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ON ADMITTED CONTENTIONS 6 AND 7

I, Stanley E- Turner, being duly sworn, say as follows:

1. I am currently Chief Scientist for Holtec International.
My business address is 230 Normandy Circle E., Palm Harbor,
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Florida 34683. In my former employment with Black & Veatch,
Consulting Engineers, I was responsible for the criticality
safety analysis of the expanded spent fuel storage racks for Unit
1 of the St. Lucie Plant. I am a registered Professional\
Engineer (Nuclear) with over thirty years of experience in the
nuclear analyses of a wide variety of reactor types and con-

. figurations. More specifically, I am a member of the American
Nuclear Society Standards Committee 8.17 (Criteria for Nuclear
Criticality of Nuclear Fuel Elements) and have recently been
actively engaged in the criticality safety evaluation of new and

spent fuel storage facilities for seventeen nuclear power
stations. A summary of my qualifications and experience is
attached hereto as Exhibit A, which is incorporated herein by
reference. I have personal knowledge of the matters stated
herein, and believe them to be true and correct.
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This affidavit is offered in support of "Licensee's Motion for
Summary Disposition of Xntervenors ' Contentions, "regarding
Admitted Contentions 6 and 7.

2. Admitted Contention No. 6 (originally Amended Petition
Contention No. 11) states:

That the proposed use of high-density storage
racks designed and fabricated by Joseph Oat
Corporation is utilization of an essentially
unproven technology.

The bases for Admitted Contention No.6 (originally Amended
Petition No. 11) were stated as follows:

As recently as 8 September 1987, the NRC has
provided information concerning these racks
to all nuclear power reactor facilities
warning of a, "...potentially significant
problem pertaining to gaps...". "The concern
is that separation of the neutron absorbing
materials used in high-density fuel storage
racks might compromise safety." (NRC Infor-
mation Notice No. 87-43. SSINS No.: 6835).
Again on 23 October 1987, the NRC is requir-
ing more information of FP6L in order to
assess the integrity of the Boraflex system.
The answer to this latest inquiry has not yet
been made available to the public.
FP&L's response to these and other problems
relating to the use of Boraflex incorporated
into a system designed by the Joseph Oat
Corporation represents an essential modifica-
tion of the current technology to such an
extent that it, in fact, represents utiliza-
tion of a new. technology and fabrication
process that is thus, unproven and tested.



3 Admitted Contention No. 7 (originally Amended Petition
Contention No. 15) states:

That the increase of the spent fuel pool
capacity, which includes fuel rods that are
more highly enriched, will cause the require-
ments ANSI N161975 not to be met and will
increase the probability that a criticality
accident will occur in the spent fuel pool
and will exceed 10 C.F.R. Part 50, A 62
criterion.

The bases for Admitted Contention No. 7 (originally Amended
'Petition Contention No. 15) were stated as follows:

The increase in the number of fuel rods
stored and the fact that many of them have
experienced fuel failure or may be more
highly enriched and have more reactivity will
increase the chances that the fuel pool will
go critical, and cause a major criticality
accident and perhaps, explosion that will
release large amounts of radioactivity to the
environment in excess of the 10 C.F.R. 100
criteria.

In particular, my af fidavit demonstrates that the criticality
analyses performed for the St. Lucie 1 spent fuel pool expansion
conform to NRC criteria, were performed using methods acceptable
to the NRC, and conform to applicable industry standards. In
addition, my affidavit demonstrates that, under normal storage
conditions, use of Boraflex panels in the rack assemblies and the
concurrent use of soluble boron in the fuel pool water (as
required by the St. Lucie 1 Technical Specifications) provide
independent and redundant means of assuring that k-eff will be

maintained within NRC safety guidance of less than .or equal to
0.95. Finally, my affidavit demonstrates that postulated
credible accidents will not result in exceeding a k-eff of 0.95



where the double contingency principle of ANSI-N16.1-1975 and HRC

,guidance allow credit for soluble boron in the pool water. For
the Technical Specification required minimum boron concentration
of 1720 ppm, the reduction in k-eff due to the soluble boron in
the water more than offsets the reactivity addition caused by
postulated credible accidents.

4. This affidavit is divided into six major topical areas.
Part I is a description of the design of the spent fuel racks as
authorized in the spent pool expansion amendment (Amendment No.
91 to DPR-67), issued March ll, 1988. Part II presents basic
principles underlying criticality analysis. Part III discusses
NRC criteria and guidance, and industry standards for spent fuel
pool criticality analysis, and their application to the analysis
performed for St. Lucie 1. Part IV describes the calculational
methods used in the criticality analysis and results obtained for
the St. Lucie 1 spent fuel pool. Part V discussed the utiliza-
tion of borated water and Boraf3.ex panels in the spent fuel pool
as independent and redundant means of assuring that the k-eff is
within NRC guidance of less than or equal to 0.95, under normal
storage conditions and discusses analysis of the reactivity
effects of postulated credible accidents. Part V also discusses

, the integrated radiation doses to be expeiienced by the storage
rack materials, fuel assemblies, and pool structure. Part VI
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presents overall conclusions drawn from the criticality analysis.

I SPENT FUEL STORAGE RACK DESIGN

5. Spent fuel storage pools are designed and intended for
the purpose of receiving and safely storing both new fuel
assemblies and spent fuel discharged from the reactor core. At
the time the instant amendment was requested, the storage racks



at St. Lucie 1 were approaching their capacity. Consequently, it
was necessary to provide storage racks capable of safely storing
an increased number of fuel assemblies. For this purpose, a high
density storage rack design with Boraflex absorber plates,
comparable to „designs currently being used in numerous other
nuclear power plants in this country and abroad was utilized. In
this manner, it, was possible to design racks that will safely
increase the pool storage capacity from 728 fuel assemblies to
1706 assemblies.

6. The expanded fuel storage racks at St. Lucie 1 are of
the two-region design, with Region 1 being designed to accomm-
odate fresh unirradiated fuel and Region 2 designed for storage
of spent fuel of a minimum specif ied burnup that, in turn g

depends upon the initial enrichment of the particular fuel batch.
Each of the two regions of the fuel storage rack, therefore, have
different design criteria, provide for a different boron-10
loading in the Boraflex absorbers, and utilize a diferent fuel
assembly spacing.

7. In order to accommodate a total of 1706 cells, the fuel
racks were manufactured in seventeen modules, designed to
efficiently utilize the available space in the pool and yet
remain a manageable size. Region 1, consisting of 4 modules
containing 342 storage cells, is designed to safely accommodate
fuel of the highest reactivity anticipated to be stored in the
pool, i.e., fresh unburned uranium fuel, enriched to 4.5 weight
percent in the uranium-235 isotope. Since fresh fuel is more

highly reactive than burned fuel, fuel of any burnup may be

stored in Region 1 with assurance that the k-eff will be less
than the maximum design case. Region 1, therefore, is intended
to provide safe storage for fresh fuel, to accommodate a full



core off-load when required, and to store fuel whose burnup does
not satisfy the criteria for storage in Region 2 of the pool.
Region 1 utilizes Boraflex absorber sheets containing a nominal
boron-10 loading of 0.0238 grams per square centimeter (two
Boraflex sheets between each cell in a conventional flux-trap
configuration). The storage cells are arranged on a nominal
center-to-center spacing of 10.12 inches, which is adequate to
assure a k-eff less than 0.95, including all known uncertaintiesg
with the most reactive fuel present in all the Region 1 cells.

8. Region 2 of the fuel storage pool provides 1364 storage
cells in 13 modules, for the purpose of storing spent fuel
removed from the reactor. Because the reactivity of the fuel
assemblies decreases substantially as burnup is accumulated (and
the fissile material is depleted), Region 2 is designed to safely
store fuel of 4.5 weight percent initial enrichment which has
accumulated a burnup of at least 36,500 megawatt days per metric
ton of uranium ( HWD/MtU ) . A similar minimum or limiting fuel
burnup has also been established analytically for fuel of lower
initial enrichments and these data define the bounding condition
of burnup for acceptable storage in Region 2. For any given
initial enrichment, fuel assemblies with burnup equal to or
greater than the bounding condition may be safely stored in
Region 2 while assemblies having less than the minimum required
burnup will be stored in Region l.

9- Region 2 of the storage pool'tilizes cells on a

nominal 8.86 inch center-to-center spacing with a single sheet of
Boraflex between cells providing a nominal boron-10 loading of
0.0097 grams per square centimeter. Fuel depletion (burnup)
calculations were performed for fuel of various initial enrich
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ments and these calculations provide the basis for 'defining the
bounding burnup condition for safe storage in Region 2 ~

II GENERAL PRINCIPLES UNDERLYING CRITICALITY ANALYSIS

10. The term "fissile material" refers to material the
atoms of which are capable of being split or fissioned with the
attendant production of large quantities of heat energy (the
useful product from the reactor) upon the capture (absorption) of
neutrons. The primary fissile material in new fuel assemblies of
most nuclear power reactors, including St. Lucie 1, is an isotope
of uranium called uranium-235. In natural uranium, the uranium-
235 nuclide is present at a concentration less than 1% by weight.
To be useful in a nuclear power reactor, natural uranium is
enriched with uranium-235. The nuclear fuel utilized at St.
Lucie 1 may be enriched up to 4.5% by weight of uranium-235.

11. Zn general, when a neutron is absorbed by uranium-235,
there is a high probability that the uranium-235 will undergo
fission, resulting in the release of energy and more neutrons.,
In turn, these neutrons either can be absorbed by other uranium-
235 nuclides, can be absorbed non-productively by non-fissile
material called "poisons" (resulting in no additional fission),
or can escape without being absorbed (i.e., leakage, which also
results in no additional fission).

12. In a practical system, not all neutrons released as a

result of fission will cause additional fissions. If fewer
neutrons are being produced as a result of fission than are
leaking and being absorbed, the fission process will not sustain
itself. This condition is called subcriticality. In contrast, if
the rate of neutron production as a result of the fission process





0
is equal to the rate of neutron absorption and leakage, the
fission process will sustain itself, and the condition is
referred to as "critical"~

13. The term "effective multiplication factor" is defined
as the ratio of the number of neutrons per unit of time produced
in the fission process to the number of neutrons per unit of time
absorbed or escaping. The effective multiplication factor,
commonly called k-effective (or k-eff ) is a measure of the
ability of a system to sustain a fission reaction. Criticality
occurs whenever the effective multiplication factor reaches or
exceeds a value of 1.0 because at least as many neutrons are
being produced as are being lost by capture and leakage. For a

k-eff less than 1.0, the fission rate cannot be sustained. The

margin below a k-eff of 1.0 is the safety margin to criticality,
and this subcritical margin is the difference between 1.0 and the
k-eff of a given system. NRC guidelines for fuel storage racks
require that the maximum k-e ff, including all known uncertain-
ties, be equal to or less than 0. 95, a value which provides a
substantial subcritical margin.

14. Certain isotopes of some chemical elements have the
capability of existing for a period of time in an unstable
condition. These unstable elements (called radioactive elements)
possess the physical property of spontaneously emitting radiation
(a process called radioactivity) and, in so doing, are ultimately
transformed (by radioactive decay) into a stable non-radioactive
isotope of the same or different chemical element. One of the
most important and inherent characteristics of radioactive
elements is the decrease in radiation intensity with time as more

and more individual isotopes decay. In spent fuel assemblies,



the intensity of radiation from - and the inventory of radioac-
tive isotopes within - begins to decay from the moment the
reactor shuts down (e.ii., for refueling) . The total inventory of
radioactive elements will decrease rapidly in the time period
following reactor shutdown due to decay of elements with shorter
half-lives. For example, for spent fuel placed in the pool 100

hours after reactor shutdown, the radioactive inventory will
decrease by more than 50 percent in 30 days. After one year, the
radioactive inventory is less than 10 percent of the quantity
initially stored in the pool. Thus, in spent reactor fuel aged
for significant periods of time, the contribution to the total
radioactive inventory is relatively small compared to the
contribution from the spent fuel recently removed from the
reactor. It is this fact of radioactive decay in aged fuel that
explains why re-racking of a spent fuel storage pool will not
result in a proportional increase in radiation intensity or heat
generation rates, but will, in fact, result only in minor
'ncreases as aged fuel accumulates in the pool.

15. During operation of a nuclear power plant, the, fission
process within the fuel produces large quantities of heat (a
desired product} and new atomic species called fission products
(an undesired product). Because these fission products absorb
neutrons non-productively, they are often referred to as
"poisons", meaning that they inhibit the fission process by
reducing the reactivity (k-eff) of the fuel. Mos) of the fission
products are stable and remain in the fuel as neutron absorbing
poisons. However, a significant fraction of the fission products
are unstable, producing the radioactivity commonly associated
with spent fuel. Radioactive decay occurs as the unstable atoms

emit radiation in a spontaneous transformation to a stable
element of the same or different chemical species, often with a



greater neutron absorbing (or poisoning) effect., In general, the
process of radioactive decay of the radioactive nuclides formed
in the fuel during reactor operation, results in a continuous
decrease in k-eff during the period of time the fuel elements are
in storage.

16. 'The reactivity (k-eff ) of fuel assemblies is affected
primarily by two factors — (1) the uranium-235 enrichment in the
fuel and (2) the quantity of neutron absorbing materials
(poisons) present. Changes in k-eff can be produced by several

'different mechanisms. Increasing the fuel enrichment increases
the fuel's reactivity as does increasing the density of fuel
assemblies in the spent fuel pool, or decreasing the concentra-
tion of poisons. For this reason, Region 1 of the St. Lucie 1

racks are designed to safely store fuel assemblies of the highest
enrichment permitted to be on site. Conversely, the reactivity
of fuel elements in a spent fuel pool can be decreased by
decreasing the enrichment of uranium-235 in stored=. fuel as-
semblies, by decreasing the density of the stored fuel as-
semblies, or by increasing the concentration of poisons. In
this latter regard, neutron absorbing poisons may be inten-
tionally installed in the storage racks to reduce the system's
reactivity. This is accomplished in the St. Lucie 1 racks py the
installation of Boraflex as a neutron absorbing or poison
material and the use of soluble boron as additional poison
material. During operation in the reactor core, uranium-235 is
consumed (depleted) in the fission process and the effective fuel
enrichment is decreased, resulting in reduced reactivity. In
addition, fission products accumulating in the fuel further
reduce the reactivity and enable Region 2 of the St. Lucie 1

racks to be designed with less added poison material (Boraflex)
than Region 1.~~
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III INDUSTRY STANDARDS AND NRC CRITERIA

17 'he federal regulation governing the safe storage of
reactor fuel assemblies, from the perspective of criticality, is
General Design Criterion 62 of Appendix A to 10 C.F.R. Part 50,
which states that, " Criticality in the fuel storage and handling
system shall be prevented by physical systems or processes,
preferably by the use of geometrically safe configurations".

18. Primary NRC guidelines for the acceptable implementa-
tion of General Design Criterion 62 are provided in NUREG 0800,
Standard Review Plan, Section 9.1.2, "Spent Fuel Storage", which
states that the NRC Staff will accept storage racks if "the
center-to-center spacing between fuel assemblies and any strong
fixed neutron absorbers in the storage racks is sufficient to
maintain the array, when fully loaded and flooded with nonborated
water, in a subcritical condition. A k-eff not greater than 0.95
for this condition is acceptable".

19. ANSI-N16.1-1975, "Nuclear Criticality Safety in Opera-
tions with Fissionable Materials outside Reactors", is par-
ticularly notable and relevant in that it establishes the "double
contingency principle" subsequently adopted and incorporated in
NRC guidelines. This principle is stated as follows:

"Process designs should, in . general, incorporate
sufficient factors of safety to require at least
two unlikely, independent, and concurrent changes
in process conditions before a criticality
accident is possible."

11



4

4 lp

"a't



20. Additional related guidance is provided in the follow-
in'g industry standards:

(a) ANSI N16.9-1975, "Validation of Calculational Methods
for Nuclear Criticality Safety",

(b) ANSI N210-1976, "Design Requirements for Light Water
Reactor Spent Fuel Storage Facilities at Nuclear Power
Plants"

(c) ANSI/ANS 57.2-1983, "Design Objectives for Light Water
Reactor Spent Fuel Storage Facilities at Nuclear Power
Plants",

(d) ANS 8.17-1984, "Criticality Safety Criteria for the
Handling, Storage and Transportation of LWR Fuel
Outside Reactors".

21. The NRC has also provided guidance for the criticality
safety analysis of fuel storage facilities in the following
Regulatory Guides.

(a) USNRC Regulatory Guide 3.41', "Validation of
Calculational. Methods for Nuclear Criticality
Safety:, Rev 1, 1977, and

(b) USNRC Regulatory Guide 1.13, "Spent Fuel Storage
Facility Design Basis", Rev 2 (proposed), December
1981.

22. The. most definitive clarification of the NRC guidelines
is provided in the April 14, 1978 letter from the NRC to all
power reactor licensees transmitting the "OT Position for Review
and Acceptance of Spent Fuel Storage and Handling Applications",
which sets forth in detail the NRC acceptance criteria for spent
fuel storage pools. Section III.1' of this guidance emphasizes
that the neutron multiplication factor in spent fuel pools
shall be less than ox equal to 0.95, includin all uncertainties
under all conditions" (emphasis in original).

12



Section III.1.2 (Postulated Accidents) of the April 14, 1978

letter also invokes the double contingency principle of
ANSI-N16.1-1975 for fuel pool analyses, stating that

"The double contingency principle of ANSI N 16.1-
1975 shall be applied. It shall require two
unlikely, independent, concurrent events to
produce a criticality accident. Realistic initial
conditions (e.cC,, the presence of soluble boron)
may be assumed for the fuel pool and fuel as-
semblies."

23. The industry standards and NRC guidelines referenced
above, limiting the maximum k-eff to 0.95, including all uncer-
tainties, provide a substantial sub-criticality margin as a
factor of safety to assure conformance with General Design
Criterion 62 and to preclude the possibility of a criticality
incident in the storage facilities. As will be evident in
subsequent discussions, the design and criticality safety
analysis of the expanded fuel storage facilities for St. Lucie 1,
were performed in accordance with and conform to the standards
and criteria cited above. Further, prior to issuance to the St.
Lucie 1 spent fuel expansion amendment, the design basis k-eff
limit was 0. 95. The spent fuel pool expansion amendment did not
modify this design basis limit. The amendment has not decreased
the margin of safety preventing a criticality accident at St.
Lucie 1.

IV'ALCULATIONALMETHODS FOR THE CRITICALITY ANALYSIS OF THE
ST- LUCIE 1 SPENT FUEL POOL AND RESULTS OBTAINED

24. Two independent calculational methods were used to
determine the reference k-eff of the St. Lucie 1 fuel storage
racks:

(a) KENO-IV, a multigroup Monte Carlo code developed by the
Oak Ridge National Laboratory and extensively used in the
nuclear industry for the criticality evaluation of fuel

13





racks and other complex configurations. These calculations
employed the 27-group SCALE cross-section library (SCALE is
an acronym for Standardized Computer gna3ysis for licensing
Evaluations).

(b) CASM0-2E, a multi-group transport theory computer code
for k-eff analysis and depletion calculation of fuel
assemblies.

25. Both of these methods were benchmarked against critical
experiment data for configurations as nearly representative as

possible of the actual storage rack geometry, as required by
Regulatory Guide 3.41 and by the guidelines of the April 14, 1978

NRC letter. These benchmark calculations established a bias and
uncertainty that were incorporated in the analysis of the maximum
k-eff of the racks. A third method of analysis (a diffusion-
blackness theory technique) was also used for additional con-
fidence in the primary methods of analysis but was not otherwise
directly used in the criticality safety evaluation of the storage
racks. The methods of criticality analysis used for St. Lucie 1

storage pools were previously employed in comparable analyses of
racks in other nuclear plants which were reviewed and approved by
the NRC.

26. Fuel burnup (depletion) calculations were performed
with the CASMO-2E two-dimensional transport-theory code, which
explicitly describes and tracks the compositions of each in-
dividual fuel pin in an assembly. Burnup dependant compositions
calculated by CASMO-2E have been verified by comparison with fuel
compositions experimentally observed in depleted fuel from
several reactors. Independent and confirmatory depletion calcula-
tions were made with the EPRI-CELL program and the NULIF cell-

14
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homogenization and depletion code. These latter two depletion
codes were used to confirm the validity and accuracy of the
primary CASMO-2E calculations.

27. In using the spent fuel compositions from the CASMO-2E

calculations to analyze the k-eff of the storage racks, composi-
tions at reactor shutdown were used and the concentration of
xenon-135 (the fission product with the highest absorption cross-
section) was set to zero to assure a conservative estimate of the
poisoning effect of the fission products. Long-term calculations
incorporating the decay of fission products and trans-uranic
elements produced in the fuel, showed that the storage rack k-eff
values continually decreased with storage time, indicating that
the value calculated for the St. Lucie 1 racks is conservative.
For fuel of 4.5% initial enrichment at the design basis burnup of
36,500 MHD/MtU, the k-eff of the Region 2 storage cells decreases
to less than 0.90 in only 10 years of storage.

28. Storage cells in Region 1 of the St. Lucie 1 storage
pool are a'rranged on a nominal 10. 12 inch center-to-center
spacing with 0.075 inch thick Boraflex neutron absorber sheets
surrounding each cell providing a nominal boron loading of 0.0238

P

grams boron-10 per square centimeter. A water space between
Boraflex sheets of adjacent cells provides a flux-trap geometry
for more efficient use of the Boraflex absorber. Calculations
with either CASMO-2E or KENO-IV explicitly described each fuel
pin, each Boraflex sheet and the stainless steel material used in
the rack structure. Spacer grids in the fuel assemblies (non-
productive absorber material that would reduce the k-eff) were
conservatively neglected. Neutron leakage from the racks was also
conservatively neglected which assures that the true reactivity
will be less than the value calculated. The nominal k-eff



calculated for an infinite array of Region 1 assemblies was

0.9313 without credit for the (redundant) reactivity control
provided by the soluble boron in the pool water.

29. Region 2 of the St. Lucie 1 storage pool utilizes
single sheets of Boraflex between storage cells which are
arranged on a nominal center-to-center spacing of 8.86 inches.
Because of the much lower reactivity of the spent fuel assemblies
to be stored in Region 2, a single sheet of Boraflex with a

nominal boron-10 loading of 0.0097 grams per square centimeter is
adequate to assure a k-eff less than 0.95, including uncertain-
ties, for fuel of the specified initial enrichment and accumu-
lated burnup. CASMO-2E calculations (as confirmed by KENO-IV)
for an infinite array of Region 2 storage cells resulted in a

nominal k-eff of 0 ~ 9114.

30. The NRC acceptance criteria for criticality analyses
require consideration and inclusion of all known uncertainties in
the calculation of k-eff stating that "The k-eff value for the
racks shall be obtained by summing the calculated value, the
calculated bias, and the total uncertainty". The criticality
analyses for the St. Lucie 1 spent fuel pool considered all known

uncertainties. These uncertainties encompass uncertainty,es in
the calculational methods as well as uncertainties due to
mechanical tolerances in the storage rack manuf acture and fuel
assembly fabrication. Given these uncertainties, the actual k-
eff may be higher or lower than the k-eff values calculated for
the nominal case. For conservatism, the total uncertainty is
added to the nominal k-eff in calculating the maximum k-eff value
thereby assuring that the highest possible k-eff value is used.
Uncertainties included in the evaluation are the following:

16



o Boron-10 concentration in the Boraflex,
o Boraflex thickness,
o Boraflex width tolerance,
o Storage cell center-to-center spacing tolerances,
o Stainless steel thickness tolerances,
o Fuel pin lattice spacing (pitch),

'o Fuel enrichment and density tolerances, and
o Possible eccentric positioning of fuel in the cells.

The Region 2 analysis also requires including an allowance for
uncertainty in the burnup calculations. This uncertainty is
estimated by comparison with other methods of calculating burnup
and by reference to the generally good experience of the nuclear
industry in predicting reactivity effects of fuel depletion
during in-core operation. With all uncertainties included, the
maximum possible k-eff values are 0.9409 for Region 1 and 0.9435
for Region 2. Since all uncertainties are included in the
maximum calculated k-eff values, the safety margins specified in
the NRC acceptance criteria are conservative. With the required
soluble boron of 1720 ppm in the pool water, the maximum reac-
tivities in Regions 1 and 2 are 0.767 and 0.760 respectively.

V BORAFLEX AND SOLUBLE BORON AS INDEPENDENT/REDUNDANT
SAFETY MEASURES

31. In any fuel storage rack design, the three factors
which are of paramount importance in controlling'eactivity (and
assuring that the NRC criteria are met) are (1) fuel enrichment,
including the effective enrichment of depleted fuel; (2) the
water-gap spacing in flux-trap designs (i.e., Region 1) or the
storage cell center-to-center spacing (i.e., Region 2); and (3)
the amount of non-productive neutron absorption, including
absorption in rack structural materials (i.e., Boraflex and

17



stainless steel), in soluble boron in the pool w'ater and in
fission product poisons. Once the racks are manufactured and
installed in the storage pool, maintaining a k-eff less than 0.95
is accomplished by restricting the fuel enrichment stored in
Region 1 to 4.5% uranium-235, and by restricting the fuel stored
in Region 2 to those assemblies which have accumulated the
required minimum burnup as given in the plant Technical Specific-
ations. In addition, and as an independent and redundant means
of maintaining the required subcritical margin in the storage
pool, soluble boron is used in the pool water. The racks in St.
Lucie 1 are designed to assure a k-eff less than 0.95 in the
absence of soluble boron in the pool water. Nevertheless, the
plant Technical Specifications require a concentration of 1720
ppm (parts per million) of soluble boron in the pool water which
would preclude a criticality accident even if the Boraflex
absorber sheets were to be completely lost. Thus the soluble
boron in the pool water and the Boraflex sheets in the rack
walls, constitute independent and redundant means of preventing a
criticality accident under normal storage conditions. For normal
storage conditions, the presence of both soluble =boron and
Boraflex absorber sheets provides a very large subcriticality
margin (k-eff less than 0.80).

32. Potential accident condition were also evaluated in
the'riticalitysafety analysis of the St. Lucie 1

The accidents considered included the following:
o Increased tern erature — Because
coefficient is negative, increases
result in a decrease in reactivity.

storage racks.

the temperature
in temperature

o ~Boilin — For accident conditions in which boiling
of the pool water might be postulated, calculations
showed that the presence of voids due to boiling
reduces reactivity.

18
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o Dro ed assembl — The reactivity effect of a fuel
assembly assumed to have been dropped and lying
horizontally .across the top of the rack is negligible
due to the separation distance between the dropped
assembly and the bulk of the stored fuel.
o Abnormal Assembl Locatio - The inadvertent mis-
location of a fuel assembly has the potential (in the
postulated absence of soluble boron in the pool water)
for exceeding the NRC limiting reactivity (k-eff of
0.95), although criticality would not be reached
(calculated k-eff of 0.966). Hith the soluble poison
present, the k-eff will remain about 0.80 or less.

33. As indicated above, most accident conditions will not
result in exceeding the limiting k-eff of 0.95 even without
consideration of the soluble boron in the pool water. The

largest positive reactivity effect would occur if a fresh fuel
assembly of 4.5% enrichment were to be accidentally installed in
a Region 2 storage cell, with the surrounding cells assumed to be

fully loaded with fuel of the highest permissible reactivity. The
soluble poison normally present in the pool water would maintain
the k-eff substantially below the limiting value and would assu e

that criticality cannot be attained even if Region 2 were to be

fully loaded with fresh fuel. The double contingency principle
of ANSI-N16.1-1975 endorsed and invoked by the definitive NRC

letter of April 14, 1978, provides that operations with fis-
sionable materials outside reactors are acceptable if at least

1

two unlikely, independent and concurrent accidents are necessary
before a criticality incident would be possible. The St. Lucie 1

criticality calculations for the high density storage racks
considered the double contingency principle of ANSl-N16.1-1975.
Zn invoking the double contingency principle, the NRC letter
specifically states that credit for soluble boron is permissible
under accident conditions. Therefore, the soluble boron in the
St. Lucie 1 pool water is adequate to protect against the
potential accident of an abnormally located fuel assembly and

assure that a k-eff of 0.95 is not exceeded under all
conditions'9
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34. In addition to the accident conditions discussed above,
the criticality consequences of a dropped cask accident were also
considered. Fuel failures (ruptures) do not directly affect
criticalilty. In general, reduced fuel assembly spacing (such as

might be the consequence of a cask accident) results in lower
k-eff values because of the reduced moderation and the higher
concentration of non-productive neutron absorption. Furthermore,
the presence of soluble poison provides assurance that a cask
drop accident cannot cause a criticality accident.

35. The bases for Admitted Contention 6 raise a concern
regarding Boraflex degradation and the potential for gaps to
occur. NRC "Board Notification Regarding Anomalies in Boraflex
Neutron Absorbing Material (BH-87-11)," dated June 15, 1987,
reported on the occurrence of anomalies in Boraflex used in the
storage. racks for Quad Cities and in the Boraflex surveillance
coupons in the Point Beach spent fuel pools.

36. NRC Information Notice No. 87-43, SSINS No. 6835, dated
September 8, 1987, noted that gaps had been observed in the
Boraflex panels installed in the racks at one reactor installa-
tion (the Quad Cities plant, a boiling water reactor facility),
attributable to mechanical restraint of Boraflex undergoing
shrinkage caused by irradiation. The NRC requested facilities
that utilize racks incorporating Boraflex to evaluate the
potential for degradation and their Boraflex surveillance
program.
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37- Only the gaps anomaly in the Quad Cities storage racks

was ultimately determined to be of significance. Discoloration
of the Boraflex and absorption of spent fuel pool water observed
at Point Beach were determined to have no effect on the neutron
absorption capability of the Boraflex. Experimental irradiation
programs conducted on Boraflex . subsequent to the discovery of
gaps at Quad Cities have shown that, upon irradiation, Boraflex
undergoes shrinkage, becoming a hard ceramic-like material, with
increased compressive strength and reduced tensile strength.
Gaps may occur if the Boraflex panels are too rigidly restrained
mechanically, preventing free .contraction when shrinkage occurs
under irradiation. However, the same irradiation program (and
prior tests, some of which encompassed irradiation dose levels
comparable to several hundred years of in-pool use) confirmed
that there is no loss in the boron-10 content and therefore the
Boraflex is capable of continuing to perform its intended
function of maintaining reactivity within the acceptable limit.

38. In manufacture of the St. Lucie 1 racks, care was

exercised to avoid mechanical restraint that might contribute to
the formation of significant gaps in the Boraflex.

39. The driving mechanism of any Boraflex degradation is
radiation induced changes in the structure of the Boraflex
material. Changes in Boraflex structure are significant only to
the extent they cause or result in the loss of boron and hence
reduce the effectiveness of the Boraflex in controlling reac-
tivity. As discussed in paragraph 37, tests have confirmed that
no significant loss of boron occurs under irradiation to total
radiation levels in excess of those expected through the"expira-
tion of the St. Lucie 1 operating license on March 1, 2016. In
some of these tests, Boraflex has been irradiated to accumulated
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doses in excess of 1012 rads. By comparison, I would expect the
materials in the St. Lucie 1 spent fuel storage rack, including
Boraflex, to be exposed to radiation dose levels less than 1011

rads through the expiration of the St. Lucie 1 operating license.
Thus, the test irradiation programs have exposed Boraflex samples
to the equivalent of several hundred years use in St. Lucie 1.
The steel liner and concrete structure of the pool will be
exposed to lower radiation levels because of the shielding effect
of the water. Fuel assembly structure materials and fuel
cladding will receive an estimated dose less than 5 x 10 rads.
Neutron flux levels in the spent fuel pool are very low and of no
real significance to any of the materials, reaching a very
conservatively estimated maximum integrated fluence of less than
5 x 10 neutrons/cm through the expiration of the St. Lucie 1

license.

40. An in-service surveillance program has been established
to periodically verify the integrity of the Boraflex neutron
absorber material. Surveillance coupons (test specimens),
mounted in stainless steel jackets representative of -%he actual
rack materials and configuration, are suspended in the pool in a

manner to be exposed to the same or greater radiation than the
Boraflex in the racks. These surveillance coupons are removed
periodically and are tested and evaluated to provide an indica-
tion of the condition and integrity of the bulk Boraflex in the
racks. These tests include the determination of any dimensional
changes (slight shrinkage is normal and expected), material
hardness as an indication of the structural durability, and both
neutron radiography and measurement of neutron absorptivity to
assure the continuing effectiveness of the Boraflex in providing
reactivity control.
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41 'he Boraflex absorber material 'is expected to satisfac-
torily perform its intended function for the storage lifetime of
the St. Lucie 1 racks. Furthermore. it is not expected that any
gaps that might be generated in the Boraflex absorber sheets
would increase k-eff above the limiting value of 0.95 even if
gaps of the size observed at Quad Cities were to be found. In
the very unlikely event of unexpected larger gaps, the presence
of soluble boron would assure that the k-eff is maintained well
below the limit of 0.95. The planned Boraflex surveillance
program is adequate to reveal the onset of any greater-than-
expected Boraflex degradation well in advance of it becoming a
significant problem and the soluble boron present in the pool
water would afford ample opportunity to take any corrective
action that might be necessary.

VI CONCLUSIONS

42. The criticality safety analyses for the St. Lucie 1

storage racks were performed in accordance with accepted industry
practice and in conformance with all applicable regulations and
guidelines using calculational methods that have been in common
use and have been previously reviewed and found acceptable by the
NRC. In particular, the design of the racks conform to the
requirements of 10 C.F.R 50, Appendix A, General Design Criteria
62 and to the detailed guidelines of the NRC April 14, 1978
letter, Standard Review Plan, Section 9.2, Regulatory Guide
1.13, ANSI-N16.1-1975, and to other related guides and stan-
dards. These analyses demonstrate 'that fuel assemblies of
authorized initial enrichments and burnup, when stored in Region
1 and Region 2 racks, have a k-eff less than 0.95, including all
uncertainties under both normal and accident conditions. The
increased capacity for fuel storage and the higher enrichments do
not modify the pre-existing k-eff limit of 0.95'or the fuel
storage pool of St. Lucie 1. Therefore the minimum criticality
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safety margin associated with a k-eff limit of S.95 is not
changed and there is no increase in the probability:of a criti-
cality accident. Furthermore, the presence of soluble boron
assures a very large subcriticality margin under normal operating
conditions and further assures that the k-eff will be maintained
less than 8.95 under all credible accident conditions.

Conseguently, I conclude that (l) the design of the St. Lucie 1

storage racks conform to safe and conventional practice in the
industry, (2) conform to all applicable regulations and guide-
lines, and (3) provides assurance that a criticality accident
cannot occur under any credible postulated conditions.

FURTHER AFFIANT SAYETH NAUGHT.

e aV puhffc S ate of nor!da at L;rel
hV Ccrnmissicn Expires Sept. 3. 1990
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