from 1950 to 650 ppm. The demineralized water source is the next least likely source because its
source Is controlled administratively, and because It Is third in the preferred list of normal makeup
sources behind the RWST and the primary water system. Since the RWST is always borated, the key
system for consideration is the primary water system.
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Flow rates from the primary water system supply pump vary up to pump runout flow of 500 gpm. Even
at this flow, the spent fuel pool is filled to the high alarm in only 8 minutes, assuming the pool level was
initially at the Technical Specification minimum level. Assuming that the high level alarm were to fail,
the pool would overflow and fill the room until water would leak Into the refueling canal and out of the
room door leaking to the building roof. A significant loss of primary water storage tank inventory would
be detected by the operator via a low tank level alarm at 50%. Makeup to the tank is provided
administratively from the deaeration system, so the tank would not be refilled continuously without
operator attention. Finally, the total tank volume of 150,000 gallons is not sufficient to dilution the
spent fuel pool from 1950 to 650 ppm boron.
Furthermore, for any dilution scenario to successfully add 290,000 gallons of water to the spent fuel
pool, plant operators would have to fail to question or investigate the continuous makeup of water to
the primary water storage tank for the required time period, and fail to recognize that the need for
290,000 gallons of makeup was unusual.
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4.0

CONCLUSIONS

A boron dilution analysis has been completed for the spent fuel pool. As a result of this spent fuel pool
boron dilution analysis, it is concluded that an unplanned or inadvertent event which would result in the
dilution of the spent fuel pool boron concentration from 1950 ppm to 650 ppm is not a credible event.
This conclusion is based on the following:
The preferred method of normal makeup to the pool is, by procedure, from the RWST, a borated water
source. Thus, the operator would have to make a conscious decision to choose a non-borated water
source for makeup over a borated water source.
Ifan inadvertent dilution were to be initiated, administrative procedures are in place to address a high
level alarm in the spent fuel pool. Borated water from the RWST Is available via the refueling water
purification pump with normal power available, and by gravity feed to the pool should offsite power be
lost.
In order to dilute the spent fuel pool to the design k1 of 0.95, a substantial amount of water (290,000
gallons) is needed. To provide this volume, an operator would have to Initiate the dilution flow, then
abandon monitoring of pool level, and ignore administrative procedures, and a high level alarm for a
period of at least 10 hours. The 290,000 gallon value is used for analysis. It exceeds the volume of
the typical source of unborated water (primary water storage tank). There is no single credible source
of unborated water of at least 290,000 gallons.
Since such a large water volume tumover is required, a spent fuel pool dilution event would be readily
detected by plant personnel via alarms, flooding In the fuel handling building, or eventually by operator
rounds through the spent fuel pool area.
It should be noted that this boron dilution evaluation was conducted by evaluating the time and water
volumes required to dilute the spent fuel pool from 1950 ppm to 650 ppm. The 650 ppm endpoint was
utilized to ensure that Kf for the spent fuel racks would remain less than or equal to 0.95. As part of
the criticality analysis for the spent fuel racks (Reference 1), a calculation has been performed on a
95/95 basis to show that the spent fuel rack K, remains less than 1.0 with non-borated water in the
pool. Thus, even if the spent fuel pool were diluted to zero ppm, which would take significantly more
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water than evaluated above, the spent fuel would be expected to remain subcritical and the health and
safety of the public would be assured.
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1.0

Introduction

This report presents the results of criticality analyses of the Florida Power & Light Turkey Point
Units 3 and 4 fresh fuel storage vault.
The following storage configuration and enrichment limit were considered in the analyses:
Fresh Fuel

Storage of 15x15 fuel assemblies in the fresh fuel vault. Fuel
assemblies must have a nominal enrichment no greater than 4.5
w/o 235 U with no axial blankets.

Under full density water flooding accident, the storage is shown to meet the limit of Keff <0.95
and for the optimum moderation accident the limit of Keff <0.98 is met.

1.1

Design Description

The cross-sectional view of the Turkey Point Unit 4 fresh fuel rack layout is depicted in Figure 1
on page 13. Fresh fuel storage cell layout for Turkey Point Unit 3 is a mirror image of Turkey
Point Unit 4.
The fuel parameters relevant to this analysis are given in Table 1 on page 11 and Table 2
on page 12. The Table 1 fuel parameters bound the previous fuel designs used in Turkey Point
Units 3 & 4. The fuel rod and guide thimble and instrumentation thimble tube cladding are
modeled as zircaloy in this analysis. This is conservative with respect to the Westinghouse
ZIRLOM product which is a zirconium alloy containing additional elements including niobium.
Niobium has a small absorption cross section which causes more neutron capture in the cladding
resulting in a lower reactivity. Therefore, this analysis is conservative with respect to fuel
assemblies containing ZIRLOIm cladding in fuel rods and guide thimble and instrumentation
thimble tubes.
Table 2 on page 12 also shows the rack dimensions with the manufacturing tolerances.
The analyses are performed for full density water flooding and with a low density water presence
in the fuel storage area which maximizes the storage reactivity.
The analyses conform to the requirements of NUREG-0800, Section 9.

1.2

Design Criteria

Criticality of fuel assemblies in a fuel storage raclc-is prevented by the design of the rack which
limits fuel assembly interaction. This is done by fixing the minimum separation between fuel
assembly and/or placing absorber panels between storage cells.

Introduction
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The design basis -for preventing criticality for fresh fuel storage, is examined on the 95/95 basis.
The 95/95 basis is defined as the upper limit, with a 95 percent probability at a 95 percent
confidence level, of the effective neutron multiplication factor Keff of the fuel assembly array,
including uncertainties and manufacturing tolerances.
Fresh fuel is normally stored in dry conditions. However, the accidental introduction of water in
the storage area is considered. For the full density water flooding in the fresh fuel storage area, the
criterion of 95/95 basis Keff _ 0.95 must be met. For optimum moderation (water content which
gives the highest reactivity) in the storage area the criterion of 95/95 basis Keff _-0.98 must be
met.
The design criteria are consistent with ANSI 57.2-1983(2), ANSI 573-198303 ), and
NUREG-0800(4).

1'
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2.0

Analytical Methods

The criticality calculation method and cross-section values are verified by comparison with
critical experiment data for fuel assemblies similar to those for which the racks are designed. This
benchmarking data is sufficiently diverse to establish that the method bias and uncertainty will
apply to rack conditions which include strong neutron absorbers, large water gaps, low moderator
densities and spent fuel pool soluble boron.
The design method which insures the criticality safety of fuel assemblies in the fuel storage rack
is described in detail in the Westinghouse Spent Fuel Rack Criticality Analysis Methodology
topical report(1 ). This report describes the computer codes, benchmarking,_and methodology
which are used to calculate the criticality safety limits presented in this report for Turkey Point
Units 3 and 4.
As determined in the benchmarking in the topical report, the method bias using the described
methodology of NITAWL-Il, XSDRNPM-S and KENO-Va is 0.00770 AK with a 95 percent
probability at a 95 percent confidence level uncertainty on the bias of 0.00300 AK. These values
will be used in this report.

Analytical Methods
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3.0

Criticality Analysis of the Fresh Fuel Racks

The fresh fuel is stored in the fresh fuel racks in a dry condition. The reactivity of the dry
fuel is very low at enrichments up to 5 w/o. However, with any introduction of water in
the storage area the reactivity of the array can rise significantly. Thus, the reactivity of
the system is examined for the conditions of flooding and for introduction of water at
optimum density. The optimum density is defined as the low density of water which
would lead to the highest reactivity of the storage array.
This section describes the analytical techniques and models employed to perform the
criticality analysis for the storage of fresh fuel in the Turkey Point Units 3 and 4 fresh
fuel storage racks. The fresh fuel rack is analyzed by employing the methodology
outlined in Section 2 of this report. Details of this analysis are outlined in Sections 3.1
and 3.2 for the full density water flooding condition and optimum moderation
condition, respectively.
Fresh fuel is stored in racks arranged in an L-shaped configuration, consisting of two
limbs of 8x3 and 3x10. Up to 54 assemblies can be stored. Figure I on page 13 shows the
configuration.
Since the fresh fuel racks are normally maintained in a dry condition, the criticality
analysis will show that the rack 95/95 Keff is less than or equal to 0.95 for the accidental
full density water flooding scenario (ANSI/ANS-57.3) and less than or equal to 0.98 for
the accidental low water density (optimum moderation) flooding scenario
(NUREG-0800, Section 9).
The analyses are performed for the fresh fuel storage in the "worst case" conditions. In
these conditions, the manufacturing tolerances are included in the calculation input in
the limiting direction, so that the calculations are conservative.

3.1

Full Density Moderation Analysis

The fresh fuel racks are analyzed for the full density water flooding condition under
"worst case" scenario:

1.
2.
3.
4.
5.
6.

Maximum enrichment of 4.55 w/o 23•U
No pellet dishing
Fuel with 98% of theoretical density
Minimum assembly storage pitch of 20.875 inches.
An infinite array of assemblies (no radial leakage of neutrons) is niodeled.
Top and bottom of the storage have 1 foot of water.

The "worst case" scenarios conservatively account for fuel parameter variability and
tolerances on rack dimensions. The KENO results for the "worst case" model are then
used to develop the maximum 95/95 Keff which is compared to the criticality safety limit
of 0.95.

Criticality Analysis of the Fresh Fuel Racks
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Therefore, following assumptions were used to develop the KENO model for the storage
of fresh fuel in the Turkey Point Units 3 and 4 fresh fuel storage racks under full density
water condition:
1. The fuel assembly parameters for the criticality analysis are based on the Westing
house 15x15 DRFA design.
2. All fuel rods contain uranium dioxide at the maximum enrichment of 4.55 w/o over
the entire length of each rod.
3. The fuel pellets are modeled assuming a U0 2 density which is 98% of theoretical
density with no dishing fraction (0%) for "worst case" conditions.
4. No credit is taken for any 234U or 236U in the fuel.
5. No credit is taken for any grids in the assembly.
6. No credit is taken for any burnable absorber in the fuel rods.
7. The flooding is by pure water (no boron) at a temperature of 68°F. A limiting value
of 1.0 gm/cm 3 is used for the density of water.
8. The 20.875 inch minimum center to center spacing is used for distance between all
storage cells, (see Figure 1 on page 13). The actual distance between the outer assem
bly and the east wall is 54 inches. Only 30 inch distance between the outer assembly
and the east wall is assumed in the analysis and this is conservative.
9. There are no absorber panels between the assemblies. Rack structure is only the L
shaped inserts described in Table 2 on page 12.
10. All available storage cells are loaded with fuel assemblies.
A KENO model was set up using the above limiting fuel and rack parameters and
resulted in a Keff of 0.91295 with a 95 percent probability/95 percent confidence level
uncertainty of +0.00130 AK.
Based on the analysis described above, the following equation is used to develop the
maximum 95/95 Kerr:
2
2
Keff = Kworst + Bmethod + jkSworst + kSmethod

where:

Bmerhod

worst case KENO Keff
= method bias determined from benchmark critical
comparisons

ksworst

= 95/95 uncertainty in the worst case KENO Keff

Kworst

kSmethod

-

=

95195 uncertainty in the method bias

Substituting calculated values in the order listed above, the result is:

Criticality Analysis of the Fresh Fuel Racks
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Keff = (0.91295) + (0.0077) + JO.001302 + 0.00302 = 0.92392

Since Keff is less than 0.95 including uncertainties at a 95/95 probability/confidence
level, the acceptance criterion for criticality is met for the Turkey Point Units 3 and 4
fresh fuel storage racks under full density water flooding conditions for storage of
Westinghouse 15x15 fuel assemblies with maximum enrichments up to 4.55 w/o 235U.

3.2

Low Density Optimum Moderation Analysis

The fresh fuel rack is analyzed for the low density optimum moderation condition under
"worst case" scenario:
1.
2.
3.
4.
5.

Maximum enrichment of 4.55 w/o 235U
No pellet dishing
Fuel with 98% of theoretical density
Minimum assembly storage pitch of 20.875 inches.
Six feet thick concrete wall is assumed to surround the storage area on all sides
which is conservative.
6. Top and bottom of the storage have 1 foot of water (at low density) followed by 6
feet of concrete.
The "worst case" scenarios conservatively account for fuel parameter variability and
tolerances on rack dimensions (Table 2 on page 12). The KENO results for the "worst
case" model are then used to develop the maximum 95/95 KJff which is compared to the
criticality safety limit of 0.98.
The following assumptions were used to develop the KENO model for the storage of
fresh fuel in the Turkey Point Units 3 and 4 fresh fuel storage racks under low density
optimum moderation condition:
1. The fuel assembly parameters relevant to the criticality analysis are based on the
Westinghouse 15x15 DRFA design.
2. All fuel rods contain uranium dioxide at a maximum enrichment of 4.55 w/o in the
entire length of the rod.
3. The fuel pellets are modeled assuming a UO2 density which is 98% of theoretical
density with no dishing fraction (0%) for the "worst case" conditions.
4. No credit is taken for any 234U or 2MU in the fuel.
5. No credit is taken for any fuel grids.
6. No credit is taken for any burnable absorber in the fuel rods.
7. The moderator is low density water (no boron) at a temperature of 68"F. The opti
mum moderation typically occurs around 0.07 to 0.10 gm/cm3 water density. Opti-

Criticality Analysis of the Fresh Fuel Racks
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8.
9.

mum water density was determined and used in the analysis (See Figure 2 on
page 14).
A minimum center to center spacing of 20.875 inches. See Figure 1 on page 13 and
Table 2 on page 12 for details.
The entire rack is modeled and is assumed to be surrounded by concrete walls in all
directions. For simplicity, the concrete wall thickness is assumed to be 72 inches. All
available storage cells are loaded with fuel assemblies.

A KENO model was set up using the above limiting fuel and rack parameters. Water
density of approximately 0.095 gm/cm 3 was found to lead to the highest reactivity (See
Figure 2 on page 14). This density was used for the limiting calculation. This resulted in a
Keff of 0.83095 with a 95 percent probability/95 percent confidence level uncertainty of
+0.00119 AK.
Based on the analysis described above, the following equation is used to develop the
maximum 95/95 Keff:
Keff - Kworst + Bmethod + I/ksworst2 +ksmethod2

where:
Kworst
Bmethod

= worst case KENO Keff
= method bias determined from benchmark critical

comparisons
ksworst

=

95/95 uncertainty in the worst case KENO Keff

ksmethod

=

95/95 uncertainty in the method bias

Substituting calculated values in the order listed above, the result is:
Keff = 0.83095 + (0.0077) + F0.001192+ 0.00302 = 0.84188

This KENO model resulted in a Keff of 0.84188 with a 95 percent probability/95 percent
confidence level.
Since Keff is less than 0.98 including uncertainties at a 95/95 probibility/confidence
level, the acceptance criteria for criticality is met for the Turkey Point Units 3 and 4 fresh
fuel storage racks under optimum moderation condition.

Criticality Analysis of the Fresh Fuel Racks
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Thus, for both full density water moderation and the optimum water density
moderation the respective reactivity criteria are met. Westinghouse 15x15 fuel
assemblies with maximum enrichments up to 4.55 w/o 23-U (with no axial blankets)
meet the reactivity limits.

Criticality Analysis of the Fresh Fuel Racks.
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4.0

Discussion of Postulated Accidents in the Fresh
Fuel Storage

Under normal conditions, the fresh fuel racks are maintained in a dry environment. The
introduction of water into the fresh fuel rack area is the worst case accident scenario. The
water flooding cases analyzed in this report are bounding accident situations which
result in the most conservative fuel rack Keff.
Other accidents can be postulated which could cause a reactivity increase in the fresh
fuel racks and these are a fuel assembly drop on top of the rack and a fuel assembly drop
between the rack and the wall. The fuel assembly drop between the rack-and the wall is
not possible for the Turkey Point Units 3 and 4 fresh fuel racks due to the construction
configuration which precludes the drop of an assembly into any position other than a
storage cell. For the fuel assembly drop on top of the rack, the double contingency
principle(s) is applied. This states that assumption of two unlikely, independent,
concurrent events is not required to ensure protection against a criticality accident. Thus,
for the case of the fuel assembly drop on top of the rack; the absence of a moderator in
the fresh fuel storage racks can be assumed as a realistic initial condition since assuming
the presence of moderator would be a second unlikely, independent event.
Experience has shown that the maximum reactivity increase associated with a fuel
assembly drop on top of the rack is less than 10 percent AK under the full density water
condition.
Therefore, since the normal, dry fresh fuel rack reactivity for Turkey Point Units 3 and 4
is relatively low, less than 0.65, and the maximum reactivity increase for the fuel
assembly drop on top of the rack for the dry condition would be much less than 10
percent AK, the maximum rack Keff for the fuel assembly drop on top of the rack will
meet the licensing bases.

Discussion of Postulated Accidents in the Fresh Fuel Storage
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5.0

Summary of Criticality Results

For the storage of Westinghouse 15x15 fuel assemblies in the Turkey Point Units 3 and 4 fresh
fuel storage racks, the acceptance criteria requires the effective neutron multiplication factor to be
< 0.95, including uncertainties, for the fully flooded conditions and < 0.98, including
uncertainties, for the optimum moderation conditions.
This report shows that the acceptance criteria for criticality is met for the Turkey Point Units 3
and 4 fresh fuel racks for the storage of Westinghouse 15x15 fuel assemblies under both normal
and accident conditions with enrichment limits tabulated below.

Fresh Fuel Storage

Storage of 15x15 fuel assemblies in all cells. Fuel assemblies must
have a maximum enrichment no greater than 4.55 w/o in the entire
length of the fuel rod.

The analytical methods employed herein conform to ANSI N18.2-1973, "Nuclear Safety Criteria
for the Design of Stationary Pressurized Water Reactor Plants", Section 5.7 Fuel Handling
System; ANSI 57.2-1983, "American Nuclear Society, American National Standard Design
Requirements for Light Water Reactor Spent Fuel Storage Facilities at Nuclear Power Plants",
Section 6.4.2; ANSI/ANS-57.3-1983, "American Nuclear Society, American National Standard
Design Requirements for New Fuel Storage Facilities at Light Water Reactor Plants"; ANSI
8.1-1983, "Validation of Calculational Methods for Nuclear Criticality Safety"; the NRC Standard
Review Plan(4), Section 9.

Summary of Criticality Results
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Table 1. Nominal Fuel Parameters Employed in the Criticality Analysis
Parameter
Number of Fuel Rods per Assembly

Westinghouse
15x15 DRFA
204

Rod Clad O.D. (inch)

0.422

Clad Thickness (inch)

0.0243

Fuel Pellet O.D. (inch)

0.3659

Fuel Pellet Density (% of Theoretical)

96

Fuel Pellet Dishing Factor (%)

1.187

Rod Pitch (inch)

0.563

Number of Guide Tubes

20

Guide Tube O.D. (inch)

0.533

Guide Tube Thickness (inch)

0.017

Number of Instrument Tubes

1

Instrument Tube O.D. (inch)

0.533

Instrument Tube Thickness (inch)

0.017

Turkey Point Units 3 & 4
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Table 2. Fresh Fuel Storage Cell and Fuel Parameters

Parameter

Dimension

Tolerance

Value Used

21.0

+0.125/-0.125

20.875

Pitch

inch

Sourrounding Concrete

inch

L-angle Width

inch

2.5x2.5

2.5x2.5

L-angle Thickness

inch

0.25

0.25

L-angle ID

inch

9.0

Distance of wall from the Center
of the Outer Assembly

inch

West

inch

42

North

inch

30

East

inch

54

South

inch

73

Fuel Density

72

96

Dishing

1.187

Enrichment

4.50

+0.05/-0.075_

+2/-2

9.0

98
0

+0.051-0.05

4.55

I'.

Turkey Point Units 3 & 4
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Figure 1. Turkey Point Unit 4 Fresh Fuel Storage Cell Layout
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Figure 2. Turkey Point Units 3 and 4 Fresh Fuel Rack Keff as a Function of Water Density
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ATTACIMENT 8

Turkey Point Units 3 & 4
Monthly Silica Concentration (ppm)

Table 1
Turkey Point Units 3 and 4
Monthly Silica Concentration (ppm)
Month/YY
Jan-93
Feb-93
Mar-93
Apr-93
May-93
Jun-93
Jul-93
Aug-93
Sep-93
Oct-93
Nov-93
Dec-93
Jan-94
Feb-94
Mar-94
Apr-94
May-94
Jun-94
Jul-94
Aug-94
Sep-94
Oct-94
'Nov-94
Dec-94
Jan-95
Feb-95
Mar-95
Apr-95
May-95
Jun-95
Jul-95
Aug-95
Sep-95
Oct-95
Nov-95
Dec-95

Unit 3
5.66
4.15
5.27
6.97
7.50
7.80
8.20
7.45
7.29
6.65
7.70
5.68
8.00
7.40
7.12
5.10
4.95
2.57
3.25
5.00
5.50
5.40
7.00
7.90
4.95
5.30
5.80
8.00
7.50
7.80
8.21
7.97
7.10
6.40
7.00
5.00

Unit 4
3.40
3.85
4.63
4.26
4.50
5.40
4.85
4.30
3.30
4.85
1.97
3.80
4.20
3.71
4.13
3.80
3.95
5.00
4.70
4.80
5.00
5.30
4.20
4.40
4.60
4.55
5.23
4.54
4.90
5.40
4.50
4.85
5.52
5.70
4.80
4.80

January 1993 - September 1999
Unit 4
Unit 3
Month/YY
4.70
6.40
Jan-96
4.50
5.80
Feb-96
4.70
6.80
Mar-96
5.65
8.70
Apr-96
6.10
8.00
May-96
4.20
5.50
Jun-96
6.30
9.16
Jul-96
5.30
12.00
Aug-96
5.20
11.70
Sep-96
5.90
8.00
Oct-96
* 5.50
10.98
Nov-96
4.10
* 5.36
Dec-96
5.40
4.75
**
Jan-97
4.60
4.62
Feb-97
* 5.15
10.70
Mar-97
* 7.50
* 10.90
Apr-97
6.10
11.00
May-97
7.50
6.40
Jun-97
7.40
12.21
Jul-97
6.40
12.21
Aug-97
6.14
12.21
Sep-97
6.00
12.21
Oct-97
6.20
12.60
Nov-97
5.90
* 12.10
Dec-97
6.89
11.95
Jan-98
7.30
12.21
Feb-98
3.70
11.90
Mar-98
3.40
9.40
Apr-98
3.60
8.00
May-98
4.70
6.90
Jun-98
7.80
5.80
Jul-98
7.40
2.80
Aug-98
8.40
* 24.83
Sep-98
6.10
13.70
Oct-98
9.80
* 9.70
Nov-98
10.10
11.10
Dec-98

Notes:
1
* Average for month
** Interpolated
Data Sources:
Reference 17 and PTN Chemistry Logs

I

Month/YY
Jan-99
Feb-99
Mar-99
Apr-99
May-99
Jun-99
Jul-99
Aug-99
Sep-99

Unit 3
13.92
* 13.89
13.70
** 13.94
14.19
10.20
15.00
Q3-00
* 15.58

Unit 4
* 8.81
* 8.59
* 8.48
7.50
7.90
7.00
7.83
** 8.47
8.10

