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EXHIBIT 2

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

Before the Atomic Safety and Licensing Board

In the Matter of )

)
CAROLINA POWER & LIGHT ) Docket No. 50-400-LA
COMPANY - )

) ASLBP No. 99-762-02-LA

(Shearon Harris Nuclear Power Plant)

AFFIDAVIT OF STANLEY E. TURNER, Ph.D., PE

COUNTY OF PINELLAS )
) ss:
STATE OF FLORIDA )

I, Stanley E. Turner, being duly sworn, do on oath state as follows:

EXPERIENCE AND QUALIFICATIONS

1. I am the Senior Vice President and Chief Nuclear Scientist of Holtec
International (“Holtec™). I have been e@ploycd by Holtec since 1987, shortly after the
formation of Holtec. ‘I have also supplied the nuclear analyses used by Holtec’s principal
and founder, Dr. Krishna P. Singh, before the formation of Holtec, beginning about 1981.
My business address is 138 Alt. 19 South, Palm Harbor, Florida, 34683.

2. Holtec is a diversified energy technology company working for the
electric power industry both in the United States and in many countries around the world.
Holtec performs the majority of its work for nuclear power plants. Holtec devélops and
markets turnkey equipment for the nuclear power industry. Holtec performs all of the

design and engineering, obtains necessary governmental regulatory approvals, effectuates



manufacturing, and performs on-site installation, testing, and commissioning into service
of the products it sells. Holtec currently employs over 40 professional employees. A
large number of Holtec’s employees hold graduate degrees from prestigious national and
international universities, with approximately 30 percent holding Ph.D.’s in science and
engineering.

3. Holtec designs and markets both wet storage and dry storage systems for
spent fuel storage and transport. Holtec’s expertise in spent fuel storage system
development and supply includes expertise in solid mechaniés, heat transfer, nuclear
physics, and nuclear components fabrication. One of Holtec’s principal business areas is
the design and installation of spent fuel storage racks for the expansion of wet storage
capacity at nuclear power plants. Holfec’s capability in these projects includes all of the.
design, analysis, and licensing reports required to obtain approval and implementation of
the spent fuel storage rack capacity expansions. Holtec has a practically 100% market
share in wet storage expansion. Holtec has completed turnkey projects for wet pool spent
fuel storage capacity expansion in over 50 spent fuel pools in nuclear plants around the
world.

4. I am Holtec’s Chief Nuclear Scientist responsible for all nuclear analyses
performed by Holtec. Included in my role as Senior Vice President and Chief Nuclear
Scientist is responsibility for all nuclear criticality analyses for spent fuel storage
systems.

5. I received my Ph.D. in Nuclear Chemistry from the University of Texas in

1951. I have been elected to the academic honor societies of Sigma Pi Sigma, Phi



Lambda Epsilon, Blue Key, and Sigma Xi. I have been a registered Professional
Engineer in the field of Nuclear Science for over 25 years. I am, and have been, a
member of several Standards Committees in the American Nuclear Society (“ANS”). 1
have been a member of the ANS Standards Committee on Nuclear Criticality Safety
since 1975. [ am an Elected Fellow of the American Institute of Chemists. A copy of my
resume is included as Attachment A to this affidavit.

6. I have been performing nuclear criticality analyses since 1957. Since
1987, I have been the Chief Nuclear Scientist for Holtec. Prior to that, from 1977 to
1987, I was the Senior Consultant for the Southern Science Office of Black & Veatch
Engineers-Architects. Prior to that, from 1973 to 1977, I was a Senior Consultant for
NUS Corporation. Prior to that, from 1964 to 1973, I was the Vice President for Physics
for Southern Nuclear Engineering, Inc. Prior to that, from 1957 to 1964, I was a Senior
Reactor Physicist for General Nuclear Engineering. Every one of these positions has
included, among other things responsibility for nuclear criticality safety for reactor core
operations as well as for new and spent fuel storage.

7. In my four decades of work on nuclear criticality safety, I have both
developed methods for assessing nuclear criticality safety and performed the analyses to
demonstrate criticality safety. I have developed nuclear analysis techniques used in
criticality safety analyses. I have performed the detailed calculations to benchmark the
KENO5a and MCNP4a computer codes that are widely used for criticality safety
analyses. I have developed and written computer codes to generate input for nuclear

criticality safety analyses. I have also performed numerous nuclear criticality safety



analyses. I have performed numerous calculations of spent fuel fission product
inventories using the CASMO2E, CASMO3, CASMO4, ORIGEN, ORIGEN-II, and
ORIGEN-S codes. [ have performed numerous criticality safety analyses for wet spent
fuel storage rack installations, dry cask storage, and transportation casks. I have
personally performed criticality safety analyses, and authored the related reports, to
support approximately 60 to 70 license amendment requests for spent fuel pool storage.

8. I make this affidavit to explain the physical systems or processes available
as criticality control methods for spent fuel storage, and the administrative measures used
to implement each method. [ also discuss, and provide my understanding of, the NRC’s
regulations governing criticality control for spent fuel pools, including General Design
Criterion 62 (10 C.F.R. Part 50, Appendix A) and 10 C.F.R. § 50.68. I address specific -
aspects of the NRC Staff’s regulatory guidance concerning spent fuel pool criticality
control, including the Double Contingency Principle and the implementation of burnup
credit. I also provide information concerning the prevalence of the use of burnup credit
for spent fuel pool criticality control in numerous sites across the country and overseas.
Finally, I provide my review of the nuclear criticality analysis performed by the NRC
Staff for this proceeding.

PHYSICAL SYSTEMS OR PROCESSES AVAILABLE FOR CRITICALITY CONTROL
IN SPENT FUEL POOLS

9. Every criticality control method involves, by necessity, some physical
system or process. Criticality control can only be achieved through physical measures
that affect the neutron multiplication factor (“k-effective”). This is achieved through

controlling the production, absorption, and leakage of neutrons. All of these are physical



measures. Neutrons will not recognize, much less obey, procedures and other
administrative measures alone. Some physical measure is required to achieve criticality
control.

10.  There are a limited number of means available to control criticality of fuel
assemblies stored in spent fuel pools. In practice, the four methods available are: 1)
geometric separation; 2) solid neutron absorbers; 3) soluble neutron absorbers; and 4)
fuel reactivity. These methods are physical systems or processes which have a physical
effect on the neutron multiplication factor, or “k-effective,” in the spent fuel pool.

11.  Geometric separation is a physical system or process. Geometric
separation physically affects neutron coupling between assemblies in storage. Wider
spacing of the individual fuel assemblies neutronically decouples the fuel assemblies and
thus decreases reactivity of the system. Geometric separation takes the form of steel
racks installed in the spent fuel storage pool with fixed locations and fixed separation
between the fuel assemblies in storage.

12.  Solid neutron absorbers are a physical system or process. Solid neutron
absorbers physically affect neutron absorption. Absorption of neutrons in the solid
neutron absorbers, also referred to as neutron “poisons,” remove neutrons from the
system, which eliminates neutrons that could cause fission and thus decreases reactivity
of the system. Boron, and specifically the isotope Boron-10, is the standard absorbing
element used in solid neutron absorbers. Solid neutron absorbers take the form of fixed
panels with solid boron that are installed in the spent fuel storage racks during their

manufacture.



13.  Soluble neutron absorbers are a physical system or process. Just like solid
neutron absorbers, soluble neutron absorbers physically affect neutron absorption.
Absorption of neutrons in the soluble neutron absorbers, also referred to as neutron
“poisons,” remove neutrons from the system, which eliminates neutrons that could cause
fission and thus decreases reactivity of the system. Boron, and specifically the isotope
Boron-10, is the standard absorbing element used in soluble neutron absorbers. Soluble
neutron absorbers take the form of soluble boric acid dissolved in the spent fuel pool
water.

14.  Fuel reactivity is a physical system or process. Fuel reactivity physically
affects the production, absorption, and leakage of neutrons. Fuel reactivity is determined
by three factors: 1) fuel assembly structure; 2) initial (or “fresh”) fuel enrichment; and 3)
fuel depletion (or “burnup”). All three of these factors must be taken into account to
determine fuel reactivity.

15.  Fuel assembly structure, part of fuel reactivity, is a physical system or
process. Fuel assembly structure physically affects the reactivity of the assemblies. The
spacing of fuel rods within the fuel assembly structure determines neutron interactions,
which physically affect reactivity of the system. The materials in the fuel assembly
structure also act as neutron absorbers, which physically affect the reactivity of the
system. Fuel-assembly structure takes the form of fuel (usually uranium dioxide) in
metal cladding, as well as grid spacers, tie rods, and end fittings.

16.  Fresh fuel enrichment, part of fuel reactivity, is a physical system or

process. Fresh fuel enrichment physically affects neutron production. Higher fresh fuel



enrichment results in greater production of neutrons, which increases reactivity of the
system. Fresh fuel enrichment is usually described in terms of weight percent of the
fissile isotope Uranium-235, out of the total Uranium in the fuel, prior to loading into the
reactor core and undergoing power operations.

17.  Fuel burnup, part of fuel reactivity, is a physical syStem or process. Like
fresh fuel enrichment, fuel burnup physically affects neutron production. In the burnup
process, uranium initially loaded in the fresh fuel is converted, through the nuclear fission
and absorption processes, into fission product nuclides and transuranic nuclidgs. Higher
fuel burnup inherently results in lower production of neutrons, which decreases reactivity
of the system. The fuel burnup process depletes the amount of fissile Uranium-235 in the
fuel, while at the same time replacing the Uranium with fission products and transuranics
that are, in many cases, strong neutron absorbers. While some fissile Plutonium-239 and
Plutonium-241 are generated during fuel burnup, the combined quantity of fissile
Uranium and fissile Plutonium decreases with increasing burnup. Fuel burnup, including
the depletion of Uranium and thus the decrease in reactivity, is a well understood
physical process. Fuel burnup takes into account the actual physical contents of the
nuclear “fuel” material, which includes unburned fissile Uranium-2335, non-fissile
Uranium isotopes, fission products, and transuranics (including fissile Plutonium-239).

EVERY PHYSICAL SYSTEM OR PROCESS FOR CRITICALITY CONTROL IS
IMPLEMENTED USING SOME ADMINISTRATIVE CONTROLS

18.  Each of the physical systems or processes, identified above as physical
measures for criticality control, requires some administrative controls for

implementation. I know of no criticality control measure for fuel storage pools that can



be implemented without some degree of administrative control.

19.  Spent fuel storage racks used for geometric separation are designed,
constructed, and inspected according to procedural controls. The effect of the spent fuel
storage racks on criticality is verified using validated coniputer codes. Administrative
controls are used to ensure that the storage racks are constructed to match the approved
design. Fabrication quality, including items such as manufacturing tolerances, is assured
through the use of quality control inspections required by administrative controls. The
storage racks are installed in the spent fuel pool pursuant to administrative controls, such
as inspections, to ensure the racks are properly assembled and positioned.

20.  Solid neutron absorber panels installed in the storage racks are likewise
designed, constructed, and inspected according to procedural controls. The effect of the .
solid neutron absorber panels on criticality safety in the design phase is verified using
computer codes validated under approved QA procedures. Administrative inspections
are used to ensure that the proper amount of boron neutron absorber is loaded into each
panel, and that the boron is uniformly distributed within the panel. Administrative
controls, including fabrication inspections, are used to ensure that the storage racks are
constructed to conform to the approved design. The solid neutron absorber panels are
installed in the storage racks pursuant to administrative controls, such as inspections, to
ensure the panels are properly located.

21. Soluble boron used in the spent fuel pool water is manufactured, added,
and inspected according to procedural controls. The effect of the soluble boron neutron

absorber on criticality safety is verified using computer codes validated under approved



QA procedures. The soluble boron is initially installed in the spent fuel pool water
pursuant to administrative controls, such as tests and inspections, to ensure that the
proper amount of soluble boron is installed. Once installed, it is very difficult to
effectively dilute the soluble boron. The soluble boron control system is very slow and
any operator error would quickly be detected and corrected weeks before dilution reached
a significant level. Massive accident conditions postulate flooding the pool with many
thousands of gallons of water. Such large quantities of water flowing over the storage
pool floor, into and down stairwells, would be readily detectable long before the soluble
boron concentration would be reduced to an undesirable level. Following initial
installation, administrative controls, such as regular periodic testing, are used to verify
that the level of soluble boron remains consistent with the approved design and that any .
credible dilution accidents would be detected and corrected on a timely basis.

22.  Fuel assembly structure is also designed, constructed, and inspected
according to procedural controls. The effect of the fuel assembly structure on criticality
is verified using validated computer codes. Administrative controls are used to ensure
that the fuel assembly structure is constructed to conform to the approved design.
Fabrication quality, such as manufacturing tolerances, is assured through the use of
quality control inspections according to administrative controls. The loading of the fuel
pellets into the fuel assembly structure is monitored and inspected pursuant to
administrative controls. Proper fuel assembly design and manufacture are also important
to in-core power operation.

23.  Fresh fuel enrichment is designed, produced, inspected, and tracked



according to p;'océdural controls. The effect of the fresh fuel enrichment on criticality is
verified using validated computer codes. Administrative controls are used to ensure that
fresh fuel enrichment is produced to no‘more than the level permitted in the approved
design. Enrichment quality, such as production tolerances, is assured through the use of
quality control inspections required by administrative controls. The fresh fuel enrichment
in different fuel assemblies is tracked using administrative controls such as material
control and accounting (MC&A) procedures and related databases for control of special
nuclear material. Administrative controls for MC&A track the movements, location, and
fuel characteristics, including fresh fuel enrichment, of all fuel assemblies throughout
their entire history at the reactor sites.

24.  Fuel burnup is an inherent consequence of power operation in the reactor .
core. It is designed, produced, monitored, and tracked according to procedural controls.
The effect of the fuel burnup on criticality is verified using validated computer codes.
Administrative controls are used to ensure that fuel burnup is produced to no less than the
level permitted in the approved design with conservative allowances for tolerances. Fuel
burnup is verified through the use of in-core reactor power monitors used to measure the
rate of fission, and therefore fuel burnup, in the reactor core. These records are
developed and retained according to administrative controls. The fuel burnup is used to
determine the fuel contents using verified and validated computer codes. The fuel burnup
in different fuel assemblies is tracked using the material control and accounting (MC&A)
procedures and related databases for control of special nuclear material. Administrative

controls for MC&A track the movements, location, and fuel characteristics, including
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fuel burnup, of all fuel assemblies throughout their entire history at the reactor sites.
25.  While the type, degree, and timing of administrative controls vary for each
of the physical systems or processes, it is a fact that every one of these physical measures

for criticality control is implemented using some administrative controls.
NRC’S REGULATIONS GOVERNING SPENT FUEL POOL CRITICALITY CONTROL

GENERAL DESIGN CRITERION 62

26.  The first NRC regulatory requirement governing spent fuel pool criticality
control is General Design Criterion 62, “Prevention of criticality in fuel storage and
handling” (“GDC 62”). This regulation was added to Appendix A of 10 C.F.R. Part 50 in
1971. A copy of GDC 62 is included as‘Attachment B to this affidavit. GDC 62 is one
of the 64 general design criteria for nuclear power plants in Appendix A to 10 C.F.R. Part
50. GDC 62 reads as follows:

Criterion 62 — Prevention of criticality in fuel storage
and handling. Criticality in the fuel storage and handling

system shall be prevented by physical systems or processes,
preferably by use of geometrically safe configurations.

217. I have read, and am familiar with, the provisions of GDC 62. I have
implemented the provisions of GDC 62 for over 28 years, since it was initially
promulgated in 1971. I have also worked with the NRC Staff, during this same time
period, to implement GDC 62 in light water spent fuel storage technologies developed to
" meet the requirements for expanded spent fuel storage since the mid-1970’s.

28.  GDC 62 requires that all spent fuel pool criticality control measures must

be physical systems or processes. As I stated above, the four methods available in
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practice for criticality control in spent fuel pool storage - - 1) geometric separation; 2)
solid neutron absorbers; 3) soluble neutron absorbers; and 4) fuel reactivity, including
4.1) fuel assembly structure, 4.2) fresh fuel enrichment, and 4.3) fuel burnup - - are all
physical systems or processes.

29.  Also as I stated above, every one of these physical measures for criticality
control requires some type of administrative controls to implement. In my 28 years of
experience with GDC 62, I have always understood GDC 62 to encompass criticality
control by physical measures that are implemented with the use of some administrative
controls. As a practical matter, there can be no other way to interpret GDC 62. An
interpretation that GDC 62 prohibits administrative measures used to implement the
physical systems or processes would render GDC 62 a nullity, because none of the
available criticality control methods could comply with such an interpretation. If this
were the interpretation, GDC 62 would prohibit any method of criticality control.

30.  The four different physical measures available for spent fuel pool
criticality control do require different types, degrees, and timing of administrative
controls for implementation. For example, the administrative controls required to
implement geometric separation and solid neutron absorbers all occur before the storage
racks are initially loaded with fuel, while the administrative controls attendant to soluble
neutron absorbers and fuel reactivity occur both before the racks are initially loaded as
weli as after. However, this is a difference only in timing and duration of the
administrative measures. Nothing in GDC 62 differentiates between physical systems or

processes for criticality control based on the timing and duration of the administrative
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measures required to implement the physical measures.
31.  Specifically, fuel enrichment limits and fuel burnup limits are physical
systems or processes consistent with the requirements of GDC 62. These two measures

are aspects of fuel reactivity, which is clearly a physical measure.

10 C.F.R. § 50.68

32.  The other NRC regulatory requirement gqverning spent fuel pool
criticality control is 10 C.F.R. § 50.68, “Criticality Accident Requirements.” This
regulation supplements GDC 62 and defines the accident condition that is not specifically
addressed in GDC 62. 10 C.F.R. § 50.68 was added to Part 50 ih 1998 (a copy is
included as Attachment C). 10 C.F.R. § 50.68 requires that the storage pool be evaluated
for the accident condition which assumes the loss of all soluble boron. Though 10 C.F.R.
§ 50.68 does not address every postulated accident, it does address the most serious
accident (loss of soluble boron), without describing conditions that might cause such an
accident. The requirement is relevant to this proceeding, and requires that the storage
racks remain subcritical should all Soluble boron be lost.

33. 10 C.F.R. § 50.68 acknowledges and permits partial credit for soluble
boron as a criticality control method for fuel stored in pools. 10 C.F.R. § 50.68(b)(4)
specifically permits partial credit for soluble boron to establish an acceptable safety
margin below ~criticality. Thus, 10 C.F.R. § 50.68 confirms the use of soluble boron as a
criticality .control method for spent fuel storage racks. The use of ;soluble boron for
criticality control is just like the use of fuel burnup limits for criticality control. Both are

physical measures that are implemented through administrative controls that apply prior

-13-



to initial use of the storage racks, and continue to apply during spent fuel pool operations.

34. 10 C.F.R. § 50.68 supplements and provides a practical interpretation of
GDC 62 with regard to accident conditions. 10 C.F.R. § 50.68 has the effect of endorsing
the single failure criterion (defined as loss of soluble boron) and does not require the
evaluation of other unlikely, independent, and concurrent accidents (Double Contingency
Principle).

3s. 10 C.F.R. § 50.68 implicitly acknowledges and permits the use of limits
on spent fuel assembly reactivity as a criticality control method for fuel stored in pools.
10 C.F.R. § 50.68(b)(4) specifically directs that “spent fuel storage racks loaded with fuel |
of the maximum fuel assembly reactivity” be considered for criticality control purposes.
As discussed above, spent fuel assembly reactivity includes the effects of fuel burnup (as
well as fuel structure and initial fuel enrichment). 10 C.F.R. § 50.68(b)(4) does not
restrict the assessment of fuel reactivity to only fresh fuel enrichment.

36. 10 C.F.R. § 50.68 acknowledges and permits the use of fresh fuel
enri;:hment limits as a cri‘ticality control method for fuel storage in pools. 10 C.F.R. §
50.68(b)X7) specifically permits the use of a limit on fresh fuel reactivity which includes
burnup and enrichment as a criticality control method for fuel storage.

37. 10C.F.R. § 50.68(b) acknowledges and permits the use of administrative
controls, including plant procedures, to implement criticality control methods for fuel
stored in pools. 10 C.F.R. § 50.68(b)(1) specifically endorses the use of plant procedures
to implement geometric separation of fuel assemblies. 10 C.F.R. § 50.68(b)(4)

specifically permits the use of soluble boron for criticality control, which requires
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administrative controls to implement. 10 C.F.R. § 50.68(b)(4) specifically permits spent
fuel assembly reactivity to be used in criticality control. Fuel reactivity includes the
effects of fuel burnup, which requires administrative controls to implement. 10 C.F.R. §
50.68(b)(7) specifically permits the use of enrichment limits for criticality control, which

requires administrative controls to implement.
NRC STAFF’S REGULATORY GUIDANCE CONCERNING CRITICALITY CONTROL

DOUBLE CONTINGENCY PRINCIPLE

38.  The NRC Staff’s regulatory guidance for implementing criticality control -
methods specifically endorse the Double Contingency Principle. The Double
Contingency Principle (sometimes called the Single Failure Criterion) was originally
issued in the ANSI Standard ANSI N 16.1-1975. It was later endorsed by the NRC Staff:
in the Staff’s 1978 guidance letter to all power reactor operators, in Reg. Guide 1.13, and
in the Staff’s 1998 guidance memorandum (as discussed below).

39.  The Double Contingency Principle is defined in Section 1.4 of Appendix
A to Draft Revision 2 to Regulatory Guide 1.13, issued in 1981 (“Reg. Guide 1.13,”
included as Attachment D to this affidavit). While Reg. Guide 1.13 was never formally
issued in final form, its provisions concerning criticality control, and specifically credit
for burnup, have been implemented in the nuclear industry and by the Staff over the past
18 years in approving spent fuel storage rack license amendment requests for dozens of
nuclear power plants across the country (I discuss these later in this affidavit). In this
sense, though not formally issued in final form, the Staff’s actions using Reg. Guide 1.13

as a basis in approving license amendments made it, through practice, final regulatory
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guidance.
40. Reg. Guide 1.13, Appendix A, Section 1.4 defines the Double
Contingency Principle as follows:

At all locations in the LWR spent fuel storage facility

where spent fuel is handled or stored, the nuclear criticality

safety analysis should demonstrate that criticality could not

occur without at least two unlikely, independent, and

concurrent failures or operating limit violations.
The Double Contingency Principle, as defined in Reg. Guide 1.13, is a Staff term
established in Staff guidance. It’s definition can be determined through a review of Staff
statements regarding the term and Staff actions implementing it. One significance of the
Double Contingency Principle in the present proceeding is that, where the loss of soluble
boron is evaluated as the principal accident condition (as specified in 10 C.F.R. § 50.68),
it is not necessary to consider the simultaneous occurrence of other unlikely and

independent accidents.

41.  The Double Contingency Principle is also stated in other relevant NRC
Staff guidance documents. The Double Contingency Principle was first formally adopted
by the Staff in the 1978 generic letter from Brian K. Grimes of the Staff’s Division of
Operating Reactors to all power reactor licenses (“1978 Fuel Storage Guidance,”
included as Attachment E to this affidavit). In Section 1.2 of the 1978 Fuel Storage
vGuidance, the Staff adopts the Double Contingency Principle by reference to an industry
ANSI standard, stating: |

The double contingency principle of ANSIN 16.1-1975

shall be applied. It shall require two unlikely, independent,
concurrent events to produce a criticality accident.
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The ANSI standard, ANSI N 16.1-1975, referenced by the NRC Staff pfovides the
original definition of the Double Contihgency Principle. A copy of ANSIN 16.1-1975 is
included as Attachment F to this afﬂdé\}it. Section 4.2.2 of ANSI N 16.1-1975 defines

the Double Contingency Principle as follows:

Double Contingency Principle. 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.

The definition of Double Contingency Principle in Section 4.2.2 remained unchanged

when ANSI N 16.1-1975 was revised into ANSI/ANS-8.1-1983 in 1983. A copy of
ANSI/ANS-8.1-1983 is included as Attachment G to this affidavit.

The Staff provided further elucidation of its Double Contingency Principle in the
Staff guidance on fuel storage criticality control issued in the 1998 memorandum from
Laurence 1. Kopp of the Staff’s Reactor Systems Branch (1998 Criticality Guidance,”
included as Attachment H to this affidavit). The 1998 Criticality Guidance has been
approved by the Staff and made available to ail licensees as guidance on implementing
criticality control for fuel storage. Section 3 of the 1998 Criticality Guidance defines the

Double Contingency Principle as follows:

ABNORMAL CONDITIONS AND THE DOUBLE-
CONTINGENCY PRINCIPLE

The criticality safety analysis should consider all credible
incidents and postulated accidents. However, by virtue of
the double-contingency principle, two unlikely independent
and concurrent incidents or postulated accidents are beyond
the scope of the required analysis. The double-contingency
principle means that a realistic condition may be assumed
for the criticality analysis in calculating the effects of
incidents or postulated accidents. For example, if soluble
boron is normally present in the spent fuel pool water, the
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loss of soluble boron is considered as one accident
condition and a second concurrent accident need not be
assumed. Therefore, credit for the presence of the soluble
boron may be assumed in evaluating other accident
conditions. '

The 1998 Criticality Guidance is the Staff’s most recent, and most thorough, statement of

the definition of the Staff’s Double Contingency Principle.

42. I have been employing the Double Contingency Principle in performing
criticality analyses for spent fuel storage racks for over 20 years. I have implemented the
Double Contingency Principle for dozens of license applications since it was first
developed. I have always understood the Double Contingency Principle to have the same
meaning regardless of the document in which it appears. While the wording used in each
of the documents above is slightly different, the meaning of the Double Contingency
Principle in each is the same. The most recent Staff guidance on this issue, the 1998
Criticality Guidance, is the most simple, unambiguous, and easy to understand
explanation of the Double Contingency Principle. It’s meaning, however, is the same as
that in the prior Staff guidance documents and in ANSI N 16.1-1975.

- 43, In all cases, the Double Contingency Principle is implemented by
evaluating criticality for the expected, realistic conditions in the spent fuel storage pool,
plus one unlikely, independent incident or postulated accident. The plethora of unlikely,
independent accidents are not required to be analyzed concurrently. Instead, accident
conditions are analyzed one at a time to develop a series of criticality results, one for each
separate credible unlikely, independent accident condition. Under the Double

Contingency Principle, an evaluation assuming two or more unlikely, independent, and
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concurrent po;tulz;ted accidents is beyond the scope of the required analysis. Only
credible incidents or postulated accidents are required to be considered.

44. 1 have been involved with dozens of licensing applications involving the
Double Contingency Principle before the NRC Staff. In my experience, the Staff has
always interpreted the Double Contingency Principle this way.

45.  Thereis no reqﬁirement in the Double Contingency Principle for
applicants to demonstrate that criticality will occur with two or more unlikely,
independent and concurrent incidents or accident conditions. The purpose of the
Commission’s criticality control regulations is to prevent criticality from occurring. It
would be contrary to the Commission’s purpose, and would serve no useful regulatory
purpose, to define and evaluate the universe of possible scenarios of multiple concurrent.
accident conditions in which criticality might occur. The Double Contingency Principle
clearly does not require this to be done.

46.  In this case, the universe of scenarios to be evaluated under the Double
Contingency Pﬁﬂciple is the set of unlikely, but credible, independent incidents or
postulated accidents that could have an adverse effect on criticality control. Of the four
physical measures used for criticality control at Harris, two - - loss of the storage racks
and loss of the solid neutron absorbers in the storage racks - - are not credible and need
not be analyzed. The loss of control over fuel reactivity, including fuel enrichment and
fuel burnup limits, through misplacement of a fuel assembly is highly unlikely, but
hypothetically possible. The loss of soluble boron is so unlikely that it is probably not

credible (particularly a total loss of soluble boron), but can be analyzed for completeness.
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Thus, in additi‘on to the expected conditions, two scenarios should be evaluated for Harris
spent fuel pools C and D under the Double Contingency Principle: 1) expected
conditions with misplacement of a fuel assembly; and 2) expected conditions with loss of
soluble boron. Both of these scenarios have been analyzed by the Applicant, and both
have been demonstrated to be subcritical within the regulatory limits.

47. My understanding of the Double Contingency Principle is based on over
20 years of actual experience implementing the Double Contingency Principle in NRC
licensing actions, and working with the NRC Staff in implementing criticality safety and
employing the Double Contingency Principle. |

48.  The Applicant’s criticality control analysis in this case, with the addition
of a supplemental analysis of two independent and concurrent accidents (the fuel
assembly misplacement analysis, included as Attachment B to Exhibit 3, the Affidavit of
Everett L. Redmond II, Ph.D.), confirms that, even for multiple accident conditions, the

storage racks remain subcritical.

IMPLEMENTATION OF LIMITS ON FUEL BURNUP

49.  The NRC Staff’s guidance governing spent fuel pool criticality control
permits the use of fuel burnup limits as a method for criticality control, and outlines the
administrative measures required to implement fuel burnup limits. Fuel burnup was
initially addressed by Staff regulatory guidance in the Reg. Guide 1.13 (Rev. 2), which is
~ included as Attachment D to this affidavit. Appe.ndix A of Reg. Guide 1.13 provides
instructions on how to implement credit for burnup as a method for criticality control.

Specifically, sections 4 and 6 address the administrative measures used to implement and
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verify fuel burnup limits as a criticality control method.

50. The NRC Staff issued a new guidance memorandum in 1998 on criticality
control for fuel storage that effectively replaces Reg. Guide 1.13 (“1998 Criticality
Guidance,” included as Attachment H to this affidavit). Like Reg. Guide 1.13, the 1998
Criticality Guidance permits the use of fuel burnup limits as a method for criticality
control, and outlines the administrative measures required to implement fuel burnup
limits. Sections 1, 2, and specifically 5.A.5 address the administrative measures used to

implement fuel burnup limits as a criticality control method.

PREVALENCE OF BURNUP CRE;)lT

51.  The use of burnup credit as a criticality control method for spent fuel pool
storage is prevalent throughout the nuclear industry in this country and abroad. License .
amendments using burnup credit for spent fuel storage were approved beginning in the
early 1980’s. The need for burnup credit as a method for criticality control has become
even more acute following the Department of Energy’s failure to meet its obligation to
begin accepting spent nuclear fuel beginning in. 1998. I am aware of at least 20 nuclear
power plants that currently use burnup credit as a criticality control method for their spent
fuel pool storage. The following list identifies these 20 plants where burnup credit is

used, along with the approximate year of license approval:

Plant Year
1. V.C. Summer 1983
2. Braidwood 1983
3. Diablo Canyon 1986
4. St. Lucie 1 1987
5. Byron 1987
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6. Indian Point 2 1989
7. San Onofre 1989
8. T™MI 1 1991
9. D.C. Cook 1991
10. Zion ' 1991
11. Maine Yankee 1992
12. Sequoyah 1993
13. Fort Calhoun 1993
14 ANO1&2 1994
15. Salem 1994
16.  Beaver Valley 1994
17. Comanche Peak 1994
18. Haddam Neck 1996
19.  Vogtle 1998
20. Waterford 1998

NRC STAFF’S CRITICALITY ANALYSIS

52.  InNovember, 1999, the NRC Staff performed for this proceeding an
indepeﬁdent nuclear criticality analysis of multiple accidents involving fuel assémbly
misplacements. The Staff’s criticality analysis was performed by Tony P. Ulses, a
nuclear engineer in the NRC Staff’s Reactor Systems Branch. This analysis is
documented in the NRC Staff’s November 5, 1999 memorandum and report, which is
included as Attachment C to Exhibit 3, the Affidavit of Everett L. Redmond II, Ph.D.
The Staff’s analysis assumes the concurrent misplacement of an inﬁﬁite number of fresh
fuel assemblies of the maximum permissible reactivity. The Staff’s analysis utilized
boundary conditions that are reflective in the x, y, and z directions, which models and
infinite array of fresh fuel assemblies. The analysis includes the effects of the soluble
boron required to be present in the spent fuel pools pursuant to plant operating

procedures. This analysis is not required under the Double Contingency Principle in the
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Staff’s regulat-ory éuidmce, since even two fresh fuel assembly misplacements are two
independent, unlikely, concurrent events. The NRC Staff’s analysis of an infinite number
of concurrently misplaced fresh fuel assemblies of the maximum possible reactivity is far
beyond what is considered a credible event for analysis purposes.

53.  T'have reviewed the NRC Staff’s November 5, 1999 memorandum and
report on its misplacement criticality analysis. I am familiar with the analysis
methodology, assumptions, and computer codes used in the Staff’s analysis. Based on
my review, I have determined that the Staff modeled the most reactive fresh fuel
assemblies permissible at Harris and the spent fuel storage racks to be used for those
assemblies in Harris spent fuel pools C and D. The Staff’s analysis concluded that the
spent fuel storage racks will remain subcritical,rwith a calculated k-effective of 0.98. The
Staff’s analysis assumed that the k-effective bias from manufacturing tolerances is not
larger than 1%. I am familiar with the manufacturing tolerances applicable to these spent
fuel storage racks, and I confirm that thc bias from these manufacturing tolerances is less
than 1%.

54. I have performed an analysis similar to the Staff’s analysis, using
computer codes that I would normally use in storage rack design and analysis. My result
is in complete agreement with that obtained in the Staff’s analysis. Based on my
independent analysis, my familiarity with the Staff’s analysis, and my four decades of
experierice performing nuclear criticality analyses, I confirm the results of the nuclear
criticality analysis performed by the NRC Staff. The results of the analysis are consistent

with my expectations based on my knowledge of the spent fuel storage rack designs,
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"/ fresh fuel as(sembly characteristics, analytical methods, and calculations.

55.  The NRC Staff’s analysis (and my own confirming calculation)
demonstrates that the spent fuel storage racks for Harris spent fuel pools C and D will
remain subcritical, even if every location in the spent fuel storage rack is assumed to be
concurrently loaded with a misplaced fresh fuel assembly of the maximum possiblé
reactivity at the Harris Nuclear Plant. While this analysis is not required under the Staff’s
Double Contingency Principle, the NRC Staff’s criticality analysis of an infinite number
of fresh fuel assembly misplacements demonstrates that the issue of multiple fuel
assembly misplacements is moot with respect to the spent fuel storage racks in Harris

pools C and D.

I declare under penalty of perjury that the foregoing statements and my statements

.\J- in the attached report are true and correct.

/4
Stanley E. Parner
January 3 , 2000

Svive of F0 ha
CO\-‘-'-‘(U\ ok P\ r:e\\aé

Subscribed and sworn to before me this

_
- § day of January, 2000
FLDLNES-NBS - L-353-D

‘QXR - O\B\_DL" . . —~ .

My commission expires
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B. 50, App. B

containment, confinement, and filtering sys-
tems, (4) with a residual heat removal capa-
bility having reliability and testability that
reflects the importance to safety of decay
heat and other residual heat removal, and (5)
to prevent significant reduction in fuel stor-
age coolant inventory under accident condi-
tions.

Criterion 62—Prevention of criticality in fuel
storage and handling. Criticality in the fuel
storage and handling system shall be pre-
vented by physical systems or processes,
preferably by use of geometrically safe con-
figurations.

Criterion 63—Monitoring fuel and waste stor-
age. Appropriate systems shall be provided in
fuel storage and radioactive waste systems
and associated handling areas (1) to detect
conditions that may result in loss of residual
heat removal capability and excessive radi-
ation levels and (2) to initiate appropriate
safety actions.

Criterion €4—Monitoring radiogctivity re-
leases. Means shall be provided for moni-
toring the reactor containment atmosphere,
spaces containing components for recircula-
tion of loss-of-coolant accident fluids, efflu-

ent discharge paths, and the plant environs

for radioactivity that may be released from
normal operations, including anticipated
operational occurrences, and from postu-
lated accidents.

[36 FR 3256, Feb. 20, 1971, as amended at 36
FR 12733, July 7. 1971; 41 FR 6258, Feb. 12,
1976; 43 FR 50163, Oct. 27, 1978; 51 FR 12505,
Apr. 11, 1986; 52 FR 41294, Oct. 27, 1587]

APPENDIX B TO PART 50—QUALITY As-
SURANCE CRITERIA FOR NUCLEAR
POWER PLANTS AND FUEL REPROC-
ESSING PLANTS

Introduction. Every applicant for a con-
struction permit is required by the provi-
sions of §50.34 to include in its preliminary
safety analysis report a description of the
quality assurance program to be applied to
the design, fabdbrication, construction, and
testing of the structures, systems, and com-
ponents of the facility. Every applicant for
an operating license is required to include, in
its final safety analysis report, information
pertaining to the managerial and adminis-
trative controls to be used to assure safe op-
eration. Nuclear power plants and fuel re-
processing plants include structures, sys-
tems, and components that prevent or miti-
gate the consequences of postulated acci-
dents that could cause undue risk to the
health and safety of the public. This a -
dix establishes quality assurance req
ments for the design, construction, and oper-
ation of those structures, systems, and com-
ponents. The pertinent requirements of this
appendix apply to all activities affecting the
safety-related functions of thoss structures,

10 CFR Ch. | (1-1-99 Edition)

systems, and components; these activities
include designing, purchasing, fabricating,
handling, shipping, storing, cleaning, erect-
ing, installing, inspecting, testing, oper.
ating, maintaining, repairing, refueling, anq
modifying.

As used in this appendix, ‘‘quality assur.
ance” comprises all those planned and sys.
tematic actions necessary to provide ade-
quate confidence that a structure, system, or
component will perform satisfactorily In
service. Quality assurance includes quality
control, which comprises those quality as-
surance actions related to the physical char-
acteristics of & material, structure, compo-
nent, or system which provide a means to
control! the quality of the material, struc-
ture, component, or system to predetermineq
requirements.

1. ORGANIZATION

The applicant? shall be responsible for the
establishment and execution of the quality
assurance program. The applicant may dele-
gate to others, such as contractors, agents,
or consultants, the work of establishing and
executing the quality assurance program, or
any part thereof, but shall retain responsi-
bility therefor. The authority and duties of
persons and organizations performing activi-
ties affecting the safety-related functions of
structures, systems, and components shall be
clearly established and delineated in writing.
These activities include both the performing
fanctions of attaining quality objectives and
the quality assurance functions. The quality
assurance functions are those of (a) assuring
that an appropriate quality assurance pro-
gram is established and effectively executed
and (b) verifying, such as by checking, audit-
ing, and inspection, that activities affecting
the safety-related functions have been cor-
rectly performed. The persons and organiza-
tions performing quality assurance functions
shall have sufficient authority and organiza-
tional freedom to identify quality problems;
to initiate, recommend, or provide solutions;
and to verify implementation of solutions.
Such persons and organizations performing
quality assurance functions shall report to a
management level such that this required
authority and organizational freedom, in-
cluding sufficient independence from cost
and schedule when opposed to safety consid-
erations, are provided. Because of the many
variables involved, such as the number of

1While the term “applicant” is used in
thess criteria, the requirements are, of
course, applicable after such a perzon has re-
ceived a licenss to construct and operate &
nuclear power plant or & fael reprocessing
plant. These criteria will also be used for
guidance in evaluating the adequacy of qual-
ity assurance programs in use by holders of
construction permits and operating licenses.
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remperature conditions as those given
the beltline material.

(2) Alternatively, the percent recov-
ery due to thermal annealing (R. and

y may be determined from the results
of a verification test program employ-
ing materials removed from the belt-
jine region of the reactor vessel® and
tbat have been annealed under the
same time and temperature conditions
as those given the beltline material.

(3) Generic computational methods
may be used to determine recovery if
adequate justification is provided.

() Public information and participa-
tion. (1) Upon receipt of a Thermal An-
pealing Report, and a minimum of 30
days before the licensee starts thermal
annealing, the Commission ghall:

(1) Notify and solicit comments from
local and State governments in the vi-
cinity of the site where the thermal an-
pealing will take place and any Indian
Nation or other indigenous people that
pave treaty or statutory rights that
could be affected by the thermal an-
nealing,

(ii) Publish a notice of a public meet- i

ing in the FEDERAL REGISTER and in a
forum, such as local newspapers, which
i readily accessible to individuals in
the vicinity of the site, to solicit com-
ments from the public, and

(iii) Hold a public meeting on the li-
censee’s Thermal Annealing Report.

(2) Within 15 days after the NRC’s re-
ceipt of the licensee submissions re-
quired by paragraphs (cX1), (cX2) and
(c)3)(1)~(1il) of this section, the NRC
staff shall place in the NRC Public
Document Room & summary of its in-
spection of the licensee’s thermal an-
nealing, and the Commission shall hold
a public meeting:

(i) For the licensee to explain to NRC
and the public the results of the reac-
tor pressure vessel annealing,

(i1) for the NRC to discuss its inspec-
tion of the reactor vessel annealing,
and

(iii) for the NRC to receive public
comments on the annealing.

SFor those cases where materials are re-
moved from the beltline of the pressure ves-
sel, the stress limits of the applicable por-
tions of the ASME Code Section III must be
satisfied, including consideration of fatigue
and corrosion, regardiess of the Code of
record for the vessel design.

§50.68

(3) Within 45 days of NRC's receipt of
the licensee submissions required by
paragraphs (c)1), (¢X2) and (cX3) (1)~
(1i1) of this section, the NRC staff shall
complete full documnentation of its in-
spection of the licensee's annealing
process and place this documentatio

n
in the NRC Public Document Room. /

(60 FR 654732, Dec. 19, 1995]

§50.68 Criticality accident require-
ments.

(a) Each holder of a construction per-
mit or operating license for a nuclear
power reactor issued under this part or
a combined license for a nuclear power
reactor issued under part 52 of this
chapter, shall comply with either 10
CFR 70.24 of this chapter or the re-
qiuirement.a in paragraph (b) of this sec-
tion. :

(b) Each licensee shall comply with
the following requirements in lieu of
maintaining a monitoring system capa-
ble of detecting a criticality as de-
scribed in 10 CFR 70.24:

(1) Plant procedures shall prohibit
the handling and storage at any one
time of more fuel assemblies than have
been determined to be safely subcrit-
jcal under the most adverse modera-
tion conditions feasible by unborated
water.

(2) The estimated ratio of neutron
production to neutron absorption and
leakage (k-effective) of the fresh fuel in
the fresh fuel storage racks shall be
calculated assuming the racks are
loaded with fuel of the maximum fuel
assembly reactivity and flooded with
upborated water and must not exceed
0.95, at a 95 percent probability, 95 per-
cent confidence level. This evaluation
need not be performed if administra-
tive controls and/or design features
prevent such flooding or if fresh fuel
storage racks are not used.

3) If optimum moderation of fresh
fuel in the fresh fuel storage racks oc-
curs when the racks are assumed to be
loaded with fuel of the maximum fuel
assembly reactivity and filled with
low-density hydrogenous fluid, the k-
effective corresponding to this opti-
mum moderation must not exceed 0.98,
at & 95 percent probability, 85 percent
confidence level. This evaluation need
not be performed if administrative con-
trols and/or design features prevent
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§50.70

such moderation or if fresh fuel storage
* racks are not used.

(4) If no credit for soluble boron is
taken, the k-effective of the spent fuel
storage racks loaded with fuel of the
maximum fuel assembly reactivity
must not exceed 0.95, at a 95 percent
probability, 95 percent confidence
level. if flooded with unborated water.
If credit is taken for soluble boron, the
k-effective of the spent fuel storage
racks loaded with fuel of the maximum
fuel assembly reactivity must not ex-
ceed 0.95, at a 95 percent probability, 95
percent confidence level, if flooded
with borated water, and the k-effective
must remain below 1.0 (subcritical), at
a 95 percent probability, 85 percent
confidence level, if flooded with
unborated water.

(5) The quantity of SNM, other than
nuclear fuel stored onsite, is less than
the quantity necessary for a critical
mass.

(6) Radiation monitors are provided
in storage and associated< handling
areas when fuel is present to detect ex-
cessive radiation levels and to initiate
appropriate safety actions.

(D The maximum nominal U-235 en-
richment of the fresh fuel assemblies is
limited to five (5.0) percent by weight.

(8) The FSAR is amended no later
than the next update which §50.71(e) of
this part requires, indicating that the
licensee has chosen to comply with
§50.68(b).

(63 FR 63130, Nov. 12, 1998]

INSPECTIONS, RECORDS, REPORTS,
NOTIFICATIONS

§560.70 Inspections.

(a) Each licensee and each holder of a
construction permit shall permit in-
spection, by duly authorized represent-
atives of the Commission, of his
records, premises, activities, and of li-
censed materials in possession or use,
related to the license or construction
permit as may be necessary to effec-
tuate the purposes of the Act, includ-
ing section 105 of the Act.

(bX1) Each licensee and each holder
of a construction permit ghall upon re-
quest by the Director, Office of Nuclear
Reactor Regulation, provide rent-free
office space for the exclusive use of the

10 CFR Ch. | (1-1-99 Edition)

Commission inspection  personnel.
Heat, air conditioning. light. electrical
outlets and janitorial services shall be
furnished by each licensee and each
holder of a comstruction permit. The
office shall be convenient to and have
full access to the facility and shall pro-
vide the inspector both visual and
acoustic privacy.

(2) For a site with a single power re-
actor or fuel facility licensed pursuant
to part 50, the space provided shall be
adequate to accommodate a full-time
inspector, a part-time secretary and
transient NRC personnel and will be
generally commensurate with other of-
fice facilities at the site. A space of 250
square feet either within the site’'s of-
fice complex or in an office trailer or
other on site space is suggested as a
guide. For sites containing multiple
power reactor units or fuel facilities,
additional space may be requested to
accommodate additional full-time in-
spector(s). The office space that is pro-
vided shall be subject to the approval
of the Director, Office of Nuclear Reac-
tor Regulation. All furniture, supplies
and communication equipment will be
furnished by the Commission.

(3) The licensee or construction per-
mit holder shall afford any NRC resi-
dent inspector assigned to that site, or
other NRC inspectors identified by the
Regional Administrator as likely to in-
spect the facility, immediate unfet-
tered access, equivalent to access pro-
vided regular plant employees, fol-
lowing proper identification and com-
pliance with applicable access control
meaures for security, radiological pro-
tection and personal safety.

(4) The licensee or construction per-
mit holder (nuclear power reactor only)
shall ensure that the arrival and pres-
ence of an NRC inspector, who has been
properly authorized facility access as
described in paragraph (bX3) of this
gsection, is not announced or otherwise
communicated by its employees or con-
tractors to other persons at the facility
unless specifically requested by the
NRC inspector.

(21 FR 355, Jan. 19, 1956; 44 FR 47919, Aug. 16,
1979, as amended at 52 FR 31612, Aug. 21, 1987;
53 FR 42942, Oct. 25, 1988)
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A. INTRODUCTION -«
General Design Criterion 61, "Fuel Storage and Hand) foactivity

Control," of Appendix A, "General Design Criteria for 1 er Plants,"

to 10 CFR Part 50, "Domestic Licensing of Producti d zation Facilities,"
requires that fuel storage and handling systems d to ensure adequate
safety under normal and postulated accident gon It also requires that
these systems be designed (1) with Q’capabi to yermit appropriate periodic

inspection and testing of components i t¥ safety, (2) with suitable
: appropriate containment, confine-

esidual heat removal capability having
s the importance to safety of decay
, and (5) to prevent significant reduction

ment, and filtering systems, (4)
reliability and testability

heat and other residual heat\@emo
in fuel storage coolant invent under accident conditions. This guide

describes a method eptable to the NRC staff for implementing Criterion 61.
B. DISCUSSION

WoiKi ANS-57.2 of the American Nuclear Society Subcommittee
ANS-50 h®g developed a standard that details minimum design requirements for
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spent fuel storage facilities at nuclear power stations. This standard was
approved by the American National Standards Committee N18, Nuclear Design
Criteria. It was subsequently approved and designated ANSI N210-1976/ANS-57.2,
"Design Objectives for Light Water Reactor Spent Fuel Storage Facilities at
Nuclear Power Stations," by the American National Standards Institute on

April 12, 1976. '

Primary facility design objectives are:

a. To prevent loss of water from the fuel pool that would uncover fuel,

b. To protect the spent fuel from mechanical damage, and

c. To provide the capability for limiting the potential offsite exposures

in the event of significant release of radioactivity from the fuel.

If spent fuel storage facilities are not provided with adequate protective
features, radioactive materials could be released to the environment as a result
of either loss of water from the storage pool or mechanical damage to fuel within
the pool.

1. LOSS OF WATER FROM STORAGE POOL

Unless protective measures are taken to prevent the loss of water from a
fuel storage pool, the spent fuel could overheat and cause damage to fuel cladding
integrity, which could result in the release of radioactive materials to the
environment. Equipment failures in systems connected to the pool could also
result in the loss of pool water. A permanent coolant makeup system designed
with suitable redundancy or backup would prevent the fuel from being uncovered
should pool leaks occur. Further, early detection of pool leakage and fuel
damage can be made using pool-water-level monitors and pool radiation monitors
that alarm locally and alsc at a continuously manned location to ensure timely
operation of building filtration systems. Natural events such as earthquakes
or high winds can damage the fuel pool either directly or by the generation of
missiles. Earthquakes or high winds could also cause structures or cranes to
fall into the pool. Designing the facility to withstand these occurrences without
significant loss of watertight integrity will alleviate these concerns.
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2.  MECHANICAL DAMAGE TO FUEL

The release of radioactive material from fuel may occur as a result of
fuel-cladding failures or mechanical damage caused by the dropping of fuel
elements or objects onto fuel elements during the refueling process and at
other times.

Plant arrangements consider low-probability accidents such as the dropping
of heavy loads (e.g., a 100-ton fuel cask) where such loads are positioned or
moved in or over the spent fuel pool. It is desirable that cranes capable of
carrying heavy loads be prevented from moving into the vicinity of the stored
fuel.

Missiles generated by high winds also are a potential cause of mechanical
damage to fuel. This concern can be eliminated by designing the fuel storage
facility to preclude the possibility of the fuel being struck by missiles
generated by high winds. .

3. LIMITING POTENTIAL OFFSITE EXPOSURES

Mechanical damage to the fuel might cause significant offsite doses unless
dose reduction features are provided. 0Dose reduction designs such as negative
pressure in the fuel handling building during movement of spent fuel would
prevent exfiltration and ensure that any activity released to the fuel handling
building will be treated by an engineered safety feature (ESF) grade filtration
system before release to the environment. Even if measures not described are
used to maintain the desired negative pressure, small leaks from the building
may still occur as a result of structural failure or other unforeseen events.

The staff considers Seismic Catégory I design assumptions acceptable
for the spent fuel pool cooling, makeup, and cleanup systems. Tornado protection
requirements are acceptable for the water makeup source and its delivery system,
the pool structure, the building housing the pool, and the filtration-ventilation
system. Regulatory Guide 1.52, "Design, Testing, and Maintenance Criteria for
Post Accident Engineered-Safety-Feature Atmosphere Cleanup System Air Filtration
and Adsorption Units of Light-Water-Cooled Nuclear Power Plants," and Regulatory
Guide 1.140, "Design, Testing, and Maintenance Criteria for Normal Ventilation
Exhaust System Air Filtration and Adsorption Units of Light-Water-Cooled Nuclear

1.13-3



Power Plants," provide guidelines to 1imit potential offsite exposures through
the filtration-ventilation system of the pool building.

Occupational radiation exposure is kept as low as is reasonably achievable
(ALARA) in all activities involving personnel, and efforts toward maintaining
exposures ALARA are considered in the design, construction, and operational
phases. Guidance on maintaining exposures ALARA is provided in Regulatory
Guide 8.8, "Information Relevant to Ensuring That Occupational Radiation
Exposures at Nuclear Power Stations Will Be As Low As Is Reasonably Achievable."

C. REGULATORY POSITION

The requirements in ANSI N210-1976/ANS-57.2, "Design Objectives for Light
Water Reactor Spent Fuel Storage Facilities at Nuclear Power Stations,"* are
generally acceptable to the NRC staff as a means for complying with the require-
ments of General Design Critefjon 61, "Fuel Storage and Handling and Radio-
activity Control," of Appendix A, "General Design Criteria for Nuclear
Power Plants," to 10 CFR Part 50 as related to light-water reactors (LWRs),
subject to the following clarifications and modifications:

1. In lieu of the example inventory in Section 4.2.4.3(1), the example
inventory should be that inventory of radioactive materials that are predicted
to leak under the postulated maximum damage conditions resulting from the
dropping of a single spent fuel assembly onto a fully loaded spent fuel pool
storage rack. Other assumptions in the analysis should be consistent with
those given in Regulatory Guide 1.25 (Safety Guide 25), "Assumptions Used for
Evaluating the Potential Radiological Consequences of a Fuel Handling Accident

in the Fuel Handling and Storage Facility for Boiling and Pressurized Water
Reactors."

2. In addition to meeting the requirements of Section 5.1.3, boiling of
the pool water may be permitted only when the resulting thermal loads are
properly accounted for in the design of the pool structure, the storage racks,
and other safety-related structures, equipment. and systems.

*Topies may be obtained from the American Nuclear Society, 555 North Kens1ngton
Avenue, La Grange Park, Illinois 60525
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3. In addition to meeting the requirements of Section 5.1.3, the fuel
storage pool should be designed (a) to prevent tornado winds and missiles
generated by these winds from causing significant loss of watertight integrity
of the fuel storage pool and (b) to prevent missiles generated by tornado winds
from striking the fuel. These requirements are discussed in Regulatory
Guide 1.117, "Tornado Design Classification." The fuel storage building,
including walls and roof, should be designed to prevent penetration by tornado-
generated missiles or from seismic damage to ensure that nothing bypasses the
ESF-grade filtration system in the containment building.

4, In addition to meeting the requirements of Section 5.1.5.1, provisions
should be made to ensure that nonfuel components in fuel pools are handled below
the minimum water shielding depth. A system should be provided that, either
through the design of the system or through administrative procedures, would
prohibit unknowing retrieval of ‘these components.

5. In addition to meeting the requirements of Section 5.1.12.10, the
maximum potential kinetic energy capable of being developed by any object handled
above stored spent fuel, if dropped, should not exceed the kinetic energy of
one fuel assembly and its associated handliing tool when dropped from the height
at which it is normally handled above the spent fuel pool storage racks.

6. In addition to meeting the requirements of Section 5.2.3.1, an inter-
face should be provided between the cask venting system and the building ventila-
tion system to minimize personnel exposure to the “vent-gas" generated from
filling a dry loaded cask with water.

7. In addition to meeting the requirements of Section 5.3.3, radiocac-
tivity released during a Condition IV fuel handling accident should be either
contained or removed by filtration so that the dose to an individual is less
than the guidelines of 10 CFR Part 100. The calculated offsite dose to an
individual from such an event should be well within the exposure guidelines
of 10 CFR Part 100 using appropriately conservative analytical methods and
assumptions. In order to ensure that released activity does not bypass the
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filtration system, the ESF fuel storage building ventilation should provide and
maintain a negative pressure of at least 3.2 mm (0.125 in.) water gauge within
the fuel storage building.

8. In addition to the requirements of Section 6.3.1, overhead handling
systems used to handle the spent fuel cask should be designed so that travel
directly over the spent fuel storage pool or safety-related equipment is not
possible. This should be verified by analysis to show that the physical
structure under all cask handling pathways will be adequately designed so that
unacceptable damage to the spent fuel storage facility or safety-related
equipment will not occur in the event of a load drop.

9. In addition to the references listed in Section 6.4.4, Safety Class 3,
Seismic Category I, and safety-related structures and equipment should be
subjected to quality assurance programs that meet the applicable provisions
of Appendix B, "Quality Assurance Criteria for Nuclear Power Plants and Fuel
Reprocessing Plants," to 10 CFR Part 50. Further, these programs should obtain
guidance from Regulatory Guide 1.28, "Quality Assurance Program Requirements
(Design and Construction)," endorsing ANSI N45.2, and from the applicable provi-
sions of the ANSI N45.2-series standards endorsed by the following regulatory
guides:

1.30 (Safety Guide 30) "Quality Assurance Requirements for the
Installation, Inspection, and Testing of Instrumentation and
Electric Equipment" (N45.2.4).

1.38 “"Quality Assurance Requirements for Packaging, Shipping, Receiving,
Storage, and Handling of Items for Water-Cooled Nuclear Power

Plants" (N45.2.2).

1.58 "Qualification of Nuclear Power Plant Inspection, Examination,
and Testing Personnel" (N45.2.6).

1.64 "Quality Assurance Requirements for the Design of Nuclear Power
Plants" (N45.2.11).
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1.74 "Quality Assurance Terms and Definitions" (N45.2.10).

1.88 "Collection, Storage, and Maintenance of Nuclear Power Plant
Quality Assurance Records" (N45.2.9).

1.94 "Quality Assurance Requirements for Installation, Inspection,
and Testing of Structural Concrete and Structural Steel During
the Construction Phase of Nuclear Power Plants" (N45.2.5).

1.116 "Quality Assurance Requirements for Installation, Inspection,
' and Testing of Mechanical Equipment and Systems" (N45.2.8).

1.123 “Quality Assurance Requirements for Control of Procurement of
Items and Services for Nuclear Power Plants" (N45.2.13).

10. The spent fuel pool water temperatures stated in Section 6.6.1(2)
exceed the 1imits recommended by the NRC staff. For the maximum heat load during
Condition I occurrences with normal cooling systems in operation and assuming
a single active failure, the pool water temperature should be kept at or below
60°C (140°F). Under abnormal maximum heat load conditions (full core unload)
and also for Condition IV occurrences, the pool water temperature should be
kept below boiling.

11. A nuclear criticality safety analysis should be performed in accord-
ance with Appendix A to this guide for each system that involves the handling,
transfer, or storage of spent fuel assemblies at LWR spent fuel storage facilities.

12. The spent fuel storage facility should be equipped with both electrical
interlocks and mechanical stops to keep casks from being transported over the
spent fuel pool.

13. Sections 6.4 and 9 of ANS-57.2 list those codes and standards referenced

in ANS-57.2. Although this regulatory guide endorses with clarifications and
modifications ANS-57.2, a blanket endorsement of those referenced codes and
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standards is not intended. (Other regulatory guides may contain some such
endorsements. )

0. IMPLEMENTATION

The purpose of this section is to provide information to applicants regard-
ing the NRC staff's plans for using this regulatory guide.

This proposed revision has been released to encourage public participation
in its development. Except in those cases in which an applicant proposes an
acceptable alternative method for complying with specified portions of the
Commission's regulations, the method to be described in the active guide
reflecting public comments will be used in the evaluation of applications for
construction permits and operating licenses docketed after the implementation
date to be specified in the active guide. Implementation by the staff will in
no case be earlier than June 30: 1982.
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APPENDIX A

NUCLEAR CRITICALITY SAFETY

1.  SCOPE OF NUCLEAR CRITICALITY SAFETY ANALYSIS

1.1 A nuclear criticality safety analysis should be performed for each system
that involves the handling, transfer, or storage of spent fuel assemblies at
light-water reactor (LWR) spent fuel storage facilities.

1.2 The nuclear criticality safety analysis should demonstrate that each LWR
spent fuel storage facility system is subcritical (keff not to exceed 0.95).

1.3 The nuclear criticality safety analysis should include consideration of
all credible normal and abnormal operating occurrences, including:

Accidental tipping or falling of a spent fuel assembly,

a.

b. Accidental tipping or falling of a storage rack during transfer,

c. Misplacement of a spent fuel assembly,

d. Accumulation of solids containing fissile materials on the pool
floor or at locations in the cooling water system,

e. Fuel drop accidents,

f. Stuck fuel assembly/crane uplifting forces,

g. Horizontal motion of fuel before complete removal from rack,

h. Placing a fuel assembly along the outside of rack, and

i. Objects that may fall onto the stored spent fuel assemblies.

1.4 At all locations in the LWR spent fuel storage facility where spent
fuel is handled or stored, the nuclear criticality safety analysis should
demonstrate that criticality could not occur without at least two unlikely,
independent, and concurrent failures or operating limit violations.

1.5 The nuclear criticality safety analysis should explicitly identify spent
fuel assembly characteristics upon which subcriticality in the LWR spent fuel
storage facility depends.
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1.6 The nuclear criticality safety analysis should explicitly identify design
limits upon which subcriticality depends that require physical verification at
the completion of fabrication or construction.

1.7 The nuclear criticality safety analysis should explicitly identify operating
limits upon which subcriticality depends that require implementation in operating
procedures.

2.  CALCULATION METHODS AND CODES

Methods used to calculate subcriticality should be validated in accordance
with Regulatory Guide 3.41, "Validation of Calculational Methods for Nuclear
Criticality Safety," which endorses ANSI N16.9-1975.

3. METHOD TO ESTABLISH SUBCRITICALITY

3.1 The evaluated multiplication factor of fuel in the spent fuel storage
racks, ks, under normal and credible abnormal conditions should be equal

to or less than an established maximum allowable multiplication factor, ka;
i.e.,

The factor, ks' should be evaluated from the expression:

ks = ksn * Aksb * Aku * Aksc

where

ksn‘ = the computed effective multiplication factor; ksn is calculated
by the same methods used for benchmark experiments for design
storage parameters when the racks are loaded with the most
reactive fuel to’'be stored,

1.13-10



Aksb = the bias in the calculation procedure as obtained from the
comparisons with experiments and including any extrapolation to
storage pool conditions,

Ak the uncertainty in the benchmark experiments, and

Ak

sc the combined uncertainties in the parameters listed in para-

graph 3.2 below.
3.2 The combined uncertainties, Aksc' include:

a. Statistical uncertainty in the calculated result if a Monte Carlo
calculation is used,

b. Uncertainty resulting from comparison with calculational and experimental *
results,

c. Uncertainty in the extrapolation from experiment to storage rack condi-
tions, and

d. Uncertainties introduced by the considerations enumerated in para-
graphs 4.3 and 4.4 below.

3.3 The various uncertainties may be combined statistically if they are
independent. Correlated uncertainties should be combined additively.

3.4 A1l uncertainty values should be at the 95 percent probability level with
a 95 percent confidence value.

3.5 For spent fuel storage pool, the value of ka should be no greater than 0.95.

4, STORAGE RACK ANALYSIS ASSUMPTIONS

4.1 The spent fuel storage rack module design should be based on one of the
following assumptions for the fuel:
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4.2
tion

The most reactive fuel assembly to be stored at the most reactive
point in the assembly life, or

The most reactive fuel assembly to be stored based on a minimum
confirmed burnup (see Section 6 of this appendix).

Both types of rack modules may be present in the same storage pool.

Determination of the most reactive spent fuel assembly includes considera-
of the following parameters:

@ »® o0 oo

Maximum fissile fuel loading,

Fuel rod diameter,

Fuel rod cladding material and thickness,

Fuel pellet density:

Fuel rod pitch and total number of fuel rods within assembly,
Absence of fuel rods in certain locations, and

Burnable poison content.

4.3 The fuel assembly arrangement assumed in storage rack design should be
the arrangement that results in the highest value of ks considering:

a.
b.
c.

Spacing between assemblies,
Moderation between assemblies, and
fFixed neutron absorbers between assemblies.

4.4 Determination of the spent fuel assembly arrangement with the highest value
of ks shall include consideration of the following:

Eccentricity of fuel bundle location within the racks and variations
in spacing among adjacent bundles,

Dimensional tolerances,

Construction materials,

Fuel and moderator density (allowance for void formations and temper-
ature of water between and within assemblies),
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4.5 Fuel
credit is

Presence of the remaining amount of fixed neutron absorbers in fuel
assembly, and

Presence of structural material and fixed neutron absorber in cell
walls between assemblies.

burnup determination should be made for fuel stored in racks where
taken for burnup. The following methods are acceptable:

A minimum allowable fuel assembly reactivity should be established,
and a reactivity measurement should be performed to ensure that each
assembly meets this criterion; or

A minimum fuel assembly burnup value should be established as deter-
mined by initial fuel assembly enrichment or other correlative
parameters, and a measurement should be performed to ensure that each
fuel assembly meets the established criterion; or

A minimum fuel assembly burnup value should be established as deter-
mined by initial fuel assembly enrichment or other correlative param-
eters, and an analysis of each fuel assembly's exposure history should
be performed to determine its burnup. The analyses should be performed
under strict administrative control using approved written procedures.
These procedures should provide for independent checks of each step

of the analysis by a second qualified person using nuclear criticality
safety assessment criteria described in paragraph 1.4 above.

The uncertainties in determining fuel assembly storage acceptance criteria
should be considered in establishing storage rack reactivity, and auditable
records should be kept of the method used to determine the fuel assembly storage
acceptance criterion for as long as the fuel assemblies are stored in the racks.

Consideration should be given to the axial distribution of burnup in the
fuel assembly, and a 1imit should be set on the length of the fuel assembly
that is permitted to have a lower average burnup than the fuel assembly average.
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5. USE OF NEUTRON ABSORBERS IN STORAGE RACK DESIGN

5.1 Fixed neutron absorbers may be used for criticality control under the
following conditions:

a. The effect of neutron-absorbing materials of construction or added
fixed neutron-absorbers may be included in the evaluation if they
are designed and fabricated so as to preclude inadvertent removal by
mechanical or chemical action.

b. Fixed neutron absorbers should be an integral, nonremovable part of
the storage rack.

c. When a fixed neutron absorber is used as the primary nuclear criticality
safety control, there should be provision to:

(1) Initially confirm absorber presence in the storage rack, and

(2) Periodically verify continued presence of absorber.

5.2 The presence of a soluble neutron absorber in the pool water should not
normally be used in the evaluation of ks. However, when calculating the
effects of Condition IV faults, realistic initial conditions (e.g., the

presence of soluble boron) may be assumed for the fuel pool and fuel
assemblifes.

6. CREDIT FOR BURNUP IN STORAGE RACK DESIGN

6.1 Consideration should be given to the fact that the reactivity of any given
spent fuel assembly will depend on initial enrichment, 238y depletion, amount
of burnable poison, plutonium buildup and fission product burnable poison
depletion, and the fact that the rates of depletion and plutonium and fission
product buildup are not necessarily the same.
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6.2 Consideration should be given to the practical implementation of the spent

fuel screening process. Factors to be considered in choosing the screening
method should include:

a. Accuracy of the method used to determine storage rack reactivity;

b. Reproducibility of the result, i.e., what is the uncertainty in the
result?

c. Simplicity of the procedure; i.e., how much disturbance to other
operations is involved?

Accountability, i.e., ease and completeness of recordkeeping; and
Auditability.
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DRAFT VALUE/IMPACT STATEMENT

1. PROPOSED ACTION

1.1 Description

Each nuclear power plant has a spent fuel storage facility. General Design
Criterion 61, "Fuel Storage and Handling and Radioactivity Control," of Appendix A,
"General Design Criteria for Nuclear Power Plants," to 10 CFR Part 50, "Domestic
Licensing of Production and Utilization Facilities," requires that fuel storage
and handling systems be designed to ensure adequate safety under normal and
postulated accident conditions. The proposed action would provide an acceptable
method for implementing this criterion. This action would be an update of
Regulatory Guide 1.13, "Spent Fuel.Storage Facility Design Basis."

1.2 Need for Proposed Action

Since Regulatory Guide 1.13 was last published in December of 1975, addi-
tional guidance has been provided in the form of ANSI standards and NUREG
reports. The Office of Nuclear Reactor Regulation has requested that this guide
be updated.

1.3 Value/Impact of Proposed Action

1.3.1 NRC

The applicants' basis for the design of the spent fuel storage facility
will be the same as that used by the staff in its review of a construction permit
or operating license application. Therefore, there should be a minimum number
of cases where the applicant and the staff radically disagree on the design
criteria.

1.3.2 Government Agencies
Applicable only if the agency, such as TVA, is an applicant.
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1.3.3 Industry
The value/impact on the applicant will be the same as for the NRC staff.

1.3.4 Public
No major impact on the public can be foreseen.

1.4 Decision on Proposed Action

The guidance furnished on the design basis for the spent fuel storage facility
should be updated.

2.  TECHNICAL APPROACH

The American Nuclear Society published ANS-57.2 (ANSI N210), "Design Objectives_
for Light Water Reactor Spent Fuel Storage Facilities at Nuclear Power Stations."
Part of the update of Regulatory Guide '1.13 would be an evaluation of this standard
and possible endorsement by the NRC. Also, recommendations made by Task A-36,
which were published in NUREG-0612, "Control of Heavy Loads at Nuclear Power
Plants," would be included.

3.  PROCEDURAL APPROACH

Since Regulatory Guide 1.13 already deals with the proposed action, logic
dictates that this guide be updated.

4.  STATUTORY CONSIDERATIONS

4.1 NRC AUTHORITY

Authority for this regulatory guide is derived from the safety requirements
of the Atomic Energy Act of 1954, as amended, through the Commission's regulations,
in particular, General Design Criterion 61 of Appendix A to 10 CFR Part 50.
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4.2 Need for NEPA Assessment

The proposed action is not a major action as defined by paragraph 51.5(a)(10)
of 10 CFR Part 51 and does not require an environmental impact statement.

5.  CONCLUSION

Regulatory Guide 1.13 should be updated.
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April 14, 1978

*

To A1l Power Reactor Licensees

. Gentlemen:

~ Enclosed for your information and possible future use is the NRC

guidance on spent f

uel pool modifications, entitled "Review and

Acceptance of Spent Fuel Storage and Handling Applications”. This:
- document provides (1) additional guidance for the type and extent
of information needed by the NRC Staff to perform the review of
licensee proposed modifications of an operating reactor spent fuel
storage pool and (2) the acceptance criteria to be used by the
HRC Staff in authorizing such modifications. This includes tha
{nfcrmation needed to make the findings called for by the Commission
_ 4n the Federal Register Notice dated September 16, 1975 (copy enclosed)
with regard to autharization of fuel pool modifications prior to the
completion of the Generic Environzental Impact Statement, “Handling
and Storage of Spent Fuel from Light Water Nuclear Power Reactors".

... The overall design objectives of a fuel storage facility at a reactor
" " complex are governad by various Regulatory Guides, the Standard
Review Plan (NUREG-75/087), 3nd various industry standards. This
- guidance provides a2 compilation in a single document of the pertinent
= portions of these applicable references that are needed in addressing

L]

. -gpent fuel pool modifications. No additional regulatory requirements-

. are imposed or implied by this document. ..

-n:Based on 2 review of license appiications to date requesting authorization

- to increase speat fusl storage capacity, the staff has had to request
additional information that could have bteen included in an adeguately
documented initial subtmittal. If in the future you find it necessary

- to apply for authorization to modify onsite spent fuel storage
capacity, the enclosed guidance provides the necessary information

and acceptance criteria utilized by the HRC staff inm evaluating these

-applications. Providing the information neecded to evaluate the

matters covered by this document would likely avoid the necessity
for NRC questions and thus significantly shorten the time required
to process a fuel pool modification amendment. -

1.
2.

¢

fnclosures:

HRC Guidance
Notjce

Sincerely,

-

ALt
Brian K. Grimes, Assistant Riractor
for Engincering and Prcjocts
Division of Operating Reactors
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ERCLOSURE 10. 1

'OT POSITION FOR REVIEW AND ACCEPTANCE OF
SPENT FUEL STORAGE AND HANDLING APPLICATIONS

BACKGROUND

Prior to 1975, low density spent fuel storage racks were designed with
a large pitch, to prevent fuel pool criticality even if the pool
contained the highest enrichment uranium in the light water reactor
fuel assewblies. Due to an increased cemand on storage space for
spent fu2l assemblies, the more receni approach is to use high density
storage racks and to better utilize availabie space. In the case of
operating plants the new rack systea interfaces with the old fuel pool
structure. A proposal for installation of high density storage racks
may involve a plant in the licensing stege or an operating plant. The
requirements of this position do not 2pply to spent fuel storage and

| handling facilities away from the nuclear reactor complex.

' . On September 16, 1975, the Commissien announced (40 F. R. 42801) its

" intent to prepare a generic environmental impact statement on handling

and storage of spent fuel from light water power reactors. In this
notice, the Commission also announced its conclusion that it would not

> - be in the public interest to defer all licensing actions intended to

ameliorate a possible shortage of spent fuel.storage capacity pending

‘..comp]etion of the generic eavironmental impact statement.

" The Commission directed that iﬁ the consideration of any such proposed

licensing action, an environmenta® impact statement or environmental
impact appraisal shall be prepared in which five specific factors in
addition to the normal cost/benefit balance and environmental stresses

" should be applied, balanced and wzighed.

The overall dasign objectives of a fuel storage facility at the reactor
complex are governed by various Regulatory Guides, the Standard Review
Plan, and industry standards which are listed in the reference section.
Based on the reviews of such applications to date it is obvious that --

. the staff had to request additional information that could be easily

included in an adequately documented jnitial submittal. It is the
intent of this document to provide guidance for the type and extent of

information needed to perform the review, and to indicate the acceptance

criteria where applicable.
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~—" 1. REVIEW DISCIPLINES

Nuclear and thermal-hydraulic aspects of the review include the poten-
" tial for inadvertant criticality in the norma) storage and handling of
. - - the spant fuel, and the consequences of credible accidents with respzct y B
. to criticality and the 2bility of the heat removal system to maintain
# ol ‘sufficient cooling. : &

The abjective of the starf roview is to prepare (1) Safety Evaluation g §
Report, and (2) Edvironmental Impact Appraisal. Th2 broad staff I

. .disciplines involved are nuclear, mechanical, waterial, structural, : 3
- . and eavironmental. . - %

3

Mechanicai, material and structural aspects of the review concera the
i 'capability of the fuel assembly, storage racks, 2nd spent fuel pool
.. system to withstand the effects of natural phenciena such as earth-
-quakes, tornadoes, flood, effects of external and internal missiles,
~thermal loading, and also other service loading conditions. :

- The environmental aspects of the review concern the jncreased thermal .
" and radiological releases from the facility under normal as well as :
- accident conditions, the occupational radiation exposures, the genera-
_".tion of radioactive waste, the need for expansion, the commitment of
- .. . <:material and nonmaterial resources, realistic accidents, alternatives.
\\’/ to the proposed action and the cost-benefit balance. '

The information related to nuclear and thermal-hydraulic type of
. analyses is discussed in Section III. . ' .

-

"The mechénicaI,.materiaI. and §tfuctura] related aspects of informa- .
tion are discussed in Section IV. . :

) The information required to'comp1e£e an environmental impact assess-
. ment, fncluding the five factors specified by tha Commission, is
. providad in Section V. I ’ '
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TrI{ HUCLEAR AND THERMAL-HYURAULIC CONSIDERATIONS

1.

| _1'.1

Neutron Mu]tip]icagion Factor

Yo include a1l credible conditions, the licensee shall calculate
the effective neutron multiplication factor, k f,.in the fuel
storage pool undef the following sets of assumgg corditions:

Hormal S;ofage

‘a.  The racks shall be designed to contain the most reactive

i fuel authorized to be stored in the facility without any
& control rods or any noncontained® burnable poison and the
fuel shall be assumed to be at the most reactive point in
- {ts life. - : .
b. = The moderator shall be assumed to be pure water at the
.. temperature within the fuel pool limits which yields the
=" Jargest reactivity. : o .

-
..

" . ¢. The array shall be assumed to be infinite in lateral extent

. or to be surrounded by an infinitely thick water reflector
-"and thick concrete,*® as. appropriate to the design.

Yoo e e i

1.2

- d.”  Mechanical uncertainties may be treated by assuming "worst

- case” conditions or by performing sensitivity studies and
: - obtaining apprepriate uncertainties. :

e. Credit may be taken for the neutron abserption in structural
= . materials and in solid materials added specifically for
neutron absorption, provided a means of inspection is estab-
. Jished (refer to Section 1.5). - .

Postulated Accidents ..

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.b.: the presence of soluble

boron) may §e assumed for the fuel pool and fue] assemblies. The

~*"Noncontained" burnable poison is that which is not an integral part of
the fuel assembly.- .

*xIt should be noted that under certain conditions concrete may be 2 more
,-3ffective reflector than water.

N

I1I-1

anssdatisirind |

Nae

WA

i

P A
bt

LM
P
g Y

L Asm e aaas
. L LAY
LR

N

[




S

3

1.4

postulated accidents shall includa: (1) dropping of a fuel
element on top of th2 racks and any other achievable abaornal
Jocation of a fuzl &sseambly in the pooi; (2) a drepping or tip-
ping of tha fuel cask or other heavy objects into the fuel pool;
(3) effect of tornado or earthquake on the deformation and rela-
tive position of tha fuel racks; and (4) loss of all cooling
systems or flow undar the accident conditions, unless the cooling
system is single failure proof. .

Calculation Methods N : ‘ ", S~

The calculation method and cross-section values shall-be verified
by comparison with critical experimsnt data for asseablies similar
to those for which the racks are designed. Sufficiently diverse
configurations shall be calculated to render improbable the
“cancellation of error" in the calculations. So far as practi-
cable the ability to corractly account for heterogeneities (e.g.,
thin slabs of absorber between storags locations) shall be
demonstrated. R S .

A calculational bias, inc1uding'tﬁé'effect of wide spacing between

_ assemblies shall be determined from the comparison betwaen calcu- .
- Jation and experiment. A calculation uncertainity shall be

datermined such that the true multiplication factor will be less

- than the calculated value with a 95 percent probability at a 95

percent confidence level. The total uncertainity factor on keff
shall be obtainad by a statistical combination of the calculas
tional and mechanica) uncertainties. The k value for the
racks shall be obtained by sumaing the ca]cﬁfgted‘value, the
calculational bias, and the total uncertainty. .

Rack'Mbdification _ -:i;=é. . _' '-Qii L ey

"For modification to existing racks in operating reactors, the

following information should be.provided in order to expedite the |
review: R

- {(a) The erra]l size of the fueTIassembly which is to be stored

in the racks and the fraction of the total cell area which
represents the overall fuel assembly in the model of the
nominal storage lattice cell;

(b) For H,0 + stainless steel flux trap lattices; the nominal
thickﬁess and typs of stainless steel used in the storage
racks and the thermal (.025 ev) macroscopic neutron absorp-
tion cross section that is used in the calculation method
for this stainless steel;

(c) Also, for the H,0 + stainless stecel flux trap lattices, the
change of the cglculated neutron multiplication factor of
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,l

infinitely long fuel assemblies ia infinitely large errays
in the storagz rack (i.e., the k of the nominal fuel stor:
lattice cel)l and the changed k) for:

(1) A change in fuel loading in grams of U235, or equiva-
- - lent, per axial centimeter of fuel assembly vhere it is
"?1; assumed that this change is made by increasing the
“- - enrichment of the U23%; and, -
(2) A change in the thickness of stainless steel- in the
.. storage racks assumtrg that a decrease in stainless
= ‘steel thickness is taken up by an increase in water
».. thickness and vice versa, .
(d) - For lattices which use boron or other strong neutron absorb-
: ers provide: .

o (1) The effecttve areal: denSIty of the boron-ten atons
- (i.e., B0 atoms/cm® or the equivalent number of boron-
teh atoms for other neutron absorbers) between fue)

_ assemblies. ' ;

I ¢ Similar to ltem c, above, prov1de the sen51t1v1ty of
S the storage ]attice cell k to._

(a) The fuel IOadlng in grams of U235, or equivalent,
.. .per ax1al centineter of fuel assembly,

(bj The storage lattice p1tch- and

(cf The area1 density of the boron-ten atoms betheen
fuel assembltes.

-

. & .
.

1 5 Acceptance Criterxa for Crlticalxty

The neutron multiplication factor in spent fuel pools sha]] be
Jess than or equal to 0.95, including all uncerta1nt1es, undar
all conditions

(1) For those facilities which employ a strong neutron absorbing
material to reduce thz neutron multiplication factor for the
storage pool, the licensee shall provide. the description of
onsite tests which will be performed to confirm the presence
and retention of the strong absorber in the racks. The
results of an initial, onsite verification test shall show
within 95 percent confldence 1imits that there is a suffi-
cient amount of nzutron absorbar in tha racks to maintain
the neutron multiplication factor at or telow 0.95. In
addition, coupon or other type of surveillance testtng chall
be performed on a statistically acceotable samole size on a
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" periodic basis throughout tha iife of the racks to varify
_the continuad presence of a sufiicient amount of ncutron
absorber in the racks to maintzin the neutron multinlication
. : factor a2t or below 0.35.

- (2) . Decay Heat Calculations fdf the Spent Fuel -

i, }(3) Thermal-HydrauIic Analyses for Spent Fuel Cob]ing

- .

I

-

.- The calculations for the amount of thermal energy that will
- have to be rembved by the spent fuel pool cocling system

" 7 shall be made in accordance with Branch Technical Position

-+ . _APCSB S-2 entitled, "Residual Gecay Enargy for Light \later

.. - Reactors for Long Term Cooling." This Branch Technical .
-{'icztosition is part of the Standard Review Plan (HUREG 75/037).

_*-." Conservative methods should be used to calculate the maximum
 fuel temparature and the increase in temperatures of the
o, ‘water in the pool. The maximum void fraction in tha fuel

L fﬁv*}gssemb]y and between fuel assemblies should also be ca\cuTgted.

f-drdfhari]y. in order not to exceed<£he design heat load for

. % the spent fu2l cooling system it will be necessary to do a
. ..certain amount of cooling in the reactor vessel after reactor °
i+ .- .2 shutdown prior to moving fuel assemblies into the spent fuel

. pool. The bases for the analyses should include the estab-
"' Jished cooling times for both the usual refueling case and
Lo the full core off load case. .

3.

A
. N e .-

- A potential for a large increase in the reactivity in an H,0
- flux trap storage lattice exists if, somehow, the water is
"kept out or forced out of the space between the fuel assem~
- . blies, conceivably by trapped air or stean. For this reason,
“. -4t is necessary to show that the design of the storage rack
. .. {s such that this will not occur and that thase spaces will
_ -always have water in them. Also, in some cases, direct
- -~.gamma heating of the fuel storage cell walls and of the
{intercell vater may be significant. It is necessary to
_‘conisider direct gamma heating of the fuel storage cell walls
and of the intercell water to show that boiling will not
occur in the water channels betwzen the fuel assemblies.
Under postulated accident conditions where all non-Category
1 spent fuel pool cooling systems become jnoperative, it is
necessary to show that there is an alternate method for
cooling the spent pool water. Vhen this alternative method
requires the installation of alternate components or signifi-
cant physical alteration of the cooling system, the detailed
steps shall be describad, 2long with the tine required for
each. Also, the average amount of water in the fuel pool
and the expected heat up rate of this water assuming loss of
all cooling system; shall be specified.
I1-4
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(4) Potential Fuel and Rack Handling Accidents

The method for.moving the racks to and from and into and out

- ‘of tha fuel pool, should be described. Alsa, fer plants

where the spent fuel pool modification requires different
fuel handling procedures than that described in' the Final

“Safety Analysis Report, the differences should be discussed.
_ If potential fuel and rack handling accidents occur, the

neutran multiplication factor in the fuel pool shall not

- - exceed 0.95. These postulated accidents shall not be the
_ cause of the loss of coaling for either the spent fuel or
- the reactor. _ ‘ .
Technical Specifications | S .

. To insure égainst criticality, the following technical speci-
T fications are needed on fuel storage in high density racks:

| 1'.Tf;1: . The neutron muifiplication factor in the fuel pool

. shall be Jess than or equal to 0.95 at all times.

. **?f.z. ! The fuel loading (i.e., grams of uranium-235, or

. equivalent, per axial centimeter of assembly) in fuel
" . assemblies that are to be loaded into the high density
_racks should be limited. The number of grams of
" uranium-235, or equivalent, put in the plant's tech-
nical specifications shall preclude criticality in the
fuel pool. . St

' Excessi&e pool water temperatures may lead to excessive loss
. of water due to evaporation and/or cause fogging. Analyses
- of thermal load should.consider loss of all pool cooling

systems. To avoid exceeding the specified spent fuel pool

. temperatures, consideration shall be given to incorporating
.a technical specification limit on the pool water tempera-

ture that would resolve the concerns described above. For

limiting values of pool water temperatures refer to
ANSI-N210-1976 entitled, "Design Objectives for Light Water

. . Reactor Spent Fuel Storage Facilities at Nuclear Power

Stations,” except that the requirements of tha Section
9.1.3.1I1.1.d of the Standard Review Plan is applicable for
the maximum heat load with normal cooling systems in
operation. i
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—
IV.. MECHAMICAL, MATERIAL, AND STRUCTURAL COMSIDERATIONS

(1) Bescription of the Spent Fuel Pcol and Racks

Descriptive information including plans and sections showing the
spent fuel pool in relation to other plant structures shall be
provided in order to define the primary structura)l aspects and
elements relied upon to perform the safety-related functions of
- the pool and the racks. The main safety function of tha spent .
fuel pool and the racks is to maintz2in the spent fuel assemblies
_-{n a safe configuration through all environmental and abnormal

- Joadings, such as earthquake, and impact due to spent fuel cask
drop, drop of a spent fuel assembly, or drop of any othar heavy
object during routine spent fuel handling.

" The ﬁajor structural elements reviewed and the extent of the
descriptive information required are indicated balow.

(a) Support of the Spent Fu€l Racks: The general arrangesnents
" and principal features of the horizontal and the vertical
* supports to the spent fuel racks should be provided indi-
cating the methods of transferring the loads on the racks to

- “'ﬁfﬂi“f“the fuel pool wall and the foundation slab. A1l gaps

» (clearance or expansion allowance) and sliding contacts

" should be indicated. The extent of interfacing between the
.. mew rack system and the old fuel pool walls and base slab

. should be discussed, i.e., interface loads, responsa spec- -

" tra, etc. _ S : .

If connections of the racks are made to the base and to the
. sids walls of the pool such that the pool liner may be
- perforated, the provisions for avoiding leakage of radio-
activa water of the pool should be indicated.

(b) Fuel Handling: Postulation of a drop accidant, and quanti-
fication of the drop parameters are reviewed under the
environmental discipline. Postuiated drcp accidaats must
jnclude a straight drop on tha top of a rack, a straight

_ drop through an individual cell all the way to the bottom of
the rack, and an inclined drop on the tcp of a rack. In-
tegrity of the racks and the fuel poecl duc to a postulated
fuel handling accident is reviewed under the mechanical,
material, and structural disciplines. Sketches and suffi-
cient details of the fuel handling system should be provided
to facilitate this review. . -
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i (3)_ Seismic and Impact Loads

(2) Applicable Codzs, Standards and Spzcifications

Construction materials should convera to Section 111, Subsec-
tion NF of tha ASMEX Code. All Haterials should be selecied to
be compatible with the fuel pool cnvironmant to minimize corro-
sion and galvanic effects. S

.- Design, fabrication, and jnstallztion of spent fuel racks of
‘stainless steel material may be performed based upon the AISC**
- specification or Subsection NF requirements of Section III of the
. ASME B&PV Coda for Class 3 component supports. Once a code is
..~ : chosen its provisions must be followed in entirety. \han the .
i- . AISC specification procedures are adcpted, the yield stress
! .ovalues for stainless steel base matal may be obtained from the
' .Section III of the ASME BPV Code, and the design stresses de-
° fined in thz AISC specifications as parcentages of the yield
' stress may be used. Permissible stresses for stainless steel
. " welds used in accordance with the AISC Code may be obtainad from
*. Jable NF-3252.1-1 of ASME Section III Code.

'/ Other materials, design procedures, and fabrication techniques i
. will be reviewed on a case by case basis. :

tra or ground response spectra are not available, necessary
. dynamic analyses may be performed using the criteria described in
* .. Section 3.7 of the Standard Review Plan. The ground response
- spectra and damping values should correspond to Regulatory Guide
... 1.60 and 1.61 respectively. For plants where dynanic data are
) available, e.g., ground response spectra for a fuel pool sup-
- ported by the ground, floor response spectra for fuel pools
" supported on soil where soil-structure interaction was considered
- in the pool design or a floor response spaectra for a fusl pool
- supported by the reactor building, the design and analysis of the
" new rack system may be performzd by using either the existing
- {nput parameters including the old dzamping values or new param-
- eters in accordance with Regulatory Guide 1.60 and 1.61. The use
of existing input with new damping values in Regulatory Guide
" 1.61 is not acceptable. . . .

* Sefsmic excitation along three orthogonal directions should be
imposed sinultanecusly for the design of the new rack system.

“Ffimerican Society of Mechanical Engineers Boiler and Pressure Vessel

i

Codes, Latest Edition.

'\hAmerican Institute of Steel Construétioﬁ, Latest tdition.

_/
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The peak response from each direction should be combined by
square root of the sum of the squares. If response spectra are
avajlable for a vertical and horizontal directions only, the same
horizontal responsa spactra may be applied along the other hori-
zontal direction.

- The effect of stbmergence of the rack syStem'on the damping'and'

the mass of tha fuel racks has been under study by the HNRC.
Submergance in water may introduce damping from two sources, (a)
viscous drag, and (b) radiation of energy away from the submargad
body in those cases where the confining boundaries are far enough

- away to prevent reflection of waves at the boundaries. Viscous
- ‘damping is generally negligible. Based vpon the findings of this

current study for a typical high density rack configuration, wave
reflections occur at the boundaries so that no additional dampin
should be taken into account. . :

A report on the NRC study ‘§s to be published shortly under the

- title “Effective Mass and Damping of Submerged Structures

- (UCRL-52342)," by R. G. Dong. The recommendations provided in

this report on the added mass effect provide an acceptable basis

. for the staff review. Increased danping due to submargence in

.. water is not acceptable without epplicable test data and/or
-?;faﬂetaiied analytical results. L e ‘.

"“‘Due to gaps between fuel assemblies and the walls of the guide

tubes, additional loads will be generated by the impact of fuel

" assexblies during 2 postulated seismic excitation. Additional

Toads due to this impact effect may be determined by estimating

" the kinetic energy of the fuel assembly. The maximum velocity of
the fuel assembly may be estimated to be the spectral velocity

associated with the natural frequency of the 'submerged fuel
assembly. Loads thus generated should be considered for local as
well as overall effects on the walls of the rack and the sup-
porting framework. It should be demonstrated that the consequent

" loads on the fuel assembly do not lead to a damage of the fuel.

“)

"o

Loads generated from other postulated impact events may be accept-
able, if the- following parameters are described in the report:

the total mass of the impacting missile, the maximum velocity at
the time of impact, and the ductility ratio of the target material
utilized to absorb thzs kinetic energy.

Loads and Load Combinations: ..

Any change in the temperature distribution due to the proppsed
modification should be identified. Information pertaining to the
applicable design loads and various ccxdinations therecaf should
be provided indicating the thermal load due to the effect of ihe
maximum temperature distribution thrcugh the pool walls and base
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slab. Temperatura gradient across tha rock structure duz *o
differential heating effect betw2aen 2 7ull and an expty celi
should bz indicated and incorporated in the d2sign of the rack
structure. Maximun uplift forcas availadble from the crane should
ba indicated including the considzration of these forces in tha
design of tha racks and the analysis of the existing pool Tloor,
"if applicable. :

The sﬁe&ific loads and load ccmbinations are acceptable if they
are in conformity with the applicable portions of Section
3.8.4-11.3 of the Standard Review Plan.

(5) .Design aﬁd Analysis Prcceddrgs

Betails of the methematical model including a description of how
the important paramsters are obtained should bz providad includ-
" i{ng the following: the mathods used to incorporate any g3ps
betwean the sunport systems and gaps betwasen the fuel bundles
_and the guide tub2s; the methods used to lump the masses of the
.~ fuel bundles and thz guide tubes; the mathods used to account for
the effect of sloshing vater dn the pool walls; and, the eifect
. .of subzergence on the mass, the pmass distribution and the effac-
.. tive damping of the fuel bundle and the fuel racks. :

itf:fﬁe &esign and analysis proceduras in accordance with Section
.- +3.8.4-11.4 of tha Standard Review Plan are acceptable. The
effect on gaps, sloshing water, and incraase of effective mass

- . and damping duz to submergence in water should be quantified.

: t'when-poo1 walls are utilized to provida lateral restraint at

_higher elevations, a determination of tha flexibility of the pool

- walls and the capability of the walls to sustain such loads
should be provided. If the pool walls are flexible (having a
fundamental frequeacy less than 33 Hertz), the floor respons2

. spectra correspanding to the lateral restraint point at the
higher elevation are likely to be greater than those at tha bas2
of the pool. In such a case using the response spectrum approach,
two separate analyses should be performed as indicated below: -

(a) A spectrum analysis of the rack system using response spectra -

corresponding.to the highest support elevation previcad that
there is not significant peak fraguency shift batwzen the
response spactra at thz lower and higher elevations; and,

(b) A static analysis.of the rack system by subjecting it to tha
maximum relative support displacement. .

The resulting stresses from the two znalyses above should be
combined by the absclute sum method.

1v-4
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In order to determine the flexibiiity of the pool wall it is
acceptable 7or the licensa2 to use equivalent rpass and stiffness
Eropertics obtained from calculaticns similar to those described
Introduction to Structural Dyncaics" by J. M. Biggs publighed by
McGrew Hill Book Cempany. Should th2 fundamental fregu2ncy of
the pool wall model be highar than or equal to 33 Hertz, it may
be assumed that the response of thz pool wall and the corres-
ponding lateral. support to the nov rack system are identical to
those of the base slab, for which appropriate flcor response
.~ spectra or ground response spectra may already exist.
.(6) Structural Acceptance Criteria
: - When AISC Ccde procedures -are adopted, the structural acceptance
-7+ - criteria are those given in Section 3.8.4.11.5 of the Standard
' . Review Plan for steel and concrete structures. For stainless
.~ steel the acceptance criteria expressed as a percentaga of yield -
~." stress should satisfy Section 3.8.4.1L.5 of the -Standard Review
=% plap. When subsection NF,.Section III, of the ASNE BLPY Code is
used for the racks, the structural acceptance criteria are those
given in the Table below. oL :

For impact loading the ductility ratios utilized to absorb kinetic
energy in the tensile, flexural, compressive, and shaaring modes
. should be quantified. When considering the effects of seismic
; loads, factors of safety against gross sliding and overturning of
-+ yvacks and rack modules under 211 probable service conditions
%< shal} be in accordance with the Section 3.8.5.11-5 of the Stand-
. ard Review Plan. This position on factors of safety against
sliding and tilting need not be mat provided any one of the
following conditions is met: :

.(2) it can be shown by detailed nonlinear dynamic analyses that
" the amplitudes of sliding motion are minimal,- and impact
. between adjacent rack modules or between a rack rodule and
" - the pool walls is prevented provided that the factors of
safety against tilting are within the values peraitted by
Section 3.8.5.11.5 of the Standard Review Plan.

(b) it can be shown that any sliding and tilting motion will be
contained within suitable geomatric constraints such as
thermal clearances, and that any impact due to tha clear -
ances is incorporated. : :

(7) HMaterials, Quality Control, and Special Construction Techniquas:
The materials, quality control ‘procedures, and any special con-
struction techniguas should be described. The sequence of in-

stallation of the naw fuel racks, and a description of the pre-
cautions to be taken to prevent damage to the stored fuel during
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'13(n+L+E+T@

~e

- TABLE
Load Corbination . '
Elastic Analysis . Acceptance Limit
B+L ... . . Hormal linits of NF 3231.1a
.:'D +L+E . _' L Normal linits of NF 323112
'.10 + L+To ':: - ;-f”'fl 5 ticas normal Timits or the
B T i lesser of 2 Sy and Su
| ﬁ + l +To+E o - lf:u 1 5 times normal limits or the
a L e ~ %, leser of 2 Sy and Su
D+ L+ Ta +E © .. i1.6 tipes normal limits or the
o Lo 5 ot lesser of 2 Sy or Su

a n + L +-Ta + E.l f ' LT FauIted condition limits of
- G el NF 33t.dc
~ Limit Analysis o ER e .

\_ L7(@+L) | PR '.Limits of XVII-4000 of Appendix XVII
T L : . .of ASHE Cod~ Sect1on 111 .
CLT@+L+E) def
- 13 (D+L+To) i

11(0+L+n+s) - f737'75

Motes: 1. The cbbreVIatlons in the table above are those used in
: Section 3.8.4 of the Standard Review Plan vhare each term
.is dafined except for Ta which is definad 2s thes highast
temperature associated with tha postulated abnornal dasign
conditions.

2. Deformation linits sp=c1f1ed by the Design Specification
1imits shall be satisfied, and such deformation limitis
- should praclude damage to the fual assemblies.

3. The provisions of NF 3231.1 shall be anmended by tha
requircaents of the paragraphs c.2, 3, and 4 of the
Regulatory Guid2 1.124 entitled "Dos1nn Limits and Lead
COmblnat1ons for Class 1 Linsar-Type Component Sugports."
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the construction phase should be provided. Hethods fer struc-
tural qualificaiion of special poison materials utilized to
absorb neutron radiation should be described. The material for

* the fuel rack is reviewed for compatibility inside the fuel pool

environment. The quality of the fuel pacl water in terms of the
pH valuz and the available chlcrides, fluorides, boron, heavy
metals should be indicated so that the long-term integrity of the
rack structure, fuel assembly, and the pool liner can be evaluated.

Accepiance criteria for special materials such as poison materials
should be based upan the results of the qualification progran

" supported by test data and/or analytical procedures. -

TIf connections betwean the rack and the pool liner are made by -

welding, the walder as well as the welding procedure for the

“welding assembly shall be qualified in accordance with the appli-

-, cable code.

. If precipitation hardened stainless steel material is used for
‘the construction of the spent fuel pool racks, hardness testing
_.should be performad -on each rack component of the subject material
“to verify that each part is heat trezted properly. In addition,

the surface film resulting from the heat treatment should be

i:temoved from each piece to assure adequate corrosion resistance.

@

Testing and Inservice Surveillance . o -.f:f oL

Hethods for verification of long-term material stability and
mechanical integrity of special poison material utilized for
neutron absorption should include actual tests.

Inservice surveillance requfrements for the fuel racks and the

. poison paterial, if applicable, are dependent on specific dasign

features. These features will be reviewed on a case by case
basis to determine the type and the extent of inservice surveii-

"lance necessary to assure long-term safety and integrity of the

< . ™

peol and the fual rack system. -
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v.

COST/BENEFIT ASSESSMENT

‘.

-. -.' .'].]

- A, "
.. .

 {b) shipment to an independent spent.fuel storage facility,

Following is a list of information nzedad for the environmental
Cost/Benefit Assessmant: -

What are the specific needs that require increased storage
capac1ty in the spent fuel pool (SFP)? Include in the response:

,(a) ‘status of contractua] arrangerents, 1f any, with fuel-

- storage or fual-reprocessing facilities,

: (b).:proposed refugling schedule, including the expected numbar

- of fuel assemblies that w111 be transferred into the SFP at

"-i.,each refue]ing until the total existing capacity is reached,

(;)' number of spent fuel assemblies present]y stored in the
- SFP, . .

fi(d)' control rod assenb]1es or other co*ponents stored in the

SFP, and , . S . RN

’ (e). the additional time period that spent fuel assembiies vould

be stored onsite as a .result of the proposed expansion, and

(f) the estimated date that the SFP will be filled with the

- proposed increase in storage capac1ty.

D1scuss the total constructlon assoc1ated with the proposed

modification, including engineering, capital costs (diresct and

- indirect) and allowances for funds used during constructxon.

Discuss the alternative to increasing the storage capacity of

+ the SFP. The alternatives considered should include:

~x;o(a) shipment to a fuel reprocessing facitity (if available),

'(c) .shipment to another reactor site,

(d) shutting down the reactor.

The discussion of options (a), (b) and (c) should include a cost
comparison in terms of dollars per KgU stored or cost per assembly.
The discussion of (d) should include the cost tor providing
replacement power either from within or outside the licensee's
generating systen.

V-1

LA b ¥

SINNELT i |

L

oY

LAoiat iy
(LI R

T




- 1.4

1.5

v.z 'RADIOLOGICAL EVALUATION ' .;.' ;_ | - T

‘T

‘.ZQ

Discuss whather thz commltment of material rescurces (e.qg.,
stainless steel, boral C, etc.) would tend to significantly
foreclose the alternat1ve§ available with respect to any other
Yicensing actions designed to ameliorate a possible shortage of
spent fuel storage capacity. Describe the material resources
that would be consumed by the proposed modification.

Discuss the additional heat Joad and the anticipated maximum
temperature of water in the SFP which would result from the

proposed expansion, thz resulting increase in evaporation rates,’

the additional heat load on component and/or plant coo]1rg water
systems and whether there will be any significant increase in
e amount of heat released to the environment.

Fol]owlng is a list of lnfornatnon needed for rad101091ca1

3 evaluat1on~

P

\\*/ ‘2. Z.

Th° present annua] quant1ty of §o]1d radtoactive wastes gen-
erated by the SFP pur1f1catlon system. - Discuss the expected

'ﬁ-:increase in solid wastes thCh U]]] result from th= expansxon of
fthe capac1ty of the SFP._". -

Data regard1ng krypton-BS measured from the fue] bu11d1ng ven-
~tilation system by year for the last two years. If data 2re not

- available from the fuel building ventilation system, provide

. 2.3

1th1s data for the vent11at1on release which includes. th!s system.

The increases in the doses to per.onne] from rad'lonuchd° con-

- centrations in the SFP due to the expansion of the capacity of

the SFP, including the following:

-(a) Provida a table showing the most recent gamma isotopic

"~ analysis of SFP water identifying the pr1nc1pa] radio-
’ .nucl1des and their respective concentrat1ons.

(b) The mode]s used to determine the external dose equiva]ent

- rate from these radionuclides. Consider the dose equiva-
lent rate at some distance 2bove the center and edge of ths
pocl respectively. (Use relevant experience if necessary).

(c) A table of recent analysis performad to determine the
principal airborne radionuclides and their respectxve
-concentrations in the SFP area.

(d) The model and assumptions used to determine the increase,

if any, in_dose rate from thz radicnuzlides identified in
(c) above in the SFP area and at the site boundary.

v




 ACCIDENT EVALUATION

. :'3.1'“The éccident review-shall consider: L | - if"-:

(e) An estimats of the increase in the annual man-ream burda:
from more frequznt changing of the demineralizer resin and
filter madia.

-+(f) The buildup of crud (e.g., S8Co, €°Co) along the sides of
_ the pool and the removal methods that will be used to
reduce radiation .levels at the pool edge to as low as
. reasonably achievable. : y

(g). The expected total man-rem to be received by personnel
- - occupying tha fuel pool area based on all operations in
;;_tgat area including the doses resulting from (e) and.(f)
.+ above. .. : e .

' ;-'ﬁ'dfscussion of the radiation protection program as it affects
.:_(a) through (g) should be provided. R
2.4 Indicate the weight of the present spent fuel racks that will be
. removed from thz SFP due to the modification and discuss what
will be done with these racks. - - R

" (a) cask drop/tip analysis, and ;. |
. (b) evaluation of the ovérhéad handiing system with respect to
-+ Regulatory Guide 1.104. T

: ﬂ~u3,2 If the accident aspects of review do not establish acceptability

with respect to either (a) or (b) above, then technical spacifica-
tions may be reguired that prohibit cask movement in the spent .
fuel building. ' _ )

.'”'A' 3.3 If the accident review does not establish acceptability with

respect to (b) above, then technical specifications may be
"required that: - : .o .-

. e N - -e.

(1) define cask transfer path including control of

(2) - cask height during transfer, and '
' (b) cask lateral position during transfer

(2) "indicate the minimum age of fuel iR pool sections during
movement of hzavy loads near the pool. In special cases
evaluation of consequences-limiting engineered safety
features such as isolation systems and filter systems nay
be required.
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3.4 If the cask drop/tip analysis a3 in 3.1(a) above is promised for
future submittal, the staff cvaluztion will include a conclusion
_on the feasibility of a specification of minimuia age of fuel
based on pravious evaluations.

. 3.5 The maximum weight of loads which may be transported over spent

© fuel may not be substantially in excess of that of a single fuel
. assembly. A technical specification will be required to this
.. o effect. " . .

.3.6 Conclusians that determination of pravious Safety Evaluation

Reports and Final Environmantal Statements have not changed

.”?;%}§Significantly or impacts are not significant are made so that a
. “negative declaration with an Environmental Impact Appraisal

-, (rather than a Draft and Final Environmental Statement) can be
... issued. This will involve checking realistic as well as con-
.~ rservative accident analyses. '
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VI. REFEREKCES

.

Regulatory Gu:des
. :;. ‘ - 1.]3

Ho 1 29

| "Standard Review Plan S '.-;jg’fff: oy
3 L .

3.

-

- Design ObJectives for Light Water Reactor Spent Fuel
Storage FaC\]lt]ES at Nuclear Power Stat1ons

- Seismic Design Classification

- ,'Design Reéponse Spactra for Seismic Dasign of Hﬁhlear
" Power Plants

- Damping Values for Sefsm:c Deswgn of Huclear Paw*r
" Plants

= Design Basis Tornade for Huclear Power Plants

- Comb1n1ng Hodal Pesponses and Spatial COmparents in
. Seismic Response Analysis . -

l 104 - Overhead Crane Handling Systems for Huclear Power h

Plants

Des1gn letts and Loadlng Comblnatlons for C]ass 1
Linear-Type Components Supports A

e

- Seusmlc Des1gn

- 3.8.4 - Uther Categary I Structures
e

= Fuel Storage and Handling . ‘
: :Sps,i - Fire Prcte;fion'System f PRI . L
Industry Codes and St.andards o f
='1.' American Society of Mechanical Engineers, Boiler and Pres-.
- . sure Vessel Code Section III Division 1 .
2. 'Amarlcan Institute of Steel Construction Specifications
American Nationa1 Standards Institute, N210-76
4. fAmerican Society of Civil Engineers, Suguested Spocification

for Structures of Aluainium Alloys 6001-T6 and 6057-16
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In order to determine the flexibility of the pool wall it is
acceptable for ‘the licensee to use equivalent mass and stiffness
properties obtained from calculations similar to those described in
"Introduction to Structural Dynamics" by J. M. Biggs published by
McGraw Hill Book Company. Should the fundamental frequency of

the pool wall model be higher t" n or equal to 33 Hertz, it may

be assumed that the response o. the pool wall and the corres-
ponding lateral support to the new rack system are identical to
those of the base slab, for which appropriate floor response
spectra or ground response spectra may already exist.

Structural Acceptance Criteria
When AISC Code procedures are adopted, the structural acceptance

criteria are those given in Section 3.8.4.11.5 of the Standard
Review Plan for steel and concrete structures. For stainless

" steel the acceptance criteria expressed as a percentage of yield

stress should satisfy Section 3.8.4.11.5 of the Standard Review

Plan. When subsection NF, Section III, of the ASME B&PV Code is

used for the racks, the structural acceptance criteria are those
given in the Table below. When buckling loads are considered in the
design, the structural acceptance criteria shall be limited by the
requirements of Appendix XVII-2110(b) of the ASME Boiler and Pressure
Vessel Code. .

For impact loading the ductility ratios utilized to absorb kinetic
energy in.the tensile, flexural, compressive, and shearing modes
should be quantified. When considering the effects of seismic

Joads, factors of safety against gross sliding and overturning of
racks and rack modules under all probable service conditions shall

be in accordance with the Section 3.8.5.11-5 of the Standard Review
Plan. This position on factors of safety against sliding and tilting
need not be met provided any one of the following conditions is met:

(a) it can be shown by detailed nonlinear dynamic analyses that
the amplitudes of sliding motion are minimal, and impact
between adjacent rack modules or between 2 rack module and
the pool walls is prevented provided that the factors of
safety against tilting are within the values permitted by
Section 3.8.5.11.5 of the Standard Review Plan.

(b) it can be shown that any s1iding and tilting motion will be
contained within suitable geometric constraints such as
thermal clearances, and that any impact due to the clear- -
ances is incorporated.

Materials, Quality Control, and Special Construction Techniques:
The materials, quality control procedures, and any special con-
struction techniques should be described. The sequence of in-
ctz11a*ion of the new fuel racks, and descripticn of the pre-
cautions to be taken to prevent damage to the stored fuel during

Iv-S



TABLE

Load Combination

Elastic Analysis . Acceptance Limit
D+L Normal limits of NF 3231.la
D+L +E Normal limits of NF 3231.1a
D+L +To Lesser of 2Sy or Su stress range
D+L+To+E Lesser of 2Sy or Su stress range
D+L +Ta +E Lesser of 2Sy or Su stress range-
D+L +Ta+El Faulted condition limits o

NF 3231.1c .

Limit Analysis

1.7 (D + L) - Limits of XVII-4000 of Appendix XVII
* ' of ASME Code Section II1I
1.7 (D +L + E) . ;

1.3 (D +L + To)
1.3(D+L +E + To)
1.1 (D+L + Ta+E)

Notes: 1. The abbreviations in the table atove are those used in
: - Section 3.8.4 of the Standard Review Plan where each term
js defined except for Ta which is defined as the highest
temperature associated with the postulated abnormal design
conditions.

2. Deformation 1imits specified by the Design Specification
1imits shall be satisfied, and such deformation limits
should preclude damage to the fuel assemblies.

3. The provisions of NF 3231.1 shall be amended by the
requirements of the paragraphs ¢.2, 3, and 4 of the
Regulatory Guide 1.124 entitled "Design Limits and Load
Combinations for Class 1 Linear-Type Component Supports.”

i
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\Joreword

(Thix Foreword is not a part of American National Standard for Nucleas Criticality Sa

fety in Operatinns
with Fissionable Mnterials Outside Renactors, N16.1-1975/ANS-8.1.)

This Standard provides guidance for the prevention of criticality accidents in the han-
dling, storing, processing, and transporting of fissionable materials. It was first drafted
in 1958 by a subcommittee of hoth the Standards Committee of the American Nuclear
Society and Sectional Committee N6 of the American Standards Association and was
designated American Standard N6.1-1964. (In 1966, the USA Standards Institute was
constituted as successor to the ASA; in 1969 the name of the Institute was changed to
American National Standards Institute.) Increased basic knowledge and operating
experience made desirable the revision designated American National Standard
N16.1-1969 which extended American National Standard N6.1-1964 and included the
specification of limits applicable to process variables for the prevention of criticality
accidents. The wide acceptance of the revision has made desirable its reaffirmation,
with some changes to improve clarity and to modify the concentration limit for 299py

in accordance with recent re-examinations of the minimum critical concentration of
Pu in water.

The prescribed five-year review of American National Standard N16.1-1969 was per-

formed by Subcommittee 8 of the Standards Committee of the American Nuclear
Society, the originating body. The review was managed by H. K. Clark, E.1. du Pont de

Nemours and Co., Savannah River Laboratory.

This fesulting revision was prepared under the guidance of Suhco‘mmittee 8,
Fissionable Material Outside Reactors, having the following membership:

J. D. Mclendon, Cheirman, Union Carbide Cor. D. M. Dawson, General! Electric Company

poration, Nuclear Division W. A. Johnson, US. Energv Rescarch and Develop.
E. B. Johnson, Secrewary, Uninn Carbide Cor. ment! Administration
paration Nuclear Divixion Norman Ketzlach, US. Nuclenr Regulatory Com.
F. M. Alcorn, Babcock and Wileox Company mizsion
H. K Clark, Sarannah River Laboratory W. G. Morrison, Allied Chemical Corporation
E. D. Clayton, Battelle Pacific Northwest David R Smith, Lox Alamos Scientific Laboratory
Laboratories ' d. T. Thomas, Oak Ridge National Laboratory

Frank E. Woltz, Gondyear Atomic Corparation

The American National Standard Committee N16, Nuclear Criticality Safet_\.r. which
reviewed and approved this revision in 1975, had the following membership:

Dixon Callihan, Chairman
E. B. Johnson, Secretary

Organization Represented Name of Representative
American Institute of Chemical Engineers..............oc.vuueuneriunninoo Alex Perge
American Nuclear Saciety ............. e et et et e et ee ettt eane e arans Dixon Callihan
American Society for Testing and Materials........................... 7" A. N. Tschaeche
John H. Bystrom (Alt)

Atomic Industrial Forum, Inc..................... S s ettt e treaean e anae D. F. Cronin
Health Physicn Society ... ceueiiiiiiiiieiiniisininernnsennnnnnnsnni 1000 Fred Sanders
F. F. Haywood (Aln

Institute of Nuclear Materialx Management .ooooiieniiiiniiini C. lLeslie Brown
Geuorge Waller (Al

U.S. Energy Research and Development Administration ......................... Wade C. McCluggage
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Nuclear Criticality Safety in Operations with
Fissionable Materials Outside Reactors

1. Introduction

Operations with fissionable materials introduce
risks of a criticality accident resulting in the
relense of radiation that may be lethal to nearhy
personnel. However, experience has shown that
extensive operations can be performed safely
and economically when proper precautions are
exercised. The few criticality accidents that
have occurred show frequency and severity rates
far below those typical of nonnuclear accidents,
This favorable record can be maintained only hy
continued adherence to good operating prac.
tices. In secking a balance between operating
cost and nuclear criticality safety, the protection
of operating personnel! and the public must he
the dominant consideration; however, it is not
possible to establish safe processes in an ab.
solute sense hy this or any standard.

2. Scope )

This Standard is applicable to operations with
25y, 233y, 239py. and ather fissionable ma.
terials outside of nuclear reactors, except the
assembly of these materials under controlled
conditions, such as in critical experiments.
Generalized basic criteria are presented and
limits are specified for some simple single
fissionable units, but not for multiunit arrays.2
This Standard does not include the details of
administrative controls, the design of processes
or equipment, the description of instrumenta-
tion for process control, or detailed criteria to be
met in transporting fissionable materials,

3. Definitions

3.1 Limitations. The definitions given below
are of a restricted nature for the purposes of this
Standard. Other specialized terms are defined in
American National Standard Glossary of Terms
in Nuclear Science and Technology, N1.1-1967.

'Guidance for extahblixhing an alarm svxtem ix contained in
American National Standard Criticality Acvident Alarm
Svxtem, N1G2.1969,

Limitx for certain multiunit AFEANE are contained in
American National Standard Guide for Nuclear Criticality
Safety in the Storage of Fissile Materialc, NG5S 1975,

RV

3.2 Glossary of Terms

shall, should, and may. The word “shall” is
used to denote & requirement, the word “should”
to denote a recommendation, and the word
“may” to denote permission, neither a
requirement nor a recommendation. In order to
conform with this Standard, all operations shall
be performed in accordance with its
requirements, but not necessarily with its recom-
mendations, '

arcal density. The product of the thickness of
an infinite, uniform slab and the concentration
of fissionable material within the slab; hence,
the mass of fissionable material per unit area
projected onto a plane parallel to the slab sur.
faces. ’
ériticality accident. The release of energy as a
result of accidentally producing a self-sustaining
or divergent neutron chain reaction.

nuclear criticality safety. The prevention or
termination of inadvertent nuclear chain reac.
tions in nonreactor environments.

slurry. A mixture or suspension of water and
insoluble particulate fissionable material such
as metal shavings, oxide particles, salts, or
precipitates.

subcritical limit (limit). The limiting value
assigned to a controlled parameter that results
in a system known to be subcritical provided the
limiting value of no other controlled parameter
of the system is violated. The subcritical limit
allows for uncertainties in the calculations and
experimental data used in its derivation but not
for contingencies, e.g., double batching or failure
of analytical techniques to yield accurate
values.

4. Nuclear Criticality Safety
Practices

4.1 Administrative Practices

4.1.1 Responsibilities. Management shall
clearly establish responsibility for nuclear
criticality safety. Supervision should be made as
responsible for nuclear criticality safety as for
production, development, research, or other
functions. Nuclear criticality safety differs in no
intrinsic way from industrial safety, and good
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managerial practices apply to hoth.
Management shall provide personnel skilled
in the interpretation of data pertinent to nuclear
criticality safety and familiar with operations to
serve as advisors to supervision. These special.

ixts should be, to the extent practicable admin.
istratively independent of process supervision,

Management shall establish the criterin to be
satisfied by nuclear criticality safety controls.
Distinction may be made hétween shiclded and
unshielded facilities, and the ecriteria may be
less stringent when adequate shielding assures
the protection of personnel.

4.1.2 Process Annlysis. Before a new
operation with fissionable materials is begun or
hefore an existing operation is changed, it shall
be determined that the entire process will be
suberitical under both normal and credible ab-
normal conditions?

4.1.3 Writtén Procedures. Opcrations  to
which nuclear criticality safety is pertinent shall
be governed by written procedures. All persons
participating in these operations  shall he
familiar with the procedures.

4.1.4 Matcrials Control. The mavement of
fissionable materials shall be controlled. Ap-
propriate materials labeling and area posting
shall be maintained specifving material iden-
tification and all limits on parameters that are
subjected to procedural control.

4.L5 Operational Control. Deviations from
procedures and unforeseen alterations in
process conditions that affect nuclear criticality
safety shall be investigated promptly and action
shall be taken to prevent a recurrence.

4.1.6 Operational Reviews. Operations shall
be reviewed frequently to ascertain that
procedures are being properly followed and that
process conditions have not been altered so as to
affect the nuclear criticality safety evaluation.
These reviews shall he conducted, in con.
sultation with operating personnel, by in-
dividuals who shall be knowledgeable in
nuclear criticality safety and who, to the extent
practicable, should not be immediately respon-
sible for the operation.

4.1.7 Emergency Procedures. Emergency
procedures shall he prepared and approved by

MIn some caxex it may be NECENSHEY G0 Fesort to in sify
neutron mulliplication measurements to sonfirm the sih.
etiticality of progused configurations, Guidanee for safety in
perlorming such mensarements s contained in American
Nutional Standard for Safety in Condueting Sulwritieal
Newtron-Multiplication Measurements In Sitw, NIG L1974

l4luy

manngement. Organizations, local and offsite,
that are expected to respond to emergencies
shall be made aware of conditions that might he
encountered, and they should he assisted in
preparing suitable procedures governing their
responses.

4.2 Technical Practices
4.2.1 Controlling Factors. Nuclear critical.
ity safety is achieved hy exercising control over:
(1) The mass, and  distribution of all
fissionable materinls, and
(2) The mass, distribution, and nuclear
properties of all other materials with which the
fissionable materials are associated.

4.2.2 Double Contingency Principle.
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 ac--
cident is possible.

4.2.3 Geometry Control. Where practicable,
reliance should be placed on equipment design
in which dimensions are limited, rather than on
administrative controls. Full advantage may he
taken of any nuclear characteristies of the
process materials and equipment. Control shall
be exercised to maintain all dimensions and
nuclear properties on which reliance is placed.

4.24 Neutron Ahsorbers. Reliance may he
placed on neutron-absorbing materials, such as
cadmium and boron, that are incorporated in
process materials or equipment or hoth.4 Con.
trol shall be exercised to maintain their con-
tinued presence with the intended distributions
and concentrations. Care should be taken with
solutions of absorbers because of the difficulty
of exercising such control.

4.2.5 Subcritical Limits. Where applicable
data are available, subcritical limits shall be
established on bases derived from experiments,
with adequate allowance for uncertainties in the
data. In the absence of directly applicable ex-
perimental measurements, the limits may be
derived from calculations made by a method
shown to be valid by comparison with ex-
perimental data, provided sufficient allowances
are made for uncertainties in the data and in
the calculations.

enitaner for the use of o particular ahsorber is sontiined i
Ameriean National Stancdard Use of Borosilicate il
Raschig Rings ax a Neutron Absorber in Salutions of Fisile
Material, Ni6.4.1971.



5. Single-Parameter Limits for
Fissile Nuclides

Operations with fissile materials may be per-
formed safely by complying with any one of the
subcritical limits given in 5.1, 52, and 5.3
provided the conditions under which it applies
are maintained. A limit shall be applied only
when the effects of neutron reflectors and of
other nearby fissionable materials are no
kreater than reflection by an unlimited thick.
ness of water. The limits shall not be applied to
mixtures of 235U, and 233y, and 239p,,,

Process specifications shall in-
corporate margins to protect against
uncertainties in process variables and
against a limit being accidentally ex-
ceeded.
5.1 Uniform Aqucous Solutions. Any one of
the limits of Table 1 is applicable provided a
uniform aqueous solution is maintained and
provided, for 2Py, at least four nifrate ions are
present for each plutonium ion. The ?3%Py limits
apply to mixtures of plutonium isotopes
provided the concentration of 239Py exceeds that
of 24'Pu and provided 24'Pu is considered to be
2Py in computing mass or concentration.

Al
};‘ 5.2 Slurries

5.2.1 Uniform Slurries. The limits of 5.1
may he used for macroscopically uniform
slurries, provided: ’

(1) There are at least four nitrate jons in-
timately associated with each plutonium atom,

and
(2} For the dimensional and volume limits,

the ratio of hydrogen-to-fissionable material
does not exceed that in an aqueous solution
having the same concentration of fissionable
material,

The limit on the enrichment of uranium in 5.1
is valid [8]3 only for slurries in which the ratio
of surface-to-volume of the particles is at least
80 cm Y,

5.2.2 Nonuniform Slurries. The limits on
cyvlinder diameter and slab thickness in Table 1
may be used for nonuniform slurries [5)
provided:

(1) Four nitrate ions are intimately
associated with each plutonium atom,

SNumbers in hrackets refer ns vorresponding numbeers in S
tion K, References,

141

American National Standard NIG 1 QYT WANSH L

Table 1
Single-Parameter Limits for Uniform
Aqueous Solutions Containing Fissile Nuclides

Subcritical Limit for

Parameter 233y 2y 233py,
Pravided
N:Pu>4

Mass of fissile

nuclide, kg 0.76"  0.55" 0.51"
Solution cylinder

diameter, cm 139" 115" 15.7"
Solution =labh

thickness, ecm 4.6" 3.0 58"
Solution volume,

liters 58 35 7.7
Concentration of fissile

nuclide, g/liter 11.5" 108" 7.07
Areal density of fissile

nuclide, g/cm? 0.40" 0.35" 0.25*
Uranium enrichment,

wt 5 235y 1.00" - -
Uranium enrichment

in presence of

two nitrate ions

per uranium atom,

wt % 235y 2.07f - —_

"Data from Ref. 1 (The references are listed in
Section 8)

*Data from Ref. 2

‘Data from Refs. 3 and 4

“Data from Ref. 5

*Data from Ref. 6

‘Data from Ref, 7

(2) The restriction on the ratio of
hydrogen-to-fissionable atoms, specified in Con-
dition 2 of 5.2.1, is met everywhere throughout
the system,

(3) For cylinders, the concentration
gradient is only along the length, and

(4) For slabs, the concentration gradient
is only parallel to the faces. ’

For 23%Py in the absence of nitrate ions, but
with the proviso that no localized regions of
density greater than 0.25 g of 23%Pu/em3 are per-
mitted, limits of 15.1 and 5.4 cm on ovlinder
diameter and slab thickness, respectively, are
applicable [2] under Conditions 2, 3. and 4
abave (this section). )

The areal densities given in 5.1 are valid for
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nonuniform slurries provided these densities are
uniform. '

The suberitical mass limits for 235y, 23y,

and 3Py in nonuniform slurries are 0.70, 0.52,
and 0.45 kg, respectively [2. 5). Nitrate ions
need not be present.
5.3 Metallic Units. The enrichment limit for
uranium and the mass limits given in Table 2
apply to a single picce having no concave sur-
faces. They may be extended to an assembly of
smaller units provided there i no inter-unit
moderation,

The 335U and 233U limits apply to mixtures of
either isotope with 234U, 236U, or 2{ provided
all isotopes except 238U are considered to be
25U or 2394, respectively, in computing mass.
The 3Py limits apply to isotopic mixtures of
plutonium provided the concentration of 240py
exceeds that of 24! Py, all plutonium isotopes are
considered to be 2*¥*Pu in computing mass, and
no more than 1% 2Py is present.

Table 2
Single-Parameter Limits for Metal Units

Suhcritical Limit® for
Parameter

235y 233y 239 Pu

Mass of fissile

nuclide, kg 20.1 6.7 4.9
Cylinder diameter,

cm 7.3 4.6 44
Slab thickness, cm 1.3 0.54 0.65
Uranium enrichment,

wt % 235y 5.0 —_— -_—

*Data from Ref. 9.

6. Multiparameter Control

Although the single-parameter limits are
adequate for many purposes, they are in-
conveniently and uneconomically small for
many others. In many cases, simultaneous
limitation of two or more parameters may allow
more flexible operational control. General
guidance for multiparameter control and for the
extension of certain single parameter limits may
be found in the technical literature f10-13).

6.1 Uranium Enriched to No More Than 5%
333U. An application of multiparameter control
is control of both the enrichment of uranium

lale

and one of the parameters of 5. Subcritical
limits (14, 15]) applicable to aqueous systems
containing uranium metal or uranium oxide
{UQ2), regardless of the size and shape of meta)
or oxide pieces, are specified as functions of
enrichment in Figs. 1 through 5 which give,
respectively, the mass of 23U, the cylinder
diameter, the slab thickness, the volume, and
the areal density.® These limits shall be applied
only when the effects of neutron reflectors and
other nearby fissionable materials are no
greater than reflection by an unlimited
thickness of water.

Process specitications shall in-
corporate margins to protect against
uncertainties In process variables and
against a limit being accidentally ex-
ceeded.
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Fig. 1 Mass limit for uranium-water lattices.

*The data points through which the curves in Figs. 1.5 were
deawn are the subaritical values listed in tables VIV of
Relerence 15.
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7. Revision of American National
Standards Referred to in
This Document

When the following American National Stan.
dards referred to in this document are super-.
seded by a revision approved by the American
National Standards Institute, Inc., the revision
shall apply:

. Glossary of Terms in Nuclear Science and
Technology, N1.1-1967.

2. Criticality Accident Alarm System, N16.2-
1969,

3. Safety in Conducting Subcritical Neutron-
Multiplication Measurements In Situ,
N16.3.1975.

4. Use of BRorosilicate-Glass Raschig Rings as
a Neutron Absorber in Solutions of Fissile
Material, N16.4-1971.

Guide for Nuclear Criticality Safety in the
Storage of Fissile Materials, N16.5.1975.

=
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Appendix

(Thix Appendix is not a part of American National Standard NIG.I1975/ANS 8.1, but i included for

information purpeses anly.)

The determination that & process will be sub-
critical under eredible abnormal conditions re.
quires earcful study, The following are tapical
examples of changes in process eonditions that
should be considered: '

DA change in intended shape or dimensions
resulting from bulging, corrosion, or burst.
ing of & container, or failure 1o meet
speciflications in fabrieation,

{2) An increase in the intended mass of fis.

sionable material ax  the cesult of
operational error.,
(WA change in the intended ratio of

moderator to fisxionable

rexulting from:

materinl

(0) Inaceuracies in instruments or chemi-
cal analyses,
(h) Flomding, spraying. or otherwise sup-
plyving units or groups of units with
ater.  oil, snow  (ie., lnw-density
water), cardboard, wood, or other
moderating material,
(e} Evaporating or displacing moderator.,
¢ Precipitating fissionable material
from solutions.
(e} Diluting concentrated solutions with
additional moderator. '
(DA change in the effectiveness of an nb-
sorher resulting from:
(8) Loss of solid absorber by corrosion.
(b) Loss of moderator.

(c} Redistribution of ahsorber and fission-

1415

able material by precipitation of one
but. not the other from a solution.

() Redistribution of xolid absorber
within a matrix of moderator or
solution by clumping,

ey Failure to add the intended amount of
abxorber to a solution or failure 1o add
it with the intended distribution.

(51 A change in the effectiveness of a refllector
resulting from:

ta) An increase in reflector thickness by
adding additional material (e, water
or perxonnel),

() A change in reflector compeition such
ax loss of absorber (e.g.. by corrosion
of an outer easing of absorher).

(6) A change in the interaction between units
and reflectors resulting from:

ta) The introduction of additional unis
or reflectors (e.g., personnel).

{h) Improper placing of units.

(¢} Loss of moderator and absorber be-
tween units,

() Collapse of a framework used to space
units,

(7) An increase in the intended density of
fissionable material.

(8) The subktitution of units containing more
fissionable material than intended as a

result of operational error or improper
labeling.
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Nuclear Criticality Safety in Operations with Fissionable

Materials Outside Reactors

1. Introduction

tions with some fissionable materisls
introduce risks of 8 criticality sccident resulting
inlrduseofndhﬁmthtmybehthﬂw
pearby personnel However, experience has
shown that extensive operations can be performed
safely and economically when proper precautions
are exercised. The few criticality accidents that
have occurred show frequency and severity
rates far below those typical of ponnuclear ac
cidents. This favorable record can be maintained
only by continued adherence to good operating
practices such as are exmbodied in this standard;
bowever, the standard, by itself, cannot
establish safe processes in an absolute sense.
Good safety practices must recognize economic
considerations, but the protection of operating
personne!! and the public must be the dominant
consideration.

2. Bcope

This standard is applicable to operations with
fissionable materials outside nuclear reactors,
except the assembly of these materials under
controlled conditions, such as in critical experi-
ments. Generalized basic criteria are presented
and Limits are specified for some single fission-
able units of eimple shape cnuiaining B3y,
235y, or 23%Pu, but not for multionit arrays.*
Requirements are stated for establishing the
validity and areas of applicability of any calcula-
tional method used in assessing puclear criticality
safety. This standard does pot foctude the
details of administrative controls, the design of
processes or equipment, the description of in
strumentation for process control, of detailed
criteris to be met in transporting fissionable
materials.

1Guidanes for establishing an alarm systas {s contained in
American National Standard Criticality Accident Alsrm
Bystam, ANSUANS-8.3-1978.

$Limits for certain multiunit srrays are cootained In
Americas Nationa! Standard Guide for Nuclear Criticality
Safsty i the Storage of Fissle Matarials, ANSIANS-8.T-
1982.

8. Delinitions

31 Limitations. The definitions given below are
of a restricted nature for the purposes of this stan-
dard Other specialized terms are defined in
American National Standard Glossary of Terms
i Nuclear Science and Technology, ANSI N1.1-
1976/ANSS [1)*

32 Sball, Should, and May. The word “shall” is
undwdenoulnqummmhevmd“lbadd”
wdmutmmndlﬁm.mdmwud"my”
to denote permissicn, neither a requirement nor
a recommendation. In order to conform with
this standard, all operations shall be perfarmed
in sccordance with its requirements, but not
pecessarily with its recommendations.

33 Glossary of Terms

area(s) of applicabllity. The ranges of material
compositions end geometric arrangemaents
within which the bias of a calculational method
is established.

areal density. The total mass of fissionable
material per unit area projected perpendicularly
onto a plane. (For an infinite, uniform slab, it is
the product of the slab thickness and the concen-
tration of fissionable material within the slab)

bias. A measure of the systematic disagreement
between the results calculated by & metbod and

enta] data. The uncertainty in the bias
hnmumofboththcpndﬁonoﬂhealaﬂr
tiomnndtbuec\mcyofthuxpeﬁmenu!dau.

calculational method (metbod). The mathe
matical equations, approximations, assump-
tions, associated pumerical parameters (e.8-
croes sections), and calculational procedures
which yield the calculated results.

controlled parameter. A parameter that is kept
within specified limits. .

criticality accident. The release of enezgy as &

“result of accidentally producing & self-

sustaining or divergent peutron chain reaction.

SNumbers to bracketa refer to corresponding sumbers i
Section 7, Refersnces. :
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effective multiplication factor (keep). The ratio of
the total number of neutrons produced during a
time interval (excluding neutrons produced by
sources whose strengths are not a function of
fission rate) to the total number of neutrons lost
by absorption and leakage during the -same
interval

auclear criticality safety. Protection against the
consequences of an inadvertent anclear chain re-
action, preferably by prevention of the reaction

suberitical Emit Qimit). The limiting wvalue
assigned to a controlled parameter that results
in & subcritical system under specified condi-
tions. The subcritical limit allows for uncertain-
ties in the calculations and experimental data
used in its derivation but not for contingencies;
e.g., double batching or failure of analytical
techniques to yield accurate values.

4. Nuclear Criticality Safety Practices

4.1 Administrative Practices .
4.1.1 Responsibilities. Management shall

clearly establish responsibility for puclear -

criticality safety. Supervision should be made as
responsible for nuclear criticality safety as for
production, development, research, or other
functions. Each individual, regardless of posi-
tion, shall be made aware that nuclear eriticality
safety in his work area is ultimately his respon-
sibility. This may be accomplished through
training and periodic retraining of all cperating
and maintenance personnel Nuclear criticality
safety differs in no intrinsic way from industrial
;:!ety. and good managerial practices apply to
th

Management shall provide skilled in
the interpretation of data pertinent to nuclear
criticality safety and familiar with operations to
serve as advisors to supervision. These
specialists should be, to the extent practicable,
administratively independent of process super
vision.

Management shall establish the criteria to be
satisfied by nuclear criticality safety controls.
Distinction may be made between shielded and
unshielded facilities, and the criteria may be less
stringent when adequate shielding and confine-
ment assure the protection of personnel.¢

4Guidance is provided in Amaerican National Standard
Critaria for Nuclaar Criticality Bafety Controls i Opers-
tions with Shislding and Conflnerment, ANSUANS-8.10-
1983,

412 Process Analysis. Before a new opera-
tion with fissionable materials is begun or
before an existing operation is changed, it shall
be determined that the entire process will be
subcritical under both pormal and credible ab-
normal conditions.® Care shall be exercised to
determine those conditions which result in the
maximum effective multiplication factor (kees).

4.1.8 Written Procedures. Operations to
which nuclear eriticality safety is pertinent shall
be governed by written procedures. All persons
participating in these operations shall under-
stand and be familiar with the procedures. The
procedures shall specify all parameters they are
intended to control They should be such that no
single, inadvertent departure from a procedure
can cause & criticality accident.

4.14 Materials Control. The movement of fis-
sionable materials shall be controlled. Appro-
priate materials labeling and ares posting shall
be maintained specifying material identification
and all limits on parameters that are subjected
to procedural control. .

4.15 Operational Control Deviations from
procedures and unforeseen alterations in pro-
cess conditions that affect nuclear criticality
safety shall be reported to management and
shall be investigated promptly. Action shall be
taken to prevent a recurrencs.

4.1.8 Operational Reviews. Operations shall
be reviewed frequently (at least annually) to
ascertain that procedures are being followed and
that process conditions have not been altered s0
as to affect the nuclear criticality safety evalus-
tion. These reviews shall be conducted, in coo-
sultation with operating perscanel, by individuals
who ars knowledgeable in npuclear criticality
safety and who, to the extent practicable, are
not immediately responsible for the operation.

4.1.7 Emergency Procedures. Emergency pro-
cedures shall be prepared and approved by
management. Organizations, local and offsite,
that are expected to respond to emergencies
shall be made aware of conditions that might be
encountered, and they should be assisted in

preparing suitable procedures governing thair
responses.

Sln some crses It may be Decessary to rescrt to (r airy
peutron multipication messuraments to confirm the mb-
eriticality of proposed configurations. Guidanes for safsty
fn performing such measurements & eontaived in American
Nationa! Standard for Safety kn Conducting Suberitical
Neutroo-Multiplication Measurements In Situ, ANSUANS-
8.6-1983.
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42 Technical Practices .

421 Controlling Factors. The effective multi-
plication factar (kett) of & system containing fis-
sionable material depends on:

(1) The mass and distribution of all fission-
able materials and

(2) The mass, distribution, and nuclear pro-
perties of all other materials with which the fis-
sionable materials are associated.

Nuclear criticality safety is achieved by con-
ml]ingcneormorepumewtdthm
within subcritical limits. Control may be exer
cised administratively through procedures (e.g.,
by requiring that a mass pot exceed a posted
limit), by physical restraints (e.g., by confining &
solution to a cylindrical vessel with diameter Do
greater than the subcritica! limit), through the
use of instrumentation (e.g., by keeping 8 fissile
concentration below a specific limit by devices
that measure concentration and prevent its
buildup through refluxina chemical system), by
chemical means (e.g., by prevention of condi-
tions that allow precipitation, thereby maintaining
concentration characteristic of an aqueous solu-
tion), by relying on the natural or credible course
of events (e.g., by relying on the naturs of a pro-
eesstokeept.hedemityofurmiumoﬁdcm
t.hantspedﬁedﬁ'actionoftheoudal).cby
other means. All controlied parameters and
their limits shall be specified.

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

423 Geometry Control Where practicable,
reliance should be placed on equipment design in
which dimensions are limited® rather than on
administrative controls. Full advantage may be
taken of any nuclear characteristics of the pro-
cess materials and equipment. All dimensions
and nuclear properties on which reSance {s placed
shall be verified prior to beginning openations,
and control shall be exercised to maintain them.

424 Neutroa Absorbers. Reliance may be
placed on neutros-absorbing materials, such as
cadmium and boron, that are incorporated fn

6Guidanes for assessing the safety of piping systeme for
wrany! gitrate soluticns is contained in Amaericas National
Standard Nuclaar Criticality Safety Guide for Pips istar
sections Containing Aqueous Sclutions of Eariched Urasyl
Nitrats, ANSUVANS-8.6-1978.
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process materials or equipment, or both!
Control shall be exercised to maintain their con-
tinued presence with ths intended distributions
and concentrations. Extraordinary care should
be taken with solutions of absorbers because of
the ditficulty of exercising such control
425 Suberitical Limits. Where applicable
data are available, subcritical limits shall be
established on bases derived from experiments,
with adequate allowance for uncertainties in the
data. In the absence of directly applicable
ta! measurements, the limits may be
derived from calculstions made by a method
shown by comparison with experimental data to
be valid in accordance with €.8.

43 Validation of a Calculationa! Method. There
are many calculational methods suitable for
determining the effective multiplication factor
(kett) of o system or for deriving subcritical
Kimits. The methods vary widely in basis and
form, and each has its place in the broad spec-
tram of problems encountered in the nuclear
criticality safety field However, the general pro-
cadure to be followed in establishing validity is

- common toall

43.1 Bias shall be established by correlating
the results of criticality experiments with
results obtained for these same systems by the
method being validated. Commonly the correla-
tion is expressed in terms of the values of ket
calculated for the experimental systems, in
which case the bias is the deviation of the
calculated values of ket from unity. However,
other parametars may be used The bias serves
to normalize a method over its area(s) of appli-
cability so that it will predict critical conditions
within the limits of the uncertainty in the bias.
Generally neither the bias nex its uncertainty is
constant; both should be expected to be func
tions of compoaition and other variables.

432 The areals) of applicability of a calculs-
tiocnal method may be extended beyond the
sange of experimental coeditions over which the
biss is established by making use of the trends
in the bias. Where the extension is large, the
method should be supplemented by other
calculationa! methods to provide a better
estimate of the bias in the extended area(s).

TGuidance for the use ¢f 8 particular absorber ls contained
in American National Standard Use of Borosilicata-Glass
mmmmn«m;\wm&uumdm
Material, ANSUANS-2.5-1837).
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43.3 A margin in the correlating parameter,
which margin may be a function of composition
and other variables, ghall be prescribed that is
sufficient to ensure subcriticality. This margin
of subcriticality shall include allowances for the
uncertainty in the bias and for uncertainties due
to any extensions of the areals) of applicability.

4.3.4 If the method involves a computer pro-
gram, checks shall be performed to confirm that
the mathematical operations are performed as
intended. Any changes in the computer program
shall be followed by reconfirmation that the
mathematical operations are performed as
intended.

4.3.5 Nuclear properties such as cross sec
tions should be consistent with experimental
measurements of these properties.

4.3.6 A written report of the validation shall
be prepared.t This report shall:

(1) Describe the method with sufficient
detail, clarity, and lack of ambiguity to allow
independent duplication of results.

{2) State computer programs used, the op-
tions, recipes for choosing mesh points where
applicable, the cross section sets, and any
numerical parameters necessary to describe the
input.

(3) 1dentify. experimental data and list
paremeters derived therefrom for use in the
validation of the method.

(4) State the area(s) of applicability.

(§) State the bias and the prescribed margin
of subcriticality over the area(s) of applicability.
State the basis for the margin.

6. Single-Parameter Limiis for Fissile
- Nuclides

Operations with fissile materials may be per
formed safely by complying with any one of the
limits given in 6.1, 6.2, 5.8, and 5.4 for single
units provided the conditions under which the
limit applies are maintained; these limits were
calculated by methods satisfying the require
ments of 4.8. A limit shall be applied only whan
surrounding materials, including other nearby
fissionable materials, can be shown to increase
the effective multiplication factor (ketr) no more
than does enclosing the unit by a contiguous
layer of water of unlimited thickness. A lmit

SMunagement may Emit the distribution of the report to
protact propristary information.

4

.
|

may be applied to a mixture of fissile nuclides
by considering all components of the mixture to
be the one with the most restrictive Limit.

Process specliications shall incorporate
marging (o protect against uncertainties
in process varlables and against a limit
being accidentally exceeded.

8.1 Uniform Aquecus Solutions. Any cne of the
Limits of Table 1 is applicable provided a
uniform aqueous solution is maintained. It is
therefore implied that the concentrations of the
saturated solutions are not exceeded. The 33%py
Limits apply to mixtures of plutonjum isotopes
provided the concentration of 24Py exceeds
that of 2'Py and provided 2¢!Py is considered
to be 23°Py in computing mass or eoncentration.
(Less restrictive limits are provided in 6.3 for
plutonium isotopic compositions containing ap-
precisble concentrations of 24°Py.) The limit on
atomic ratio is equivalent to the limit on solu-
tion concentration, but the ratio limit may also
be applied to non-aqueous solutions regardless
of the chemical form of the fissile nuclide.

52 Aqueous Mixtures. The areal densities of
Table 1 are independent of chemical compound
and are valid for mixtures which may have den-
sity gradients provided the areal densities are
uniform. The subcritical mass kimits for #3y,
3350, and #%Py in mixtures that may not be
uniform are 0.50, 0.70, and 0.45 kg, respectively,
and are likewise independent of compound [24).
62.1 Eorichment Limits. Table 2 contains
235y enrichment Limits for uranium compounds
mized bomogeneously® with water with no
Hmitations on mass or concentration.

#12 the “homogeoecus”™ miztures to which ealculsticas of
these imits wers pormalized the average particle sise of dry
U0; was 80 microas [V. L. NEELEY and H. E. HANDLER,
“Measurement of Multipication Constant for Slightly
Esriched Hamogeoesous U0;-Watar Mizturws and Minimum
Exnrichment for Criticality,” HW-70310, Hanford Atomic
Products Operations (August 19811} 2‘ veczs t?o,d{rz g;n
the & size of the dibydrate ]
was tmmlw mn‘l;hloo microns [V. I. NEELEY. J. A.
BERBERET and h‘!’!. MASTERSON, *k, of Thres
Weight Par Cent Enriched VO3 and UOx(NOg)y
Hydrogeneous Systams,” HW£$8882, Hanford Atomic Pro-
ducts Operstions (Septamber 1961)]. Various H/U ratios i
the nitrats n!xtnns were -Mﬁmm& spheres of
polysthylens S. R BIERMAN and G. M. HESS, “Minimum
Crittea! *%U Earichmest of Homogepecus Uranyl
Nitrats,” ORNLLCDC-8, Oak Ridge Criticality Dats Center

Juoe 1988}
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63 Metallic Units. The enrichment lmit for
uranium and the mass limits given in Table $ apply
to a single piece having no concave surfaces.
They may be exteaded to an assembly of pieces
provided there is no interspersed moderation.

m’”um”‘um mppxywm:muof
either isotope with 34y, 26y, or U provided

234y iy considered to be B or 25U, respec:
tively, in computing mass [3]. The B3Py Lmits
apply to isotopic mixtures of plutonium provided
the concentration of #*°Pu exceeds that of #1Py
and all isotopes are considered to be 33%Py in
computing mass {4]. Density limits may be ad-
justed for isotopic composition.

8.4 Oxides. The limits in Tables 4 and § apply
only if the oxide contains no more than 1.6%
water by weight. The mass limits apply to a
single piece having no concave surfaces. They
may be extended to an assembly of pieces pro-
vided there is no additional lnunpeuod
moderation.

The mass limit is given equivalently as mass of
guclide and as mass of oxide (including
moisture). It is emphasized that the limits in
Tables 4 and § are valid only under the specified
bulk density restrictions.!® With water content
Limited t0 1.6% the enrichment limit of Table £
for uranium oxides is increased to 8.2% U [3].

10The user is cautioned that, particularty ior UO;. material
densities in excess of the full densitive of Table ¢ may be
possible and bence that the limits of Table ¢ ay oot be
valid for highly compacted ozides. However, it is expected
that cxides will generally be in the form of looes powders or,
o the came of UOg, of sccumulations of pallets and that the
Limits of Table € and puwrhapa Table § will be valid Where
other density Emits ary desired. where it b inconvenient ta
eaintain the water content below 14% (AU & 047, &
whers cxides are pon-etoickiometric, the Emits may be
useful as points of departurs kn darfving mors sppropriasts
valuee.

The maximum bulk densitiss were derived from CRC Hand-
book values of 10.96, 8.3, 7.29, and 11.48 g/em? for UD,,
U0y UO0;. and PuOg togetber with the sssumption of
additive volumes of axide and witer. However, 3.7y densitios
of UO; a3 high a3 0.48 g/c® have bees reported. Moreover,
the assumption of additive vohumes may be incorrect: with
H O nllgmd a density of unity, an effective UO; density
of 30.47 g/em? s required to produce & reported s-tay density
of €.71 g/emm? for «-UOgIOH)g.
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6. Multiparameter Control

Although the single-parameter limits are ade-
quate for many purpoees, they are inconveniently
and uneconomically small for many others.
Simultaneous limitation of two or more para-
meters results in & less restrictive limit for the
one of interest. A few particularly usefu! ex.
amples are given in 6.1 through 6.4. All were
calculated by methods satisfying 4.3. These
limits shall be applied only when surrounding
roaterials can be shown to increase the effective
multiplication factor (kes} ©o more than does
enclosing the system by a contiguous layer of
water of unlimited thickness. General guidance
for multiparameter control may be found in the
technical literature 11-1¢

Process speclfications shall incorporate
margins to protect against uncertainties
in process variadles and against e limit
being accidentally exceeded.

6.1 Uranfom Metal- and Uranivm Ozido-Wucf

" Miztures at Low 3%U Enrichment. An applics-

tion of mu!tipmow control is control of both
the 3%V enrichment of uranium and one of the
parameters of Section 6. Subcritical limits [5)
applicable to aqueous eystems containing
uranium metal or uranium oxide (UOQy),
regurdless of the gize and shape of metal or axide
pieces, are specified as functions of enrichment
to Figs. 1 tbroughbwhichpva.mpocﬁvdy the
mass of 335U, the cylinder diametar, the slab
thickness, the volums, and the ares! density.}$

1R C. PAXTON, . T. THOMAS, D. CALLIHAN, end

&%:grmson. Dimengions of Bystacs Cantaining
5 and " TID-1028, US. Atomic Enargy
Commission (1964). ..

12). T. THOMAS, "Nuclear Bafety Guide, TID-1018, Rev.
2~ NUREG/CR0095 (ORNL/NUREG/CSD-6), Ouk Ridge
Nationa! Laborstory (1978,

UH. K. CLARK, “Handbook of Nuclear Satety,” DP-532,
Savanzah River Laborstory (1981)

UR D. CARTER G. R KEIL. K R RIDGWAY,
“Criticality Handbook,” ARH-600, Atlantic Rich8eld Han-
ford Company 973

36The data points through which the curves In Figs. 146
were &rawn are the suberitical values listad ko Tubles
VI-VIII of Rel. [8) ’
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62 Aqueous Uranium Soluticns at Low 85y
Enrichment. A similar application of multi-
parameter control is control of both 233U enrich-
ment and one of the parameters of Table 1,
together with the maintenance of a uniform
aqueous solution. Table € lists subcritical Emits
for uniform aqueous solutions of uranjum where
the enrichment fs controlled within the stated
Lmit. Coucentrations of saturated sclutions,
which are here taken to be § molar for UOqFs
solutions and &6 molar for UOs(NO3)2 solu-
tions, shall not be exceeded.

€3 Uniform Aqueous Bolutions of Pa(NOsy
Containing u. Reliance cn, and hence con-
trol of, the isotopic concentration of #%Pu in
plutonium permits greater limits for Pu(NOgl¢
solutions than are Listed in Table 1.3 However,
the amount of the incresse is dependent on
241, concentration. Table 7 contains limita for
uniferm aqueous solutions of Pu(NO& a2
function of isotopic composition. Any *°Pu or
242py present shall be omitted in computing the
isotopic composition. .

6.4 Aquecus Mixtures of Platoniom Containing

Subcritical mass limits for plutonium as
PuO; in aquecus mixtures, which may be
nonuniform, where 34°Pu and $4'Pu are subject

16Where plutonium, in eddition, s intimataly mized with
patura) wranium, kmits are even grsater. Limits for this
case are iocluded in Amaerican National Standard for
Nuclear Criticality Control and Bafety of Homogenscus
Phutonium-Uranium Fusl Miztures Outside Reactors,
ANSUANS-4.12-1978.

L3

\

to the three pairs of restrictions on isotopic com-
&odtion of Table 7, are, in increasing order of
OPy concentration, 0.53, 0.74, and 0.99 kg,

respectively [4].
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, ©.C. 20858-0001

GUIDANCE ON THE REGULATORY REQUIREMENTS FOR
CRITICALITY ANALYSIS OF FUEL STORAGE
AT LIGHT-WATER REACTOR POWER PLANTS

1. INTRODUCTION

This document defines the NRC Reactor Systems Branch guidance for the assurance of
criticality safety in the storage of new (unirradiated or fresh) and spent (irradiated) fue! at light-
water reactor (LWR) power stations. Safety analyses submitted in support of licensing actions
should consider, among other things, normal operation, incidents, and postulated accidents that
may occur in the course of handling, transferring, and storing fuel assernblies and should
establish that an acceptable margin exists for the prevention of criticality under all credible
conditions. ‘

This guidance is not applicable to fue! storage in casks, nor does it consider the mechanical, |
chemica!, thermal, radiclogical, and other aspects of the storage of new and spent fuel. The -
guidance considers cnly the criticality safety aspects of new and spent LWR fuel assemblies
and of fuel that has been consolidated; that is, fuel with fuel rods reassembled in a more closely
packed array.

The guidance stated here is based, in part, on (a) the criticality positions of Standard Review
Plan (SRP) Section 8.1.1 (Ref. 1) and SRP 9.1.2 (Ref. 2), (b) a previous NRC position paper
sent to all licensees (Ref. 3), and (c) past and present practices of the staff in its safety
evaluation reports (SERs). The guidance slso meets General Design Criterion 62 (Ref. 4),
which states:

Criticality in the fue! storage and handling system shall be prevented by physical
systems or processes, preferably by use of geometrically safe configurations.

The principal objective of this guidance is to clarify and document current and past staff
positions that may have been incompletely or ambiguously stated in SERs or other staff
documents. A second purpose is to state staff positions on recently proposed storage
configurations and characteristics in spent fuel rerack or enrichment upgrade requests (for
example, multiple-region spent fuel storage racks, checkerboard loading patterns for new and
spent fuel storage, credit for burnup in the spent fuel to be stored, and credit for non-removable
poison inserts). Although these statements are not new staff positions, this document compiles
them in a single paper. In addition, a recently approved staff position for pressurized-water
reactors (PWRs) would allow partial credit for soluble boron in the pool water (Ref. §).

The guidance stated here is applicable to both PWRs and boiling-water reactors (BWRs). The
most notable difference between PWR and BWR fuel storage facilities is the larger size of the
fuel assemblies and the presence of soluble boron in the spent fuel pool water of PWRS.



The determination of the effective multiplication factor, k,q, for the new or spent fuel storage
racks should consider and clearly identify the following:

a. fuel rod parameters, including:
1. rod diameter
2. cladding material and cladding thickness

3. fuel rod pellet or stack density and initial uranium-235 (U-235) enrichment of
each fuel rod in the assembly (a bounding enrichment is acceptable)

b. fuel assembly parameters, including:

-

assembly length and planar dimensions

fuel rod pitch

2

3. total number of fuel rods in the assembly

4 locations in the fuel assembly lattice that are empty or contain nonfuel material

S integral neutron absorber (burnable poison) content of various fuel rods and
locations in fuel assembly

€. structural materials (e.g., grids) that are an integral part of the fuel assembly

The criticality safety analysis should explicitly address the treatment of axial and planar
variations of fuel assembly characteristics such as fuel enrichment and integral neutron
absorber (burnable poison), if present (e.9., gadolinia in certain fuel rods of BWR and PWR
assemblies cr integral fuel burnable absorber (IFBA) coatings in certain fuel rods of PWR
assemblies).

Whenever reactivity equivalencing (i.e., bunup credit or credit for imbedded burnable
absorbers) is employed, or if a correlation with the reactivity of assemblies in a standard core
geometry is used (k.), such as is typically done for BWR racks, the equivalent reactivities must
be evaluated in the storage rack configuration. In this latter approach, sufficient uncertainty
should be incorporated into the k. limit to account for the reactivity effects of (1) nonuniform
enrichment variation in the assembly, (2) uncertainty in the calculation of k., and (3) uncertainty
in average assembly enrichment. :

If various locations in a storage rack are prohibited from containing any fuel, they should be
physically or administratively blocked or restricted to non-fuel material. If the criticality safety of
the storage racks relies on administrative procedures, these procedures should be explicitly
identified and implemented in operating procedures and/or technical specification limits.
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2. CRITICALITY ANALYSIS METHODS AND COMPUTER CODES

A variety of methods may be used for criticality analyses provided the cross-section data and
- geometric capability of the analytical model accurately represent all important neutronic and
geometrical aspects of the storage racks. In general, transport methods of analysis are
necessary for acceptable results. Storage rack characteristics such as boron carbide (B,C)
particle size and thin layers of structural and neutron absorbing material (poisons) need to be
carefully considered and accurately described in the analytical model. Where possible, the
primary method of analysis should be verified by a second, independent method of analysis.
Acceptable computer codes include, but are not necessarily limited to, the following:

o CASMO - a multigroup transport theory code in two dimensions

° NITAWL-KENOSa - a multigroup transport theory code in three dimensions, using the
Monte Carlo technique

° PHOENIX-P - a multigroup transport theory code in two dimensions, using discrete
ordinates : . ' '
° MONKEB - a multigroup transport theory code in three dimensions, using the Monte
Carlo technique ;

° DOT - a muttigroup transport theory code in two dimensions, using discrete ordinates

Similarly, a variety of cross-section libraries is available. Acceptable cross-section libraries
include the 27-group, 123-group, and 218-group libraries from the SCALE system developed by
the Oak Ridge National Laboratory and the 8220-group United Kingdom Nuclear Data Library
(UKNDL). However, empirical cross-section compilations, such gs the Hansen-Roach library,
are not acceptable for criticality safety analyses (see NRC Information Notice No. 91-26). \/

. Other computer codes and cross-section libraries may be acceptable provided they conform to
the requirements of this position statement and are adequately benchmarked.

The proposed analysis methods and neutron cross-section data should be benchmarked, by
the analyst or organization performing the analysis, by comparison with critical experiments.
This qualifies both the ability of the analyst and the computer environment. The critical
experiments used for benchmarking should include, to the extant possible, configurations
having neutronic and geometric characteristics as nearly comparable to those of the proposed
storage facility as possible. The Babcock & Wilcox series of critical experiments (Ref. 6)
provides an acceptable basis for benchmarking storage racks with thin strong absorber panels
for reactivity contro!. Similarly, the Babcock & Wilcox critica! experiments on close-packed
arrays of fuel (Ref. 7) provide an acceptable experimental basis for benchmark analyses for
consolidated fue! arrays. A comparison with methods of analysis of similar sophistication (e.g.,
transport theory) may be used to augment or extend the range of applicable critical experiment
data.

The benchmarking analyses should establish both a bias (defined as the mean difference’
between experiment and calculation) and.an uncertainty of the mean with a one-sided tolerance
factor for §5-percent probability at the 85-percent confidence level (Ref. 8).
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The maximum K Shall be evaluated from the following expression:

ke = k(calc) + Bk(bias) + dk(uncert) + Sk(burnup),
where
k(calc) = calculated nomina! value of K,

Sk(bias) = bias in criticality analysis methods,
Sk(uncert) = manufacturing and calculational uncertainties, and

Sk(burnup) = correction for the effect of the axial distribution in burnup,
when credit for burnup is taken.

A bias that reduces the calculated value of K should not be applied. Uncertainties should be
determined for the proposed storage facilities and fue! assemblies to account for tolerances in
the mechanical and material specifications. An acceptable method for determining the
maximum reactivity may be either (1) a worst-case combination with mechanical and material
conditions set to maximize K.y or (2) @ sensitivity study of the reactivity effects of tolerance
variations. If used, a sensitivity study should include all possible significant variations
(tolerances) in the material and mechanical specifications of the racks; the results may be
combined statistically provided they are independent variations. Combinations of the two
methods may also be used.

3 ABNORMAL CONDITIONS AND THE DOUBLE-CONTINGENCY PRINCIPLE

The criticality safety analysis should consider all credible incidents and postulated accidents.
However, by virtue of the double-contingency principle, two unlikely independent and
concurrent incidents or postulated accidents are beyond the scope of the required analysis.
The double-contingency principle means that a realistic condition may be assumed for the
criticality analysis in calculating the effects of incidents or postulated accidents. For example,
soluble boron is normally present in the spent fuel pool water, the loss of soluble boron is
considered as one accident condition and a second concurrent accident need not be gssumed.
Therefore, credit for the presence of the soluble boron may be assumed in evaluating other
accident conditions.

4. NEW FUEL STORAGE FACILITY (VAULT)

Normally, fresh fue! is stored temporarily in racks in a dry environment (new fue! storage vault)
pending transfer into the spent fue! pool and then into the reactor core. However, moderator
may be introduced into the vault under abnormal situations, such as flooding or the introduction
of foam or water mist (for example, as & result of fire fighting operations). Foam or mist affects
the neutron moderation in the array and can result in a peak in reactivity at low moderator
density (called "optimum® moderation, Ref. 9). Therefore, criticality safety analyses must
address two independent accident conditions, which should be incorporated into plant technical
specifications:

8. With the new fue! storage racks loaded with fuel of the maximum permissible reactivity
and flooded with pure water, the maximum ke Shall be no greater than 0.95, including
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mechanical and calculational uncertainties, with a 95-percent probability at a 85-percent
confidence level.

b. With the new fuel storage racks loaded with fuel of the maximum permissible reactivity
and flooded with moderator at the (low) density corresponding to optimum moderation,
the maximum k,, shall be no greater than than 0.98, including mechanical and
calculational uncertainties, with a 95-percent probability at a 85-percent confidence
level. '

An evaluation need not be performed for the new fue! storage facility for racks flooded with low-
density or full-density water if it can be clearly demonstrated that design features and/or
administrative controls prevent such flooding.

Under the double-contingency principle, the accident conditions identiﬂe'd above are the
principle conditions that require evaluation. The simultaneous occurrence of other accident
conditions need not be considered.

Usually, the storage racks in the new fugl vault are designed with large lattice spacing sufficient
to maintain a low reactivity under the accident condition of flooding. Specific calculations,
however, are necessary to assure the limiting k. is maintained no greater than 0.85.

Al low moderator density, the presence of relatively weak absorber material (for example,
stainless stee! plates or angle brackets) is often sufficient to preclude neutronic coupling
between assemblies, and to significantly reduce the reactivity. For this reason, the
phenomenon of low-density (optimum) moderation is not significant in racks in the spent fuel
pool under the initia! conditions before the pool is flooded.

Under low-density moderator conditions, neutron leakage is @ very important consideration.
The new fuel storage racks should be designed to contain the highest enrichment fuel
assembly to be stored without taking credit for any nonintegral neutron absorber. Inthe
evaluation of the new fue! vaults, fuel assembly and rack characteristics upon which
subcriticality depends should be explicitly identified (e.g., fuel enrichment and the presence of
stee! plates or braces).

5. SPENT FUEL STORAGE RACKS
A Reference Crticality Safety. Analysis

1. For BWR pools or for PWR pools where no credit for soluble boron is taken, the
" ecriticality safety analyses must address the following condition, which should be
incorporated into the plant technical specifications:

8. With the spent fuel storage racks loaded with fuel of the maximum
permissible reactivity and flooded with full-density unborated water, the
maximum kg shall be less than or equal to 0.85, including mechanical
and calculational uncertainties, with a 85-percent probability at a 85-
percent confidence level. :
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2. If partial credit for soluble boron is taken, the criticality safety analyses for PWRs
must address two independent conditions, which should be incorporated into the
plant technical specifications:

a. With the spent fue! storage racks loaded with fue! of the maximum
permissible reactivity and flooded with full-density unborated water, the
maximum kg, shall be less than 1.0, including mechanical and
calculational uncertainties, with a §5-percent probability at a 95-percent
confidence level. '

b. With the spent fuel storage racks loaded with fuel of the maximum
permissible reactivity and flooded with full density water borated to 1]
ppm, the maximum k. shall be no greater than 0.85, including '
mechanical and calculationa! uncertainties, with a 95-percent probability
at a §5-percent confidence level.!

3. The reference criticality safety analysis should also include, as 8 minimum, the
following: _

a. If axial and planar variations ‘of fuel assembly characteristics are present,
they should be explicitly addressed, including the locations of burnable
poison rods.

b. For fue! assemblies containing burnable poison, the maximum reactivity

should be the peak reactivity over bumup, usually when the burnable
poison is nearly depleted.

c. The spent fuel storage racks should be assumed to be infinite in the
latera! dimension or to be surrounded by & water refiector and concrete or
structural material as appropriate to the design. The fuel may be
assumed to be infinite in the axial dimension, or the effect of a reflector
on the top and bottom of the fuel may be evaluated.

d. The evaluation of norma! storage should be done at the temperature
(water density) corresponding to the highest reactivity. In poisoned
racks, the highest reactivity will usually occur at a water density of 1.0
(i.e., st 4°C). However, if the temperature coefficient of reactivity is
positive, the evaluation should be done at the highest temperature
expected during normal operations: i.e., equilibrium temperature under
normal refueling conditions (including full-Core offioad), with one coolant
train out of service and the pool! filled with spent fuel from previous
reloads.

4. The fuel assembly arrangement assumed in the criticality safety analysis of the
spent fuel storage racks should also consider the following: .

' [*]is the boron concentration required to maintain the 0.95k.q limit without consideratioﬁ
of accidents.
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a. the effect of eccentric positioning of fue! assemblies within the storage
cells .

b. the reactivity consequence of including the flow channel in BWR fuel
assemblies

if one or more separate regions are designated for the storage of spent fue!, with
credit for the reactivity depletion due to fuel burnup, the following applies.

a. The minimum required fue! bumnup should be defined as a function of the
initial nominal enrichment.

b. The spent fuel storage rack should be evaluated with spent fue! at the
highest reactivity following removal from the reactor (usually after the
decay of xenon-135). Operating procedures should include provision for
independent confirmation of the fue! burnup, either administratively or
experimentally, before the fuel is placed in storage cells of the designated
region(s).

c. Subsequent decay of longer-life nuclides, such as Pu-241, over the rack
storage time may be accounted for to reduce the minimum bumup
required to meet the reactivity requirements.

d. A reactivity uncertainty due to uncertainty in the fuel depletion
calculations should be developed and combined with other calculational
uncertainties. In the absence of any cther determination of the depletion
uncertainty, an uncertainty equal to § percent of the reactivity decrement
to the burnup of interest is an acceptable assumption.

€. A correction for the effect of the axia! distribution in burnup should be
determined and, if positive, added to the reactivity calculated for uniform
axial burnup distribution. .

B.  Additional Considerations

1.

The reactivity consequences of incidents and accidents such as (1) a fue)
assembly drop and (2) placement of a fuel assembly on the outside and
immediately adjacent to a rack must be evaluated. Under the double-contingency
principle, credit for soluble boron, if present, is acceptable for these postulated
accident conditions.

If either credit for burnup is assumed or racks of different enrichment capability
are in the same fue! pool, fuel assembly misloadings must be considered.
Normally, a8 misloading error involving only a single assembly need be
considered unless there are circumstances that make muttiple loading errors -
credible. Under the double-contingency principle, credit for soluble boron, if
present, is acceptable for these postulated accident conditions.

e c—— - -



8

3. The analysis must also consider the effect on criticality of natural events (e.g.,
earthquakes) that may deform, and change in the relative position of, the storage
racks and fuel in the spent fuel pool.

4. Abnormal temperatures (above those normally expected) and the reactivity
consequences of void formation (boiling) should be evaluated to consider the
effect on criticality of loss of all cooling systems or coolant flow, unless the
cooling system meets the single-failure criterion. Under the double-contingency
principle, credit for soluble boron, if present, is acceptable for these abnormally
elevated temperature conditions.

5. Normally, credit may only be taken for neutron absorbers that are an integral
(nonremovable) part of a fuel assembly or the storage racks. Credit for added
absorber (rods, plates, or other configurations) will be considered on a case-by-
case basis, provided it can be clearly demonstrated that design features prevent
the absorbers from being removed, either inadvertently or intentionally without
unusual effort such as the necessity for special equipment maintained under
positive administrative cantrol. :

6. If credit for soluble boron is taken, the minimum required pool boron
concentration (typically, the refueling boron concentration) should be _
incorporated into the plant technical specifications or operating procedures. A
boron dilution analysis should be performed to ensure that sufficient time is
available to detect and suppress the worst dilution event that can occur from the
minimum technical specification boron concentration to the boron concentration
required to maintain the 0.85ke design basis limit. The analysis should consider
all possible dilution initiating events (including operator error), dilution sources,
dilution flow rates, boration sources, instrumentation, administrative procedures,
and piping. This analysis should justify the surveillance intervatl for verifying the
technical specification minimum poo! boren concentration.

7. Consolidated fuel assemblies usually result in low values of reactivity
(undermoderated latlice). Nevertheless, criticality calculations, using an explicit
geometric description (usually triangular pitch) or as near an explicit description
as possible, should be performed to assure a ke less than 0.85.
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