January 4, 2000

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION
BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

CAROLINA POWER & LIGHT

In the Matter of

Docket No. 50-400
(Shearon Harris Nuclear
Power Plant)

L A N

DECLARATION OF DR. GORDON THOMPSON
IN SUPPORT OF ORANGE COUNTY’S SUMMARY
AND SWORN SUBMISSION REGARDING CONTENTION
TC-2 (INADEQUATE PREVENTION OF CRITICALITY)

I, Gordon Thompson, declare as follows:

l.

I am the executive director of the Institute for Resource and Security Studies (IRSS), a
nonprofit, tax-exempt corporation based in Massachusetts. Our office is located at 27
Elisworth Avenue, Cambridge, MA 02139. IRSS was founded in 1984 to conduct technical
and policy analysis and public education, with the objective of promoting peace and
international security, efficient use of natural resources, and protection of the environment.

I received an undergraduate education in science and mechanical engineering at the
University of New South Wales, in Australia. Subsequently, I pursued graduate
studies at Oxford University and received from that institution a Doctorate of
Philosophy in mathematics in 1973, for analyses of plasmas undergoing
thermonuclear fusion. During my graduate studies I was associated with the fusion
research program of the UK Atomic Energy Authority.

During my professional career, I have performed technical and policy analyses on a
range of issues related to international security, energy supply, environmental
protection, and sustainable use of natural resources. Since 1977, a significant part of
my work has consisted of technical analyses of safety and environmental issues
related to nuclear facilities. These analyses have been sponsored by a variety of
nongovernmental organizations and local, state and national governments,
predominantly in North America and Western Europe. Drawing upon these analyses,
I have provided expert testimony in legal and regulatory proceedings, and have served
on committees advising US government agencies. A copy of my resume is appended
as Attachment A to the Declaration of Dr. Gordon Thompson (February 12, 1999),
which is attached as Exhibit 2 to Orange County’s Supplemental Petition to Intervene
(April 5, 1999).



4. T have reviewed the December 23, 1998, license amendment application filed by
Carolina Power and Light (CP&L) for an amendment to Facility Operating License
No. NPF-63, which seeks permission to activate spent fuel storage pools C and D at
the Shearon Harris nuclear power plant. I have also reviewed the NRC’s Federal
Register notice for the proposed license amendment, the Final Safety Analysis Report
for the Shearon Harris Nuclear Power Plant, and the Final Environmental Statement
related to the operation of Shearon Harris Nuclear Power Plant, Units 1 and 2
(NUREG-0972, October 1983). In addition, I reviewed various correspondence and
technical documents relating to the proposed license amendment and to risks of spent
fuel storage, which are identified in Orange County’s contentions.

5. 1 participated in the preparation of Orange County’s contentions regarding the
proposed license amendment. Following admission of Contention TC-2, Inadequate
Criticality Prevention, I was principally responsible for evaluating whether CP&L’s
License Amendment Application conforms to the requirements of General Design
Criterion 62 and applicable NRC Staff guidance.

6. In making my evaluation, I conducted an extensive review of documents related to
criticality prevention at Harris and in general, including correspondence between
CP&L and the NRC Staff, criticality studies performed by or for CP&L, NRC Staff
and licensee documents regarding proposed spent fuel storage pool expansion
applications, Licensee Event Reports of criticality-related occurrences, NRC Staff and
industry guidance documents and related correspondence, the rulemaking history of
GDC 62, and other publicly available information regarding spent fuel storage and
criticality prevention. I also participated in preparing for depositions of CP&L and
NRC Staff witnesses regarding contention TC-2, and in reviewing the deposition
testimony of these witnesses. In addition, I was deposed by both CP&L and the
NRC Staff.

7. Iam responsible for all of the technical factual assertions contained in Orange
County’s Detailed Summary Of Facts, Data And Arguments On Which Orange
County Intends To Rely At Oral Argument To Demonstrate The Existence Of A
Genuine And Substantial Dispute Of Fact With The Licensee Regarding The
Proposed Expansion Of Spent Fuel Storage Capacity At The Harris Nuclear Power
Plant, With Respect To Criticality Prevention Issues (Contention TC-2), including
Appendices A, B, and C, submitted to the Licensing Board on January 4, 2000
(hereinafter “Summary”). As I have attested in signing the Summary, the technical
factual assertions therein are true and correct to the best of my knowledge, and all
expressions of technical opinion therein are based on my best professional judgment.

I declare, under penalty of perjury, that the foregoing is true and correct.

Executed on January 4, 2000. \_(Z
Q "R . K /\O\f\(“c S~

Gordon Thompson




CONTENTION TC-2: EXHIBIT 2

Letter from Brian K. Grimes of the NRC Staff to All
Power Reactor Licensees (April 14, 1978)



- ENCLOSLRE 2 -

UNITED STATES
NUCLEAR REGULATTRY COMMISSION
WASHINGTON 9. C. 20555

Soril 14, 1978

To A1]1 Power Reactor Licensees

Gentlemen:

Enclosed for your information and possible future use -is the NRC
guidance on spent fuel 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
wC Staff in authorizing such modifications. This includes the
information needed to make the findings called for by the Commission
in the Federal Register Notice dated September 16, 1975 (copy enclosed)
. with regard to authorization of fuel pool modifications prior to the
compietion of the Generic Environmental Impact Statement, "Handling
and Storage cf Spent Fuel from Light Water Nuclear Power Reactors".

The overall design objectives of a fuel storage facility at a reactor
complex are governed by various Regulatory Guides, the Standard
Peview Plan (NUREG-75/087), and various industry standards. This
guidance provides a compilation in a single document of the pertinent
portions of these applicable references that are needed in addressing
spent fuel pool modifications. No additional regulatory requirements
are imposed or implied by this document.

Based on a review of license applications to date requesting authorization
to increase spent fuel storage capacity, the staff has had to request
additional information that could have been included in an adequately
documented initial submittal. 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 RRC staff in evaluating these
applications. Providing the informaticn needed 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.

Sincerely,

-

W 4 W
Brian K. Grimes, Assistant Director
for Engineering and Projects
Division of Operating Reactors

Enclosures:
1. NRC Guidance
2. Notice
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ENCLOSURE NO. 1

0T POSITION FOR REVIEW AND ACCEPTANCE OF
SPENT FUEL STORAGE AND HANDLING APPLICATIONS

BACKGROUND

Prior to 1975, Tow 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 assemblies. Due to an increased demand on storage space for
spent fuel assemblies, the more recent approach is to use high density
storage racks and to better utilize available space. In the case of
operating plants the new rack system interfaces with the old fuel pool
structure. A proposal for installation of high density storage racks
may involve a plant in the licensing stage or an operating plant. The
requirements of this position do not apply to spent fuel storage and
handling facilities away from the nuclear reactor complex.

On September 16, 1975, the Commission 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
completion of the generic environmental impact statement.

The Commission directed that in the consideration of any such proposed
licensing action, an environmental 1mpact statement or environmental
impact appraisal shall be prepared in which five specific factors in
addition to the normal cost/benefit balance and env1ronmenta] stresses
should be applied, balanced and weighed.

The overall design 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 initial 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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I1.

REVIEW DISCIPLINES

The objective of the staff review is to prepare (1) Safety Evaluation
Report, and (2) Environmental Impact Appraisal. The broad staff
disciplines involved are nuclear, mechanical, material, structural,
and environmental.

Nuclear and thermal-hydraulic-aspects of the review include the poten-
tial for inadvertant criticality in the normal storage and handliing of
the spent fuel, and the consequences of credible accidents with respect
to criticality and the ability of the heat removal system to maintain
sufficient cooling.

Mechanical, material and structural aspects of the review concern the
capability of the fuel assembly, storage racks, and spent fuel poo)l
system to withstand the effects of natural phenomena 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 increased 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 mechanical, material, and structural related aspects of informa-
tion are discussed in Section IV.

The information required to complete an environmental impact assess-
ment, including the five factors specified by the Commission, is
provided in Section V. :
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111. NUCLEAR AND THERMAL-HYDRAULIC CONSIDERATIONS

1.  Neutron Multiplication Factor

To include all credible conditions, the licensee shall calculate
the effective neutron multiplication factor, Kk £ in the fuel
storage pool undef the following sets of assumgg corditions:

1.1 Normal Storage

a. The racks shall be designed to contain the most reactive
fuel authorized to be stored in the facility without anmy
control rods or any noncontained* burnable poison and.the
fuel shall be assumed to be at the most reactive point in
jts life.

b. The moderator shall be assumed to be pure water at the
temperature within the fuel pool limits which yields the
largest reactivity.

c. ~ 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.

d. Mechanical uncertainties may be treated by assuming "worst
case" conditions or by performing sensitivity studies and
obtaining appropriate uncertainties.

e. Credit may be taken for the neutron absorption 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). .

1.2 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.g., the presence of soluble
boron) may be assumed for the fuel pool and fuel assemblies. The

“XT"Nancontained” burnable poison is that which is not an integral part of
the fuel assembly.

xx1t should be noted that under certain conditions concrete may be a more
effective reflector than water.
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1.3

1.4

postulated accidents shall include: (1) dropping of a J‘uel
element on top of the racks and any other achievable abnormal
Jocation of a fuel assembly in the pool; (2) a dropping or tip-
ping of the fuel cask or other heavy objects into the fuel pool;
(3) effect of tornado or earthquake on the deformation and rela-
tive position of the fuel racks; and (4) loss of all cooling
systems or flow under the accident conditions, unless the cooling
system is single failure proof.

Calculation Methods

The calculation method and cross-section values shall be verified
by comparison with critical experiment data for assemblies 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 correctly account for heterogeneities (e.g.,
thin slabs of absorber between storage locations) shall be
demonstrated.

A calculational bias, including the effect of wide spacing between
assemblies shall be determined from the comparison between calcu-
lation and experiment. A calculaiion uncertainity shall be
determined 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 k £f
shall be obtained by a statistical combination of the calcula®
tional and mechanical uncertainties. The k value for the

racks shall be obtained by summing the calcﬁfgted value, the
calculational bias, and the total uncertainty.

Rack Modification

For modification to existing racks in operating reactors, the
following information should be provided in order to expedite the
review: _

(a) The overall size of the fuel assembly 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 type 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;

(¢) Also, for the H,0 + stainless steel flux trap lattices, the
change of the cglcu}ated neutron multiplication factor of
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(d)

infinitely long fuel assemblies in infinitely large arrays
in the storage rack (i.e., the k of the nominal fuel storage
Tattice cell and the changed k) for:

(1) A change in fuel loading in grams of U%35 or equiva-
lent, per axial centimeter of fuel assembly where it is
assumed that this change is made by increasing the
enrichment of the U%35; and,

(2) A change in the thickness of stainless steel in the
storage racks assuming that a decrease in stainless
steel thickness is taken up by an incfease in water
thickness and vice versa;

For lattices which use boron or other strong neutron absorb-
ers provide:

(1) The effective areal density of the boron-ten atoms
(i.e., B0 atoms/cm? or the equivalent number of boron-
ten atoms for other neutron absorbers) between fuel
assemblies.

(2) Similar to Item C, above, prov1de the sens1t1v1ty of
the storage latt1ce cell k to:

(a) The fuel loading in grams of U%35, or equivalent,
per axial centimeter of fuel assembly,

(b) The storage lattice pitch; and,

(c) The areal density of the boron-ten atoms between
fuel assemblies.

1.5 Acceptance Criteria for Criticality

The neutron multiplication factor in spent fuel pools shall be
less than or equal to 0.95, including all uncertainties, under
all conditions

(M

For those facilities which employ a strong neutron absorbing
material to reduce the 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 confidence limits that there is a suffi-
cient amount of neutron absorber in the racks to maintain
the neutron multiplication factor at or below 0.95. 1In
addition, coupon or other type of surveillance testing shall
be performed on a statistically acceptable sample size on a
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periodic basis throughout the life of the racks to verify
the continued presence of a sufficient amount of neutron
absorber in the racks to maintain the neutron multiplication
factor at or below 0.95. '

(2) Decay Heat Calculations for the Spent Fuel

The calculations for the amount of thermal energy that will
have to be rembved by the spent fuel pool cooling system
shall be made in accordance with Branch Technical Position
APCSB 9-2 entitled, "Residual Decay Energy for Light Water
Reactors for Long Term Cooling."” This Branch Technical
Position is part of the Standard Review Plan (NUREG 75/087).

(3) Thermai-Hydraulic Analyses for Spent Fuel Cooling

Conservative methods should be used to calculate the maximum
fuel temperature and the increase in temperature of the

water in the pool. The maximum void fraction in the fuel
assembly and between fuel assemblies should also be calculated.

Ordinarily, in order not to exceed the design heat locad for
the spent fuel cooling system it will be necessary to do a
certain amount of cooling in the reactor vessel after reactor
shutdown prior to moving fuel assemblies into the spent fuel
pool. The bases for the analyses should include the estab-
lished cooling times for both the usual refueling case and

the full core off load case.

A potential for a large increase in the reactivity in an HZO
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 steam. For this reason,
it is necessary to show that the design of the storage rack
is such that this will not occur and that these spaces will
always have water in them. Also, in some cases, direct
gamma heating of the fuel storage cell walls and of the
intercell water may be significant. It is necessary to
consider 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 between the fuel assemblies.
Under postulated accident conditions where all non-Category
I spent fuel pool cooling systems become inoperative, it is
necessary to show that there is an alternate method for
cooling the spent pool water. When this alternative method
requires the installation of alternate components or signifi-
cant physical alteration of the cooling system, the detailed
steps shall be described, along with the time 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 systems shall be specified.
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(4) Potential Fuel and Rack Handling Accidents

(5)

The method for moving the racks to and from and into and out
of the fuel pool, should be described. Also, for 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
neutron multiplication factor in the fuel pool shall not
exceed 0.95. These postulated accidents shall not be the
cause of the loss of cooling for either the spent fuel or
the reactor.

Technical Specifications

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

1.  The neutron multiplication factor in the fuel pool
shall be less than or equal to 0.95 at all times.

2. 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.

Excessive 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-N210-1876 entitled, "Design Objectives for Light Water
Reactor Spent Fuel Storage Facilities at Nuclear Power
Stations," except that the requirements of the Section -
9.1.3.111.1.d of the Standard Review Plan is applicable for >
the maximum heat load with normal cooling systems in

operation.
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Iv.

MECHANICAL, MATERIAL, AND STRUCTURAL CONSIDERATIONS

(1) Description of the Spent Fuel Pool 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 structural aspects and
elements relied upon to perform the safety-related functions of
the pool and the racks. The main safety function of the spent
fuel pool and the racks is to maintain the spent fuel assemblies
in a safe configuration through all environmental and abnormal
loadings, such as earthquake, and impact due to spent fuel cask
drop, drop of a spent fuel assembly, or drop of any other heavy
object during routine spent fuel handling.

The major structural elements reviewed and the extent of the
descriptive information required are indicated below. -

(a) Support of the Spent Fuel Racks: The general arrangements
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
the fuel pool wall and the foundation slab. All gaps
(clearance or expansion allowance) and sliding contacts
should be indicated. The extent of interfacing between the
new rack system and the old fuel pool walls and base slab
should be discussed, i.e., interface loads, response spec-
tra, etc.

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

(b) Fuel Handling: Postulation of a drop accident, and gquanti-
fication of the drop parameters are reviewed under the
environmental discipline. Postuiated drop accidents must
include a straight drop on the 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 porl due 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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(2) Applicable Codes, Standards and Specifications

Construction materials should conform to Section III, Subsec-
tion NF of the ASME* Code. A1l Materials should be selected to
be compatible with the fuel pool environment to minimize corro-
sion and galvanic effects.

Design, fabrication, and installation of spent fuel racks of
stainless steel material may be performed based.upon the AISC**
specification or Subsection NF requirements of Section Ill of the
ASME B&PV Code for Class 3 component supports. Once a code is
chosen its provisions must be followed ifi entirety. When the
AISC specification procedures are adopted, the yield stress
values for stainless steel base metal may be obtained from the
Section III of the ASME B&PV Code, and the design stresses de-
fined in the AISC specifications as percentages of. the yield
stress may be used. Permissible stresses for stainless steel
welds used in accordance with the AISC Code may be obtained from
Table NF-3292.1-1 of ASME Section III Code.

Other materials, design procedures, and fabrication technigues
will be reviewed on a case by case basis.

. (3) Seismic and Impact Loads

For plants where dynamic input data such as floor response spec-
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 dynamic 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 spectra for a fuel pool
supported by the reactor building, the design and analysis of the
new rack system may be performed by using either the existing
input parameters including the old damping 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.

Seismic excitation along three orthogonal directions should be
imposed simultaneously for the design of the new rack system.

*American Society of Mechanical Engineers Boiler and Pressure Vessel
Codes, Latest Edition.

**American Institute of Steel Construction, Latest Edition.
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(4)

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

The effect of submergence of the rack system on the damping and
the mass of the fuel racks has been under study by the NRC.
Submergence in water may introduce damping from two sources, (3)
viscous drag, and (b) radiation of energy away from the submerged
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 upon the findings of this
current study for a typical high density rack configuration, wave
reflections occur at the boundaries so that no additional damping
should be taken into account.

A report on the NRC study is 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 damping due to submergence in

water is not acceptable without applicable test data and/or
detailed analytical results.

Due to gaps between fuel assemblies and the walls of the guide
tubes, additional loads will be generated by the impact of fuel
assemblies during a postulated seismic excitation. Additional
loads 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.

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 the kinetic energy.

Loads and Load Combinations:

Any change in the temperature distribution due to the proposed
modification should be identified. Information pertaining to the
applicable design loads and various combinations thereof should
be provided indicating the thermal load due to the effect of the
maximum temperature distribution through the pool walls and base
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(5)

slab. Temperature gradient acre¢:s the rack structure due to
differential heating effect between a full and an empty ceil
shouid be indicated and incorporated in the design of the rack
structure. Maximum uplift forces available from the crane should
be indicated including the consideration of these forces in the
design of the racks and the analysis of the existing pool floor,
if applicable.

The specific Joads and load combinations are acceptable if they
are in conformity with the applicable portions of Section
3.8.4-11.3 of the Standard Review Plan.

Design and Analysis Procedures

Details of the mathematical model including a description of how
the important parameters are obtained should be provided includ-
ing the following: the methods used to incorporate any gaps
between the support systems and gaps between the fuel bundles

and the guide tubes; the methods used to lump the masses of the
fuel bundles and the guide tubes; the methods used to account for
the effect of sloshing water on the pool walls; and, the effect
of submergence on the mass, the mass distribution and the effec-
tive damping of the fuel bundle and the fuel racks.

The design and analysis procedures in accordance with Section
3.8.4-11.4 of the Standard Review Plan are acceptable. The
effect on gaps, sloshing water, and increase of effective mass
and damping due to submergence in water should be quantified.

When pool walls are utilized to provide lateral restraint at
higher elevations, a determination of the Tlexibility 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 frequency less than 33 Hertz), the floor response
spectra corresponding to the lateral restraint point at the -
higher elevation are likely to be greater than those at the base
of the pool. 1In 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 provided that
there is not significant peak frequency shift between the
response spectra at the lower and higher elevaticns; and,

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

The resulting stresses from the two analyses above should be
combined by the absolute sum method.
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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 stiifiness
properties obtained from calculations similar to those described
"Introduction to Structural Dynamics" by J. M. Biggs published by
McGraw Hi11 Book Company. Should the fundamental freguency of
the pool wall model be higher than or equal to 33 Hertz, it may
be assumed that the response of 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.

(6) Structural Acceptance Criteria

When AISC Code procedures are adopted, the structural acceptance
criteria are those given in Section 3.8.4.1I1.5 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.

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
loads, 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 3.8.5.1I-5 of the Stand-
ard 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 a 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 sliding 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.

(7) 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-
stallation of the new fuel racks, and a description of the pre-
cautions to be taken to prevent damage to the stored fuel during
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Load Combination

Elastic Analysis
D+L

D+L +E
D+L+To

D+L +To+E
D+L+Ta+E

D+L +Ta+ E]

Limit Analysis

1.7 (D + L)

1.7 (D+ L +E)

1.3 (D +L +To)
1.3(0+L+E+To)
1.1 (D+L+Ta+E)

TABLE

Acceptance Limit

Normal limits of NF 3231.1a
Normal limits of NF 3231.1a

1.5 times normal limits or the
lesser of 2 Sy and §u

1.5 times normal limits or the
leser of 2 Sy and Su

1.6 times normal limits or thé
lesser of 2 Sy or Su

Faulted condition limits of
NF 3231.1%¢

Limits of XVII-4000 of Appendix XVII
of ASME Code Section III

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

conditions.

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

3. The provisions of NF 3231.1 shall be ammended by the
requirements of the paragraphs ¢.2, 3, and 4 of the
Regulatory Guide 1.124 entitled "Des1gn Limits and Load
Combinations for Class 1 Linear-Type Component Supports."
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(8)

the construction phase should be provided. Methods for struc-
tural qualification of specia) poison materials utilized to

absorb neutron radiation should be described. The materiai for
the fuel rack is reviewed for compatibility inside the fuel pool
environment. The quality of the fuel pool water in terms.of the
pH value and the available chlorides, fluorides, boron, heavy
metals should be indicated so that the long-term integrity of the
rack structure, fuel assembly, and the pool 1iner can be evaluated.

Acceptance criteria for special materials such as poison materials
should be based upon the results of the qualification program
supported by test data and/or analytical procedures.

If connections between the rack and the poocl liner are made by
welding, the welder 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
tie construction of the spent fuel pool racks, hardness testing
should be performed on each rack component of the subject material
to verify that each part is heat treated properly. In addition,
the surface film resulting from the heat treatment should be
removed from each piece to assure adequate corrosion resistance.

Testing and Inservice Surveillance

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

Inservice surveillance requirements for the fuel racks and the
poison material, if applicable, are dependent on specific design
features. These features will be reviewed on a case by case
basis to determine the type and the extent of inservice surveil-
lance necessary to assure long-~term safety and 1ntegr1ty of the
pool and the fuel rack system.
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V.

COST/BENEFIT ASSESSMENT

1.

1.1

1.2

1.3

Following is a list of information needed for the environmental
Cost/Benefit Assessment:

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

(a8) status of contractual arrangements, if any, with fuel-
storage or fuel-reprocessing facilities,

(b) proposed refueling schedule, including the expected number
of fuel assemblies that will be transferred into the SFP at
each refueling until the total existing capacity is reached,

(c) number of spent fuel assemblies presently stored in the
SFP,

(d) control rod assemblies or other components stored in the
SFP, and

(e) the additional time period that spent fuel assemblies would
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 capacity.

Discuss the total construction associated with the proposed
modification, including engineering, capital costs (direct and
indirect) and allowances for funds used during construction.

Discuss the alternative to increasing the storage capacity of
the SFP. The alternatives considered should include:

(a) shipment to a fue)l reprocessing facility (if available),

(b) shipment to an independent spent fuel storage facility,

(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 systenm.
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V.2,

1.4 Discuss whether the commitment of material resources (e.qg.,

1.5

stainless steel, boral etc.) would tend to significantly
foreclose the a]ternat1ve§ available with respect to any other.
licensing 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 load and the anticipated maximum
temperature of water in the SFP which would result from the
proposed expansion, the resulting increase in evaporatlon rates,
the additional heat load on component and/or plant cooling water
systems and whether there will be any significant increase in
the amount of heat released to the environment.

RADIOLOGICAL EVALUATION

2.

2.1

2.2.

2.3

Following is a list of information needed for radiological
evaluation:

The present annual quantity of solid radiocactive wastes gen-
erated by the SFP purificat.on system. Discuss the expected
increase in solid wastes which will result from the expansion of
the capacity of the SFP.

Data regarding krypton-85 measured from the fuel building ven~
tilation system by year for the last two years. If data are not
available from the fuel building ventilation system, provide
this data for the ventilation release which includes this system.

The increases in the doses to personnel from radionuclide con-
centrations in the SFP due to the expansion of the capacity of
the SFP, including the following:

(a) Provide a table showing the most recent gamma isotopic
analysis of SFP water identifying the principal radio-
nuclides and their respective concentrations.

(b) The models used to determine the external dose equivalent
- rate from these radionuclides. Consider the dose equiva-
lent rate at some distance above the center and edge of the
pool respectively. (Use relevant experience if necessary).

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

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

if any, in dose rate from the radionuclides identified in
(c) above in the SFP area and at the site boundary.
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V.3

(e) An estimate of the increase in the annual man-rem burden
from more frequent changing of the demineralizer resin ang
filter media.

(f) The buildup of crud (e.g., 58Co, ®°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.

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

A discussion of the radiation protection program as it affects
(a) through (g) should be provided.

2.4 Indicate the weight of the present spent fuel racks that will be
removed from the SFP due to the modification and discuss what
will be done with these racks.

ACCIDENT EVALUATION
3.1 The accident review shall consider:
(a) cask drop/tip analysis, and

(b) evaluation of the overhead handling system with respect to
Regulatory Guide 1.104.

3.2 1If the accident aspects of review do not establish acceptability
with respect to either (a) or (b) above, then technical specifica-
tions may be required that prohibit cask movement in the spent
fuel building.

3.3 If the accident review does not establish acceptability wf;h
respect to (b) above, then technical specifications may be
required that:

(1) define cask transfer path including control of
(a) cask height during transfer, and
(b) cask lateral position during transfer

(2) indicate the minimum age of fuel in pool sections during
movement of heavy loads near the pool. In special cases
evaluation of consequences-limiting engineered safety
features such as isolation systems and filter systems may
be required.
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3.4

.5

3.6

If the cask drop/tip analysis as in 3.1(a) above is promised for
future submittal, the staff evaluation will include a conclusion
on the feasibility of a specification of minimum age of fue]l
based on previous evaluations.

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
effect. ’

Conclusions that determination of previous Safety Evaluation
Reports and Final Environmental 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-
servative accident analyses.
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£32
General Design Criterion 61, "Fuel Storage and Hand} ng‘ -Rad1oact1v1ty

Control," of Appendix A, "General Design Criteria for Nficiear waer Plants "

el QTGN |:

to 10 CFR Part 50, "Domestic Licensing of Product1od“an;‘UEgiﬁEat1on Facilities,"

requires that fuel storage and handling systemiggg degggged to ensure adequate

safety under normal and postulated accident ;on t1ons. It also requires that

these systems be designed (1) with a capab1lg,5-to perm1t appropriate periodic

inspection and testing of components 1mpgrta§%,to safety, (2) with suitable
shielding for radiation protect1on 4C3) w1th appropriate containment, confine-

ment, and filtering systems,
reliability and testability fhat refﬁects the importance to safety of decay

heat and other residual heat\{emova1 and (5) to prevent significant reduction

in fuel storage coolant 1nventory under accident conditions. This guide

describes a method d acceptable to the NRC staff for implementing Criterion 61.

B. DISCUSSION

WQ{ 1p;%§npd§'ANS 57.2 of the American Nuclear Society Subcommittee
ANS-50 haigdeve1oped a standard that details minimum design requirements for

*The substantial number of changes in this proposed revision has made ié
impractical to indicate the changes with lines in the margin. :

PRV Y

This regulatory guide and the associated value/impact statement are being issued in draft form to involve
the public in the early stages of the development of a regulatory position in this area. They have not
received complete staff review and do not represent an official NRC staff position.

, the guide (including any implementation schedule) and

Public comments are being solicited on both drafts _
Comments on the value/impact statement should be accompanied by suppor§1ng

the value/impact statement. be 0
Comments on both drafts shouid be sent to the Secretary of the Commission, U.S. Nuclear Rqujatory

data.
D.C. 20555, Attention: Docketing and Service Branch, bnﬂAR 5 138

Commission, Wastington,
Requests for single copies of draft quides (which may be reproduced) or for placement on an autoqatvc
distribution 1ist for single copies of future draft guides in specific divisions should be made in
writing to the U.S. Nuclear Regulatory Commission, Washington, D.C. 20555, Attention: Director,
Division of Technical Information and Document Control.

4 Wlth axres1dua1 heat removal capability having
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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 radiocactivity 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 also 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. Dose 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 Category 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
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Power Plants," provide guidelines to limit 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 Criterion 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.

*Copies may be obtained from the American Nuclear Society, 555 North Kensington
Avenue, La Grange Park, Il1linois 60525
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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
ctructure 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 Regquirements 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 wWater-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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3. In addition to meeting the requirements of Section 5.1.3, the fue)
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 fue) 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 handling 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, radioac-
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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1.74 "Quality Assurance Terms and Definitions" (N45.2.10).

I.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).

13. The spent fuel pool water temperatures stated in Section 6.6.1(2)
exceed the limits 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. )

D. 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:

a. Accidental tipping or falling of a spent fuel assembly,

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 Jocations 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

—do

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
1imits 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.,

k. < k

S a

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

k =k _ + Ak

s sn sb * Aku *+ ok

sC

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,
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Ak ., = the bias in the calculation procedure as obtained from the

sb
comparisons with experiments and including any extrapolation to
storage pool conditions,
Aku = the uncertainty in the benchmark experiments, and
Aksc = 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 395 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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a. The most reactive fuel assembly to be stored at the most reactive
point in the assembly life, or

b. 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.

4.2 Determination of the most reactive spent fuel assembly includes considera-

tion of the following parameters:

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

«“a -+~ ® 0 N T o

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. Spacing between assemblies,
b. Moderation between assemblies, and
c. Fixed 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:

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

b. Dimensional tolerances,
Construction materials,

d. Fuel and moderator density (allowance for void formations and temper-

ature of water between and within assemblies),

1.13-12



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 fue) 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 criterija

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

assemblies.

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, 235y 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:

Accuracy of the method used to determine storage rack reactivity;
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?

d. Accountability, i.e., ease and completeness of recordkeeping; and

e. 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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Attached is a copy of guidance concerning regulatory requirements for criticality analysis of new
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positions that may have been incompletely or ambiguously stated in safety evaluation reports or
other NRC documents. It also describes and compiles, in a single document, NRC staff
positions on more recently proposed storage configurations and characteristics in spent fuel
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casks, nor does it consider the mechanical, chemical, thermal, radiological, and other aspects
of the storage of new and spent fuel.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20863-0001

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) fuel 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 assemblies and should
establish that an acceptable margin exists for the prevention of criticality under all credible
conditions.

This guidance is not applicable to fuel storage in casks, nor does it consider the mechanical,
chemical, thermal, radiological, and other aspects of the storage of new and spent fuel. The
guidance considers only 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 9.1.1 (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 also meets General Design Criterion 62 (Ref. 4).
which states:

Criticality in the fuel storage and handling system shall be prevented by physical
systems or processes, preferably by use of geometncally safe configurations

The pnncipal 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 pressurnized-water
reactors (PWRs) would allow partial credit for soluble boron in the poo! water (Ref 5)

The guidance stated hera s applicable to both PWRs and boiling-water reactors (BWRs) The
most notable difference between PWR and BWR fuel storage facilities 1s the larger size of the
fuel assemblies and the presence of soluble boron in the spent fuel pool water of PWRs

9808240102 980819
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The determination of the effective multiplication factor, k., 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:
1. assembly length and planar dimensions

2. fuel rod pitch

3. total number of fuel rods in the assembly
4. locations in the fuel assembly lattice that are empty or contain nonfuel material
5. integral neutron absorber (burnable poison) content of various fuel rods and

locations in fuel assembly
6. structural materials (e.g., grids) that are an integral part of thé 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.g., gadolinia in certain fuel rods of BWR and PWR
assemblies or integral fuel burnable absorber (IFBA) coatings in certain fuel rods of PWR
assemblies).

Whenever reactivity equivalencing (i.e., burnup credit or credit for imbedded turnable
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 caliculation of k . and 3) uncertainty
in average assembly ennchment.

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 matenal If the criticality safety of
the storage racks relies on administrative procedures. these procedures should be exphcitly
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

o NITAWL-KENOS5a - a multigroup transport theory code in three dimensions, using the
Monte Carlo technique

o PHOENIX-P - a multigroup transport theory code in two dimensions, using discrete
ordinates

o MONKEB - a multigroup transport theory code in three dimensions, using the Monte
Carlo technique

o DOT - a multigroup transport theory code in two dimensions. using discrete ordinates

Similarly, a vaniety of cross-section libraries s 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 as the Hansen-Roach library.
are not acceptable for criticaity 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 posibon 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 cntical
experiments used for benchmarking should include, to the extent possible. configurations
having neutronic and geometnc characteristics as nearly comparable to those of the proposed
storage facility as possible. The Babcock & Wilcox series of critical expenments (Ref 6)
provides an acceptable basis for benchmarking storage racks with thin strong absorber paneis
for reactivity control. Similarly, the Babcock & Wilcox cntical experments on close-packed
arrays of fuel (Ref 7) provide an acceptable expenmental basis for benchmark analyses for
consolidated fuel arrays. A comparison with methods of analysis of similar sophistication (e g .
transport theory) may be used to augment or extend the range of apphicable cntical experrment
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 95-percent probabilty at the 95-percent confidence leveil (Ref 8)
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The maximum k,, shall be evaluated from the following expression:

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

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

Ok(bumup) = correction for the effect of the axial distribution in bumup,
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 fuel 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 or (2) a 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.

K} 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 requirea 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 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.

4 NEW FUEL STORAGE FACILITY (VAULT)

Normally, fresh fuel is stored temporarily in racks in a dry environment (new fuel storage vault)
pending transfer into the spent fuel 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 a resuit 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 techrical
specifications:

a With the new fuel storage racks loaded with fuel of the maximum permissible reactivity
and flooded with pure water, the maximum k.., shail be no greater than 0 95. including



5

mechanical and calculational uncertainties, with a 95-percent probability at a 95-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 95-percent confidence
level.

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

Under the double-contingency principle. the accident conditions identified 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 fuel 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 0.95.

Al low moderator density, the presence of relatively weak absorber material (for example,
stainless steel 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 initial conditions before the pool is flooded.

Under low-density moderator conditions, neutron leakage is a 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. In the
evaluation of the new fuel vauits, fuel assembly and rack characteristics upon which
subcriticality depends should be explicitly identified (e.g.. fuel enrichment and the presence of
steel plates or braces).

5 SPENT FUEL STORAGE RACKS
A Reference Criticality Safety Analysis

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

a With the spent fuel storage racks loaded with fuel of the maximum
permissible reactivity and flooded with full-density unborated water tne
maximum k,, shall be less than or equal to 0 95 including mechanical
and calculational uncertunties. with a 95-percent probabuility at a 95-
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 fuel storage racks loaded with fuel of the maximum
permissible reactivity and flooded with full-density unborated water, the
maximum k,, shall be less than 1.0, including mechanical and
calculational uncertainties, with a 95-percent probability at a 95-percent
confidence level.

b. With the spent fuel storage racks loaded with fuel of the maximum
permissible activity and flooded with full density water borated to [ * |
ppm, the maximum k,, shall be no greater than 0.95, including
mechanical and calculational uncertainties, with a 95-percent probability
at a 95-percent confidence level.'

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

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

b. For fuel assemblies containing burnable poison, the maximum reactivity

shouid be the peak reactivity over burnup, usually when the burnable
poison is nearly depleted.

c The spent fuel storage racks should be assumed to be infinite in the
lateral dimension or to be surrounded by a water reflector 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 normal 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
(ile. at 4°C). However. if the temperature coefficient of reactivity 1s
positive. the evaluation should be done at the highest temperature
expected during normal operations  1.e., equilibrium temperature under
normal refueling conditions (including full-core offload). 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 cnticality safety analysis of the
spent fuel storage racks should also consider the following

' [ * ]1s the boron concentration required to marntain the 0 95k, limit withcut consideration
of accidents
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a the effect of eccentric positioning of fuel assemblies within the storage
cells

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

5. If one or more separate regions are designated for the storage of spent fuel, with
credit for the reactivity depletion due to fuel bumup, the following appies.

a. The minimum required fuel bumup should be defined as a funcion of the
initial nominal enrichment.

b. The spent fuel storage rack should be evaluated with spent fuel at the
highest reactivity following removal from the reactor (usually after the
decay of xenon-135). Operating procedures should include prowision for
independent confirmation of the fuel burnup, either administratively or
experimentally, before the fuel is placed in storage ce.is 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 re ' ice 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 calaulational
uncertainties. In the absence of any other determination of the depletion
uncertainty, an uncertainty equal to 5 percent of the reactivity decrement
to the burnup of interest is an acceptable assumption.

e. A correction for the effect of the axial distribution in burmup shouid be
determined and., if positive, added to the reactivity calculated for uniform
axial burnup distribution

B. Additional Considerations
1. The reactivity consequences of incidents ana accidents such as (1) a tuel
assembly drop and (2) placement of a fuel assembly on the outside ard
immediately adjacent to a rack must be evaluated. Under the double-contingency
pnnciple, credit for soluble boron. if present, is acceptable for these postulated
accident conditions
2. It either credit for burnup is assumed cr racks of different ennchment capability

are in the same fuel pool, fuel assembly misloadings must be considered
Normally, a misloading error iInvolving only a single assembly need be
considered unless there are circumstances that make multiple loading errors
credible. Under 1 ‘e double-contingency principle. credit for soluble boran 1f
present. is acceptable for these postulated acc tent conditions
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3. The analysis must also consider the effect on criticality of natural events (eg.,
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 ccfigurations) will be considered on a case-by-
case basis, provided # 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 control.

6. . I 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 occu: from the
minimum technical specification boron concentration to the boron concentration
required to maintain the 0.95k,, design basis limit. The analysis should consider
all possible dilution intiating events (including operator error), dilution sources,
dilution flow rates, boration sources, instrumentation, administrative procedures,
and piping. This analysis should justify the surveillance interval for verifying the
technical specification minimum pool boron concentration.

7. Consolidated fuel assemblies usually result in low values of reactivity
(undermoderated lattice). Nevertheless, cnticality calculations, using an explicit
geometric description (usually triangular pitch) or as near an explicit descnption
as possible, should be performed to assure a k, less than 0.95.
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Carolina Power & Light Company
Harris Nuclear Plant

P.O. Box 165

New Hill NC 27562

SERIAL: HNP-99-094
JUN 1 4 1333

United States Nuclear Regulatory Commission
ATTENTION: Document Control Desk
Washington, DC 20555

SHEARON HARRIS NUCLEAR POWER PLANT

DOCKET NO. 50-400/LICENSE NO. NPF-63

RESPONSE TO NRC REQUEST FOR ADDITIONAL INFORMATION
REGARDING THE LICENSE AMENDMENT REQUEST TO PLACE
HNP SPENT FUEL POOLS ‘C’ & ‘D’ IN SERVICE

Dear Sir or Madam:

By letter dated April 29, 1999, the NRC issued a request for additional information (RAI)
regarding the Harris Nuclear Plant (HNP) license amendment request, submitted by CP&L letter
Serial: HNP-98-188, dated December 23, 1998, to place spent fuel pools C and D in service. The
HNP response to the NRC RAI is enclosed. The enclosed information is provided as a
supplement to our December 23, 1998 license amendment request and does not change our initial
determination that the proposed license amendment represents a no significant hazards
consideration.

Please refer any questions regarding the enclosed information to Mr. Steven Edwards at (919)
362-2498.

Sincerely.
3 N ,
IV~ ‘ {./)(d du,k’
Donna B. Alexander /

Manager. Regulatory Affairs
- Hams Nuclear Plant

KWS/kws YA

Enclosure
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Enclosure to Senal: HNP-99-094
Pige 1 of 4

SHEARON HARRIS NUCLEAR POWER PLANT
DOCKET NO. 50-400/LICENSE NO. NPF-63
RESPONSE TO NRC REQUEST FOR ADDITIONAL INFORMATION
REGARDING THE LICENSE AMENDMENT REQUEST TO PLACE
HNP SPENT FUEL POOLS ‘C’ & ‘D" IN SERVICE

Requested Item 1

Although the bumup cnitena for storage in Pools C or D will be implemented by administrative
procedures to ensure verified bumup pnor to fuel transfer into these pools. an administrative
failure should be assumed and evaluation of a fuel assembly misloading event (i.e., a fresh
pressurized-water reactor (PWR) assembly inadvertently placed in a location restricted to a
burned assembly as per Technical Specifications (TS) Figure 5.6.1) should be analyzed.

Response to Requested Item 1

The presence of soluble boron in the spent fuel pool water will assure that the reactivity is
maintained substantially less than the design limitation in the event of a misloading event as
described above. The Double Contingency Principle provides that neither the utility nor the staff
isrequired to assume two unlikely, independent, concurrent events. Therefore, a failure of the
administrative controls related to fuel assembly placement and the inadvertent dilution of the
spent fuel pool water need not be considered to occur simultaneously. As a result, credit for the
presence of soluble boron in the spent fuel pool water may be taken for an assembly misloading
event as described. A minimum spent fuel pool boron concentration of 2000 ppm is maintained
inaccordance with HNP chemistry procedure CRC-001. This minimum boron concentration is
more than adequate to offset the reactivity addition from a postulated fuel assembly misloading
event. Based on analysis performed by Holtec Intermational, it has been determined that a soluble
boron concentration of 400 ppm would be sufficient to maintain kg less than 0.95 in the event of
afuel assembly misloading event (i.e., a fresh pressunized-water reactor (PWR) assembly
inadvertently placed in a location restncted to a bumed assembly as per TS Figure 5.6.1).

Requested Item 2

How will the burnup requirements needed to meet TS Figure 5.6.1 be ascertained for fuel
assemblies shipped from other PWR plants (Robinson)?

Response to Requested Item 2

The burnup curve (proposed TS Figure 5.6.1) applies to the Robinson 15 x 15 fuel ussembly
types identified in Table 4.3.1 of Enclosure 6 to CP&L's license amendment request. dated
12/23/98.

The sclection of spent fuel for shipment to Hams 1s made in accordance with procedure NFP-
NGGC-0003, enutled “Procedure for Selection of Irradiated Fuel for Shipment in the [F-300
Spent Fuel Cask.”™ The purpose of this procedure 1s to assure that the requirements of the 1F-300
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Cask Certificate of Comphiance No. 9001 are met with regard to the selection of irradiated fuel to
be shipped and that the fuel selected for shipment i1s acceptable for storage at CP&L’s Hamis
plant. This procedure has been in use since 1990 for Robinson spent fuel shipments.

A computer program, which has also been in use since 1990 for Robinson spent fuel shipments,
isused in conjunction with the above-referenced fuel selection procedure. For candidate
assemnblies to be shipped, the program retneves the fuel type. enrichment, bumup, and decay heat
from the special nuclear matenals database. The initial enrichment data for each fuel assembly is
contained in this database along with the other fuel data, and this data is based on manufacturing
records. The burmup data for each fuel assembly is also included in the database along with the
other tsotopic inventories, and this data i1s obtained from the core monitoring software used for
the Robinson plant. The special nuclear matenial database and core monitoring software have
also been in use since 1990 for Robinson shipments.

The bumup curve proposed as TS Fig. 5.6.1 for pools C and D has already been programmed into
the software for use in conjunction with fuel selection procedure NFP-NGGC-0003; however,
this version is not yet in production as testing and documentation per CP&L’s computer code
quality assurance requirements are tn progress. This new version will screen candidate PWR
(Robinson) fuel against the bumup curve.

Revision to fuel selection procedure NFP-NGGC-0003 to reflect criticality screening
requirements for fuel to be stored in Hamns pools C or D has begun, but will not be completed
until after: (1) the software changes identified above have been tested and the revised software
placed in production status, and (2) the NRC has approved CP&L'’s Ixcensc amendment
application to place spent fuel pools C and D in service.

Requested Item 3

The fuel ennchment tolerance is specified in Section 4.5.2.5 as +0.0/-0.05. Why isn’t a positive
tolerance of +0.05 assumed (i.e., 5.0+0.05 weight percent U-235)?

Response to Requested Item 3

A maximum U-235 ennchment of 5.0 weight percent was specified, because it is the maximum
enrichment allowed by both the Robinson and Hams Technical Specifications. Robinson TS
43.1.1.a states that the spent fuel racks shall be maintained with fuel assemblies having a
maximum U-235 ennchment of 5.0 weight percent. Robinson TS 4.3.1.2.a states that the new
fuel racks shail be maintained with fuel assemblies having a maximum U-235 ennchment of 5.0
weight percent. Hams TS 5.3.1 states that the initial core loading shall have a maximum
ennchment of 3.5 weight percent U-235 and that reload fuel shall have a maximum enrichment
of 5.0 weight percent U-235.

Also, the manufactunng facility of Siemens Power Corporation (SPC), the current fuel supplier
for both the Robinson and Hams plants. 1s limited by hicense to a maximum U-235 ennchment of
50 weight percent. The SPC manufactunng tolerance s 0.05 weight percent U-235 Therefore,
for ennchments with a tolerance ot +/- 0.05%. the nomunal design ennchment may not exceed
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4.95 weight percent U-235 to ensure that the nominal plus the tolerance does not exceed 5.0
weight percent. The fuel enrichment and density tolerances specified in Section 4.5.2.5
appropriately supports a maximum allowable ennchment of 5.0 weight percent U-235.

Requested Item 4

Justify that the allowance that was assumed for possible differences between the fuel vendor and
the Holtec calculations is sufficient to also encompass bumup calculational uncertainties.

Rgsgonse to Requested Item 4

The Criticality Safety Calculations for the BWR Fuel Racks are summarized in Table 4.2.2 of
Enclosure 6 to CP&L’s license amendment request, dated 12/23/98. An uncertainty on depletion

additive allowance for companisons to vendor calculations discussed in Section 4.4.2.2 also
accounts for bumup uncertainty. This practice is acceptable for the following two reasons:

First, the BWR calculations consider the peak reactivity duning burnup. The kiqs in the rack
corresponding to a peak kiq¢ in the Standard Cold Core Geometry (SCCG) of 1.32 was calculated
in the analysis. The burnup corresponding to this peak reactivity value is simply a by-product of
this calculation and, in contrast to PWR analysis, bumup is not used as a criteria for establishing
acceptability for fuel storage. Any uncertainty in the bumup calculation would simply decrease
or increase, with bumup, the location of the peak reactivity. However, the kiq¢ in the SCCG and
the kinf in the rack would remain the same at the peak in reactivity. As a result, an additional
uncertainty on depletion is not necessary.

Second, the fuel vendor performs similar depletion calculations to those discussed in Section 4.
Therefore any uncertainty in depletion is an inherent part of the companson between those
calculations in Section 4 and those performed by the vendor to determine the peak kins in SCCG
as a function of burnup. Again, it is noted that the actual bumup at which the peak occurs is not
used in the BWR acceptable fuel storage cntena.

Requested Item 5

The summary of criticality safety calculations shown in Tables 4.2.1 and 4.2.2 indicates that the
total uncertainty is a statistical combination of the manufactunng tolerances but do not indicate
methodology biases and uncertainties. Were these included?

Response to Requested Item S

Section 4.4.1 of Enclosure 6 to CP&L's license amendment request, dated 12/23/98, discusses
the fact that CASMO-3, because it is a two-dimensional code. can not be directly compared to
cntical experiments and as a result a calculational/methodology bias 1s not available for
CASMO-3. This section also discusses MCNP. which 1s a full three-dimenstonal Monte Carlo
code. which has been benchmarked against cntical expenments. CASMO-3 was used as the
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primary method of calculation and the results from CASMO-3 were compared to the regulatory
limit of ks < 0.95 in Tables 4.2.1 and 4.2.2. As noted. the methodology bias and uncertainty
were not included in these tables. However, these factors were implicitly included in a code-to-
code comparison between CASMO-3 and MCNP shown in Table 4.5.1.

Asdiscussed above, a methodology bias can not be developed for CASMO-3. Therefore,

C ASMO-3 results were compared to MCNP results to either verify that it produces conservative
results relative to the benchmarked MCNP, or to determine a code-to-code bias. This
comparison is discussed in Sections 4.5.1 and 4.6.1 with the results presented in Table 4.5.1. In
the comparison between MCNP and CASMO-3, the methodology bias, uncertainty on the bias,
calculational statistics, and a correction from 20°C to 4°C were added to the MCNP results.
These results indicate that CASMO-3 is conservative relative to the benchmarked code MCNP
and therefore the code-to-code bias was 0.0 for CASMO-3. Since the code-to-code bias was 0.0,
it was not included in Tables 4.2.1 and 4.2.2. In conclusion, it can be stated that even though a
methodology bias and uncertainty were not directly included in the final results shown in Tables
4.2.1 and 4.2.2, they were implicitly included through comparison of CASMO-3 and the
benchmarked MCNP, provided in Table 4.5.1.
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MR. DEVOE

This being the deposition of MICHAEL J.
DEVOE, P.E., taken by the Intervenor, on October 20,
1999, beginning at 9:40 a.m., at the offices of
Carolina Power & Light Company, 411 Fayetteville
Street Mall, Raleigh, North Carolina, before Betty

Jordan, Certified Verbatim Reporter and Notary Public.

{Whereupon,

MICHAEL J. DEVOE, P.E.,

having first been duly sworn, was
examined and testified as follows:)

DIRECT EXAMINATION BY MS. CURRAN:

Q Good morning, Mr. DeVoe.
A Good morning.
Q I'm going to be asking you some questions

today. 1If there’s any question that I ask that you
don't understand, it’s not because I'm trying to
confuse you. And you can ask me to clarify the
question. If you don't ask for clarification, I'1l1l
assume that you’ve understood the question.

If you need to talk with your counsel or
take a break, you can ask me and take a break. Okay?

A Yes.
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MR. DEVOE 5

Q All right. I’'m going to ask you some
questions first about your resume, which has been
provided to Orange County, and ask the court reporter
to mark the resume of Michael J. DeVoe as Orange
County Deposition Exhibit A.

(Whereupon, Deposition Exhibit A
was marked for identification.)

Q First, are you aware that you’ve been
identified by CP&L as a potential declarant or affiant
in the licensing proceeding for the activation of
spent fuel pools C and D?

A Yes.

0 Can you tell me what your current position
is now with CP&L?

A Yes. I'm a project engineer in the nuclear
fuel section. I work in a unit called Nuclear Fuel
Services.

o) Do you have responsibilities in relation to

criticality control in the spent fuel pools?

A Yes.
Q And what are they?
A I provide fuel-related data as input to the

analyses and I review the analyses that are performed
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MR. DEVOE 6

by our contractors.
Q So have you reviewed the criticality

analyses that have been prepared by Holtec in this

case?

A I've reviewed two reports in particular,
yes.

0 And which two are those?

A I don’'t recall the particular number, but

one is what I refer to as the base criticality
analysis for pools C and D, and then a supplemental
evaluation that looked at the misload of a fresh fuel
assembly.
Q Have you performed any criticality analysis
yourself?
MR. HOLLAWAY: A clarification in time.

What time period are you talking about?

Q In relation to this license amendment
application.

A No.

Q Are you familiar with CP&L’'s operations

related to criticality control in the spent fuel pools
at Harris?

A Could you clarify?




=

8]

w

[\-9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

MR. DEVOE 7

0 Well, I’'1ll break it down. Are you familiar
with CP&L operations related to boron, the addition of
boron to the spent fuel pool water?

MR. HOLLAWAY: Object. A
clarification. When you say "operations," I'm not
sure I know exactly what that means specifically.

Q Are you familiar with the measures that are
taken to introduce boron to the water in the spent
fuel pool at Harris?

A No.

0 Are you familiar with the measures that are
taken with respect to the tracking of spent fuel
assemblies at the Harris plant?

A Yes.

Q So I take it that your contribution in this
particular proceeding, which is the license amendment
application for activation of spent fuel pools C and
D, is to provide Holtec with information about the
nature, the characteristics of the fuel at the plant
that would be subject to a criticality analysis.
That's one of your contributions; is that correct?

A Yes.

Q And the other is that you have reviewed the
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MR. DEVOE 8

calculations done by Holtec for its criticality
analysis.

A I reviewed the report, the documents, the
results of those calculations.

Q And what aspect of the report are you
competent to evaluate?

A To insure that they use the appropriate
fuel data that was provided, that they analyzed all
the fuel designs that we intend to store in those
pools, and that the results appear to be reasonable
and in accordance with applicable requirements.

Q Have you provided Holtec with any
information other than information about the
characteristics of the spent fuel itself?

MR. HOLLAWAY: Objection. Could you
clarify--I think I know what you’re talking about--but
whether you’re speaking about this particular license
amendment application and these analyses.

Q In providing Holtec with information
necessary for the criticality analysis that it
performed with respect to this particular license
amendment application, have you provided Holtec with

any information other than information about the
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MR. DEVOE 9

characteristics of the spent fuel itself?

A No, I don’'t believe so.

Q Have you provided Holtec with any
information about the boron concentrations in the
spent fuel pools?

A No.

Q Have you provided Holtec with any
information about CP&L’s system for tracking spent
fuel movements at Harris?

A No.

Q I'm going to ask you some questions about
CP&L’s measures for identifying and keeping track of
the spent fuel assemblies that come into the Harris
plant and reside there.

Would I be correct in saying that there are
three basic steps involved here? One would be the
cataloguing or describing of the characteristics of
each spent fuel assembly.

Another would be tracking the specific
location of each spent fuel assembly, and--I'm sorry.
I have to strike the word "spent"--each fuel assembly.
And the last would be to verify that steps 1 and 2

have been taken appropriately.
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MR. DEVOE 10

Is that a correct description of the steps

involved?
A I believe so.
Q I'd like to ask you about the first step,

which would be describing or cataloguing the nature of
the fuel.

Can you tell me what are the
characteristics that are catalogued or described when
you make a record of fuel assemblies coming into the
plant?

A The assembly ID, their serial number, the
amount of fissile material contained in that bundle in
terms of grams and the uranium enrichment.

Q There’'s a record of that information that’s
made when the assembly enters the plant; is that
correct?

A Are you talking about fuel coming fresh to

the Harris plant or being brought from other plants to

Harris?
0 I'm talking about both.
A Well, there’'s also a record of the burn-up

and there’s also a record of all of its previous

locations.
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MR. DEVOE 11

Q All right. When an assembly comes to the
plant--and it may be a fresh assembly or a spent one--
this record is made for each assembly, right?

A Correct.

Q Okay. And some of this information has
been provided already by someone else; is that

correct? The ID is put on by someone else.

A Correct.

Q In the case of fresh fuel, who puts the ID
on?

A The fuel manufacturer.

Q Does every assembly have the same ID from

birth to death, from when it’s created to when it's
finally put into the storage or the spent fuel pool?
That doesn’'t change.

A That’'s correct.

Q The amount of fissile material, where does

that information come from? Who generates that

information?
A The fuel manufacturer.
MR. HOLLAWAY: Could you clarify at

what time you’re talking about? I know you talked

about fresh fuel and burned fuel and both together.
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MR. DEVOE 12

And it’s not clear to me when you ask that question as
to what time you’re talking about. I think I know,
but - -

MS. CURRAN: Well, I'm talking about
when the fuel arrives ét Harris, where have you gotten
the information.

MR. HOLLAWAY: Regardless of where it’s
coming from.

MS. CURRAN: Regardless of where it’s
coming from.

Q So answer the question with respect to both
fresh and spent fuel if it’s different. So for the
amount of fissile material.

A For the fresh, that comes from the fuel
vendors. For the exposed, it comes from our reactor
records, our special nuclear material accountability.

Q Now, when Harris gets spent fuel
assemblies, at the moment they are coming from other
CP&L plants; is that correct?

A (Witness nods affirmatively.)

Q So when you say "our" you mean other CP&L--
that’s the CP&L organization.

A Correct. I mean the Brunswick plant or the
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MR. DEVOE 13

Robinson plant.

Q Has CP&lL ever accepted fuel assemblies from
any other facility other than--at Harris from any
facility other than a CP&L facility?

A Not to my knowledge.

Q You had mentioned a special nuclear

material, accountability something. What did you say

it was?
A It’'s just a program, computer program.
0 All right. 1I’ll come back to that. Let’s

finish going through this list of the information
that’s included in the first record that’s made.

So the amount of fissile material in a
spent fuel assembly that’s coming from a CP&L plant or
from the Harris plant is recorded--when you get it at
the Harris plant, you get information from CP&L’s
special nuclear material accountability program; is
that right?

A (Witness nods affirmatively.)

Q Okay. What about with respect to burn-up?
Where does that information come from for fresh and
spent fuel assemblies?

A Well, for the fresh fuel assemblies the
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MR. DEVOE 14

burn-up is zero. For the exposed fuel assemblies,

that’s part of the core monitoring program output.

Q Is that another computer program?
A Yes.
0 Okay. And then the last item was previous

locations. Who provides that information to you with
respect to the fresh fuel?

A With the fresh fuel, that would not have--
it’s not a valid record for fresh fuel.

Q And how about for the spent fuel?

A It’s a history of the approved and executed
fuel movement instructions.

Q And who provides that information? Where

does that information come from?

A That comes from the completed fuel movement
procedure instructions.

Q Is that also a computer program?

A This information is stored on a database,
computer database, yes. But the locations are not
necessarily computer-generated. The movement
instructions can be written by hand.

Q Could you explain that? Is it a piece of

paper?
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MR. DEVOE

A Yes.

Q It’s a piece of paper.

A Uh-huh (affirmative).

Q and that has a list of the previous
locations.

A I'm not sure of that, of how far back it
goes.

Q Okay. So when this information is

received, what happens to it? How is it recorded?

A It’s maintained on its database.

Q Does CP&L have a procedure for verifying
all of the information that’s provided when an
assembly is received?

A I don't know.

Q Okay. Could you describe for me the
special nuclear material accountability program?

A I could describe my understanding of it.
It’'s not one of my specialty areas.

Q Okay.

15

A As a licensee, we’'re required to keep track

of certain information associated with what we call
special nuclear material, which in this case is

uranium. And we keep track of how much we have and
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MR. DEVOE 16

where it’s at.

And also, when we, if you will, generate
special nuclear material by irradiating a fuel in a
reactor, there are other isotopes besides uranium 235
that we are required to account for. And that program
is more of a--not necessarily a computer program, but
a program that we have in place to keep track of that
material.

Q So is this the program that you go to when
you want to ask where is a specific fuel assembly?

A Yes.

o) Is this program universal to all of the
CP&L plants or is it just at Harris?

A All three sites use the program.

Q Using this special nuclear material
accountability program, can you track the history of
each spent fuel assembly?

A Yes.

Q So is this database a unified database that
covers the complete history for every fuel assembly
that’'s used at any CP&L plant?

A I'm not sure.

Q I'm sorry. Were you about to say something
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MR. DEVOE 17

more?

A No.

Q Is it a realtime database?

A I'm not sure what you mean by that
question.

0 If I want to know right now what is the

complete history of each fuel assembly from the

database, can I get that information immediately?

A Yes.

Q That’s what I mean by realtime.
a Yes.

Q Yes. And that covers all of the

information up to the present.
A Provided the records have been loaded into

the system.

Q Okay. Why don’t you tell me about that?

A I'm not sure what you mean by that
question.

Q Well, is the information not recorded

immediately into the database when it’s received?
A Obviously, between the physical movement of
the fuel and the recording on the paper and the

transferring of the paper to the person responsible
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MR. DEVOE 18

for the database and entering that information into
the database, there is a certain time lapse.
Q Are there any requirements for the maximum

amount of time that is allowed to pass?

A I don’'t know.

Q Do you know what the backup is for this
database?

A No, I don’'t.

Q What is the physical location of the
database?

A I'm not sure.

Q How is the database accessible to a Harris

plant operator?

A The database is maintained on our computer
network. And if a person has been granted access to
that database, they would be able to access it from a
desktop personal computer.

Q Is there a paper copy of the database
that’'s kept?

A I'm not sure.

Q You also mentioned a core monitoring
program. That'’s correct?

A Correct.
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MR. DEVOE 19

Q Could you describe that for me?

A Basically, that’s the on-line reactor core
monitoring system that monitors power shapes, power
levels, and what we use to demonstrate conformance
with technical specification requirements.

Q Does the core monitoring program have any

relationship to the SNM accountability program?

A Yes.
Q How are they related?
:\ The core monitoring program tracks the

assembly burn-up and the isotopes, the generation of
the isotopes as a result of that burn-up. And then
that information is transferred to the special nuclear
material program.

Q When new information is received or
generated that needs to be input into the special
nuclear material accountability program, but it hasn’t
been input yet--I just want to take that situation--is

any notation made in the program at that point?

A I don’t know.
o] You don’t know. Do you know who does know?
A Yes.

Q Can you tell me that?
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MR. DEVOE 20

A The names of the people?

0 Uh-huh (affirmative).

A Bob Kunita and Linda Young.

Q And why are they people that know? What

are their responsibilities?

A One of their responsibilities is the
special nuclear material program.

Q This program, the special nuclear material
accountability program, deals with fuel that is in a
CP&L system. That’s correct?

A Yes.

Q If CP&L takes fuel from other plants that
are not currently in the system, are there any other
measures that would be added to this program?

MR. HOLLAWAY: I object to that
question. There’s no foundation.

Q It’s my understanding that CP&L has just
purchased a nuclear plant in Florida. If CP&L were to
take fuel from the plant in Florida for which the
information about the fuel characteristics is not
currently in the SNM accountability program, what
measures would be taken?

MR. HOLLAWAY: Well, I object again.
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MR. DEVOE 21

There’s no foundation for that scenario occurring.

Q You may answer the question.

A I mean, that’'s highly speculative. You
know, the purchase has not been finalized. And you’'re
asking me to predict what would happen in the future.

My best estimate or expectation of what
would happen is that it would be treated the same way,
that that information would be added. But I'm not
aware of any thoughts of even doing that.

0 I'd like to go to the step which would be
the tracking of the fuel. Suppose that you need to
know where a specific fuel assembly is in a plant.

How do you find out?

A Oone method would be to go to the special
nuclear material database.

Q And assuming the information has been input

into the computer, the database would tell you where

it was.
A Correct.
Q What would another method be?
A Depending upon where the fuel was, if it

was in the core, in the reactor, there's other--you

can look at the loading pattern. The core map
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describes the loading pattern.

Q The core map? Is that what you said?

A Yes.

Q And where is that kept?

A I'm not sure what--

Q what kind of a map is it? 1Is it a paper
map?

A Yes. It’s a paper map.

Q and where is the paper map located?

A It would be in the reload modification

package, what we call an engineering service request.
Q Are there other methods for tracking the
fuel?
A You could--yes. You could go through the

completed fuel-handling procedures.

Q and is that a paper document or a computer
file?

A It would be a paper document.

Q And where is that kept?

A In the vault, the quality assurance vault.

Q Suppose that a fuel assembly is moving down

a canal and I want the tracking system to tell me

where it is and where it was and where it’s going.
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Would the tracking system give me that information?

A I don’'t know.

Q Do you know if Federal Express would do
that for you if it was a package?

MR. HOLLAWAY: Object. That's not
relevant to the proceeding. The witness may answer.

A I've seen it on advertisements.

Q If I wanted to get the history of a fuel
assembly that was in a particular rack position, could
I get that by going to the SNM database?

A I believe so, yes.

Q and I could get the complete history of
that assembly?

MR. HOLLAWAY: I'm going to object as
ambiguous. When you say "history,” I’'m not sure what
you mean.

Q The question is that for each location can
you--first of all, can you identify each location
where the fuel has been?

A Yes.

Q and for each of those locations, can you
get information about the fuel characteristics, the

burn-up, enrichment, amount of fissile material?
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A Yes.

Q Can I get this information that we just
discussed--when I'm looking for the previous history
of locations and the characteristics at each location,

can I get this information immediately?

A What do you mean by "immediately”?

Q Within a minute.

A I believe so.

0 If I knew the characteristics of the fuel

and the previous location of the fuel, could I use
that information to f£ind the current location using
this program?

A Yes.

0 So it will search--even if you don’t have
all the information, you can put in some input and get
an ID?

MR. HOLLAWAY: Object. When you say
"some input"--

0 Well, if you put in some of the
characteristics of the fuel.

A Yes. It’'s a database and it’s searchable,
as a database would be.

Q Supposing that I were trying to verify
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whether the information regarding, say, the burn-up
level that’s recorded in the database for a particular
fuel assembly is correct. How would I go about doing
that? What measures does CP&L have for doing that?

A I'm not sure.

Q You don’t know anything about measures for
validating the data that’s been input into the

program.

A I'm not involved in those activities or

familiar with the activities.

Q Can you tell me who would be?
A Yes. Bob Kunita and Linda Young.
MR. HOLLAWAY: At some point I‘d like

to take a break just as a regular break to talk to
him.

MS. CURRAN: Okay.

MR. HOLLAWAY: I don‘t know if this

would be a good time.

MS. CURRAN: Maybe in just a few
minutes.
MR. HOLLAWAY: Okay.
Q If you look at a specific rack position,

how can you be sure that the fuel in that position in
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the rack has the same ID as the database says it does?

A How can you be sure? One way is the
surveys of the pool, the video camera.

Q Now, tell me, why would that tell you?

A You could lower the video camera into the
rack location of interest and actually read the serial
number on the bundle and then compare that to your
records.

Q Is that done?

MR. HOLLAWAY: Object as ambiguous.
You said, "Is that done?" Is that done when, by who?
I don’‘t know what that means.

Q Before a fuel assembly is moved, are any
steps taken to verify the identity of the fuel
assembly that’s being moved?

A I don’t know.

MS. CURRAN: This is a good time for
a break.
(Whereupon, a brief recess was taken.)

Q Mr. DeVoe, have you searched the database
that we’'ve been speaking of?

A No.

Q You haven’t?
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A No.
0 How do you know about this database?
A I request it to be gueried to provide data

that I might need.

27

Q So someone else uses the database, but you

provide the request for information?
A Yes.

Q You’ve provided some information to me

about the characteristics of the database today. How

did you get that information?

A From being aware of what is in the database

by looking at the results of the data queries and by
providing the information that gets put into the
database and by being familiar with the special

nuclear materials plant.

Q You’re saying you provide information that

gets input to the database; is that correct?

A When you say "I," do you mean myself
personally or in my work functions?

0 Well, you were the one that said it, so I
guess--

A Okay. Could you repeat the question?

Q You said that you provide input to the
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database, I believe; is that correct?

A Yes.

Q What kind of information have you provided
to the database?

A Information on fresh fuel when it’s first
delivered to the reactor site.

0 Can you tell me how you got the information
that went into the database? Did you read a piece of
paper?

A It’s provided as part of the QA
documentation by the fuel vendor when the fuel is
manufactured. And I participate in surveillances of
the vendor while he’s manufacturing our fuel. And one
of the things that I review is the documentation.

Q and what is the documentation of?

A In reference to our discussions here, it'’'s
the assembly ID and amount of uranium as manufactured.
Q When you review it, are you reviewing a

piece of paper?

A Yes.

Q and then do you hand that piece of paper to
a person who’'s inputting the information to the

computer?
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A Yes.

0 So you don’t transcribe or create a new
document. You take the information that’s been given
to you and you hand it to the person who is inputting

it to the computer.

A It’s provided that way, yes.
Q It’s provided--
A Well, I physically don’t give the sheet of

paper to the person.

Q But you make sure that person gets it.
a Yes.
0 In the course of providing information to

Holtec regarding spent fuel characteristics for
purposes of Holtec’s criticality analysis in this
particular proceeding, did you make any attempt to
validate the data that you were providing?

A Yes.

Q And how did you do that?
A First off, the fuel-related data describes

the fresher or unexposed fuel and its, primarily,
dimensions and enrichments and the physical
characteristics of the fuel assembly.

and we worked with the respective fuel
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vendors to obtain that data, and they provided it
under their quality assurance plans.

And then when it was received by CP&L, we
perform a review of it to insure that it’s the
information that Holtec has requested and it’'s
appropriate for use in this project.

Q What do you mean by "appropriate”?

A That we provided information on all the
fuel types present as opposed to maybe just the most
current, to make sure that we covered all the fuel
types that were planned to be loaded, that it was in
fact describing our fuel.

The vendors make fuel for many customers,
and we insure that it describes our fuel, the CP&L

fuel.

30

Q It sounds like the information you provided

was from the vendors, not from the CP&L database; is
that correct?

A Correct. The fuel information describes
the fresh fuel.

Q Let me make sure I understand what you’ve
told me. It's my understanding that you have

attempted to validate data that you obtained from
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vendors in order to give to Holtec. 1Is that correct?
A Yes, we do validate it.
Q Have you ever attempted to validate data

that you got from the CP&L SNM accountability

database?
A I haven’'t.
Q In your current position, have you searched

the SNM accountability database?

) Yes. I requested a query.
Q For what purpose?
A I requested a listing of the fuel

assemblies that were, in this case, presently in the
Robinson spent fuel pool.

0 and did you attempt--scratch that. And for
what purpose did you request that information?

A To support a criticality evaluation.

Q And did you attempt to validate the
information that you had obtained from the database,

this listing?

A No.
0 Would you know how to do that?
A Would I know how to validate it?

Q Right.
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A Yes.
Q How would you do it?
A I would compare the database records

against the reactor records.

Q What reactor records?

A As I mentioned earlier, there’s an on-line
process computer that tracks fuel assembly burn-up.
and I would--the records produced by that are the
records that are intended to be transferred into the
special nuclear material database.

Q Is that a separate source of information?
If it gets transferred into the special nuclear
material database, how do you know that’s not the
source of information you originally queried?

A I'm not sure I understand the question.

Q You had said that the on-line process
computer puts information into the SNM accountability
database; is that correct?

A The information generated is transferred to
the SNM. It's not automatically put there, but it’s
transferred. In this case, we're talking about a
limited set of the information, just the burn-up and

the isotopics at this point.
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Q

33

Are you competent to physically validate

the burn-up level of the spent fuel assembly?

A

Q

I'm not sure what you mean by "physically."

Wwhat I‘m talking about is, if you have a

specific fuel assembly in a rack and you’re required

to experimentally verify the characteristics, the

burn-up characteristics that are described in the

database, would you be able to that?

foundation.

MR. HOLLAWAY: I object to that for a

I don’'t know that there’s any foundation

for a requirement, as you stated, for experimental

validation

Q

never done

of fuel assembly burn-up.

Can you answer the question?

I am not.

You would not know how to do that?

I know of ways it could be done, but I have
that myself.

What are the ways that it could be done?
One technique is called gamma scan.

A gamma what?

Scan.

How does that work?

The assembly is--measurements are taken of
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the assembly for a particular isotope that is
representative of the power and burn-up distribution.
Q Can that operation be done reliably for an

assembly that is in a rack with other assemblies

nearby?
A I don’t know.
Q Did you participate in the design of the

SNM accountability database?
A No.
0 Have you ever been involved in any changes

to the program?

A Yes.
Q Can you describe that for me?
A We are in the process of making and

implementing changes to support adding to the database
the information required to facilitate implementation
of pools C and D. And I'm providing the input. I'm
not doing any manipulation of coding.

Q And what kind of input are you providing?

A The maximum planar average enrichment for
the fuel assemblies.

Q Who is responsible for actually changing

the program?
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A Bob Kunita.

Q The same person you mentioned before?

A Yes.

Q Do you know what kinds of changes are being
made?

A In general, I don’'t know the specific

coding changes. But the functionality changes I'm
aware of.

Q Would you please describe those for me?

A It'’s to add a data field that records the
maximum planar average enrichment for the PWR fuel
assemblies and for the boiling water reactor, BWR
fuel, the maximum lattice planar average enrichment,
and the standard cold core geometry K-infinity.

Q Mr. DeVoe, are you familiar with the
physical process for introducing boron into the spent

fuel pools at Harris?

A No.

Q You know nothing about it?

A (No response.)

Q Do you know how the boron gets into the
pool-?

A I believe I do.
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Q Can you explain it to me?

A I believe it’s added by the operators.

Q How do the operators do it?

A I don’t know those details.

Q Do you know whether boron concentrations

are monitored in the pools?

A Yes.

Q Do you know how frequently they’re
monitored?

A No, I don‘'t.

Q Are records maintained of boron
measurements?

A Yes.

Q For how long are they maintained?

A I do not know.

Q Has CP&L prepared any boron dilution

analyses that you know of?
A Could you clarify that? We’re restricting

this to the pool.

Q Yes.
A And what do you mean by "boron dilution"?
Q I'm actually using a term that’s provided

in an NRC guidance document, which isn’t defined
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further than that.

A I'm not aware of any calculations.

Q Do you know if the physical correspondence
between spent fuel pools makes any difference in
maintaining the boron concentration in the pools?

A I do not know that.

Q Do you know if CP&L has ever done any
studies or analyses of its own experience with

maintaining boron concentrations in its spent fuel

pools?
A No, I do not.
Q Do you know if there are any industry

studies that have been done on industry experience
with controlling boron that was in spent fuel pools?

A No, I do not.

Q Do you know of any studies prepared by CP&L
or any other entity that would describe the
probability or consequences of accidents resulting
from errors in boron concentration levels?

A No.

Q Do you know of any studies or analyses by
CcP&lL or any other entity of the probability or

consequences of criticality accidents in spent fuel




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

MR. DEVOE 38

pools?
A I don’'t recall seeing any.
Q Do you know of any analyses or studies done

by CP&L or any other entity regarding errors or
accidents caused by the mishandling or misplacement of
fuel assemblies?

A No.

Q Can you tell me what regulations or
guidance documents are followed by CP&L in attempting

to maintain criticality control at the Harris plant?

A Yes.
Q And what are they?
A GDC-62 and Reg Guide 1.13.

Any others?

= ©

Not that I’'m aware of.
MS. CURRAN: We’'re going to take a
short break.
(Whereupon, a brief recess was taken.)
(Mr. Caves and Mr. O’'Neill exit.)
MS. CURRAN: I have no further
questions.
MS. UTTAL: I don’t have any

questions.
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MR. HOLLAWAY: I don’'t have any

questions.

AND FURTHER DEPONENT SAITH NOT.

(Deposition concluded at 11:30 a.m.)
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ERRATA

I. Michael J. DeVoe, the witness herein, have read my deposition and request that the

y A S D

following changes be made:

PAGE LINE | CHANGE REASON FOR CHANGE
8 5 “ the documents,” to “that documents” Typographical

8 9 “use” to “used” Typographical

14 10 “have - -” to “have significance,” Clanfication

15 12 “its database” to “the database” Typographical

16 5 “irradiating a fuel” to “irradiating fuel” Typographical

27 17 “matenals plant” to “material plan” Typographical

29 22 “fresher” to “fresh” ‘ Typographical
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Internal AEC memorandum from G.A. Arlotto to J.J.
DiNunno and Robert H. Bryan (October 7, 1966),
and attached Revised Draft of General Design
Criteria for Nuclear Power Plant Construction
Permits (October 6, 1966)

(relevant excerpt)



Those Listed Below

G. A, Arlotto
Facilities Standards Branch, SS

October 7, 1966

REVISED DRAFT - GENERAL DESIGR CRITERIA FOR KUCLEAR POWER PLANT CONSTRUCTION
PERMITS

Attached is a revised draft of the General Design Criteris for Nuclear
Power Plant Construction Permits dated October 6, 1966, which [ developed

for your consideration.

In comparison with the previous draft, which was

dated July 25, 1966, the attached version reflects the following:

l. Changes suggested by ACRS Subcommittee members at weetings of
August 10 and September 21, 1966.

2. Changes suggested in the Backup Document dated August 9, 1966.

3. Changes suggested in wemorandum from Robert H. Bryan to J. J.
DiNunno dated October 3, 1966.

4. Changes resulting frow discussions smong the addressees and
myself.

5. My suggestions which time did not permit resoclution of with
the addressees. .

Attachment:

As Stated Above

Addressees!
J. J. DiMunno, Assistant Director for Reactor Standards, SS
Robert H. Bryan, Chief, Facilities Standards Branch, SS

3
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Revised Draft
10/6/66

GENERAL DESIGN CRITERIA FOR NUCLEAR POWER PLANT CONSTRUCTION PERMITS

The purpose of these criteris 1s to define or describe the basic safety
objectives to be met in the design of a nuclesr power plant. They are intended:
(1) to serve as guidance to the applicant in preparing an spplication for an
AEC construction perwit and (2) to sid the AEC staff in reviewing that appli-
cstion.

The application of theee ctltetinAto a specific design involves a con-
siderable amount of engineering judgment. There may be instances in which one
or wore of these criteria are unnecessary or sre insufficient. It is not
intended that the criteria be used as a check list of design objectives for
all proposed plants, and the applicant is free to establish the safety of his
design by alternative criteria. The criteris will be ondified if, or as, future
technological developments and experience warrant.

An aspplicant for a construction permit is expected to present a design
approach together with data and analyses sufficient to give assurance that the
design can reasonably be expected to fulfill all lpplicable criteria. It is
recognized that the nature and detail of technical information and analysis
required at the construction permit stage to provide such assurance may vary,
depending on the particuler criterion under consideration. Category A criteria
encompass critical safety areas so fundamental in the design, procuresent,
fabrication, and construction of the plant that modification for reasons of
safety at the operating license reviev.lta;e would be exceedingly difficult
and costly; in essence, for practical purposes, decisions made at the eon-

struction permit stage in these areas are frrevocable, Where novel features




are associated with criteria which are siteesensitive or are directly related

to limiting the accidental release of radioactivity into the public domsin,

they must be dealt with in a relatively complete way at the construction permit

stage even if the "i{rrevocable” condition is not met,

Category B criteris

encompass safety areas where the modificetions can be wade for reasons of

safety st the operating license review stage without placing an undue burden

on the parties concerned.

These criterts printipally concerned with protecting

the operational capability of the reactor may be dealt with in relatively less

detatl at the construction permit stage if more detalled information and analysis

are not available at that time.

All applicable safety criteria wust, of course, be fulfilled as a condition

for tssuance of a license to operate the plnntQ

CRITERION 1 (Category A) QUALITY AND PERFORMANCE STANDARDS

Those features of reactor factlities which are essential to the prevention

of accidents which could affect the public health and safety or to mitigation

of thelr consequences shall be designed, febricated, and erected to:

(a)

Quality standards* that reflect the importance of the safety function

to be performed. Where generally recognized codes or standards on

design, materials, fabrication, and inspection are applicable, they

shall be used., Where adherence to such codes or standards does not

suffice to assure @ quality product in keeping with the safety function,

they shall be supplemented as necessary.

* A show{ng of suffici¢ncy and appl{

OFFICE »

cability of gtandards used

shall be redquired.
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(2) Active components, such as pumps and valves, can be tested

periodically for operabllity and required functional per-

formance.

(3) A capebility is provided to test periodically the delivery

capability at & position ss close to the spray noztles as is

practical,

(4) A capability is provided to test under conditions as close

to the design as practical the full operational sequence

that would bring the systems into action, including the

transfer to slternate power sources.

CRITERION 10 (Category B) FUEL AND WASTE STORAGE SYSTEMS

Storage and handling systens for fuel and waste shall be designed on the

basis that:

1. Possibilities for inadvertent criticality must be prevented by

engineered systems or processes toevery extent practicable. Such

means as geometric safe spacing limits shall be emphasized over

procedural controls,

2. Reliasble decay heat removal means must be provided as necessary to

prevent fuel or storage volume demage that could result in radio-

activity release to plant opersting areas or the public environs.

Such weans wust be assured for all anticipated normal and sbnormal

conditions as well as those accident situations whereby normal cooling

could credibly become lost.

[} 2.2 {o{ 3 S (PN UI SAPPETEPRPP
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AEC Press Release entitled "AEC seeking public
comment on proposed design criteria for nuclear
power plant construction permits”

(November 22, 1965)



" SUNITED STATES

ATOMIC ENERGY COMMISSION
- AWASHINGTON, D.C. 20545

No. H-252 FOR IMMEDIATE RELEASE
Tel, 973-3335 or (Monday, November 22, 1965)
973-3446

AEC SEEKING PUBLIC COMMENT ON PROPOSED DESIGN CRITERIA
FOR NUCLEAR POWER PLANT CONSTRUCTION PERMITS

The Atomic Energy Commission is seeking comment from the
nuclear industry and other interested persons on proposed
general design criteria which have been developed to assist
in the evaluation of applications for nuclear power plant
construction permits.

The proposed criteria have been developed by the AEC
regulatory staff and discussed with the Commission's Advisory
Committee on Reactor Safeguards (ACRS). They represent an
effort to set forth design and performance criteria for
reactor systems, components and structures which have evolved
over the years in licensing of nuclear power plants by the
AEC. As such, they reflect the predominating experience to
date with water reactors but most of them are generally appli-
cable to other reactors as well.

It is recognized that further efforts by the AEC regu-
latory staff and the ACRS will be necessary to fully develop
these criteria. However, the criteria as now proposed are
sufficiently advanced to submit for public comment. Also,
they are intended to give interim guidance to applicants and
reactor equipment manufacturers.

The development and publication of criteria for nuclear
power plants was one of the key recommendations of the special
Regulatory Review Panel which studied ways of streamlining
the Commission's reactor licensing procedures.

In the further development of these criteria, the AEC
intends to hold discussions with organizations in the nuclear
industry and to issue from time to time explanatory informa-
tion on each criterion. TFollowing such discussions with
industry and receipt of other public comment, the AEC expects
to develop and publish criteria that will serve as a basis
for evaluation of applications for nuclear power plant con-
struction permits.

(more)



GENERAL DESIGN CRITERIA FOR NUCLEAR POWER PLANT CONSTRUCTION PERMITS

Attached hereto are general design criteria used by the AEC in judging
whether a proposed nuclear power facility can be built and operated without
yndue risk to the health and safety of the public. They represent design
and performance criteria for reactor systems, compénents and structures
which have evolved over the years in licensing of nuclear power plants by
the AEC. As such they reflect the predominating experience to date with
water reactoss but most of them are generally applicable to other reactors

as well.

It should be recognized that additional criteria will be needed for
evaluation of a detailed design, particularly for unusual sites and
environmental conditions, and for new and advanced types of reactors.
Moreover, there may be instances in which it can be demonstrated that one
or more of the criteria need not be fulfilled. It should also be recognized
that the application of these criteria to a specific design involves a

considerable amount of engineering judgment.

An applicant for a construction permit should present a design approach
together with data and analysis sufficient to give assurance that the design

can reasonably be expected to fulfill the criteria.

FACILITY
CRITERION 1

Those features of reactor facilities which are essential to the
prevention of accidents or to the mitigation of their consequences

must be designed, fabricated, and erected to:

(a) CQuality standards that reflect the importance of the
safety function to be performed. It should be
recognized, in this respect, that design codes commonly

used for nonnuclear applications may not be adequate.



CRITERION 6

Clad fuel must be designed to accomnédate throughout its design
lifetime all normal and abnormal modes of anticipated reactor operation,
tncluding the design overpower condition, without experiencing significant
cladding failures. Unclad or vented fuels must be designed with the
similar objective of providing control over fission products, For unclad
and vented solid fuels, normal-an& abnormal modes of anticipated reactor
operation must be achieved without exceeding design release rates of

fission products from the fuel over core lifetime.

CRITERION 7

The maximum reactivity worth of control rods or elements and the rates
with which reactivity can be inserted must be held to values such that no
single credible mechanical or electrical control system malfunction could
cause a reactivity transient capable of damaging the primary system or

causing significant fuel failure.

CRITERION 8
Reactivity shutdown capability must be provided to make and hold the
core subcritical from any credible operating condition with any one control

element at its position of highest reactivity.

CRITERION 9
Backup reactivity shutdown capability must be provided that is
independent of normal reactivity control provisions. This system must have

_ the capability to shut down the reactor from any operating condition,
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CRITERION 14
Means must be included in the control room to show the relative
reactivity status of the reactor such as position indication of mechanical

4
rods or concentrations of chemical poisons.

CRITERION 15

A reliable reactor protection system must be provided to automatically
jnitiate appropriate action ta prevent safety limits from being exceeded.
Capability must be provided for testing functional operability of the system
and for determining that no component or circuit failure has occurred. For
instruments and control systems in vital areas where the potential conse-
quences of failure require.redundancy, the redundant channels must be
independent and must be capable of being tested to determine that they remain
independent, Sufficient redundancy must be provided that failure or
removal from service of a single component or channel will not inhibit
necessary safety action when required, These criteria should, where
applicable, be satisfied by the instrumentation associated with containment
- closure and isolation systems, afterheat removal and core cooling sjstems,
systems to prevent cold-slug accidents, and other vital systems, as well

as the reactor nuclear and process safety system.

CRITERION 16

The vital instrumentation systems of Criterion 15 must be designed
so that no credible combination of circumstances can intefere with the
performance of a safety function when it is needed. In particular, the

effect of influences common to redundant channels which are intended to



CRITERION 19

The maximum integraé?d leakage from the containment structure under
the conditions described:in Criterion 17 above must meet the site exposure
criteria set forth in 10 CFR 100. The containment -structure must be
designed so that the containment can be leak tested at least to design
pressure conditions after completion -and.installation of all penetrations,
gnd the leakggg rate measured over a.suitable period to verify its con-

formance with required performance. The plant must be designed for later

tests at suitable pressures.

CRITERION 20

All containment structure penetrations subject to failure such as
resilient seals and expansion bellows must be designed and constructed
so that leak-tightness can be demonstrated at design-pfeSSure at any
time throughout onerating life of the reactor.

CRITERION 21

- Zufficient normal and emergency sources of electrical power must
be provided to assure a capability for prompt shutdowh and" conitinued

maintenance of the reactor facility in a safe condition under all

credible circumstances.

CRITERION 22

7/alves and their associated apparatus that:are essential to the
containment function must be redundant and so arranged that no credible
combination of circumstances can interfere with their necessary function-

ing. Such redundant valves and associated apparatus must be independent



CRITERION 26

Where unfavorable environmental conditions can be expected to require
limitations upon the release of operational radioactive effluents to the
)

environment, appropriate hold-up capacity must be provided for retention

of gaseous, liquid, or solid effluents.

CRITERION 27

The plant must be provided with systems capable of monitoring the

release of radioactivity under accident conditions.
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October 25, 1966

Dr. David Okrent, Chairman

Advisory Committee on Reactor Safeguards
U. S. Atomic Energy Commission
Washington, D.C. 20545

Dear Ur. Okrent:

Enclosed for consideration of the ACRS are draft copies of the General
Design Criteria for Nuclear Power Plant Construction Permits. This
redrafted material inc ludes a comparison of criteria contained In the
Fress Release dated November 22, 1965, and those contained in our
latest draft dated October 20, 1956. In addition, we have included
along with & revised draft of the criteria dated October 20, 1966, a
comparison of the October 20 draft with the July 25 draft previously
submitted and discussed with the ACRS Criteria Subcommittee.

Uur October 20, 1966,draft sttempts to reflect results of our last
discussion with the ACRS Subcommittee, and we would like to have the
scheduled Novemwber 9th meeting on criteria be based on the October 20th
draft. :

Sincerely yours,

Js Jo DiNunno

Assistant Director for
Reactor Standards

Divistion of Safety Standards

Enclosures:

1. Rev, Draft dated 10/20/66 of
General vesign Criteria (18)

2. Comparison of Drafts dated 7/25/66 and
10/20/66 for General Design Criteria (18)

3. Comparison of Criteria in Press Release
dated 11/22/65 and Those in Rev. Draft
dated 10/20/66 (1%)

bee: Harold L. Price, Director of Regulation, w/encl.

CH£E el;—Deputy—Birs s—yfencty
Peter A. s, Director, D . |6
OFFICED |- ‘S% DAIR'P'H'.{?';"V.ann',‘"'.gssf‘;"‘5}?;‘?&??9!&(} 1('egr'$afety';‘ REG;wiencls e
Difinno:jjb
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17-2°-66
DATE &
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The purpose of these criteria is to define or describe the basic safety
objectives to Se met in the design of a nuclear power plant. They are intended:
(1) to serve as guidance to the applicant in preparing an application for an AEC
construction permit and (2) to aid the AEC staff in reviewing that application.

The application of these criteria to a specific design involves a con-
siderable amount of engineering judgment. There may be instances in which one
or more of these criteria are unnecessary or are insufficient. It-is not
intended that the criteria be used as a check list of design objectives for
all proposed plants, and the applicant is free to establish the safety of his
design by alternative criteria. The criteria will be modified if, or as,
future technological developments and experience warrant.

An applicant for a construction permit is expected to present a design
approach together with data and analyses sufficient to give assurance that the
design can reasonably be expected to fulfill all anplicable criteria. It is
recognized that the nature and detail of technical information and analysis
required at the construction permit stage to provide such assurance may vary,
depending on the particular criterion under consideration.

To provide guidance as to the relative emphasis expected at the con-
struction permit stage, the criteria have been divided into two broad cate-
gories. Category A criteria involvevaspects of facility design that are
site-sensitive or are directly related to limiting the accidental release of
radioactivity into the public domain. These aspects of facility design are

also categorized by their marked influence on plans for construction



and operation. From a practical viewpoint, aspects of facility design satisfying
Category A criteria are relatively fixed at the construction permit stage and not
smenable to change without serious disruptions of construction plans and incur-
rence of considerable costs. For these reasons, those aspects of facility

design provided in fulfillment of Category A criteria must be dealt with in a
relatively complete way at the construction permit stage.

Category B criteria are intended to reflect primarily those aspects of
design that provide for safe operational control of the facility. Such features
sre generally less unique to a facility than those requi red for satisfying
Category A criteria and are much less determinate of facility construction
schedules. Modifications to such features that might prove necessary, for
safety reasons, following issuance of a construction permit are much more
likely to be accommodated without the pressures for compromise that might
vell accompany the more time-consuming and costly type changes. Under these
circumstances, criteria principally concerned with the safe operational con-
trol of the reactor and designated as Category B may be dealt with in relatively
less detail at the construction permit stage, if more detailed information is
not available at that time.

All applicable safety criteria must, of course, be fulfilled as a condi-

tion for issuance of a license to operate the plant.



- 15 -

9.2.4.4 A capability is provided to test under conditions
as close to the design as practical the full opera-
tional sequence that would bring the systems into
action, including the transfer to alternate power

sources.

FUEL AND WASTE STORAGE SYSTEMS

CRITERION 10 (Category B) FUEL AND WASTE STORAGE

10.0 Storage and handling systems for fuel and waste shall be designed on the

basis that:

10.1

10.2

10.3

10.4

Possibilities for inadvertent criticality must be prevented by
engineered systems Or processes to every extent practicable.

Such means as geometric safe spacing limits shall be emphasized
over procedural controls,

Reliable decay heat removal means must be provided as necessary to
prevent fuel or storage volume damage that could result in radio-

activity release to plant operating areas or the public environs.

Such means must be assured for all anticipated normal and abnormal

conditions as well as those accident situations whereby normal
cooling could credibly become lost.

Shielding for radiation protection shall be provided as required
from considerations of 10 CFR 20.

Containment of the systems shall be provided if &ccidents

could lead to release of undue amounts of radioactivity to the

public environs.
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CONTENTION TC-2: EXHIBIT 10

Letter from J. J. DiNunno, AEC, to Nunzio J.
Palladino, ACRS (February 8, 1967), and attached
draft of General Design Criteria
(relevant excerpt)



February 8, 1967

- Mr., Runzio J. Palladino, Chairman
Advisory Committee on Reactor Safeguards
U. S. Atomic Energy Commission
Washington, D. C. 20545

Dear Mr. Palladino:

Enclosed for comsiderstion by the Committee is a redraft of General
Design Critertia. The format of the criteria has been changed. The
subparts previously listed in earlier drafts have been wmade into
separate criteria. The wording of these criteria is essentially the
same as those in the October 20, 1966, draft, wodified to reflect
subsequent discussions held with the ACRS Subcommittee in November
and recent develonments of criteria for emergency core cooling
systems.

An additional document showing the changeé made from the last draft
discussed with the ACRS is under preparation and will be forwarded

by separate correspondence.

Sincerely yours,

J. Je. DiNunno

Assistant Director for
Reactor Standards

Division of Safety Standards

Enclosure:
General Design Criteria for MNuclear
Power Plant Construction Permits (18)

bce: Harold L. Price, Director of Regulation, w/encl.
Clifford K. Beck, Deputy Director of Regulation, w/encl.
M. M. Mann, Asst. Dir. for Nuclear Safety, w/encl.
C. L, Henderson, Asst. uir, for Administration, w/encl.
Peter A, Morris, Ulrector, URL, g/eacl, (6)
Edson G. Case, Deputy Director, DRL, w/encl.
Forrest Western, Director, DRL, w/encl.
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QUALITY AND PERFORMANCE STANDARDS

Quality Standards
Performance Standards

PROTECTION BY MULTIPLE FISSION PRODUCT BARRIERS

Reactor Core Design

Suppression of Power and Process Oscillations
Overall Power Coefficient

Reactor Coolant Pressure Boundary

Containment
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Group Title Criterion No.

VI. REACTOR COOLANT PRESSURE BOUNDARY

Reactor Coolant Pressure Boundary Capability 29
Reactor Coolant Pressure Boundary Rapid Propagation 30
Failure Prevention :

Reactor Coolant Pressure Boundary Brittle Fracture ' 31
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Reactor Coolant Pressure Boundary Surveillance 32
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Engineered Safeguards Basis for Design 33
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Testing of Operational Sequence of Emergency Core
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Containment Leak Test 49
Containment Periodic Testing 50
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Group Title Criterion No.

VII. ENGINEERING SAFEGUARDS (Continued)

D. Containment Pressure-Reducing Systems

Inspection of Containment Pressure-Reducing Systems 53

Testing of Containment Pressure-Reducing System 54
Components

Testing of Containment Spray System 55

Testing of Operational Sequence of Containment 56

Pressure-Reducing Systems

E. Air Cleanup Systems

Inspection of Air Cleanup Components 57

Testing of Air Cleanup Systems Active Components 58

Testing of Air Cleanup Systems 59

Testing of Operational Sequence of Air Cleanup . 60
Systems

VIII. FUEL AND WASTE STORAGE SYSTEMS

Prevention of Fuel Storage Criticality 61
Fuel and Waste Storage Decay Heat 62
Fuel and Waste Storage Radiation Shielding 63
Protection Against Radioactivity Release from Spent 64

Fuel and Waste Storage

IX. PLANT EFFLUENTS

Control of Releases of Radioactivity to the 65
Environment
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VIII. FUEL AND WASTE STORAGE SYSTEMS

CRITERION 61 - PREVENTION OF FUEL STORAGE CRITICALITY (Category B)

Possibilities for criticality in new and spent fuel storage shall be pre-
vented by physical systems or processes to every extent practicable. Such

means as favorable geometries shall be emphasized over procedural controls.

CRITERION 62 - FUEL AND WASTE STORAGE DECAY HEAT (Category B)

Reliable decay heat removal systems shall be designed to ensure damage
to the fuel or storage facilities that could result in radioactivity release
to plant operating areas or the public environs is prevented. Such means
must be assured for all anticipated normal and abnormal conditions as well as

those accident situations whereby normal cooling could credibly become lost.

CRITERION 63 - FUEL AND WASTE STORAGE RADIATION SHIELDING (Category A) B

Shielding for radiation protection shall be provided in the design of
spent fuel and waste storage facilities as required from consideration of

10 CFR 20.

CRITERION 64 - PROTECTION AGAINST RADIOACTIVITY RELEASE FROM SPENT FUEL AND
WASTE STORAGE (Category B)

Containment of fuel and waste storage shall be provided if accidents

could lead to release of undue amounts of radicactivity to the public environs.

IX. PLANT EFFLUENTS

CRITERION 65 - CONTROL OF RELEASES OF RADIOACTIVITY TO THE ENVIRONMENT (Category B)

The facility design shall include those means necessary to maintain control

over plant radioactive effluents, whether solid, liquid, or gaseous. Appropriate
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CONTENTION TC-2: EXHIBIT 11

Note by the Secretary, W.B. McCool, to AEC
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AEC-R 2/57

ATOMIC ENERGY COMMISSION

PROPOSED AMENDMENT TO 10 CFR 50: GENERAL DESIGN CRITERIA FOR
NUCLEAR POWER PLANT CONSTRUCTION PERMITS

Note by the Secretary

1. The Director of Regulation has requested that the attached

report be circulated for consideration by the Commission at an early

date.

2, The Commission approved the proposed design criteria, as

revised, during consideration of AEC-R 2/h9 at Regulatory Meeting 223

on November 10, 1965.
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( the criteria. In addition, subsequent redrafts were circulated to other divi-
sions within the Commission. Principal comments from these divisions have been
reflected in the revised criteria. Other comwents from within the Commission

will be considered in conjunction with public comments recelved after publics-

tion in the Federal Register.

6. The regulatory staff has worked closely with the Advisory Committee
on Reactor Safeguards on the devélopment of the criteria and the revision of
the proposed criteria reflects ACRS review and comment. The ACRS has stated
that it believes that the revised criteria are appropriate to publish for

public comment.

7. It is proposed that the criteria be included as Appendix A to 10 CFR 50.
The proposed amendment,which is attached as Appendix "B," provides that the
General Design Criteria be used for guidance by an applicant in developing the
principal design criteris for the facility. For a specific reactor case, some
.0f the General Design Criteria may be unnecesssary or inappropriate and the
criteria, as a whole, may be insufficient. It is expected that additional
criteria will be rieeded particularly for unusual sites and environmental con-
ditions, and for new and advanced reactor types. In any case, there must be
assurance that the principal design criteria proposed by an applicant encompass

all those facility design features required in the interest of public safety.

8. The criterla are designated as "Genefal Design Criteria for Muclear
Power Plant Construction Permits" to emphasize the key role they assume at
this stage of the licensing process. The criteria have been categorized as
Category A or Category B. Exﬁerlence has shown that more definitive informa-
tion is needed at the construction permit stage for the items listed in

Category A than for Category B.
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Q The nvannead General Negien friteria are expected to be nsefnl as

jnterim guidance until such time as the Commission takes further action on

then.

STAFF_JUDGMENTS

10. The Office of the General Counsel and the Divisions of Reactor
Licensing and Compliance concur-in the recommendations of this paper. The
Office of bongressional Relations concurs in Appendix "“C.® The Division of

Public Information concurs in recommendation ll.c.

RECOMMENDATION
11. The Director of Regulation recommends that the Atomic En rgy -

Commission:
a. Approve publication of the proposed awendments to 10 CFR Part 50
contained in Appendix "B."™
b. Note that the Joint Committee on Atomic Energy will be inforwed
by letter such as Appendix "C.™
c. Note that a public announcewent such as Appendix "D" be issued

on filing the notice of proposed rule making with the Federal Register.

................. P e . S E . . — - e . R, . P R ES S .-, . .- ———— -
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APPENDIX "B"

(\ /10 CFR PART 507

LICENSING OF PRODUCTION AND UTILIZATION FACILITIES

General Design Criteria 1/
' for Nuclear Power Plant Construction Permits—

The Atomic Energy Commission has under consideration an smendment to its
regulation, 10 CFR Part 50, "Licensing of Production and Utilization Facili-
_ ties,” which would add an Appendix A, wGeneral Design Criteria for Nuclear
Pover Plant Construction Permits.® The purpose of the proposed amendment
would be to provide guidance to applicants in developing the principal design

criteria to be included in applications for Cormission construction permits.

——

These General Design Criteria would not add any new requirements, but are

jntended to describe more clearly present Commission requirements to assist

applicants in preparing applications.

The proposed amendment would complement other proposed amendments to
Part 50 which were published for public comwent in the FEDERAL REGISTER om

. August 16, 1966 (31 F.R. 10891),

1/ Inasmuch as the Commission has under consideration other amendments to
10 CFR Part 50 (31 F.R. 10891), the amendment proposed herein would be
s further revision to Part 50 previously published for comment in the
FEDERAL REGISTER. '

——
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The proposed smendments to Part 50 reflect a recommendation made by

a seven-member Regulatory Review Panel, appointed by the Commission to
study: (1) the programs and procedures for the licensing and regulation

of reactors and (2) the decision-making process in the Commission's regula-
tory program. The Panel's report recommended the development, particularly
at the construction permit stage of a licensing proceeding, .of design
criteris for nuclear power plant.s. Work on the development of such criteria

had been in process at the tiwe of the Panel's study.

As a result, preliminary proposed criterls for the design of nuclear
power plants were discussed with the Commission's Advisory Committee on
Reactor Safeguards and were informally distributed for public comment in
Commission Press Release H-252 dated November 22, 1965. In developing the
proposed criteria set forth in the proposed amendments to Part 50, the
Commission has taken into consideration comments and suggestions from

divisions within the Commission, from the Advisory Committee on Reactor Safe-

guards, from members of industry, and from the public.

Section 50.34, paragraph (b), as published for cotm;ent in the FEDERAL
REGISTER on August 16, 1966, would require that each application for a construc-
tion permit include a preliminary safety analysis report. The minimum informa-
tion to be included in this preliminary safety analysis report is (1) a descrip-
tion and safety assessment of the site, (2) a summary description of the facility,
(3) 4 preliminary design of the facility, (4) a preliminary ssfety snalysis

and evaluation of the facility, (5) an identification of bubjects expected
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to be technical specifications, and (6) a preliminary plan for the organiza-

tion, training, and operation. ihe foliowing 1nforwativa 18 speciiied rur
snclusion as part of the preliminary design of the facility:
» (i) The principal design criteria for the facility;

(ii) The design bases and the relation of the design bases to
the principal design criteria;

(1ii) Information relative to materials of construction,

general arrangement and approximate dimensions, suffi-

cient to provide reasonable assurance that the final

design will conform to the design bases with adequate

margin for safety;"
The "General Design Criteria for Nuclear Power Plant Construction Permits"
proposed to be included as Appendix A to this part are intended to aid the
applicant in development item (1) sbove, the principal design criteria. All
criteria established by an applicant and accepted by the Commuission would be
incorporated by reference in the construction permit. In considering the
jssuance of an operating license under the regulations, the Commission would

assure that the criteria had been met in the detailed design and construction

of the facility or that changes in such criteria have been justified.

Section 50.34 a6 published in the FEDERAL REGISTER on August 16, 1966,
would be further amended by adding to Part 50 a new Appendix A containing
the General Design Criteris applicable to the construction of nuclear power

plants and by a specific reference to this Appendix in §50.34, ﬁarlgraph (b).

The Commission expects that the provisions of the proposed asmendments

relating to General Design Criteria for Nuclear Power Plant Construction
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Permits will be useful as interim guidance until such time as the Commission

taies further action on them,

Pursuant to the Atomic Energy Act of 1954, as amended, and the

Adrinistrative Procedure Act of 1946, as amended, notice 18 hereby given

that adoption of the following amendments to 10 CFR Part S0 18 contemplated.
All interested persons who desire to submit written eonment; or suggestions

in connection with the proposed swendments should send them to the Secretary,
United States Atomic Energy Commission, Washington, D.C. 20545, wi thin 60 days
after publication of this notice in the FEDERAL REGISTER. Comments recelved
after thet perlod will be considered if it is practicable to do 8o, but
assurance of consideration cannot be given except as to comments {iled within
the period specified. Copies of comments may be examined in the Commission's

Public Document Room at 1717 H Street, N.W., Washington, D.C.

1. §50.34(b)(3)(i) of 10 CFR Part 50 is amended to resd as follows:.

§50.34 Contents of applications; technical information safety analysis
regort

» * * * *
{b) Each application for s construction permit shall include a

preliminary safety analysis report. The report shall cover all pertinent

2/ Inasmuch as the Commission has under consideration other amendments to
§50.34 (31 F.R. 10891), the amendment proposed herein would be & further
revision of §50.34(b){(3)(i1) previously published for comment in the
FEDERAL REGISTER. /Additions are underscored./
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subjects specified In paragraph (a) of this section as fully as available:

intucmation permits. ‘lhe mimimum information to be included shall consist

(- - of the following:

* * * * *
(3) The preliminary design of the facility, including:
(i) The principal design criteria for the facility.

Appendix A, nGeneral Design Criteria for Nuclear

Power Plant Constructibn Permits," provides guidance

for establishing the principal design criteria for

nuclear power plants.

2. A new Appendix A is added to read as follows:

(See Attachment)

Le—

(Sec. 161, 68 Stat. 948; 42 U.S.C. 2201)

Dated at this

day of 1967.

For the Atomic Energy Commission.

W, B. McCool
Secretary
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APPENDIX A

(. GENERAL DESIGN CRITERIA FOR

NUCLEAR POWER PLANT CONSTRUCTION PERMITSA/

Table of Contents

INTRODUCTION
Group Title Criterion No,

I. OVERALL PLANT REQUIREMENTS

Quality Standards 1
Performance Standards 2
Fire Protection 3
( Sharing of Systems 4
Records Requirements ) S
II., PROTECTION BY MULTIPLE FISSION PRODUCT BARRIERS
Reactor Core Design [
Suppression of Power Oscillations 7
Overall Power Coefficient 8
Reactor Coolant Pressure Boundary 9
Containment 10
IIT. NICLEAR AND RADIATION CONTROLS
Control Room 11
Instrumentation and Control Systems 12
Fission Process Monitors and Controls 13
Core Protection Systems 14
Engineered Safety Features Protection Systems 15
Monitoring Reactor Coolant Pressure Boundary 16
Monitoring Radioactivity Releases 17
( Monitoring Fuel and Waste Storage 18

3/ Inasmuch as the Commission has under conaideration other amendwents to
10 CFR Part 50 (31 F.R. 10891), the amendment proposed herein would be a
further revision to Part 50 previously published for comment in the
FEDERAL REGISTER.
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VI.

ViI.

saverp

RELIABILITY AND TESTABILITY OF PROTECTION SYSTEMS

widiealOnN W,

Protection Systems Reliability 19
Protection Systems Redundancy and Independence 20
Single Failure Definition 21
Separation of Protection and Control Instru- 22
mentation Systems
Protection Against Multiple Disability for 23
Protection Systems
Emergency Power for Protection Systems 24
Demonstration of Functional Operability of 25
Protection Systems
Protection Systems Fail-Safe Design 26
REACTIVITY CONTROL
Redundancy of Reactivity Control 27
Reactivity Hot Shutdown Capability 28
Reactivity Shutdown Capability 29
Reactivity Holddown Capability 30
Reactivity Control Systems Malfunction 31
Maximum Reactivity Worth of Control Rods 32
REACTOR COOLANT PRESSURE BOUNDARY
Reactor Coolant Pressure Boundary Capability 1
Reactor Coolant Pressure Boundary Rapid 34
Propagation Failure Prevention
Reactor Coolant Pressure Boundary Brittle 35
Fracture Preventiocn
Reactor Coolant Pressure Boundary Surveillance 36
ENGINEERED SAFETY FEATURES
A. General Requirements for Engineered Safety Features
Engineered Safety Festures Basis for Design 37
Reliability and Testability of Engineered 38
Safety Features
Emergency Power for Engineered Safety Features 39
Missile Protection 40
Engineered Safety Features Performance Capability 41
Engineered Safety Features Components Capability 42
Accident Aggravation Prevention 43
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VII. ENGINEERED SAFETY FEATURES

B. Emergency Core Cooling Systems

Lriterion No.

Emergency Core Cooling Systems Capability 44
Inspection of Emergency Core Cooling Systems 45
Testing of Emergency Core Coocling Systems 46
Components
Testing of Emergency Core Cooling Systems 47
Testing of Operational Sequence of Emergency 48
Core Cooling Systems
C. Containment
Containment Design Basis 49
NDT Requirement for Containment Material 50
Reactor Coolant Pressure Boundary Outside 51
Containment
Containment Heat Removal Systems 52
Containment Isolation Valves 53
Containment Leakage Rate Testing 54
Containment Periodic Leakage Rate Testing 55
Provisions for Testing of Penetrations 56
Provisions for Testing of Isolation Valves 57
D. Containment Pressure-Reducing Systems
Inspection of Containment Pressure-Reducirg 58
Systems
Testing of Containment Pressure-Reducing Systems 59
Testing of Contaimment Spray Systems 60
Testing of Operational Sequence of Containment 61
Pressure-Reducing Systems
E. Air Cleanup Systems
Inspection of Air Cleanup Systems 62
Testing of Air Cleanup Systems Components 63
Testing of Air Cleanup Systems 64
Testing of Operational Sequence of Air Cleanup 65
Systems
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v VITII. FUEL AND WASTE STORAGE SYSTEMS
Prevention of Fuel Storage Criticality 66
Fuel and Waste Storage Decay Heat 67
Fuel and Waste Storage Radiation Shielding 68
Protection Against Radioactivity Release from 69

Spent Fuel and Waste Storage

IX. PLANT EFFLUENTS

Control of Releases of Radioactivity to the 70
Environment

- 15 - Appendix A tO
Appendix "B"




B PP N S

Every applicant for a construction permit is required by the provisions
of §50.34 to include the principal design criteria for the proposed facility
in the application. These General Design Criteria are intended to be used as
guidance in establishing the principal design criteria for a nuclear power
plant. The General Design Criteria reflect the predominating experience with
water power reactors as designed and located to date, but their applicability
is not limited to these reactors. They are considered generally applicable
to all power reactors.

Under the Commission's regulations, an applicant must provide assurance
that its principal design criteria encompass all those facility design features
required in the interest of public health and safety. There may be sowe power
reactor cases for which fulfillment of some of the General Design Criteria may
not be necessary or appropriate. There will be other cases in which these
criteria are insufficient, and additional criteria must be identified and
satisfied by the design in the interest of public safety. It is expected that
additional criteria will be needed particularly for unusual sites and environ-
mental conditions, and for new and advanced types of reactors. Within this
context, the General Design Criteria should be used as a reference allowing
additions or deletions as an individual case may warrant. Departures from
the General Design Criteria should be justified. .

The criteria are designated as "General Design Criteria for Nuclear
Power Plant Construction Permits” to emphasize the key role they assume at
this stage of the licensing process. The criteria have been cateéorized as

Category A or Category B. Experience has shown that more definitive informa-
tion is needed at the construction permit stage for the items listed in

Category A than for Category B.
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1. OVERALL PLANT REQUIREMENTS

CRITERION 1 - QUALITY STANDARDS (Category A)

Those systems and components of reactor facilities which are essential to
the prevention of accidents which could affect the public health and safety or
to mitigation of their consequences shall be identified and then designed,
fabricated, and erected to quality standards that reflect the importance of the
safety function to be performed. Where generally recognized codes or standards
on design, materials, fabrication, and inspection are used, they shall be
jdentified. Where adherence to such codes or standards does not suffice to
assure a quality product in keeping with the safety function, they shall be
supplemented or modified as necessary. Quality assurance programs, test
procedures, and inspection acceptance levels to be used shall be identified.

A showing of sufficiency and applicability of codes, standards, quality
assurance programs, test proFedures, and inspection acceptance levels used is

required.

CRITERION 2 - PERFORMANCE STANDARDS (Category A)

Those systems and components of reactor facilities which are essential
to the prevention of accidents which could affect the public health and safety
or to mitigation of their consequences shall be designed, fabricated, and
erected to performance standards that will enable the facility to withstand,
without loss of the capability to protect the public, the additional forces
that might be imposed by natural phenomena such as earthquakes, tornadoes,

flooding conditions, winds, ice, and other local site effects. The design
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oy ®umms suew dloiln, suClUuling thne transrer to alternate power sources and the

design air flow delivery capability.

VII1. FUEL AND WASTE STORAGE SYSTEMS

CRITERION 66 - PREVENTION OF FUEL STORAGE CRITICALITY (Category B)

Criticality in new and spent fuel storage shall be prevented by physical
systems or processes. Such means as geometrically safe configurations shall

be emphasized over procedural controls.

CRITERION 67 - FUEL AND WASTE STORAGE DECAY HEAT (Category B)

Reliable decay heat removal systems shall be designed to prevef\t damage
to the fuel in storage facilities that could result in radioactivity release

to plant operating areas or the public environms,

CRITERION 68 - FUEL AND WASTE STORAGE RADIATION SHIELDING (Category B)

Shielding for radiation protection shall be provided in the design of
spent fuel and waste storage facilities as required to meet the'requlfements

of 10 CFR 20.

CRITERDN 69 - PROTECTION AGAINST RADIOACTIVITY RELEASE FROM SPENT FUEL AND

WASTE STORAGE (Catagory B)

Containment of fuel and waste storage shall be provided if accidents

could lead to release of undue amounts of radioactivity to the public

environs.
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CONTENTION TC-2: EXHIBIT 12

Notice of proposed rulemaking for General Design
Criteria, 32 Fed. Reg. 10,213 (July 11, 1967)
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| Blant Consiruction Permits.”* The pur-
pose of the proposed amendment would
e to provide guidance to applicants in
- developing the principal design criteria
£0 be included in applications for Com-
rriissfon construction permits. These
Cleneral Design Criteria would not add
/any new requirements, but are intended
,to describe more clearly present Com-
- mission requirements to assist applicants
- in preparing applications.
7. The proposed airaendment would com-
: plement other proposed amendments to
- Part §0 which were published for public
. ccmment in the FEDERAL REGISTER on
. August 16, 1966 (31 F.R. 10891).
-~ The proposed amendments to Part 50
.veflect & recommendation made by a
; seven-member Regulatory Review Panel,
_appointed by the Commission to study:
" €1} The programs and procedures for
- the licensing and regulation of reactors
~and (2) the declsion-making process in
“the Commission’s regulatory program.
The Panel's report recommended the
development, particularly at the con-
struction permit stage of a licensing
vroceeding, of design criteria for nuclear
power plants. Work on the development
of such criteria had been in process at
the time of the Panel's study.

As a result, preliminary proposed
criteria for the design of nuclear power
plants were discussed with the Com-
mission's Advisory Committee on Reactor
Safeguards and were informally distrib-
uted for public comment in Commission
Press Release H-252 dated November 22,
1965. In developing the proposed criteria

. set forth in the proposed amendments
to Part 50, the Commission has taken
into consideration comments and sug-

- gestions from the Advisory Committee
on Reactor Safeguards, from members
of industry, and from the public.

Section 50.34, paragraph (b), as pub-
lished for comment in the FEDERAL REG-
ISTER On August 16, 1966, would require
that each application for a construction

PROPOSED RULE MAKING

to provide reasonable assurance that the
final design will conform to the design
bases with adequate margin for safety;

The “General Design Criteria for Nuclear
Power Plant Construction Permits" pro-
posed to be included as Appendix A to
this part are intended to aid the appli-
cant in development item (i) above, the
principal design criteria. All criteria es-
tablished by an applicant and accepted
by the Commission would be incor-
porated by reference in the construction
permit. In considering the issuance of
an operating license under the regula-
tions, the Commission would assure that
the criteria had been met in the detailed
design and construction of the facility
or that changes in such criteria have
been justified.

Section 50.34 as published in the FEb-
ERAL REGISTER on August 16, 1966, would
be further amended by adding to Part 50
a new Appendix A containing the Gen-
eral Design Criteria applicable to the
construction of nuclear power plants
and by a specific reference to this
Appendix in § 50.34, paragraph (b).

The Commission expects that the
provisions of the proposed amendments
relating to General Design Criteria for
Nuclear Power Plant Construction Per-
mits will be useful as interim guidance
until such time as the Commission takes
further action on them,

Pursuant to the Atomic Energy Act
of 1954, as amended, and the Adminis-
trative Procedure Act of 1946, as
amended, notice is hereby given that
adoption of the following amendments
to 10 CFR Part 50 is contemplated. All
interested persons who desire to submit
written comments or suggestions in con-
nection with the proposed amendments
should send them to the Secretary, U.S.
Atomic Energy Commission, Washing-

ton, D.C. 20545, within 60 days after
publication of this notice in the FEperaL
RecISTER. Comments received after that
period will be considered if it i{s prac-
ticable to do so, but assurance of con-
sideration cannot be given except as
to comments filed within the period
specified. Copies of comments may be
examined in the Commission’s Public
Document Room at 1717 H Street NW.,
Washington, D.C.

1. Section 50.34(b) (3) (1) of 10 CFR
Part 50 {s amended to read as follows:

§ 50.34 Contents of applications; tech-
nical infornmuion safety analysis re-
port.?

. L] L] - [ 3

(b) Each application for a construc-
tion permit shall include a preliminary
safety analysis report. The report shall
cover all pertinent subjects specified in
paragraph (a) of this section as fully
as avallable information permits. The
minimum information to be included
shall consist of the following:

- * - » L]

(3) The preliminary design of the
facility, including:

(i) The principal design criteria for
the facility. Appendix A, “'General Design
Criteria for Nuclear Power Plant Con-
struction Permits,” provides guidance
for establishing the principal design
criteria for nuclear power plants.

- - L] . .

2. A new Appendix A is added to read
as follows:

2 Inasmuch as the Commlssion has under
consideration other amendments to § 50.34
(31 F.R. 10891), the amendment proposed
herein would be a further revision of § 50.34
(b) (3) (1) previously published for comment
in the FEDERAL REGISTER.

APPENDIX A—GENERAL DESIGN CRITERIA FOR NUCLEAR POWER PLANT CONSTRUCTION PERMITS?
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permit include a preliminary safety Group and title Criterion

analysis report. The minimum informa- Introduction: No.
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Criterion vention of accldents which could affect the
Group and title - No. public health and safety or to mltigation of
V. Reactivity control: thelr consequences shall be 1dent.iﬁc.d and
) Redundancy of Reactlvity Control —— meeeeeew 97 then designed, fabricated, and erected to
! Reactivity Hot Shutdown Capability. 28 Qquality standards that reflect the lmg?rtzmcde
o Reactivity Shutdown Capabllity_ - 2o ©Of the safely function to be performed.
; Where generally recognized codes or stand-
Reactlvity Holddown Capability..oo-.... 30 ds on desien. matorlals fabrication, and
Reactlvity Control Systems Malfunction.__. s1 ;“' 5 0 2n. ’ on.
nspection are used, they shall be identified.
) Maximum Reactlvity Worth of Control Rods....- 5 ——— 32 Where adherence to such codes or standards
VI. Reactor coolant pressure boundary: does not suffice to assure a quality product
Reactor Coolant Pressure Boundary Capability.___.____._. e ———— 33 in keeptng with the safety function, they
Reacior Crolant Pressure Boundary Rapid Propagation Failure Prevention.... 34 shall be supplemented or modified as neces-
Reactor Cuolant Pressure Boundary Brittle Fracture Prevention - oo oooo_. - 85 sary. Quality assurance programs, test proce- i
Reactor Coolant Pressure Boundary Surveillanceooo-cea-ce.. emcmecean ---- 36 gures, and inspection acceptance levels to
VII. Englneered safety features: be used shall be identificd. A showing of
A. General requirements for engineered safety features: sufficiency and applicability of codes, stand-
Engincered Safety Features Bas!s 10r Design oo coocconccacnnaon 37 ards, quality assurance programs, test proce-
Reltabllity and Testability of Engincered Safety Features. 38 dures, and Inspection acceptance levels used
Emergency Power for Englneered Safety Features......._. 39 Is required.

Missile Proteetlon - o o e e e e e et e 40 Criterion 2—Performance Standards (Cate-
Engineered Safety Features Perforgance Capability .o covecoceeo o o 41 gory A). Those sysu?ms and components of
Engineered Safety Features Components Capability.. 42 reactor facllities which are essential to the

Accident Aggravation Prevention .o oo ooooaooo 43 Sg';";’:fgﬁ% giaifg“;;?ssa?é?;hof ‘;‘;“infggf
B. Emergency core cooling systems: . tion of their consequences shall be designed,
Emergency Core Cool! Syst. C bilit, 44 by
Zmergency Core NOO :ng Systems Capability. ool . fabricated, and erected to performance
Inspection of Emergency Core Cooling Systems oo ooooooooocanoao. 43 standards that will enable the facility to
Testing of IImergency Core Cooling Systems Components.__...____._.. 46 itnstand, without loss of the capability
Testing oif Enmergency Core Cooling SyStemS o e o e oo oo 4T 49 protect the public, the additional forces
Testing ¢f Operational Sequence of Emergency Core Cooling Systems.. 48 ¢nat might be imposed by natural phenom-

C. Containment: ena such as earthquakes, tornadocs, flcod-

Containment Design BaSiS o oo oo e e e e e 49 Ing conditlions, winds, ice, and other local
NDT Requirement for Containmen$ Material ... . o oo . 30 site effects. The dcsign bases so established
Rexctor Coolant Pressure Boundary Outside Containment oo ooo_oo__ 51 snall reflect: (a) Appropriate consideration
Containmient Heat Removal SystemsS o o oo oo 52 of the most severe of these natural phenom-

Containment Isolation Valves. oo ..o oo oo
Containment Leakage Rate Testing. . . _._.____.__
Containment Periodic Leakage Rate Testing
Provisions for Testing of Penetirations

53 erna that have been recorded for the site
54 and the surrounding area and (b) an ap-
55 Propriate margin for withstanding forces__
56 Brealer ihan iacse recorded to refiect un-

e ; . = inti hout the historical data and

rovislons for Testing of Isolation ValvesS_ .o oo 37 czerpamt{es 2 - . - y
D. Containmient pressure-reducing systems: t.xzvxr_tsu\:ta.b;lltzll: s ;r;i‘iji;: (‘;-:e:éfn(;,. 4)
Inspection of Containment Pressure-Reducing Systems.oco_ oo ___. 58 Th & eru:n f_i;;e - "1‘ éﬁ d szaneg (11/) m
Testing of Containment Pressure-Reducing Systems 39 ei;‘:;l;e oghea;rogalsnﬁ?t; gf e?le‘;'w such as

Testing of Containment SPray SystemMsS oo oo o oo oo 60 . i
sti 1Ment SPray Systems. ..o .. ... fires and explosions and (2) to minimize the
Testing of Operational Sequence of Contalnment Pressure-Reducing pot::t.ial egects of suc!(x )cvents to safety.
E Aire Sys_tem’sd--_-_- --------------------------------------------- ————— 61  Noncombustible and fire resistant materials
' T "lenm‘p,.s}“ems'. shall be used whenever practical throughout /

Anspgcuox} of Alr Cleanup Systems oo o e 62 the facility, particularly in areas contain-
Testing of Air Cleanup Systems Components 63 ing critical portions of the faciiity such as
Testing of Alr Cleanup Systems._________o_._________ G4 containment, cortrol room, and components

Testing of Operational Sequence of
VIII. Fuel and waste storage systems:
Prevention of Fuel Storage Critleality. o ..o oo ________.__.______ 66
Fue! and Waste Storage Decay Heab oo oo oo 67 tems or components unless it is shown safe-
Fuel 2nd Waste Storage Radiation Shielding 68 iy isnotimpaired by the sharing.
Protection Against Radloactivity Release from Spent Fucl and Waste Storage_. 69 Criterion 5—Records Requirements (Ccte-
IX. Plant efluenis: gory A). Records of the design, fabrication,
Corntrol of Releases of Radloactivity to the ELVIrONMEnT oo oee oo oo oo 7o and coastruction of essentizli componenis of
he plant shall be maintained by the reactor
operator or under its control throughout the
life of the reactor.

65 of engincered safety features.
Criterion 4—Sharing of Systems (Category
A). Reactor facilities shall not share sys-

!Irasmuch as the Commission has under consideration other amendments to 10 CFR Part
50 (31 F.R. 10661), tne wmendment proposcd hereln would be a further revision to Part 50
Ppreviously published for coinment in the FEJZRAL REGISTER. II. PROTECTION BY MULTIPLT TISSIioN PrRoD

. a L - PA 24 VP9 R OROTE A s . -

Introdiction. Every applicant for a con- UCT BARRIERS
struction permit is required by tie provisions
of §56.3%¢ to include tac prineipal design

the design in the interest of public safety.
It s expected that additional criteria will

Criterion 6—Recactor Core Design (Cate-

criveria for the proposed facility in the ap-
pilication. Thes neral Design Criteria are
intended to Le used as ¢ ance in estab-
lisning the prinelpal design crveria for a
nuciexr power plant. The Generz! Desiza
Criteria reflecs ine predoniinating exveriences
with waler sower reactors as designed ond
located 0 dale, but their apnlicablity s
not limited w0 these reaciors. They arc coa-
sidered generdlly wpdlicable to all nower
Teactors,

wisslon’s rezulavions, an
de ussurance that {ts
(g criteria encompass all those
n features required in the in-
terecst ol mublic health and safety. There

ay Le some power reactor cases for which
fulillment of some of the General Deslgn
Criteriz may not de necessary or appropriate.
There will be other cases in which these
criteria are insufficlent, and zdditlonal cri-
terla must be ldentified and satisfled by
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be nceded particwlarly for unusual sites and
environmernta; conditions, and for new and
cdvanced types of reactors. Within tals con-
text, whe Genceral Design Criter!a should be
Lsed as a reference alowing sdditions or
deletions as an individual case may wartans.
Depariures from: the General Design Cri-
ieria should be justified.

The criteria are designated as “General
De..5n Criterla for Nucicar Power Plant Con-
uciion Permits” to emphasize the key role
y assume at this stage of the licensing
process. The criteria have been categorized
as Category A or Category B. Experience has
shown that more definitive informa:lon is
needed at the construction permit stage for
the items listed in Category A than for those
in Category B.

I. OVERALL PLANT REQUIREMENTS

Criterion I—Quality Standards (Category
A). Those systems and components of reac-
tor facllities which are essentlal to the pre-

gory A). The reacior core shall be desizned
to function throughout its design lifet
without exceceding acceptable fuel damage
l'mits which hove been stipulaied and justi-
fied. The core design, togeier with reliable
process and decay heas a0vnl systents,
shnal provide for this capahility under all ex-
pected conditions of normal operation with
appropriate margins for urcericinties on

for transient situations whica can be anti-
cipated, including the effects of the loss of
power to recirculation pumps, triopicg outs
of a turbine gencrator set, isolation of the
reactor from its primary heat sink, and loss
of all offsite power.

Criterion 7—Supression of Power Oscilla-
tions (Category B). The core design, together
with reliable controls, shall ensure that
power oscillations which could cause dam-
age in excess of acceptable fucl damage
limits are not possible or can be readily

suppressed.

REGISTER, VOL. 32, NO. 132—TUESDAY, JULY 11, 1967



R e TR P O SN PR s YR

RERTR BRSSO ¥

R

oo
16216

i
(‘Criterion 8—Overall Power Coeficient
(Lategory By, The reactor shall be designed
80 that the overall power coefficlent in the
power operating range shall not be positive.

Criterion 9~—Reactor Coolant Pressure
Boundary (Category A). The reactor coolant
pressure boundary shall be designed and
constructed 50 as to have an exceedingly low
probabllity of gross rupture or significant
leakage throughout its design lifetime.

Criterion 10—Contginment (Catcgory A».
Contalnment shall be provided. The con-
taininent structure shall be designed to sus-
tain the inttlal effects of gross equipment
faflures, such as a large coolant boundary
break, without loss of required integrity and,
together with other engineered safety fea-
tures as may be necessary, to retaln for as
long as the sttuation requires the functional
capability to protect the public.

1II. NUCLEAR AND RADIATION CONTROLS

Criterion 11—Control Room (Category B
The facility shall be provided with a control
room from which actions to maintain safe
operational status of the plant can be con-
trolled. Adequate radiation protection shall
be provided to permit access, even under ac-
cldent conditions, to equipment in the con-
trol room or other arcas as neccessary to shug
down and maintain safe control of the facili-
fty without radiation exposures of personnel
in excess of 10 CFR 20 limits. It shall be pos-
sible to shut the reactor down and main-
tatn {¢ in a sale condition if access to the
control rocm is lost due wo fire or other cause,

Criterion 12—Instrumcentation and Con-
tro!l Systems (Calegory 5. Instrumentation
and controls shali be provided as required to
monitor and mainialn variables within pre-
scribed operating ranges.

Criterion 13—Fission Process Monitors and
Cortrols (Category B). Means shall be pro-
vided for monitoring and maintaining con-
trol over the fission process throughout core
life and for all conditlons that can reason-
ably be anticipated to cause variations {n re-
activity of the core, such as indication of
position of control rods and concentration of
soluble reactivity control polsons.

Crirzrion l4—Core Protection Systems
(Cetegory ! ). Core protection systems, ta-
gether with assoclated equipment, shall be
designed to act automatlcally to prevent or
to suppress conditions that could result in
exceeding acceptable fuel damoage limivs.

Criterion 15—Enygineercd Safety Features
Protection Systems {Category B). Protection
systems shall ke provided for zensing acci-
dent situntions and intitiating the operation
of necessary engineered safety features.

Criterion I6—2 fonitoring Reactor Coclant
Pressure Boundary (Category B). Means shall
be provided for montioring the reactor cool-
ant pressure boundary to detect leixage.

Criterion  17-——Monitoring  Radioactivity
Releases (Category E). Means shall be pro-

vided for monitoring the contalnment at-
mosphere, the Incility elluent discharge
paihs, and the facility environs for radio-

activity that could be released from normal
operations, from anticipated translents, and
from accident condltions.

Criterion 1S——2Xonitoring Fuel and Waste
Storzy:  (Category B). Monltoring and
alurm .otrumentation shall be provided for
LA .caste storage and handling areas for
.5 that might contribute to loss of
austy in decay heat removal and to
raG.ation exposures.

IV. RELIABILITY AND TESTABILITY OF
PROTECTION SYSTEMS

Criterion 19—Protection Systems Reliabil-
ity (Catergory B). Protection systems shalil
be designed for high functional reilability
and in-service testabllity commensurate with
the safety functions to be performed.
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Criterion 20—Protection Systems Re-
dundancy and Independence {(Category D).
Redundancy and independence deslgned into
protection systems shall be sufiiclent to as-
sure that no aingle fatlure or removal from
service of any component or channel of a
system will result in loss of the protection
function. The rcdundancy provided shall
include, as a minimum, two channels of
protection for each protection function to be
served. Different principles shall be used
where necessary to achleve true independ-
ence of redundant instrumentation com-
ponents.

Criterion 21—Single Failure Definition
(Category B). Multiple fallures resulting
from a single event shall be treated as a
single failure.

Criterion 22—Scparation of Protection and
Control Instrumentation Systems (Category
B). Protection systems shall be separated
from control instrumentation sys‘ems to the
extent that fallure or removal 1iom service
of any control Instrumentation system
component or channel, or of those common
to control Instrumentation and protection
circuitry, leaves intact a system satlsfying

sll requirements for the protection channels.’

Criterion 23—Protection Against Multiple
Disability for Protcction Systems (Catcgory
B). The effects of adverse condltlons to which
redundant channels or protection systems
might be exposed in common, either under
normal conditions or those of an accldent,
shall not result in loss of the protection
function.

Criterion 24{—Emergency Power for Pro-
tection Systems (Catcyory 8). In the event of
loss of all cffsite power, sufficlent aiternate
sources of power shall be provided to permit
the required functioning of the protection
systems.

Criterion 25—Demonstration of Functional
Operability of Protection Systems (Category
B). Means shall be included for testing pro-
tectlon systems while the reactor is in opera-
tion to demcnstrate that no fallure or loss
of redundancy has occurred.

Criterion 26—Protection Systems Fail-Safe
Design (Category B). The protection systems
shall be designed to fail into a safe state or
into a state established as tolerable on a
defined basis if condlitions such as discon-
nectlon of the system, loss of ecnergy {(eg.
electric power, instrument air), or adverse
environments {eg., extreme heat or cold,
fire, steam, or water) are experienced.

V. ReacTvity CONTROL

Criterion 27—Rcedundancy of Reactivily
Control {Catcgory A). Atleast two independ-
ent reactivity control systems, preferably of
different principles, shall be provided. ¢

Criterion 2§—Rcactivity Hot Shutdown Ca-
pability {Cateyory A). At least two of the
reactivity control systems provided shall in-
dependently be capable of making and hold-
ing the corc subcritical from any hot standby
or hot operating condition, tncluding those
resulting {rom power changes, sulliclently
fast Lo prevent exceeding acceptable fuel
damace limits.

Criterion ’D—Reactzv:ty Shutdown Cupa-
bility (Catezory A). At least one of the reac-
tivity contircl systems provided shall be ca-
pable of making the core subcritical under
any condition {including .nticipated opera-
tional transients) sufliclently fast to prevent
exceeding acceptable fuel damage limits.
Shutdown margins greater than the maxi-
mum worth of the most effective control rod
when fully withdrawn sball be provided,

Criterion 30—Recactivity Holddown Capa-
bility (Category B). At least one of the reac-
tivity control systems provided shall be
capable of making and holding the core sub-
critical under any conditions with approprl-
ate margins for contlngencies,

v vy
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Criterion 31—Reactivity Comtrol Systems

Malfunction (Category B). The reactivity
control systems shall be capable of sustain-
ing any single malfunction, such as, un-
planned continuous withdrawal (not ejec-
ton) of a& conirol rod, without causing a
reactivity translent which could resuit in
exceeding acceptable fuel damage limits.

Criterion 32—Mgazximum Reactivity Worth
of Control Rods (Category A). Limits, which
include considerable margin, shall be placed
on the maxlmum reactivity worth of control
rods or elements and on rates at which reac-
tivity can be increased to ensure that the
potential effects of a sudden or large change
of reactivity cannot (a) rupture the reactor
coolant pressure boundary or (b) disrupt the
core, its support structures, or other vessct
fnternals sufficiently to impair the effective-
ness of emergency core cooling.

VI. REACTOR COOLANT PRESSURE BOUNDARY

Criterion 33—Rcactor Coolant Pressure
Boundary Capability (Category A). The re-
actor coolant pressure boundary shall be
capable of accommodating without rupture,
and with only limited allowance for energy
absorption through plastic deformation, the
static and dynamic ioads imposed on any
boundary component as a result of any in-
advertent and sudden relcase of energy to
the coolant. As a design reference, this sud-
den release shall be taken as that which
would result from a sudden reactivity inser-
tion such as rod ejection (unless prevented
by posittive mechantcal means), rod dropout,
or cold water addition.

Critcrion 34—Rcactor Coolant Pressure
Boundary Rapid Propagation Failure Preven-
tion (Category A). The reactor coolant pres-
sure boundary shall be designed to minimize
the probability of rapidly propagating type
fallures. Conslderation shall be given (a) to
the notch-toughness properties of materials
extending to the upper shelf of the Charpy
transition curve, (b) to the state of stress of
materials under static and transient load-
ings, {(c) to the quality control specified for
materials and component fabrication to limit
flaw sizes, and (d) to the provisions for con-
tro! over service temperature and irradiation
elTects which may require operational
restrictions.

Criterion 35—Reactor Coolant Pressure
Boundary Brittle Fracture Prevention (Cate-
gory A). Under conditions where reactor cool-
ant pressure boundary system components
constructed of ferrttic materials may be sub-
lected 1o potential loadings, such as a re-
activity-induced loading, service tempera-
tures shall be at least 120° F. above the nil
ductility transition (NDT) temperature of
the component material if the resulting
cnergy release is expecied to be absorbed by
plastic deformation or 60° F. above the NDT
temperature of the component material if
the resulting energy relcase is expected to be
absorbed within the elastic straln energy

range.
Criterion 36—Reactor Coolant Pressure
Boundary Surveillance (Category A} . Reactor

coolant pressure boundary components shal!
have provisions for Inspectlon, testing, and
surveillance by appropriate means to assess
the structural and leaktight integrity of the
boundary components during thelr service
liletime. For the reactor vessel, a macterial
survelllance program conforming wath
ASTM-E-185~66 shall be provided.

VII. ENGINEERED SAFETY FEATURES

Criterion 37—Engincered Safety Features
Basis for Design (Category A). Englncered
safety features shall be provided in the fa-
cility to back up the safety provided by the
core design, the reactor coolant pressure
boundary, and their protection systems. As
e minimum, such engineered safety features

10y
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shall be designed to cope with any size re-
actlor coolant pressure boundary break up to
and including the circumferential rupture of
any pipe in that boundary assuming unob-
structed discharge {rom both ends.

Criterion 38-——Reliability and Testability of
Engincered Safety Features (Category A). All
ngincered safety features shall be designed
to provide high functional reilability and
ready testability, In determining the suit-
ability of a facillty for a proposed site, the
degree of reliance upon and acceptance of
the inherent and engincered safety afforded
by the systems, inciuding eaginecred safety
features, will be influenced by the known and
uie demmonstrated performarce capability and
relinbility of the sysiems, and by the cxtent
to which the operability of such systems can
be tested and inspected where appropriate
during the life of the plant.

Criterion 39—Emergency Power for Engi-
necred Safety Features (Category A). Alter-
riate power systems shall be provided and
designad with adequate independency, re-
dundancy, capacity, and testability to permit
the functioning required of the engineered
safety features. As a2 minimum, the onsite
power system and the oifsite power system
shall each, indepecdently, provide this ca-
pacity assuming a failure of a single actlve
component in each power system.

Criterion 40—Missile Protection (Category
A). Protection for enginecred safety features
shall be provided against dynamnic effects and
missiles that might result from plant equip-
ment fallures,

Criterion 41—Enginccred Safety Features
Perjormance Capability (Category A). Engi-
necered safety features such as emergency
core coollng and containment heat removal
systems shall provide sufficient performance
capability to accommodate partial loss of
installed capacity and still fulfill the re-
quired safety function. As a minimum, each
englneered safety feature shall provide this
required safety function assuming a fallure
of a single active component.

Criterion 42—Engineered Safety Features
Components Capability (Category A). Engi-
neered safety features shall be designed so
tnat the capability of each component and
systera to perform its required function is
not impaired by the effects of a loss-of-cool-
ant accident.

Criterion 43-—Accident Aggravation Pre-
vention (Category A). Engineered safety fea-
tures shall be designed so that any action of
the engineered safety features which might
accentuate the adverse after-effects of the
loss of normal cooling is avoided.

Criterion 4d—Emergency Core Cooling Sys-
tems Capabdility (Category A). At least two
emergency core cooling systems, preferably
of different design principles, each with a
capabllity for accomplishing abundant emer-
gency core coaling, shall be provided. Each
emergency core cooling system and the core
shall be designed to prevent fuel and clad
damage that would interfere with the emer-
gency core cooling function and to limit the
clad metal-water reaction to negligible
amounts for all slzes of breaks In the reactor
coolant pressure boundary, including the
double-ended rupture of the largest pipe.
The performance of each emergency core
cooling system shall be evaluated conserva-
tively in cach area of uncertainty. The sys-
tems =Lall not share active components and
shall not siiare other features or components
unless it can be demonstrated that (a) the
capadility of the shared feature.or com-
ponent to perform its required function can
be readily ascertained during reactor opera-
tion, (b) fallure of the shared feature or
component does not initiate a loss-of-coolant
accident, and (¢) capability of the shared
feature or component to perform its required
function is not impaired by the effects of a
loss-of-coolant accldent and is not lost dur-
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ing the entire pertod this function 1s re-
quired following the accident,

Criterion 45—Inspection of Emergency
Core Cooling Systems (Category A). Design
provisions shall be made to facllitate physical
inspection of all critical parts of the emer-
gency core cooling systems, including reactor
vessel internals and water injfection nozzles.

Criterion 46—Testing of Emergency Core
Cooling Systems Components (Catecgory A).
Design provisions shall be made so that
active components of the emergency core
cooling sysitems, such as pumps and valves,
can be tested periodlcally for operability and
required functional performance.

Criterion 47—Testing o] Emergency Core
Cooling Systems (Category A). A capability
shall be provided to test periodicaliy the
delivery capabllity of the emergency core
cooling systems at a location as close (0 the
core as is practical.

Criterion 48—Testing of Operctioncl Se-
quence of Emergency Core Cooling Systems
(Category A). A capnbility shall be provided
to test under condiuons as close to design
as practical the fuil operational scquence
that would bring the emergency core cooling
systems Into acuion, including the wransfer
to allernate power sources.

Criterion 49—Contcinment Design Basis
(Category A). The containment structure,
including access open.ngs and penetrations,
and any necessary containment heat removal
systems shall be designed so tbat the con-
talnment structure can accommodate with-
out exceeding the design leakage rate the
pressures and temperatures resulting f{rom
the largest credible energy release following
a loss-of-coolant accident, including a con-
siderable margin for effects from metal-water
or other chemical reactions that could occur
as a consequence of failure of emergency
core cooling systems. -

Criterion 50—NDT Requirement for Con-
tainment Material (Category A). Principal
load carrying components of ferritic ma-
terials exposed to the external environment
shall be selected so that their temperatures
under normal operating and testing condi-
tions are not less than 30° . above nil duc-
tility transition (NDT) temperature.

Criterion 5l—Reactor Coolant Pressure
Boundary Outside Containment (Catcgory
A). I part of the reactor coolant pressure
boundary is outside the containment, appro-
priate features as necessary shall be provided
to protect the health and salety of the publlc
in case of an accidental rupture in that part.
Determination of the appropriateness of fea-
tures such as isolation valves and addttional
containment shall include consideration of
the environmental and population conditions
surrounding the site.

Criterion 52—Containment Heat Removal
Systems (Category A). Where active heat re-
moval systems are needed under accident
conditions to prevent exceeding contain-
ment design pressure, at least two systems,
preferably of different principles, each with
full capacity, shall be provided.

Criterion 53-—Containment Isolation
Valves (Category A). Penetrations that re-
quire closure for the containment function
shall be protected by redundant valving and
assoclated apparatus.

Criterion §4—Containment Leakage Rate
Testing (Category A). Containment shall be
designed so that an integrated leakage rate
testing can be conducted at design pressure
after completion and installation of all pene-
trations and the leakage rate measured over
a sufficlent period of time to verily its con-
formance with required performance.

Criterion 55—Containment Periodic Leak-
age Rate Testing (Category A). The contain-
ment shall be designed so that Integrated
leakoge rate testing can be done periodically
at design pressure during plant lifetime.

Criterion 56—~Provisions for Testing of
Penetrations (Category A). Provisions shall
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be made for testing penetrations which have
resilient seals or expansion bellows to permit
leak tightness to be demonstrated at design
pressure at any time.

Criterion §7—Provisions for Testing of Iso-
lation Valves (Category A). Capability shall
be provided for testing functional operabil-
ity of valves and associated apparatus essen=-
tial to the containment function for estab-
ishing that no failure has occurred and for
determining that valve leakage does not
excced acceptable limits,

Criterion 58—Inspection of Containment
Pressure-Reducing Systems (Cateyory A).
Design provisions shall be made to facilitate
the periodle physical inspection of all impor-
tant components of the containment pres-
sure-recduclng systems, such as, pumps,
valves, spray nozzles, torus, and sumps. _

Critcrion 59—Testing of Containment
Pressure-Reducing Systemns  Componernts
{Category A). The coitainment pressure-re-
Gucing systems shall be designed so that
active components, such as pumps and
valves, can be tested perlodically for oper-

bllity and required functional perform-
ance.
Critcrion 60—Testing c¢f Containment

Spray Systems (Category 4). A capability
shali ke provided to test periodically the
deilvery capability of the containment spray
system at a position as close to the spray
nozzles as is practical.

Criterion 61—Testing of Cperational Se-
quence of Containment Pressurc-Reducing
Systems (Category A). A capability shall be
provided to test under conditions as close
to the design as practical the full operational
sequence that would bring the containment
pressure-reducing systems into action, in-
cluding the transfer to alternate power
sources. ©

Criterion 62—Inspection of Air Cleanup
Systems (Category A).Deslgn provisions shall
be made to facilitate physical inspection of
all critical parts of containment air cleanup
systems, such as, ducts, filters, fans, and
dampers.

Criterion 63—Testing of Air Cleanup Sys-
tems Components (Cateyory A). Deslgn pro-
visions shall be made sa that active compo-
nents of the air cleanup systems, such as
fans and dampers, can be tested periodically
for operabllity and required functional per-
formance. :

Criterion §4—Testing of Air Clcanup Sys-
tems . (Category A). A capabillty shall be
provided for in situ perlodic testing and
surveillance of the air cleanup systems to
ensure (a) filter bypass paths have not
developed and (b) filter and trapping mate-
rials have not deteriorated beyond acceptable
limits.

Criterion 65—Testing of Operational Se-
quence of Air Cleanup Systems (Category A),. -
A capability shall be provided to test under -
conditions as close to design as practical the
full operational sequence that would bring
the air cleanup systems into actlon, includ-
ing the transfer to alternate power sources
and the design air flow delivery capability.

VIII. FUEL AND WASTE STORAGE SYSTEMS

Criterion 66—Prevention of Fuel Storage
Criticality (Category B). Criticality in new
and spent fuel storage shall be prevented by
physical systems or processes. Such means
as geometrically safe configurations shall be
emphasized over procedural controls.

Criterion 67—Fuel and Waste Storage De-
cay Heat (Category B). Reliable decay heat
removal systems shall be designed to prevent
damage tb the fuel in storage facilities that
could result in radioactivity release to plant
operating areas or the public environs,

Criterion 68—Fuel and Waste Storage
Radiation Shielding (Category B). 8hielding
for radiation protection shall be provided in .
the design of spent fuel and waste storage

i
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facliitles as requlred to meet the require-
ments of 10 CFR 20.

Criterion £9—Protcction Against Radio-
activity Rclease From Spent Fuel and Waste
Storage {Catigory B). Containment of fucl
and waste storage shall be provided U acci-
Gents could lend te release of undue amounts
of redioacuivity w the publle environs.

IX. PiANT LITLUINTS

Crit:rion 70—Control of Rclcascs of Radio-

coliity to the Environcnent (Category DBy,

wolilty design shall include those menns
y Lo maintan control over the piant
radioaciive cliuents, whethar gaseous, hquid,
or solid. Appropriate Loldup capacity shall
e provided for rewentlion of gaseous, liquid,
or solld effMuents, particulariy where unfa-
vorable environmental conditions can be ex-
pected to require operational limitatlons
upon the rclcase of radloaclive eflluents to
the coviror.ment. In all cases, the design for

radioactivity control ehall be justiled (o)
oo the basis of 10 CTR 20 requiremenis
for normal cperatlons and for any transient
situatlon that mizht reascuably be antlei-
patnd o occur ard (D) on the basis of 10
CFR 100 docage level guidellnes {or poten-
tial reactor occidents of exccedingly low
nrobabliity of occurrence except that reduc-
tion of the reconumended dosage levels may
he required where hiygh population densitles
or very larye citics cali be affecied by the ra-
diocactive eflivents.

(Sece. 161, €8 Stat. 948; 42 U.5.C. 2201)

Dated at Washington, D.C., this 28th

day of June 1967.

For the Atomic Energy Commission.

W. B. McCoot,
Secretary.

[F.R. Doc. 67-7901; Fied, July 10, 1967;
6:45 a.mn.|
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CONTENTION TC-2: EXHIBIT 13

Letter from William B. Cottrell, ORNL, to H. L.
Price, AEC (September 6, 1967) and enclosed ORNL
comments on proposed GDC.




OAK RIDGE NATIONAL LABORATORY

OPERATED BY

UNION CARBIDE CORPORATION
~ NUCLEAR DIVISION

POST OFFICE BOX Y
OAK RIDGE, TENNESSEE 37830

- | September 6, 1967

Mr. H. L. Price

Director of Regulation

U.S. Atomic Energy Commission
Washington, D. C. 20545

Dear Mr. Price:

Subject: Review of USAEC "General Design Criteria for Nuclear Power Plant
Construction Permits" Federal Register, July 11, 1967

The subject document has been reviewed by members of the staff of the
Nuclear Safety Information Center. We realize and appreciate the great
amount of work that your staff has done in bringing these criteria to
their present form. We participated in the initial review of the criteria
when they were issued in November 1965 and we are pleased to have the oppor-
tunity to review this later version. Our comments are enclosed in two parts:
(1) general comments which apply to the entire set of criteria and (2)
specific comments on the individual criteria and in a few cases on sections
such as VII, Engineered Safety Features.

With a few exceptions, the scope of the criteria seems broad enough and
generally well organized. We do have rather extemnsive comments on those
criteria which deal with protection systems. A difficult problem is that of
assessing reliability. The "single failure criterion” is an ettempt to re-
lieve this situation, out its application is subjective and it has different
meanings to different individuals. Another problem area is that of the use
of the same instruments for both operating the plant and providing protection.

_We believe that such interdependence can only degrade the reliability and

performance of the protection system. Problems such as these make the task
of writing criteria and standards quite difficult.

Further, the absence of clear definitions of terms, which to many are
rather loosely understood, could limit the effectiveness of the criteriam\‘
We feel that there is a critical need for these definitions. ! y




Mr. H. L. Price =~ . -2- . September 6, 1967

We again wish to commend you for the éignifica.nt contribution represented
by these criteria. If you have questions concerning our comments, we will be
glad to discuss them with you. '

Sincerely yours,

"Wm. B. Cottrell, Director . .
Nuclear Safety Information Center

 WBC:JRB:jt
Enclosure

cc A. J. Pressesky
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General Comments

.The ramifications of civil disobedience, riots, strikeé, sabotage, and

the like have not even been mentioned. With this vast potential risk
in mind, should not the physical security of the plant be considered?

Since these criteria will be used by many groups whose terminology is
not always (or even usually) in agreement, a set of definitions is
badly needed. For example - what is a system, component, engineered
safety feature, failure, redundancy, channel, surveillance, monitoring,
malfunction, protection system, loss of coolant accident, etc.?

Since "single failure criteria” are to be spplied to systems other than

“those for control (for which criterion 21 is the definition), it is

extremely important that they be clearly defined for all systems.

Since the introduction uses the phrase "nuclear reactor plant” why is
the phrase "reactor facility" used in the text of several of the cri-
teria to mean the same thing?
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Criterion 4 - Sharing of Systems

Criterion 5 - Records'Requirements

Specifie Comments

Title -~ General Design Criteria for Nuciear Pover Plant Constrﬁction Permits

The title is really not grammatically correct, since it ‘infers that we
are designing a "construction permit”. )

A Criterion 2 -~ Performance Standards

1. Line T: Delete "performance" since this could be construed as
applying to operating performance only.

2. In regard to earthquakes the "appropriate margin for withstanding
forces greater than those recorded . . ." has not been defined
here and furthermore it would be extremely difficult to do so at
least with our present understanding of earthquake phenomena.
Therefore, the criterion should state what constitutes an ade-
quate margin.

We agree with criterion 4 as it applies to the nuclear reactor plant but
it should be extended to apply to systems, sub—systems and espeCLally en-
glneered safety features.

1. Line 2: Should read, "Records of the design, fabrication, in-
spection, testing and construction of . ..." to be sufficiently
. inclusive. The performance of engineered safety features must
be determined as a datum for evaluation of subsequent tests re-
quired of the system. For example, criterion U6 states that
active components be periodically tested for required perfor-
mance.

2. Line 5: Change "its" to "is" to refer to the operator's
control.

Criterion 8 - Overall Power Coefficient

For this entire criterion it might be better to say that "the reactor
shall be designed so that either the overall power coefficient in the
power operating range shall not be positive or reliable controls which will
eliminate or minimize the undesirable effects of a p031tive power coeffi-
cient shall be provided, tested and proved effective."
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Criterion 10 - Containment

We infer from subsequent criteria that the pro%ection'system is not con-
sidered an engineered safety feature even though there are reactors that de-
pend upon the protection systems to work in order not to overstress the con-
tainment. ~Thus, either "engineered safety features"” should be defined to
include the reactor protective system, i.e., scram functioms, or this and
other functions should be specifically mentioned. We prefer the former al-
ternative. . ) .

Criterion il - Control Room

The aims of this criterion are certainly desirable but it is difficult -
if not impossible to prove the criterion has been met. However, some clari-
fication is needed, for example, if a fire in ‘a panel renders the controls
of some emergency system inoperable, the criterion can be interpreted to
mean that two separate control rooms are required. 1Is this the intent?

Criterion 13'- Fission Process Monitors and Controls

1. Line 4: Delete "throughout core life and" since it is redundant.

2. The examples cited should either be deleted or augmented by a more
comprehensive set including flux, hot spots, etc. .

Criteria 14 and 15 - Core Protection Systems and Engineered Safety Features

These criteria exemplify the fact that a more detailed definition of
containment and engineered safety features needs to be included. One could
define the engineered safety features as including scram system, core pro-
tection system, etc., and then eliminate Criterion 1b.

Suggested Criterion - Monitoring Engineered Safety Features

We suggest that this criterion be inserted at this point: Instrumenta-
tion shall be provided to monitor the performance of engineered safety
features during the course of the accident and to monitor the condition of

the reactor itself under these conditions.

Criterion 16 - Monitoring Reactor Coolant Pressure Boundary

This criterion defines the monitoring that is necessary to prove compliance
with Criterion 9. (Similar proof is required by Criterion 36) In cases of
this nature cross referencing of criteria should be made for the sake of

clarity.
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Criterion 17 - Monitoring Radioactivity Releases

This criterion was written to specify monitoring to meet the specifica-
tions of Criterion 70, which should be cress referenced here.

Criterion 18 - Monitoring Fuel and Waste Storage

. Specification of criticality monitoring should be included in this cri-
terion; for example, as by reference to 10 CFR, Part 70.3h4.

Criterion 19 - Protection Systems Reliability

There is no guide for determining whether or not the functional reliabi-
lity and in-service testability is commensurate ‘'with the safety functions
to be performed. Every designer could claim that his system met this cri-
terion, and challenge a reviewer to show otherwise. Arguments about this
eriterion most likely will include comparisons to somewhat similar protectior
systems for somewhat similar nuclear power plants that have been reviewed
and approved.

This criterion is of questionable value and we recommend its omission.
A set of rules for designing protection systems would be more useful than a’
general statement of desirable results.

. Criterion 20 - Protection Systems Redundancy and Independence

The criterion is not clear as to the extent of the effects of a single
failure that need consideration. Apparently, considerations of effect are
to be limited to a component or channel - resulting in a severe limitation
in the value of this criterion. This is another example of a criterion where
definitions are needed; for example, component, channei, and system need to
be defined.

Criterion 21 - Single Failure Definition

A judgment of the extent of failures caused by a single event hinges on
credibility. First, there is the probability of the initiating event, then

_ the probability of progressive failures. A single event of sufficient magni-

tude will certainly prevent the functioning of the protection system. De-
tailed guidelines for describing the required independence of redundant equip-
pment are needed. Examples are spacing between cables carrying redundant sig-

" nals, methods of separating electronic equipment handling redundant signals,

methods of isolating redundant logic devices which combine redundant signals,
etc. Unless more detailed information is given as to what is to be considered
credible, this criterion serves little purpose.
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Criterion 22 - Separation of Protection and Control Instrumentation Systems

This criterion apparently recognizes the need for separating protective
and control instrumentation but compromises this objective with the qualifi-
cations permitted. The net effect is to permit the intimate intermingling of
the system that normally operates the plant and the system that is intended
to afford protection. We strongly recommend that no exceptions be permitted
to the separation of these two systems as the only effective means.to insure
the vital integrity of the protection system.

Both of these systems in the new and larger reactors-are complex. Despite

" the use of buffer amplifiers in attempting to isolate the effects of failures

in the two systems, the systems are not independent when the same signals are

. coupled into each. Additionally, the objectives of operation are not those of

protection. When the two systems are intermingled, signal processing equip-
ment is invariably designed for operating the plant rather than for protection. =
Inadequate control demands that corrections must be made in the equipment to

' allow operation, but inadequate protection equipment may be discovered only

after their need during an accident. Mixing of the two systems as allowed

by this criterion diverts design attention from the requirements of protection
40 those of operation. BSuch mixing also increases the probability that pro-
tection will be lost as the result of a failure in the control system that
initiates the accident requiring protection. _

_ The basic -Justification for independence of protection and operation

systems, in our opinicn, is the relative ease with which the protection func-

tion can be assured with independence, and the great difficulty of realizing : /
such assurance with interdependence. We believe it is easier to separate the
systems than to assure that their interactions are harmless. We believe it
i's easier to maintain independence than to insure, for the lifetime of the
plant, that deliberate changes or inadvertent alteration of the operation .
system will not adversely affect the protection function.

The dismal list of accidents caused by design errors, and the much larger
list. of design errors caught before they caused accidents, lead us to believe
that design errors will continue to occur. We believe further that indepen-
dence of operation and protection is-one of the best defenses against the
possibility ‘that a design error may cause an unprotected accident.

) It may be possible that for some combinations of protection and opera-
tion instruments no conceivable failure of the operation function involved

can result in a situation requiring action of the protection function involved.
To the extent that this can be proved, both initially and throughout reactor
lifetime, the particular interdependence could be acceptable. A hypothetical
example is the instrumentation used to measure and control the pressure of a
sealed containment enclosure. The operation function is used principally to
provide a pressure differential between the inside of the containment and
‘the outside, and thus to provide a means for surveillance of the leakage rate.
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The prctection function might be to initiate reactor shutdown, emergency
cooling, and isolation of process piping if a rise in containment pressure
should indicate the presence of a serious leak of potentimlly radioactive
fluids. It might be demonstrable that no failure whatever of this instru-
mentation could induce a substantial leak of radioactive fluid, in which
case no real interdependence of operation system and protection system would
in fact exist.

The basis of the above example is the impossibility that failure of the
operational function or equipment could ever, under any circumstances, lead
to a-situation where the protection function would be needed. Therefore,
sharing of equipment (common elements) between the protection system and the
operation system could not lead to interaction between the two systems. It
is difficult to prove conclusively this lack of functional interaction. More
difficult is the problem of ensuring that this lack of interaction can and
will be maintained throughout the life of the plant. Operators are not de-
signers; operators in charge of the plant at the end of its UO-year life are
not the ones who may have discussed protection problems with the designers
at the beginning. Subtle considerations are apt to be forgotten or ignored.
It is easy to forget that plant protection was originelly based on the im~-
possibility that failure of certain operation instruments could result in a
need for protection-system function. . .

Criterion 24 - Emergency Power for Protection Systems

Design requirements related to power supply include comnsideration of

~ both Criteria 2l and 26. There is an anomaly here in that Criterion 24 per-

mits the protection system to require power to provide protection, whereas
Criterion 26 requires the system to fall into a safe or tolerable state on
loss of power. To the extent that Criterion 26 cam be met, alternate power
sources become an economic or operatlonal cons1derat10n rather than being
needed for safety.

Criterion 25 - Demonstration of Functional Operability of Protection Systems

We agree with the intent of this criterion but suggest that the wording

be changed to state ". . . demonstrate that no faiiure causing a reduction
of redundancy . . ." rather than ". . . demonstrate that no failure or loss
of redundancy . . .". Some systems may have extra elements whose failures

do not reduce the redundancy claimed for the system.

Criterion 26 -~ Protection Systems Fail-Safe Design

This criterion places a requirement not only on the protection system
but on the plant as well. For example, a plant design could be such that
operation of the protection mechanism when not needed would be highly un-
desirable. (An illustration is the closure of the steam stop valves in a



i P L ST E
e S > RS LU

-6~

BWR.) Criterion 26 requires the plant to be able to accept operation of the
protection”system when not needed. We believe this is a good objective and
we support this criterion.

Section V - Reactivity Conmtrol : -

1. The title of this section should be "Reactivity Control for Reactor
Shutdown". .

2. This group of criteria should distinquish more clearly between

’ functions of reactivity control; namely, the dynamic reactivity
reduction process and the static holddown functions. The first
function must be performed at such times as in power transients
and loss-of-coolant accidents with the objective of preventing
exceeding "acceptable fuel damage limits"™ referred to in Criteria
28 and 29. Margins expressed in terms of shutdown parameters
are inappropriate and inadequate for the dynamie function.

‘The reliability with which each function must be carried out
. depends upon the seriousness of the consequences of failure of
that function. . :

‘Criterion 27 - Redundancy of Reactivity Control

This criterion is not ciear. It does not state whether the two reacti-
vity control systems (1) should both be capable of -both increasing and
decreasing reactivity for operation, or (2) should both be capable of fast
shutdown, or (3) should one be for fast shutdown and one for holddown. We
recommend that the word "shutdown" be substituted for "control" in this
criterion. These systems should also meet the requirements of Criteria 28,
29, 30, 31, and 32. :

Criteria 28, 29, and 30 taken together indicate that one of the shutdown
systems is not required to cope with positive transients and is essentially
a method of obtaining reactivity holddown capability. However, reactors
that must be shut down rapidly to allow the containment system to function
need two separate and fast shutdown systems. A single fast or "primary"

- shutdown’ system together with a "holddown", or slow, "secondary” shutdown

system is not satisfactory in this case.

Criterion 29 - Reactivity Shutdown C;pability

As stated in our comments on Criterion 27, some reactors require a shut-
down to allow the containment to function. In such cases, this criterion
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should require that two shutdown systems be applied.. Each such system should
be capable of preventing an unacceptable situation. g . .

This criterion carries a reference to shutdown margin that could well
be made a separate criterion as the shutdown requirements are a function of

‘the number of rods, reactor operating conditions and function desired (e.g.,

reduction of nuclear power level or holddown of the subecritical reactor).
Although we have not addressed ourselves to these conditions in detail, we
believe that a margin much greater than the worth of the most effective con-
trol -rod is needed for reactors having many rods. .

Criterion 30 - Reactivity Holddown Capability

In cases requiring the reactor to be shut down in order to achieve con-
tainment, two of these systems should be required. See comments on Criteria
2T and 29. '

Criterion 31 - Reactivity Control Systems Malfunctien

This criterion should be expanded to include all failures of the plant
operating system that are capable of increasing reactivity. 1In particular
this criterion should not be limited to the unplanned withdrawal of only
one control rod since a failure of the control rod operating system may not
be restricted to the withdrawal of only one rod. All failures that may

affect the performance of the control rod operating system must be considered.

0f a more general nature, all failures that can introduce reactivity in-
creases must be considered. In addition to control rods, there are coolant
temperature changes, and perhaps even void effects that need analysis.

friterion 33 - Reactor Coolant Pressure Boundary Capability

~

We agree with the intent of the criterion but it is not clear what is
peant by "positive mechanical means" for preventing a rod ejection. A defi-
nition is needed. . :

Section VII - Engineered Safety Features

With the exception of reactor shutdown systems, all other engineered
safety features are discussed in this section. These are: emergency power
system, emergency core cooling system, containment enclosure system, contain-
ment pressure-reducing system (including containment heat removal), and air
¢leaning systems. . ; |

For each of these systems, there should be criteria for design of the
system and their components as well as criteria for testing and inspection.
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The objective of these criteria would be clearer if each system were treated
in separate subsections and the criteria for each were set up in parallel
form. Thus, there would be criteria for the inspection and testing of
emergency power system (now covered in only Criterion 39) as well as the
inspection and testing criteria for the other engineered safety features.
Criterion 52, "Containment Heat Removal Systems,” would be grouped with
Criteria 58-61 with which it is generally associated. Such a rearrangement
raises questions on other points of apparent inconsistancy, e.g., Criterion
60 is seen to be but a special case of Criterion 61, etc.

Criterion 37 - Engineered Safety Features Basis for Design

Again a definition of engineered safety features is necessary. For ex-
ample, if the scram must work in order that the containment not be over-
stressed, then the scram system must be considered part of an engineered
safety feature.

Criterion 38 - Reliability and Testability of Engineered Safety Features

We agree with this criterion. However, its title and inclusion in
Section VII, both of which pertain only to engineered safety features, does
not reflect its more general applications vhich include "inherent" as well
as "engineered safety features". It would more appropriately be included in
Section I. : :

Criterion 39 - Emeréency Power for Engineered Safety Features

A difficult point in the application of this criterion is that of re-
dundancy in the offsite power system. For example, a plant failure that
results in shutting off the electric generator driven by the reactor could
produce the loss of all offsite power. The probability of this consequential
loss of offsite power varies widely as a result of changes in the power
system and of variations in. power system load. As a result of this wide
variation in the reliability of offsite pover, we. recommend that this cri-
terion require that redundant and independent onsite power system be re-
_quired such that onsite power alone be capable of supplying the needs of
the engineered safety features after a failure of a single active eomponent.
in the onsite power system. We do not believe that the offsite power is
.really independent of the power from a main generator operated from the
reactor to be safeguarded.

Criterion 40 - Missile Protection

Analysis shall be made to 'show that fragments and components that could
be ejected from highly pressurized system's rotating equipment would not
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impair the function of an engineered safety feature. Typical missiles re-~
quiring analyses are such items as primary system valves, flanges, instrumen-
tation, etc. When rotating equipment is not completely contained, such as

in a concrete vault, a missile map should be provided for rotating equipment
(e.g., main turbines, pumps, etc.) . .

Criterion Ll -.Engineered Safety Features Performance Capability .

We agree with this criterion as far as it goes. In particular the de-
tailed requirements for the emergency core cooling system as contained in
Criterion 4L illustrate the desired amplification (but for that system only). -
Thus, it could be generalized and added to Criterion 41 as follows: "The
performance of each engineered safety feature shall be evaluated conserva-
tively in each area of uncertainty. The systems shall not share active

- copponents and shall not share other features o6r components unless it can

be demonstrated that (a) the capability of the shared feature or component
to .perform its required function can be readily ascertained during reactor
operation, (b) failure of the shared feature or component does not initiate
e loss-of-coolant accident, and (c) capability of the shared feature or
component to perform its required function is not impaired by the effects
of a loss-of-coolant accident and is not lost during the entire period

this function is required following the accident."”

Criterion 42 - Engineered Safety Features Components Capability

We see no need to limit this criterion to the loss—of-coo;ant accident

"and suggest that . . . "by the effects of & loss-of-coolant accident” be
" changed to read "the effects of the accident for which the function is

required."”

Criterion 43 - Accident Aggravation Prevention

It is not obvious what purpose this criterion is intended to serve. If
something specific is in mind here it should be stated, i.e., are we worried
about the core becoming critical again, or inducing a thermal shock, etc.

. Perhaps this- should not even appear nere but be in the generai discussion.

Criterion L4 - Emergency Core Cooling Systemms Capability

As noted in the discussion on Criterion 41, we would restrict this
criterion to the first two sentences (having already included the remainder
of this criterion as a general requirement in Criteriom 4l1). However, as
we interpret the intent of these sentences, each of the two emergency cooling
‘systems should cover the whole range of pipe break conditions up to the
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maximum. To make this point clearer, it might be better to rephrase the
second sentence defining the cooling system requirements as follows: "For
each size break in the reactor coolant pressure boundary, including the
double-ended rupture of the largest pipe, at least two emergency core
cooling systems, preferably of different design principles and each with
a capability for accomplishing abundant emergency core cooling, shail be
provided." o

Criterion 48 - Testing of Operational Sequence of Emergency Core Cooling
Systems _

We agree with the intent of this criterion and suggest that in addition
to "the transfer to alternate power sources" the operation of the reactivity
control system (which must shutdown the reactor and then provide holddown
in the cold condition after the loss-of-coolant accident) should be mentioned.

Criterion 49 - Containment Design Basis

We agree with the intent of this criterion but feel that the following
need some elaboration: .

Line 10: "Consjderable Margin" should be defined in some manner.

Line 13: What degree of failure of the ‘emergency care cooling system
: is assumed?

Criterion 50 - NDT Requirement for Containment Material

This criteria needs further clarification. The temperature of the steel

. members in question under normal operating and testing conditions should be

defined, i.e., the temperature of the component when the ambient temperature
is at its lowest recorded (or perhaps expected) value. Furthermore, the
requirement of NDT + 30° F has no meaning in the eyes of the stress analyst
although it has found some usage. This temperature is half way betweea NDT
and FTE and unless there is adequate Justification of which we are unaware,
we recommend using NDT + 60° F which defines the transition, e.g., tempera-

- ture at which cracks won't propagate at stresses less than yield.

Criterion 51 - Reactor Coolant Pressure Boundary Outside Containment

The intent of this criterion is not clear. It would appear that Criterion
53 which requires redundant valving would also cover reactor containment
coolant boundaries outside containment. If, however, it is intended to re-

quire extensions of the containment, it should be specifically stated. In
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ary event . . . delete "eppropriate” and "as necessary" in lines b and 5
and the entire last sentence which begins, "Determination of . . .". These
words do not materially contribute to the sense of the statement of the
criterion and therefore should be omitted.

.
Toe

Criteria SU, 55, and 56 - Containment Leakage Rate Testing, Containment
Periodic Leakage Rate Testing, and Provisions

for Testing of Penetrations

Following the words "design pressure” it is suggested that "defined by
Criterion 49" be inserted.- '

Criterion 56

This criterion is not sufficiently inclusive. The types of penetrations
which should be tested should NOT be limited to the two that are mentioned, but
. for instance should also include electrical penetrations and piping penetrations

that do not require expansion joints. The penetration testing is usually
done at greater than design pressure.

-

" Criterion 66 - Prevention of Fuel Storage Crificality

We do not understand the implication of "or processes” at the end of
the first sentence, nor do we believe that it is .practical tc depend upon
procedural controls to prevent accidental criticality in storage facilities
of power reactors. Hence, the last sentence of this criterion should be
changed to read as follows: "Such means as geometrically safe configuations
shall be used to insure that criticality cannot occur.”

. Criterion 67 - Fuel and Waste Storage Decay Heat

To the extent that removal of decay heat is a function necessary to
prevent escape of fission products, decay heat removal systems should
be designed to the same requirements for redundancy, inspectability, and
testability as engineered safety features on reactors. This should include
facilities for supplying additional coolant fluid in the event of accidental

-loss. .



14

CONTENTION TC-2: EXHIBIT 14

Letter from Edson G. Case, AEC, to Dr. Stephen H.
Hanauer, ACRS (July 23, 1969), enclosing General
Design Criteria for Nuclear Power Units
(July 15, 1969)

(relevant excerpts)
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UNITED STATES
ATOMIC ENERGY COMMISSION

WASHINGTON, D.C. 20545

July 23, 1969

Dr., Stephen H. Hanauer, Chairman
Advisory Committee on Reactor Safeguards
U. S. Atomic Energy Commission
Washington, D, C, 20545

Dear Dr, Hanauer:

Enclosed are 18 copies of:

_“—‘_""__

1. _"General Design Criteria for Nuclear Power Units" revision

2.

dated July 15, 1969, which reflects the comments made by
the ACRS Subcommittee at our meeting July 9, 1969, and

A "Comparison of Published Criteria (July 11, 1967) and
Revised Criteria (July 15, 1969)." '

‘Regarding the differences between the published and revised criteria,
please note that the revised criteria:

Ce

Reflect comments received from industry on the published
criteria and developments that have occurred since their
release, In addition, they reflect comments received

from the ACRS and the regulatory staff on interim drafts.

Establish "minimum requirements” for water-cooled reactors,
whereas the published criteria were "guidance" for all
reactors.,

Are arranged in six sections, include definitions, and
are not categorized (Category A or Category B).

Do not include the term "engineered safety festures.” The
requirements in the published criteria for "engineered
safety features” have been incorporated in the revised
criteria by including the requirements in the criteria for
individual systems.

~



Stephen H, Hanauer -2 - July 23, 1969

e. Include criteria which do not have direct counterparts in
the published criteria; these are located in the back of
Enclosure 2,

ACRS review is requested as soon as possible,

Sincerely,

5

Edson G. Case, Director
Division of Reactor Standards

Enclosure:
As stated
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INTRODUCTION

Pursuant to the provisions of § 50.34, applications for coé:truction
permits must include the principal design criteria for a proposed facility.
These General Design Criteria establish minimum requirements for the
principal design criteria for water-cooled nuclear power units similar in
design and location to units previously approved for construction by the
Commission. The General Design Criteria are also considered to be generally
applicable to other types of nuclear power units and are intended to be
used for guidance in establishing the principal design criteria for these
units.

The principal design criteria for a nuclear power unit establish
necessary design, fabrication, construction, testing, and performance
requirements for structures, systems, and components important to safety;
that is, structures, systems, and components that prevent or mitigate the
consequences or accidents which could cause undue risk to the health and
safety of the public. There will be ;ome nuclear power units for which
these General Design Criteria are not sufficient for this purpose, and addi-
tional criteria must be established in the interest of public §afety. It
is expected thet additional or different criteria will be needed to take
into account unusual sites and environmental conditions, and for water-
cooled nuclear power units of advanced design. Also, there may be nuclear
power units for which fulfillment of some of the General Design Criteria
may not be necessary or appropriate. For units such as these, departures

from the General Design Criteria must be identified and justified.
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DEFINITIONS

NUCLEAR POWER UNIT

A nuclear power unit means a nuclear reactor and associated equipment

necessary for electrical power generation and those structures, systems,

and components required to prevent or mitlgﬁte the consequences of accidents

which could cause undue risk to the health and safety of the public.

REACTOR COOLANT PRESSURE BOUNDARY

The reactor coolant pressure boundary means all those pressure-

containing components, such as pressure vessels, piping, pumps, and valves,

within the following systems or portions of systems of pressurized and

boiling water-cooled nuclear power units:

(a)

(b)

The reactor coolant system. For a nuclear power unit of
the boiling water type, the reactor coolant system extends
to and includes the outermost containment isolation valves
capable of external actuation in the main steem and feed-
water lines, and the reactor safety and relief valves.
Portions of associated auxiliary systems connected to the
reactor coolant system. For piping of these systems which
penetrates primary reactor containment, the boundary extends
to and includes the first containment isolation valve out-
side the containment capable of external actuation. For
piping of these systems which contains two valves both of
which are normﬁlly closed during normal reactor operation,

the boundary extends to and includes the second of these
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two valves (the second of which must be capable of external
actuation), whether or not the system piping penetrates
primary reactor containment.

(c) Portions of the emergency core cooling system connected to
the reactor coolant system. For piping of this system which
penetrates primary reactor containment, the boundary extends to
and includes the first containment isolation valve outside
containment capable of external actuation. For piping of this
system which does not penetrate primary reactor containment,
the boundary extends to and includes the second of two valves

normally closed during normal reactor operatibn.

LOSS -OF ~COOLANT ACCIDENTS

Loss-of-coolant accidents mean those postulated accidents that result
from the loss of reactor coolant at a8 rate in excess of the capability of
the reactor coolant makeup system from any size break in the piping, pressute‘
vessels, pumps, and valves connected to the reactor pressure vessel and
within the reactor coolant pressure boundary, up to and including a break
in these components equivalent in size to the double-ended rupture of the

largest pipe of the reactor coolant system.

SINGLE FAILURE

A single failure means an occurrence which results in a loss of capa-
bility of a structure, system, or component to perform its intended functioms.
Multiple failures resulting from a single occurrence are considered to be

a single failure.
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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 geometrically

safe configurations,

CRITERION 63 - MONITORING FUEL AND WASTE STORAGE

Instrumentation shall be provided in fuel storage and radioactive
waste systems and associated handling areas (1) to detect conditions
that may result in loss of decay heat removal capability and excessive

radiation levels and (2) to initiate appropriate safety actions,

CRITERION 64 - MONITORING RADIOACTIVITY RELEASES

Means shall be provided for monitoring the reactor containment
atmosphere, spaces containing components for recirculation of loss-of-
coolant accident fluids, effluent discharge paths and the unit environs
for radioactivity that may be released from normal operations, from

anticipated operational occurrences, and from postulated accidents.
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CONTENTION TC-2: EXHIBIT 15

Memorandum from Edson G. Case, NRC, to Harold
L. Price, et al., AEC, re: Revised General Design
Criteria (October 12, 1970), and enclosed letter from
Edward A. Wiggin, AIF, to Edson G. Case, NRC
(October 6, 1970)
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- ¥ UNITED STATES
A “ATOMIC ENERGY COMMISSION / .
' ) WASHINGTON. D.C. 20545 S
0CT 12 1970 o L,

!ggrold L. Price, Director of Regulation

Clifford K. Beck, Deputy Director of Regulation

Marvin M. Mann, Assistant Director of Regulation for Reactors

C. L. Henderson, Assistant Director of Regulation for Administration
S. H. Hanauer, Technical Advisor to the Director of Regulation

L. D. Low, Director, Division of Compliance -

P. A. Morris, Director, Division of Reactor Licensing

REVISED GENERAL DESIGN CRITERIA

My memorandum of September 24, 1970, to Harold L. Price forwarded the
latest revision of the General Design Criteria for your comments.
Additions and changes to the June 4 version of the criteria were

annotated.

Enclosed is a letter and enclosures which provide the AIF comments of

the June 4 version of the criteria. Please note that the major Forum

comments are discussed in the third enclosure to its October 6 letter.
The revised criteria forwarded by my memorandum of September 24 appear
to satisfy all of these major comments.

Please provide your comments on the revised criteria by Monday, October 19,
so that review by the ACRS and final issuance of the criteria can be

expedited.

1

N

Edson G. Case, Director
Division of Reactor Standards

Enclosure:

AIF Letter dated October 6, 1970,
to Edson G. Case w/encls
(except second enclosure)

cc: G. A, Arlotto, DRS
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75 PARR AVENUE SOUTHI' NEW YORK N. Y 10Ci6 « 212, 725-8300G

October 6, 1970

Mr. Edson G. Case, Director
Division »f Reactor Standards
U.S. Ator ¢ Energy Commission
Washingtci, D. C. 20545

Dear Ed:

Th:: purpose of this letter and the enclosed material is to pro-
vide you :¢ith a commentary, developed by an ad hoc group convened under
the aegis of the Forum's Committee on Reactor Safetv, on the AEC-pro-
posed '‘Ge :eral Design Criteria for Nuclear Power Plants,'' as set forth
in the AE. draft of June 4, 1970.

Th s commentary has been developed by, and represents the con-
sensus vicew of, the following industry representatives, who have had
an opport:nity to participate either in redrafting and modifying the
criteria or reviewing the same:

Robert D. Allen (Chairman) - Bechtel Corp.
Edwin A. Wiggin (Secretary) - Atomic Industrial Forum

Rennie Anderson - Combustion Engineering, Inc.
William Bley - Stone & Webster Engineering Corp.
Henry E. Bliss - Commonwealth Edison Co.

A. Philip Bray - General Electric Co.

Allan R. Collier - Westinghouse Electric Corp.
Walter D. Gilbert - General Electric Co.

Gilbert S. Keeley - Consumers Power Co.

Douglas V. Kelly - Pacific Gas & Electric Co.
William J. L. Kennedy - Stone & Webster Engineering Corp.
William Little - Babcock & Wilcox Co.

Lawrence E. Minnick - Yankee Atomic Electric Co.
James S. Moore - Westinghouse Electric Coro.

John N. Noble - Stone & Webster Engineering Corp.
“arold Oslick - Ebasco Services, lnc.

Warren H. Owen Duke Power Co. REUd 0
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Richard F. Ranellone - General Electric Co.
William Smith - Babcock & Wilcox Co.

James E. Tribble - Yankee Atomic Electric Co.
Michael F. Valerino - Combustion Engineering, Inc.
Robert E. Wascher - Babcock & Wilcox Co.

Johkn M. West - Combustion Engineering, Inc.

Robert A. Wiksemann - Westinghouse Electric Corp.

Th: enclosed material, which in its entirety comprises our com-
mentary, ncludes the following five items:

1. A marked up version of the AEC draft of June 4 indica-
tinc the changes we believe should be incorporated
prior to publication of the criteria.

2. A retyped version of the AEC draft of June b4 incorpo-
rating the changes referred to above.

3. A discussion of the major changes recommended. Our
consensus agreement with the criteria as modified is
dependent upon their acceptance.

4. An explanation of certain detailed changes which we
believe to be both necessary and desirable if the
criteria are 1o prove of maximum usefulness to the
AEC and the industry. Omitted from this listing are
minor changes, for the most part seli-explanatory,
which have been suggested in the interest of
enhancing the clarity of certain criteria but which

do not alter either their scope or intent.

5. An excerpt which we believe should he incorporated in
the Statement of Considerations at ihe time the
criteria are published.

We wish to emphasize the importance attached to the concerns under-
lying the »ainr changes recommended. We very much hope that these con-
cerns can be acconmodated by adoptian of the recommended changes or in
some othe: egquaily satisfactory manner.

Sut mission of this consensus comieriary is not intended to pre-
clude the subsecguent submission of individual comments by those named
above or ty other industry representatives, once Lhe criteria have been
published. Conversely, it is not expected that the group named above
or the fForum Committee on Reactor Safety would wish to offer further
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comments it the recommendations set forth in this commentary are adopted.

Piease let us know if you desire further clarification of these
comments. Also, should you wish further elaboration of the comments, we
wouid be pleased to convene a representative group of those named above
to meet v ith you and your associates.

Wc appreciate the opportunity to comment on this ihportant
document.

Sincerely,
2

. i
R |

Zk{

Edwin A. Wiggin

EAW:erk
Enc.
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tended to

n

these General Design Criteria are

current licensing review practice,

Accordingly,

reflect

INTRODUCTION

Pursuint to the provisions of §50.34, an application for a constr: :tion
permit mus: include the principal desipn criteria for a proposed ftacility.
These Gene;al Design Criteria establish minimumn requirements for the
principal (esign criteria for water-cooled nuclear power units similar in
Jesivn and location to units for which construction perntts_have been iesued
bv the Commission. The fGeneral Design Criteria are also considered—te—be

zenersiiv—espl-icable—to—other—types—afnuclear—pover—unite—and—are intended

to provide ruidance in establishing the principal design criteria for
ypes of nuclear powe

such other/ :nits. '

The pr ncipal design criteria for a nuclear power unit establish
necessary destpgn, f{abrication, comstruction, testing, and performance
requirement: for siructures, systems, and components important to safety;
taat s, structures, systems, and components that prevent or mitigate the

consequences of accidents which could cause undue riak to the haalth and

[
safety of th> public.j\There will be some water-cooled nuclear powor units

for which tu:se General Desipn Criteria are not sufficient for this purvose,
and addition.l criteria must be identified and satisfied by the de .ign n the

intecest of ;ublic safecy. It is expected that additional or diff :rent criter:ia

may
witt be neeitd to take into account unusual sites and environmenta ! con: {tions,

QTT
rnd for water-cooled nuclear power units of advanced design./ Muo | the:e nay

I Se warer-cooled nuclear power urnlts for which fulfillment of some of the
l General Demiga (riteria mav not he necessarv or appropriate. For units such
j

as these, depirtures from tite Ceneral Design Criteria must be identified and

i

| tustified.

| & Insert (.)-see next page
L;The requiremets of these General Design Criteria shall he supplemented or modified

as necessary .0 cope with the existence or consequences of a previously unidentifie

physical cond tion important to safety. The effective date for the application of
incustry code and standards shall be as specified in Title 10 of the Code of
Federa! Regul. tions.



insert {i

The czavelopment of these General Design Criteria is not yet complete.
For example, some of the definitions need further amplification. Also,
certain of the specific design requirements for structures, systems, and
components important to safety have not as yet been suitably defined so that
they can be generalized as criteria. For these reasons it is expected that
the criter a will be augmented and revised from time to time as important
new or charged requirements such as these are identified and developed.



DEFINITIONRS AND EXPLANATIONS

NUCLEAR POMER JNIT

A nuclear pover unit means a nuclear pover reactor and associated equip-
mant oecessary for electrical power generation and includes those structures,
syscems, and components required to prevent or mitigate the consequences of

azcidents which could cause undue risk to the health and safsty of the public.

L0SS-OF-COOLAN" ACCIDENTS

Loss-of-coolant accidents mean those postulated accidents that result
froz the loss f reactor coolant at s rate in excess of the capability of
system used for normal

the/reactor coclant makeup system from any—eise break/in the piping,—pressure
vesselo pumps —and—valves—eonnected—to—theresctor—pressure—vessei—ead—vhich

are—past of the reactor coclant pressure boundary, up to and including »
break ia-these- compoasants equivalent in aize to the double-ended rupture of

the largest piie of the reactor coolant syate-.'

SINGLE FAILURE

A single fallure mesns an occurrence which results in the loss of capa-
bility of a cocoonent to perform Iits intended safety functioms. Mulctiple
failures resulting from a single occurrence are considered to be a single
tallure. Mechaxical and eleccrical systems are considered to be designed sgainst

an assumed single failure {f ncither (1) a single failure of any active component
~selected
(2ssuming passise components functicn properly) nor (2) a single failure of sny
s
passive componeit/(assumiag active components function properly), results in a

i Further detai » relating to the type,size, and orientation of postulated breaks
in specific cimponents of the reactor coolant pressure boundary are under

development 4. a general design criterion.



loss of the capability of the system to perform its safety functions.?
o8 . Tre—fatiore

ANTICiPATLED JPLRKATIONAL OCCURRENCES

Anticipated operltionai occurrences mean those conditions of normal oper-
atioo which ire expected to occur one or more times during the life of the nuclear
power unit aud {nclude but are not limited to loss of power to the recirculation
pucps, tripp.ng of the turbine generator set, isolation of the main condenser

’

and loss of .ll offsite power.

in electricai systems should be assumed
The conditions under which a single

1 system should be considered in
s a general

‘ures of passive components
t a single failure.
in a mechanica
le failure are under development a

2 Single fai
in designirg agains
failure of a passive component
designing 're system against a sing
design criterion.



CRITERIA

I. OVERALL REQUIREMENTS

CRITERIUN . - QUALITY STANDARDS AND KECORDS

Sctructures, systems, and components important to safety shall be
Jdesigned, iabricated, erected, and tested to quality standards comeusurate
vith the icportance of the safety functions to be performed. Where generally

yif. required by unysual design or site characteristics,
Tecognized codes and atandards are used, they shall be identified and/evalu-

ated to deta:rmine their applicabiliity, adequacy, and sufficiency, srd—whaii—pe

-9up9*encnfeﬂ—er—-cdtf+eé—ac—neeetstr7—eo—tcaure—c—qut%*ey—preduet—tn—kcevfng—
with—the—requtired-sefety—funcedon. A quality assurance progras shall be

established and {aplemented in order to provide adequate assurance that these

structures, svetems, and cemponents will satisfactorily perform their safety
., as defined in 10 CFR Part 50, Appendix B,
tunctions. Appropriate records/of the design, fabricacion, erection, and

testing of structures, systems. and components important to safety shall be
maintained b/ or under the control of the nuclear power unit licensee throughout

tne life of .re unit.

CRITERIUN 2 - DESIGN BASES FOK PROTECTIUN AGAINST NATURAL PHENCMENA
Structu.es, aystems; and componenta 1mporta;t to safety shall be designed

to withstand the eftects of natural phenomena such as earthquakes, tornadoes,

hurricanes, iloods, tsunaci{, and seiches without loss of capabilitvy to perform

their safety runctions. Tha Cesign bases for these structures, systemss, and

components sasil reflacc: (1) appropriate consideratiosn of the most severe

of the naturs. plhienomena that hﬁve been hictoricallv repoited for the aite

and surrounciiy &rza, (2} sufficiert nargin for the iimited accuracy,



ruantity, «and period of time in which the historical data have bees accumu-
lated. (3) apcropriate combinations of the effects of nornal and accident
conditions with the effects of the naturai phenomena and (4) the fmportance

of the safity functions to be performed.

CRITERION . FIRE_PROTECTION

Structuvres, systems, dnd components important to safety mhal) be d 'signe:
and locatee to minimize, consistent with other safety requirements, the
nrohability and effect of fires and éxploatons. Noncombustible and heat
resistant caterials shall ne used wherever practical throughout the unit,
narticularlv in locatfons such as the containment and contrel roon. Fire
detection and fighting svstems of appropriate capacity and capability s'all
de provided and designed to minimize the adverse effects of fires n
Structures, systems, and components important to safety. Fire fipiting
systems shail be designed to assure that thei: rupture or inadvert :nt

safety

operation dires not significantly tampair the/capabiiity of these st ructu ‘es,

systems, ani{ components.

CRITERION 4 - ENVIRONMENTAL AND MISSILE DESIGN BASES

Structires, svstems. and components important to safety shall be
cesigned (o accomnodate the effects of and to be compatible with the
and
environment..) conditions assoctiated with normal operation, naintenanceb testing,

and postulared czcidents. These structures, systems, and components shall be



to the extent necessary
appropriately orotected /againdc dynamic effects, including the effects of missles,

pipe whipping, and discharging fluids, that may result from equipment failures
the e fects of events and conditions

ind fron seusees outside the nuclear power unit.

tﬂr?tkfﬂﬂ-i-"{?G?EtT1ON-xﬁxfﬂST-tﬂbUS?Rttt—QKBOTth
3ercefnfer7—oroeens7—:nd—co-poneaeo—*-poretQE*ioaooieey—ehgi%—*nr
phveteeii*—pfoeeeeeé—eo—n*n4n&ee7—eone*oeeni—oieh—eehee—aeieey;feqn*re-ratc:

C(RITERION 6 - SHARING OF STRUCTURES, SYSTEMS, AND COMPONENTS

Structures, systems, and components important to safety shall not be
shared between nuclear power units unless it is shown that their ability to

perform their safety fuanctions is not sipnificantly impaired by the sharing.

Ii. PROTECTION BY MULTIPLE FISSION PRODUCT BARRIERS

CKITERION 10 - REACTOR DESIGN

The react.or core and associated coolant, control and protection systems

shall be desigied withappropriatemargin tc assure that specified acceptable

damage
fuel desdign-1iaits are not exceeded during all conditions of aormal operatiou,

inciuding the :ffecia «f anticipated operational occurrences.



CRITLRIUM 11 - REACTUR INMERENT PROTECTIUN

[ue reactor core and associated coolant systemd shall be desi:ned :0
that in taie power operating range the net ef fbct of the prompt inh :reat
nuclear feoedback characteristics tends to compensate for a rapid

increase in reactivitv.

CONTROL
CRITERION 121 - ITYPRESSTON-OF REACTUR PUWLR OSCILLATIUNS

ihe redctor core and associated coolant, control, and protection
svstems siall be Jesigncd to assure that power oscillations which can result
in condit.ons exceediny of specified acceptablc fuel design limits are not

controlled.
possible 2r cap be reliably and readily detected and suppressed,

CRITIRION 13 - REACTUR INSTRUMENTATIUN AND CONTROL
Inst -umentation amnd control shall be provided to monitor and to maintaian
variables within prescribed operating ranges, including those variables

and syste.:s which can affect the fission process aod the integrity of the

reactor coare.

CRITLRION 14 - XEACTOR COULANT PRESSURE BUUNDARY

{he reactor coolant pressure boundary shall be designed, fabricated,
erectad, ..hd tested so asa tu have an extremely low probability of abnoimal

leskage, «f rapidly provagating failure, and of gross rupture.



CHITERION 15 -_ REACTUR GUULANI SYSTEM DESIGN

The reactor coolant svsteém and assoclated suxtliary, comtrol, aand

proctection systems shall be designed wéth—suifictent—aargin TO 855 ire that
the design conditions of the reactor coolant pressure boundary are not
exceeded duriag all conditions of normal operation, including anticipat-d

operational occurrences.

CRITERION 16 - CONTAINMENT DES LGN

Rezctor :ontainment anJ associated systems shall be provided :o es:ablish
an essentialls leaktight barrier against the uncontrol led release of radioactivity
to the enviro:iment and to assure that the containment design conditions important

to safety are not exceeded for as long as postulated sccident conditions require.

CRITERION 17 - ELECTRICAL PUWER SYSTEMS

An onaitc alectrical power system and an offsite electrical p'wer :ystem

shall pe prov.ded to permit functioning of structures, svstems, &an i components
The onsite and offsite power systems shall each

imporctant to :afety.
<o provide su: ficient capaclty and capablliLy to assurc that (1) s -ecificd

damage
acceptable tucl wesdipe lliatts and desipn conditions of the reactor coolant

Jressure bouilcary are not excceded as a result of anticipated oper. tional
the cure is cooled and containment fntegrity ad othter

axeurzenses ard (49

vital functions are maintained in the event of postulated accidents.



Element of system importan‘ td safety
fhe onsite electrical paverAoouiee9T-4ne}udéng—ihe—bﬂ&&o;ias,—aad—-——-

—the-onsite—erectricsl—dtstribucdon—eyeter, shall have shfficient independence,
redundancy, and testabilitv to perform their safety functions assuming &
siagle failure.

Electrical power from the transmission network to the switchyard shall be supplie
‘Peo—phy ety —titerendent—trensuiundon—tHneor—eaeh—uith—the-—apebitey-
by two transmissicn lines designed and located so as to suitably minimize the likelihood of
H—ouppiying vivetrical powet—fron—the—trananission network—to—the—switcr—

their simultaneous failure under operating, accident and expected environmental conditions.
yard—and—iw —physicetiv—independent—eirevito—fron—the—switohyard—to—the

Two paysically inceperdent circuits from the switchyard to the onsite electrical distributi
<heite—ei0cs3 > Each of these

:ircuits shail be designed to be available in sufficient time following &

logs of eleetricel—power—fron—ell-other—alterasting—curent -sources, including

power , in the absence of a loss-of-coolant accident,
al)l /onsite electrical/sources/ to assure/that specified acceptable fuel design

limits and deiign conditions of the reactor coolant pressure boundary are
Assuming a ia>ss-of-coolant accident, ffrom the switchyard to the onsite electrical

not exceeded./ ¢Yne of these circuits shell—be designed—te be available

in sufficien: time

t-eéiaeéir—ir}éov&ng—t—+ey9—e§-eeo%eaf—eee*dent to assure that core cocling,
important to safety

containment 1itegrity, and other sital-safety functions/are maintained.

[“popinoad aq 11eYys walIsAs

Provisio s shall be included to winimize the probability of losing
from the offsite electrical power system sources
elecirical po. er/ virranvof—tire—remainingciscuice as a result of, or
coiacident wiin, the loss of power generated by the nuclear powver uait,

tire—tos3—ofpcwer—trem tire—transmisoien netveriy—o0rthe—loas ol pouer-

llleqs walsAs uo11INglilIsip Jamod

RO e—rhb St TGt — O SO ULL 88—



CRITERION A8 ANSPECTIUN AND TESTLNG UF ELECTRICAL PUWER _SYSTEMS
amportant to
clectric.l power svstews/ required—for safetv shall be designe.! to permit
periodic inspiction and teating of {mportant areas and features, s «ch as
»irinyg, insui. tion, connections, and switchboards, to assess the ¢ mtin fty

of tie systeme and the conditfon of thelr components. ‘The systems shali be

designed with a capability to test periodically (1) the operabilit/ and

lunctionil nerformance of tiie active components of tihe systens, su:h as onsite

emergency
fower sources, relays, switches, and buses, 4ana (2) the operability of the

although not necessarily while the plaat i

systems as 4 waole and, under conditions as close to design as practical) the

tull operational sequence tuat brings the systems intc operation, including
initiation logic required

vperation o! tie fretection—wvitan, and the/transfer «f power amony the nuclear

emergency
power unic, th: offsite power system, and the onsite/power system.

CKITERION 19 - CONTROL ROUM

A control room shall be provided from whichbactions can be taken to
cperate the nu:lear power unit safely under normal conditions and o

maintain it in a safe conditfon under accident conditions, includiag

ioss-of-coo.an! accidents. Adequate radiation protection shall be provided to

nermii access .nd occupancy of the control room under accident coriitio s without

persounel receiving radiatlion exnosures In excess of 5 rem whole t.ody, or

its equivalent to any part of tue body, for the duration of the accident.

U

‘“iamod je



Equipment at appropriate locgtions outside the control room shall be
provided (1) with a design capability for prompt hot shutdown of the
reactor, incluiing necessarvy instrumentation and controls to maintain the
urit in a safe condition during hot shutdown, and (2) with a poteantial
capability for subsecuent cold shutdown of the reactor through the use of

suitable emerguncy procedures.

IT1. PROTECTION AND REACTIVITY CONTROL SYSTEMS

CRITERION 20 - PROTECTION SYSTEM FUNCTI1ONS

The protesction system shall be designed (1) to initiate automatically

the operation «f appropriare svstems includiang the reactivity coatrol systems, to
damage
assure that spccifiaed acceptabla fuel/deedign-limits are not exceedad as a

vesult of anti.ipated operational occurrences and (2) to sense accldent

condictions and to imitiate the operation of systems and components important

to safety. The protection and reactivity control systems shall be designed to assure
an extremely h gh probability of accomplishing their safety functions in the event of

anticipated opurational occurrences.
CRITERION 21 - PROTECTION SYSTEM RELIABILITY AND TESTABILITY

The protection system shali be designed for high functional rsliability
and inservice testability cormensurate with the safety functions to be
verformed. Redundancy and independence designed into the protection
systen shall ve sufficient to assure that (1) no single failure results
in loss of the »rotection function and (2) removal from service of any
component or channel does not result i{n loss of the required minimum
redundancy unless the acceptable reliabilicy of operation of the protection
system can be otherwise demonstrated. The protection system shall be deaipgned
to permit periolic teating of its functional performance when the reactor is
in operation, f{icluding a capability to test channels independentiy to determine

tailuresand losies of redundancy that way have occurred.



CRITERION 22 - ‘ROTECTION SYSTEM INDEPENDENCE

The protec:ion system shall be designed to assure that the effects of
natural phenome:a, and of normal operating, maintenance, testing, and postulated
accident condit .ons on redundant chanmnels do not result in loss of the protectiom
function, or shill be demonstrated to be acceptable on some other defined
tssis. Design iechniques, such as functional diversity or diveraity in
cowponent desigt and principles of operation, shall be used to the extent
practical to pravent loss of tﬁe protection function. in—the—event—of
syatenatic,—non rsndom;——concurrent—fatlures—of redundant—slensnts.

CRITERION 23 - ?ROTECTION SYSTEM FAILURE MODES

The protection system shall be designed to fail iato a safe state
or into a state demonstrated to be acceptable on some other defined basis
if conditions tuch as disconnection of the system, loss of energy (e.g..
electric pover, instrument ait). or postulated adverse envirouments (e.g.,
extreme hest or cold, fire, pressure, stesam, vater, and radiation) are

experienced.

CRITERION 24 - SEPARATION OF PROTECTION AND CONTROL SYSTEMS

The protection system shall be separated from control systems to the
extent that fa:lure of any single control system component or channel,
or failure or vrsmoval from service of any single protection system component
or channel which is comron to the control and protection systems leaves intact

a system satis.ying all reliadbilicy, redundancy, and irdependence requiremeats



of the protuction system. Interconuection of the protection and control svs:ems

shall be lirited so as to absute that safety is not significantly impaired,

sro—protecti in—oyrtemy-
CRITERION 5 - PROTFCTION SYSTEM RUGUIRLMENTS FOR REACTIVITY CONTROL
MALFUNCTTONS

specified
The pro.ection system siall be designed to assure that/acceptable fuel

Jesign lim{t: are not exceeded for any single malfunction of the rcactivity
control systems, such a4s accldental withdrawal (not ejection or d-opout) of

control rods or unplanned dilution of soluble poison.

CRITELRION 26 - RUACTIVITY CONTHOL SYSTEM REOUNDANCY A<D CAPABILIT

Two indesendent reactivitv control systems, preferabiy of ditferent
shall be provided.

Jdesi,n princiwles/6nd—pfeéefah%r—+ne%udfﬂg—a—posff+ve—meehen&cc&—omnﬁs—éof—-




normal opera: ibns, including articipsted operational occurrences, and with

failure of tie highest worth rod to insert,
, specified acceptable

damage '
fuel /design iimits are not ekceeded. One of the systems shall be capable

of holding the reactor cére suberitical undd} cold conditions.

CRITERION 27 - COMBINED REACTIVITY CONTROL SYSTEMS CAPABILITY

The reactivity control ny-t;na shall be designed to have s combined
capability ir conjunction with the emerrency core cooling system, of reliably
controlling raactivity changes to assure that under postulated accident

conditions naJ—u4eh—.ppfobrilee-i-fgin—ios—oeuek—eodc the capability to

cool the core is maintained, including consideration of any rods failing to insert
as a consequence of the accident.

CRITERION 28 - REACTIVITY LIMITS

The reac:ivity control systems shall be designed with appropriate
linits on the potential amount and rate of reactivity increase to assure
that the effects of postulated reactivity accidents can neither (1) result
in damage to iche reactor coolant Pressure boundary greater than limited
local ytleldiny; nor (2) sufficiently disturb the core, its support structures,
or other reactor pressure vessel internals to impatr significantly the
capability to cool the core. These postulated reactivity accidents shall
include consiceration of rod ejection (unless prevented by positive means),

rod dropout. steam line rupture. changes in reactor coolant temperature and pressure,

and cold water addition.



1V. FLUID SYSTEMS

CRITERION 30 - QUALITY UF REACTOR COULANT PRESSURE BOUNDARY

Components which are part of the reactor coolant pressure boundary shall

in accordance with applicable industry codes.
be designed, fabricated, erected, and tested/eo—the—ﬂ+3hes§-quo%4+9—¢e.adaﬁdo

srectical: Mecans shall be provided for detecting and, to the extent practical,

identifying the location of the source of reactor coolant leakage.

CRITERION 31 - FRACTURE PREVENTION OF REACTOR COOLANT PRESSURE BOU.DARY

The reactor coolant pressure boundary shall be designed withr—uffictent—
stressed

mergin to assure that under /operating, maintenance, testing., and postulated
accident conditions (1) the boundary behaves in a nonbrittle manner and
(2) the probability of rapidly propagating fracture is minimized. The design
shall reflect :onsideration of service temperatures and other conditions
of the boundary material under operating, maintenance, testing, and postulated
accident conditions and the uncertainties in determining (1) material properties,

(2) the effects of irradiation om material properties, (3) residual, steady-

gtate and transient stresses, and (4) size of flawa.



LantN

CRITERION 32 - INSPECTION OF REACTOR COOLANT PRESSURE BOUNDARY COMPONENTS
Components which are part of the reactor coolant pressurs boundary shall
in accordance with applicable industry codes :
be designed tc permit /(1) periodic inspection and testing of important sraas
and features 1o assess their structural and leaktight integrity, and (2) an

approptiate muterial surveillance program for the reactor pressure vessal.
\ .

CRITERION 33 - REACTOR COOLANT MAKEUP

A systes to supply reactor coolant makeup for protection against small
breaks in the rveactor coolant pressure boundary shall be provided. The system
safety funct..on shall be to assure that apecified acceptable fusl design limice
are pot exceaded as a reault of reactor coolant loss dus to leakage from the
reactor coolant pressure boundary and rupture of ssall piping or other small
componants waich are part of the boundary. The system shall bs desiguned to
assure that for ousite and for offsite electrical pover systea cperatioa the
systen gafe.y function can be sccomplished using the piping, pumps, and

valves ugsed to maintain coolant inventory during normal rasctor operation.

CRITERION 24 - RESIDUAL HEAT REMOVAL

A systen to remove residusl heat shall be provided. The system safsty
function stall be to transfer fission ptodﬁct decsy heat and other residual
heat frow "he reactor core at a rate such that specified acceptable fuel
design linits and the design conditfons of the reactor coolant preasurs

boundary are not exceeded.



A suitable
Suitable redundancvy {n components and features,/interconnections, and
leak Jetection and i{solation capabilitics shall be provide to assure that
~ either or
for jonsite/and—der-offstte electrical power system operation the :.ysten

safety function can be accomplished assuming a single failure.

CRITERION 35 - EMERGENGY CORE COULING

A system to provide abundant emergency core cooling shall be provided.

ihe svstem safervy funcrion shall be to transfer heat from the reactor core

a
followiny femv-losa-of-coolant accident at a race such that (1) fu-l and

clad Jdamage tirat could interfere with continued effective core co:ling is

prevented and (.) clad metal-water reaction is limitel to negligible

amounts. The-perieimence—oi—the—avoten—shali—be—eovalusted—Gcoasarvatively.

suitable
Suitable redundancv in components and features,/interconnections, and

leak detectioy, isolation, and contafnment capabilities shall be nrovided
either OT

to assure tua: for pnaitc /and—fer offsite clectrical power systeo operation

the system sa.etv function can be accomplished assuming a single failure.

AND PRESSURE TESTING

T

comprorTr-Y 3T fhc emerpency core cooling system shall be des ined
components

to peroit per.odic insrection and appropriate uressure testing of meox;ant/

A reas—and—fesrores—suvch—anrprev—ringr—in—tire—reactororessure—vrssel—water

: to assure their structural and leaktight

as & measure of
{integritv/and t.e full destgn capability of the system.



CRITERION 37 - TESTING OF EMERGENCY CURE COOLING SYSTEM

The emergency core cooling system shall be designed to perami: perijodic
which will provide a measure

functional testing/of (1) the operability and petfofmance of the .‘ctive
to the extent practical,

components of the systen, oaeh—ﬂo—,u.pe—and—ua*uuo, and (2)/the o erability
of the svsten as a wlxole,m—m&ﬂ—mdhfm—ﬁ—eiose—eo—demn—es-

practicat, tie full operational sequence that hrings the system 1into
initiation logic

operation, {acluding operation of the proteetinn—system the tran.fer betveen

normal and cuergency power sources, and operation of the associated cooling

water system.

A systeo to remove heat from the reactor containment shall be provided.

The syetem safety function shall be to reduce, repidiyy consistent with the

functioning cf otiler associated systems, the containment pressure and

a
temperature fillowing/eny- loss-of-coolant accident and maintain them at Sow-

acceptable

levels.

suitable
Suitable redundancy in components and features/'interconnect‘ons. and

leak detectio:a, isolation, and containment capabilitics shall be ' rovidad

either or
to assure tna. tor/onsiteynd—for offsite electrical power system operation

the systen 3aetv function can be accomplished assuming a single failure.



AND PRESSURE TESTING
CRITEKLON 39 - INSPLCTI0/ OF CONTAINMENT HEAT REMOVAL SYSTEM COMPoNENES-
T , insofar as practical,

Compomretes—of Lhe containment heat removal system shall be dvsigned/to
components

permit periodic inspection and appropriate pressure testing of fmportant/a5esi—:

A0d—£ad bt o6 —owdi—ae—the—totusT—ounpa—epray—noceles—end—piping. to aisure

as a measure of
their structiral and leaktight integrity/end the full design capahility of

the system.

(RITERION &) - TESTING OF CONTAINMENT HEAT REMOVAL SYSTLM

The con:.ainment heat recmoval syatem shall be designed to permit
which will provide a measure

periodic functional testing/of (1) the operability and performanc: of
to the extent practical

the active components of the system, eweh—as—pusps—ann—veives and (2)/the

operability «f the system as a whole, and, under conditions as close

to—the-desigs —ae—practical, the full operational sequence that brings
initiation logic

the system iito operation, including operation of the /rrotection—-systems, the

transfer betveen normal and emergency power sources, and operation of the

agssociatel ccoling water system.

CONTROL OF
(RITERION 41 = /CONTAINMINT ATHOSPHLRE CLERANUE—

Systems to control fission products, hvdrogen, oxvpen, and other

substances wliicih may be released into the reactor contalnment shail be
limit

provided as necessary to/peduvee, consistent with the iunctioning « { oth:r
release

associated systems, tho—rdoneenteation—and—auantisy-of fission products

such that acceptable limits are not exceeded,
+atewsed-10 ti1e eavironmeunt tollowing postulated accldents./and to control
the concentra:ion of hydrogen or oxvgen and other substances in the contain-

sent atmosplhiere [ollowink postulated accidents to assure th.at cont iinment

integrity is naintained.



S R
tachsyn tershait—iave guitable redundancy in components and features,

suitable shall be provided
/ ioterconnect.ons, and leak detection and isolation chpabilitiesa/ to assure

either or :
that for/ons.te/end—fes offsite electrical pover system operation its safety

fuection can be accomplished assuming a single faflure.

AND PRESSURE TESTING
CRITERION 42 - INSPECTION/QF CONTAINMENT ATMOSPRERE CLEANUP SYSTEMS COMPONENTS-

=
~Componer ta—of fhe containment atmosphere cleaaup aystems shall be

» insofar as ;ractical,
designed /to permitc periodic fnspection and appropriate pre:nsure testing of

conponents .
l-portant/naooo—and—Ge*euaeo—oueh—nn—444+ee-4fcneor—dueeoT-cnd—p+94ng to
as a measure of

assure their structural and leakeight integrity /and tne full desizn capsbilicy

of the avstems.

CRITERION 43 - TESTING OF CONTAINMENT ATMOSPHERE CLEANUP SYSTEMS

The contiinment atmosphere cleanup systems shall be designed to permit
which will provide a measure
periodic func:ifonal testing/of (1) the operability and performanc:: of the

active compon:mts of the systems mmw

to :he extent practical,

end—vatves and (2) /the operability of the systems as a vhole wad:—under

mdtﬁnmf*v’ﬁo—dem the full operational iequence

initiation logic,
that brings the systems into operation, including operation of the /protectton—

—System;, the transfer between normal and emergency power sources, and operation

of associated systems.



CRITERION &: - COULING WATER

A systcm to transfer h;at from structures. 'nntns. and components
important t¢ safety, to an ultimste heat siok shall be provided. The system

safety function shall be to transfer the combined heat load of these structures,
_ _ or -
systems, anc components under normal operating/ead accideat conditions.

suitable
Suitabiz redundaacy in components and features, /interconnections, and

leak detectirn and fsolation capabilities shall be provided to as-ure that

either o- :
for/onsite/s xi—for offsite electrical power sy«tem operation the rystem safety

{onction can be accomplished assumiug a sipgle failur:.

AND PRESSURE TESTING

CRITERION 45 - INSPECTIVUN OF COOLING WATER SYSTEM COM ONENTS
' insofar as practical

T
Compome:.ts—of fhe cooling water system shall be designed/ to permit
components

periodic {nsj-ection and approprtate.pressure testtnﬁ of important/ arese-

W—WM. to assure their itruc- ural

and leaktight integrity and the full design capability of the system.

CRITERION 46 - TESTING OF COOLINC WATER SYSTEM

(he cooling water system shall be designed to perait periodic func:.iomal
which wil provide a measure
testiag/of (1) the operability and performance of the active compc 1ents
to the extent practical

of the systea, sweh—as—puape—and—valvas, and (2)/the operability of the
system as a wuole,cnd7—undef—eond*e*oa9-ao—eloso—50—45545:—45—9::&.4:11_-

the full oper:.tional sequence that brings the systea into operatio. for

reactor shutdcwn and for loss-of-coolant accideants, including oper ition of
initiatior logic
the/ protectio: sygtem and the transfer between normal and emergency powe r BOUr.es.



V. REACTOR CONTAIMMENT

CRITERION 50 - CONTAINMENT DESIGN BASIS

The reactor containmeant structure, including sccess openings.
penetrations and the containmeat heat removal systeh shall be designed so
t-ot the con .ainment struttpre—tnd—*ea—*ueeen.*—eo.pniilcnat can accommodate,

allowable
wvizhout exce-ding the/desigmn leakage rate,aséT—u&th—eui&&o&cn&-lnasﬁay the
. a
calculacted p-essure and temperature conditions resulting from /aay
The design

loss-of-cool..at sccident. /Fwis—assgin shall reflect consideratior of (1) the
effects of potential energy sources which have not been included b the
determinatio: of the peak conditions, M—-&n—owm
euurgy~fruu~1zt:t-wuter—zud—ather—:hnntcti—teactiuns—that—tny—fiseie—ifa-—-
W'me—fmethﬂm. (2) the limited experience

and cxperioceital dxts available for defining accident phenomena and contaiament

responses, a d (3) the conservatism of the caleulational model aai input

parameters.

CRITERION 5! - FRACTURE PREVENTION OF CONTAINMENT PRESSURE BOUNDAAY

The rea:tor corcainment boundary shall be desigred with—suffteient-
mergin to assure that under operating, maintenance, testing, and ostulated
accldent coniitiona (1) its ferritic materials behave in a monbrittle manner

and (2) the pjrobability of rapidly propagating fracture 1s wininmized. The



desiga shall reflect congideratipn of service temperatures and otaer

conditions o. ‘the coutaimn‘z bouxidary material aﬁring operation, maintenance,
testing, amd postulated dccitient con&icions, nnd the meruiﬁties in deter-
‘mining (1) w.terial proper:ies.’(Z) residual lieady-s:lté ind fransieﬁt stresses,

ang (3) size of flaws.

OXITERION 52 — CAPABILITY FUR CONTAINMENL LEAKMGE RATE TESTING

The red: tor containment and other equipament which -ay-heeo..ne**r be

sublected to contaimment test conditions shall be designed so that periodic
pressures up to and, [f necessary, including the
intograted loakage rate testing can be conducted at/eenteinmment design

X2 2UTe.

CRITERION 53 - PROYISIUNS FOR CONTAINMENT TESTING AND INSPECTION

“atla
itnsofar as practical \visual

The rea: tor coatainment shall be designed to perait/(l)/inspe -tion

of all fepeor ant—sresas;—such—es penetrations, (2) an appropriate
' at containment design pressure
materials suiveillance program, and (3) periodic testing/of the

leaktighines:. of penetrations which have resilient seals and expan fon

tellows rt—er ntatrrent—design—pressure.

iNSERT (2:- see next page
GRITERION 54 - PIPING SYSTEMS PENETRATING CONTAINMENT

isolation, and conta

provided witk 1 detection,

having reduncancy,

the impecrtance to safety of L9 ng these piping systemsa. Such piping

to test periodically the

svetems shai: be des ed with a capadil

operjiiiigy/t the isolation valves and =_.:s5ciat pparatus and to

Setlernice {f valve leakage i{s within accestable limits.



INSERT (2)

CRITERION 54 - PROVISIONS FOR CONTAINMENT [SOLATION

Piping which penetrates the containment must be provided with two
isolation bar-iers; one barrier must be located outside the containment
and one must ve inside the containment, unless it can be demonstrated that
the design is acceptable on some other defined basis.

The definition of an isolation barrier is either a suitably designed
closed system trip valve, check valve or a manually closed valve under
adriinistrative control.

Using th's definition four general classifications are derived:

1. Two c osed systems - one inside, one outside, no isolation valves
requi ~ed.

2. No clonsed systems - one valve inside and one valve outside required.

3. Close! system inside - no valve inside, valve required outside.

L. Closeid system outside - no valve outside, valve required inside.

NOTE 1: The same criteria apply to lines which are used after an accident
excep. that manual isolation is acceptabie and in the case of
instrament lines, a check valve or manual valve inside or outside
conta nment is acceptable.

NOTE 2: An is>lation vaive outside containment shall be located as close to
to th:: containment as practical and upon loss of actuating power the
autom.:tic isolation valves shall be designed to take the position that

provi les greater safety.



tcat the Jdeszpn acceptable on some otiier defined basis The valve outside

of containuernt shall be located as close to coantainme as practical and upon

tuce automatic Llsolation vaXves siall be disigned to

loss of actuating powe

take the position that provides greater safety

:meuts to minpdmize the probability o

Uther aspropriate requir

pination o: the appropriateness Of thdse requirements., such as hi ner

inservice inspection, e severe natural phen amena,

CRITERION ﬁ__— CONTAINMENT PRUSSURE BUUNDARY ISOLATION VES

Egth iine which comnects directly to the containment Xtmosph: ce

aud/penetrates prtm@ry reactor containment shall be provided \WWith ome



check valve. This valve shall be outside of containment and &

Mocated as c.ose to containment as practical.

VI. FUEL AND RADICACTIVITY CONTROL

CRITERION 0O - CONTROL OF RELEASES OF RADIOACTIVE MATERIALS TO Th .
ENVIRONMENT

The nuc:ear power unit design shall include means to sxintztosuitsbie
the handling and release of

control ‘ever radioactive nate}ialn in gaseous and liquid effluents and

i
in solid wasies produced durirg normal reactor operation, including

within acceptable’limits
anticipated operational occuiences,/ Sufficient holdup capacity shall
|

be provided :or retention of kaseous and liquid effluents containing
' 1

——————— i
—————.



~y

radioactive zaterials, particul;;f& where unfavorable site environmental

s

ok
ccrnditions caa oe exrectea }g’lmpése unusual ooerational limitations
Lpoa thelr reiease to the eavironment.

. RADIOACTIVE WASTE SYSTEMS
'RIFEKION b1 - §ULL SailAcn Ay HANDLLNG AND/RASTORtrivHItcontror—

The fuel steruge and aandling and radioactivé waste gysterms amo-other—

Systemswirt o mrv—comrtTinr—radtosctivity shall be designed to assu ¢ adequate

satcty under sormal an. postulated accident coadltious. These systemg shall

provided witt

be/dewtgmed (.) with a capability to permit inspettion and testiny of 4mpostant
: important to safety

Iress—and—iencuares—eof—iive components /fof—tirese—gystoms, (2) vith suitable
snielding for radiation protection, (3) with appropriate coatalameant, confipne-
and
went/ and filtering systems, /(4) with a residual heat removal cap; bilits having
reliability ard testabilitv that reflects the importance to safetv of
. designed
decay heat anc other residual heat removal, and/€5)to prevent si;nificant

reduction in fuel storage coolant inventory under accident conditions.

LRITLERION 62 - PREVENTIUN OF CRITICALITY IN FUEL STORAGE AND HANDi ING

Criticality im the fucl storage and handling system ghall be
prevented by phvsical svstems or processes, preferably by use of

geometrically safe configurations.

- ———



CRITERIOYS 03 - ‘ONITORING FUEL AND WASTE STORAGE
Tnstrumentetion
/A?pfﬂpfiﬁbe—QTGEGWQ'Shall be provided in fuel storage and radioactive

and alarm any
waste svitens and associateld handling areas > to detect/conditicnp

Laat @aav resuli in ioaes o7 residuai heat removal capability and eicess.ve

rauiation lcvc1s.aud—i%+—e9—*n&e4ofe—e9pa&pﬁ*a&o—e.&o&y—aa&4ono~—

CRITFRION 5% - MOMTTUR: 3G RADISACTIVITY RELEASES

-

Means sha.l de provided for munitoring the reactor contninnént
atmosphere, spices containing components for recirculation of los:—of-
zonlant accideac fluids, efflaent dlacharge pathe, ani the plant -avirouns
tor radioactivity tha: may be released from normal operations, ircluding

anticipated operational occurrences, and from postulated accidents.
(Sec. 161, 68 Stat. 948; 42 U.S5.C-2201)

Dated at __ _ this

day of 1970.

For the Atomic Energy Coms.ssion

W. B. McCool
Secretary



A Discussion of Major Changes Recommended

Ther=2 are a number of criteria which as drafted cannot be accepted
by the industry for one or more of the following reasons: (1) it rep-
resents ar unnecessary and unjustified escalation of licensing require-
ments, (2) there is no clear or common understanding on the part of the
AEC and ths licensee as to what it would take to meet the requirement, and
(3) it is sremature to attempt to incorporate the requirement into general
deslgn criteria inasmuch as the technical rationale for the requirement
has not bean fully developed.

Loss-of-Ccalant Accident

The definition of the loss-of-coolant accident as set forth in the
AEC draft o>f June U clearly represents an escalation of licensing require-
ments inasnuch as it refers to ''any size break'* in the ''pressure vessels,
pumps, anc valves connected to the reactor pressure vessel' as well as to
a break ir the piping. These additional breaks should not be postulated by
license reviewers and certainly should not be incorporated into general
design criteria in the absence of a realistic technical rationale, the
basis for ~hich can be developed only through further study. That study is
now being undertaken by an ACRS subcommittee and by an ad hoc Forum group.

Single Failure

As tae definition of ''single failure' appears in the AEC draft of
June 4, it postulates the failure of passive components in both mechanical
and electrical systems. Although current licensing review practice
assumes the failure of passive components in electrical systems, the
extension of the general concept to mechanical systems represents an
escalatior of licensing requirements for which no technical rationale has
been developed. Further, the definition leaves open ended the number and
type of mechanical systems to which it could be applied. Indeed, an
undisciplined application of the definition would presumably lead to
postulating such failures as to make it impossible to design operable
systems. <clearly, a single failure concept which would permit the
indiscriminate application of postulated failures of passive components in
mechanical systems should not be incorporated into general design criteria.

industrial Sabotage

The AEC draft of June U4 includes as Criterion 5 '"Protection Against
industrial Sabotage' which reads' ''Structures, systems, and components
important to safety shall be physically protected to minimize, consistent
with other safety requirements, the probability and effects of industrial

sabotage."

Policy considerations involved in the proposed requirement are of
such significance that a direct discussion of top utility management

personnel «ith members of the Commission would appear to be prerequisite



to resofution of tne issues that would be raised in implementing the pre-
posed criterion,

Transmission of Offsite Electrical Power

Criterion 17, "Electrical Power Systems," as it appears in the .
June & draft, includes the requirement: "Two physically independent
transmission lines, each with the capability of supplying electrical
power fror the transmission network to the switchyard, and two physically
independent circuits from the switchyard to the onsite electrical dis-
tribution system shall be provided."

A literal interpretation of this requirement would call for two
transmission lines mounted on different sets of towers located on
different rights-of-way. Not only is this an unwarranted éscalation of
licensing requirements, but for many sites the requirement would neither
be desiratle nor possible to meet. Further, such a requirement would be
contradictary in many instances with requirements being imposed on
licensees by environmental cohsiderations.

lLicense applicants should be permitted the option of satisfying the
integrity of emergency offsite electrical power service by means other
than would be permitted by the criterion as now drafted.

Systematic, Nonrandom, Concurrent Failures of Redundant Elements

Criteria 22, 24 and 29, as set forth in the AEC draft of June 4,
all deal w.th protection and reactivity control systems and al!) postulate
''systematic, nonrandom, concurrent failures of redundant elements.'' This
postulated failure mode is not acceptable to the industry for the follow-
ing reasons: (1) there is no indication of what requirements are involved,
(2) it would provide a "hunting license" for an undisciplined imposition
of requirenents, (3) there is no logical basis for limiting the concept
to protection and reactivity control systems, and (4) the reactor systems
suppliers are only now in the early stages of studies which the AEC
regulatory staff has asked them to undertake in this area. .

Until such time as the requirements which would be imposed by this
postulated fallure mode can be clearly defined and supported by sound
technical rationale, they should not be incorporated into general design

criteria.

Containment Isolation

Critzrion 54 through Criterion 57, as set forth in the AEC draft of
June 4, provide a number of requirements dealing with containment isola-
tion. As Jrafted, some of these requirements are difficult to Interpret
and appear to represent an escalation of current licensing practice. In-
formal dis:ussions with the AEC regulatory staff have not proved successful
in developing a mutually satisfactory format for these criteria.



CONTENTION TC-2: EXHIBIT 16

Final Rule, General Design Criteria for Nuclear
Power Plants, 36 Fed. Reg. 3,255
(February 20, 1971)

16
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Act of February 2, 1903, as amended the
Act of March 3, 1905. as amended,
the Act of Scptember 6. 1961, and the
Act of July 2, 1962 121 U.S.C. 111-113,
114, 115, 117, 120, 121, 123-126. 1340.
1341, Part 76, Title 9, Code of Federal
Rezulations, restricting the interstate
movement of swine and certain products
Leenuse of hos cholera and other com-
municable swine diseases, is hereby
amended in the following respects:

In § 76.2. the reference to the State of
Ohio in the introductory portion of para-
eraph 1e). and parapraph (e 19 relatinge
to the State of Ohio are delcted.
tSees. 4-7. 23 Stat. 32, as amended, sees. ]
2. 32 Stat. 791-792, n3 amended, secs. (-4,
33 Stat. 12C4, 1265, ns amended. sce. 1. 7
stat, 481, sees. 3 and 11, 70 Stat. 11401320 2
US.C. 111 112, 113, 14p. 115, 117, 120, 121,
123-126. 134YH, 1340 20 FR. 1620, as
amendceel.)

Efleetive date. The foregoing amend-
ment shiall become effective upon jssu-
ance.

The amendiment excludas a portion of
Clinton County, Ohjo, firom the areas
quarantined because of hoz cholera.
Therefore. the restrictions pertaining to
the interstate movement of swine and
swine products from or throuzh quaran-
tined areas as contained in 9 CFR Part
6. as amended. will not apply to the
excluded arca. but will continue to apply
to the quarantined areas described in
£ 76.21¢), Further, the restiictions per-
taining to the interstate movement of
swine and swine products from nos-
quarantined areas contained in said Part
76 will apply to the excliuded arca. No
arcas In Ohio remain under the quar-
iltine,

The amendment relieves certain
restrictions presently imposed but no
lonzer deemed necessary to prevent the
spread of hog cholera and must be made
cffective immediately to be of maximum
benefit to affected persons. It does not
appear that public participation in this
rule makinzg proceceding would make ad-
ditional information available to this
Departnent,  Accordingly, under the
administrative procedurr provisions in
5 US.C. 533, it is founu upon good cause
that notice and other public procedure
with respect to the amendment are im-
practicable and unnecessary. and goed
causc is found for making it cfTective less
tiran 30 days afier publication in the
FepErAL RecisTin,

Done at Washineton. D.C.. this 1G6th
aay of Fechruary 1071,

F, J. Muvrnenn,
Acling Administrator,
Aaricullural Rescarch Scrvice.

1FIR Doc 71-2380 Filed 2-19 71:8:49 am|

| Ducket No. 71-520)

PART 76—HOG CHOLERA AND
OTHER COMMUNICABLE SWINE
DISEASES

Areas Quarantined

Pursuant to provisions of the Act of
May 29, 1884, as amended, the Act of

RULES AND REGULATIONS

February 2, 1903, as amended, the Act
of March 3, 1905, as amended, the Act of
Scptember 6. 1961, and the Act of July 2,
1962 (21 US.C. 111-113, 114g, 115, 117,
120, 121, 123-126, 134b, 1340), Part %6,
Title 9, Code of Federal Regulations, re-
stricting the interstate movement of
swine and certain products because of
hor cholera and other communicable
swine diseasces, is hereby amended in the
following respects:

In £ 56.2. in parazraph ¢1113) relat-
ing to the State of Texas, subdivision
txvit relatine to Smith County is deleted,
and new subdivisions (xxily an- exxiiis
rcelating to Bexar County are added to
read:

v13Y Tcras. * * °

«xxiid That portion of Bexar County
bounded by a line beginning: at the junc-
tion of Interstate Highwav 410 and
Farm-to-Market Road 78: thence, follow-
ing Farm-to-Market Road 78 in a north-
casterly direction to Farm-to-Market
Road 1518: thence. following Farm-to-
Market Road 1518 in a southeasterly and
then southwesterly direction to US.
Highway 87; thenee, following US. Hinh-
way 87 in a northwesteriy direction to
Interstate Highway 410: thence. follow-
inz Interstate Highway 410 in a north-
westerly dircction to its junctjon with
Farm-to-Market Road 78.

txxiiiv That portion of Bexar County
Bounded by a linc bezinning at the junc-
tion of the Bexar-Mcdina County line
and State Hicheay 16: thenee, following
Stnte Highway 16 in a southeasterly di-
rection (o Farm-to-Market Road 47):
thence, following Farm-to-Market Road
471 in a southwesterly and then north-
westeriy direction to Faim-to-Market
Road 1957; thence, following Farm-to-
Market Road 1957 in a southeasterly and
then  southwesterly direction to the
Bexar-Medina County line: thence, fol-
lowing the Bexar-Medina County line in
a northerly direction to its junction with
State-Highway 16.
15¢ecs. 4-7. 23 Stat. 32, ar amended, se0s. 1.2,
32 Stat. 791-792, as amended. secs. 1-4. 33
Stat, 1264, 1265, as amended. sec. 1. 73 Siat,
431, sees. 3 and 11, 56 Star. 130, 132: 21 US.C.
111, 312, 1130 114, 115, 117, 120, 121, 123-124,
134, 1347: 29 F.R. 16210, as amcnded)

Efcctire dale. The foregoinz amend-
ments shall beeeme effective upon issi-
ance.

The amendments quarantine portions
of Bexar County, Tex., Lecause of the
existence of hog cholera. This action is
acemed nevessary to prevent further
spread of the discase. The restrictions
pertaining to the interstate movement of
swine iand swine products from or
throupsh-guarantined arcas as contained
in 9 CFR Part 76. as amcnded, will apply
to the quarantined portions of stich
county.,

The amendments also exclude a por-
tlon of Smith County, Tex.. from the
arcas quarantined because of hog cholera.
No areas in Smith County, Tex., remain
under the quarantine. Therefore. the re-
strictions pertaining to the interstate
movement of swine and swine products
from or through quarantined arcas as

contlained {11 9 CFR Part 76, as amended,
will not comply to the excluded area. but
will continue to apply to the quarantined
areas described in % 76.2t¢). Further, the
restrictions pertaining to the Interstate
movement of swine and swine products
from nonquarantined arcas contained in
said Part 76 will apply to the arca ex-
cluded from quarantine.

Insofar as the amendments impose cer-
tain further restrictlons necessary to
prevent the Interstate spread of hoy
cholera, they must be made effective im-
nicdiately 10 accomplish their purpose in
the vublic interest. Insofar as they re-
licve rcstrictions, they should be made
cflective promptly in order to be of max-
imum benelit to aflected persons.

Accordingly, under the administrative
procedure provisions in 5§ US.C. §53. il
is found upon gocd cause that notice and
other public procedure with respect to
the amendments are impracticabie, un-
necessary, and contrary to the public
interest, and good causc is found for
making them effeetive less than 30 doyvs
after publication n  the FEDERAL
RECISTER.

Done at Washinglon. D.C.. this 16th
day of Frbruary 1871,
. J. MULHERN,
Acting Administralor.
Aoricultural Research Scrrice.

{FIR Doe 51-2330 Filed 2-19-71:8: 46 amv }

Title 10—ATOMIC ENERGY

Chapter l—Atomic Energy
Commission

PART 50-——LICENSING OF PROCUC-
TION AND UTILIZATION FACILITIES

Generol Design Criteria for Nuclear
Power Plants

The Atanic Encrgy Commission has
adopted an amendment {o its regulations,
10 CFR Part 50, “Licensing of Prodtic-
tion and Utilization Facilities.” which
adds an Appendlx A, “General Desicn
Criteria for Nuclcar Power Plants.”

Sectlon §0.24ta) of Part 50 requires
that each application for a construction
permit include the preliminary desicrn
of the facility. The following information
is speeified for inclusion as part of the
preliminary design of the facility:

iy Tae principal design eriteria for
the facility

vii» The design bases and the relinon
of the desizn bases to the principal de-
sien eriteria

1iii) Information relative to materi-
als of construction, peneral arranzement.
and the approximate dimenrsions. sufMi-
cient to provide reasonable assurance
that the final desirm will conform to the
desien bases with adequate margin for
safety,

The “General Desfan Criteria for Nuclear
Power Piants” added as Appendix A to
Part 50 cstablish the minimum require-
ments for the principal design criteria
for water-cooled nuclear power plants
similar in ¢esign and location 1o plants
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for which construction permits have
been issued by the Commission. They also
provide guldance in establishing the
principal deslgn criteria for other types
of nuclear power plants. Principal de-
sian criteria established by an applicant
and accepted by the Commission will be
incorporated by refercnce in the con-
struction permit. In considering the is-
suance of an operating license under
Part 50, the Commission will require as-
surance that these criteria have been
satisfied in the detailed desizn and con-
struction of the facility and that any
changes in such criteria are justified.

A proposed Appendiy A, “General De-
sitn Criteria for Nuclear Power Plant
Construction Permils” to 10 CFR Port
50 was published in the FEoErRAL REGISTCR
(32 F.X. 10213) on July 11, 1867. The
comments and snggestions reccived in
response to the notice of proposed rule
making and subsequent developments in
the technology and in the licensing proc-
ezs have been considered in developing
the revised criteria which follow.

The revised eriteria establish minimum
requirements for water-cooled nuclear
powcer plants similar in design and loca-
tion to plants for which construction
permits have been issued by the Commis-
s10n. whereas the wreviously proposcd
eriteria would have provided guidance
for applicants for construction permits
for all types of nuclear power plants. The
revised criteria have been reduced to 55
in numocer. include definitions of im-
portant terms. and have been rearranged
to increase their uscfulness in the li-
censing process, Additional criteria de-
seribing specific requirements on matters
covered in more general terms in the
previoucly proposed criteria have been
added ro the criterin. The Caterories A
and B u~ed to characicrize the amount of
information needed in Safety Analysis
Reporis concerning cach criterion have
been deleted since additionnl guidance
on the amount and detail of information
required to be submitted by applicants
for [facility licenses at the construction
permit stage is now included in §50.34
of Purt 50. The term “engineered safety
features” has been climinated from the
revised criterin and the requirements
for “enzincered safety features™ incor-
poratedd in the criteria for individual
svsiems,

Further revisions of thiese General
Desizgn Criteria are to be expected. In the
course of the development of the revised
criteria, iripnrtant safety considerations
were identified, but specific requirements
related to some of these considerations
have not as yet been sufficiently de-
veloped and uniformly applied In the
licensinz process to warrant their in-
c.dsion in the critetia at this time. Their
omission does not relieve any applicant
from considering these matters in the
design of a specific facility and satisfyv-
ine the necessary safety requircments,
These matters include:

ti» Consideration of the need to desicn
azainst single failu-es of passive com-
ponents in fluld systems important to
salety.
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tit» Consideration of redundancy and
diversity requirements for fluid systems
important to safety. A *system” could
consist of & number of subsystems cach
of which is separately capable of per-
forming the specified system safety func-
tion. The minimum ncceptable redun-
dancy and diversity of subsystems and
compoenents within a subsystem and the
required interconnection and independ-
ence of the subsysteins have not yet
been developed or defined.

viliv Consideration of the type, slze,
and oricntation of possible breaks in the
components of the reactor coolant pres-
sure boundary in determining design re-
quirements to suitably protect agalnst
postulated loss of coolant accidents.

tivy Consideration of the possibility of
systematic, nonrandom. concurrent fail-
ures of redundant clements in the desien
of the protection systems and reactivity
control systems,

In addition, the Commission is giving
consideration to the nced for develop-
ment of criteria relating to protection
against industrial sabotage and protec-
tion against common mode failures in
systems, other than the protection and
reactivity control systems, that are im-
portant to safety and have extremely
high reliability requirements.

It is expected that these criteria will
he auzmented or chranged when specific
requirements related to these and other
considcrations ave suitably identified and
developed.

Pur:uant to t:e Alomic Encrgy Act of
1954, as amended, and sections 552 and
553 of titir 5 of the United States Code.
the foliowing amendment to 10 CFR Part
30 is prblishied as a document subject to
codificatisn Lo be effective 90 days after
publication in the FEpEraL RecisTer. The
Commiszion invites all interested per-
sons who desire to submit written com-
ments or suggestions in comection with
the amendment to sond them to the
Scecretary, U.S. Atomic Encrgy Commis-
sion, Washington, D.C. 205345. Attention:
Chicf{. Public Procerdines Branch, within
45 days after publication of this notice
in the FenerAL REGISTER. Such submis-
sions will be given consideration with the
view to possible further amendments,
Copics of comments may be examined in
the Commission’s Public Document Room
at 1717 H Street NW.. Washington, DC.

1. Section 50.34'a0131 (1) Is amended
to read as follows:

§ 210.34  Conitents of applications:
nical information,

(a» Prelimingry rafely analysis report.
Each application for a construction per-
mit shall include a preliminary safety
analysis report. The minimum informa-
tion to be included shall consist of the
following:

13> The preliminary design of the fa-"

cility including:
tiv The principal design criteria for
the facility.” Appendix A, General Design

1General design criterin for chemieal proc-
essing ‘ncilities are heing developed.

Criteria for Nuclear Power Plants, estub-
lishes minimum requirements f{nr the
principal design criteria for water-cooled
nuclear power plants similar in design
and location to plants for which con-
struction hermits have previously been
issued by the Commission and provides
guigance to applicants for construction
permits in establishing principal design
criteria tor other types of nuclear power
units:

[ ] » [l [ ] .
2. A rcew Appendix A is added to read
as [ollows;

Arrenoix A—GENERAL DFESICN CRITERIA FOR
NuciLrAr Power PLANTS

Tuble of Contents
INTRODUCTION
VFEFINITINNS

Nuclear Power Unit.

Loas of Contant Accldents,

Sinzte Faflure.

Anucipared Operational Qeeurreineds,

CRITERIA

1. O: cruil Requirements: Number

Quahity Standards and Records____.._ 1
Design Bnses for Protoction Against

Natural Phenomena. cececaccccncan 2

Fire Proteclion. . ccocecrcnercncecnnna 3
Euviconmentnl  and Misstic Deslgn

BaSES ecceecrcacntccaccencancnaane q
Sharing of S'rucmrcx Systems, and

Componciity ceceecccacanaa cammeea 5

1. Protection by Maltiple Fission Prod-
uct! Barriers:

Reactor Deslgne .o oee e i iieiaiaaaaea 1
Reactor Inherent Protection. ..o .. 11
Suppression of Reactor Power Oscilla-
tONS ceeceecemcrracercccaccnncnns 12
Instrumentation and Comrol ......... 11
Reactor Coolant Pressure Boundary... 14
Reactor Luolant System Design..... . 15
Contatnment Deslgn. .o ociomaoivaann 16
Elcciricnl Power SystemS. . ccvemnaaa-. 17
Inspection and Testing of Electrical
Power Systems........ cmerennacen- 18
Control Room 19
L. Piotection and Reactivity Conlrol
Npsfems:
Pro‘ection System Functlons..o..... 29
Protcction System Reliability and Test-
ALY e icciisccreccicnncanaan 21
Protection System mdopondcncc-_ . 22
Protection System Faillure Modes..... 23
Separation of Protection and Control
SUSICMS - cvccccesncncmnacmnaacrana 2%
Protection System chulrcmc'\ts for
Reactivity Control Malfunctions_.. 25
Reactivity Control $ystem Redundancey
and Capabltity. ceeo e aaaa 26
Combined Reactivity Control Systems
Capabilily e e emeemeee - e a7
Reactivity Linuts. o i aomoecaia oot <
Protection Against Anticipated Oper-
ational Oceurrences___. ... ........ 290
IV. Fluid Suysfems:
Qnality of Renclor Coolant Pressure
Boundary .oooc.occiicicacaacaanaa B}
Fracture Prevention of Reacior Cool-
ant Pressure BoundarS .o oo ... .. 1
Inspection of Reactor Coolaut Pressure
BoUNAdAry cecveeccccnccenracacna. 32
Reactor Coolant \‘Inkcup ............. kA
Residual Heat Removal oo oo oaao. . 34
Emerpgency Core Cooling.aoaao.. ..o a5
Inspection of Emcrgency Core Cooling
SySICINY i iececccecrncnereaneana 36
Testing of Emergency Core Cnoling
Sratem ...... ceceemersceacarmenea 37
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11, Pootection by Multiple Fission Produet
Barricrs

Criterion 10—Reactor destgn. The reactor
core aud associated coolant, control, and
protection systems shall be designed with
appropriate margin to assure that specified
weveptable fuel design lmits are not cx-
cordued during any conditlon of normal op-
craton. including the elfccts of anticipated
operational occurrences.

Criterion 11—Rcactor inherent profection.
The reactor core and associated coolant sys-
tems shail be designed so that tn the power
operating range the net cffect of the prompt
inierent nuclear feedback  charncteristics
tends to compensate for a rapia fnerease in
Teactivity,

Critesion 12=—=Suppression of reactor power
6 cittalims, The reactor core and associnted
comant . control, and protection systems shalt
be desiened to assure that power oscillatlons
which can result in conditions exceeding
specified acceptable fuel design IImits are
A0t possible or can be rellably and readily
acicrted and suppressed,

Critevion 13—Jnstrumenlation and control.
Instrumentation and coatrol shall Le pro-
vided 10 monitor variahies and systems over
their anticipated range for normat operation
and accident conditions, and to maintain
them within prescribed operating ranges,
including those variables and svstems which
can aitect the tission prucess, the integrity of
i1he reictor core, the reactor coolant pressure
poundary, and the containment and its
aszacited systems.

Criterion  14—Rcaclior
Douniaryg. The reictor couolant  pressure
Bauncdary  shall be designed, fabricated.
erccted, and tested so as to have an extremely
low probabidity of abnormal Jeakage. of
rapidiy propagating failure, and of gross
rupare.

Criterion 15—Rcactor coolant system dce
sign. The reactor coolant system and asso-
ciated auxillary, control, and protection sys-
- tems shall be designed with sufficlent margin
to assure that the design conditions of the
reactor coolan: pressure boundary are not
exceezled during any condition of nornal
operation, including anticlpated operational
occurrences.

Criterion 16—Conlainment design. Reac-
tor containment and assoclated systems shall
be providad to establish an essentially jeak-
tight barrier against the uncontrolled re-
Tease of radioactivity tn the environment and
to azsure that the containment design con-
ditions important to safety are not ex-
ccededdt for as long as postulated nceident
conditinns requlre.

Criterion 17—Elrctiical power systems. An
onsite clectrical power system and an offslte
clectrical power system shall he provided
to permiz functioning of structures, 5ys-
tems. and components important to safety.
The =afcty function for each sysiem (assume-
ing the other system s not functloning)
shall be 1o provide suflicient capacity and
capahility to assure that (1) specified ar-
ceptable fuel deslgn Yimits and design con-
ditious of the reactor coolant pressure bound-
arv are not excecded as a result of antice
ipated operatlonal occurrences and (2) the
cnre Is cooted and contalnment Integrity and
other vilal functlons are maintained in the
cvent of postulated accidents,

The onsite electrical power sources, incluc-
ing the batterlex, and the onsite eclectrical
distribution system, shall have suflicient in-
dependence, redundancy, and testability to
perform their safely functions assuming a
stngle lailure.

Clectrical power from the transmission net.
work 1o the switchyard shall be supplied by
twvo physically independent transmission
Lnes tnot necessarily on separate rights of
vaayy designed and located so as to sultably

coolant pressure
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minimize the likelihood of thete simultancous
fatlure under operating and postulated accle
dent and cnvironmental conditlons. Two
physically independent clrcults from the
switchyard to the onsite electrical distribue.
tion sysiem shall bo provided. Each of these
clrculis shall be designed to be avalladble in
suflicient time followinp n loss of nll onsite
allernating current power smirces and the
other ollsite electrical power circitlt, to assure
that specitied acceptable fuel design limiws
and destgn conditions of the reactor coolant
pressure boundary are not excecded. One of
these circuits shall be desigued to be avalle
nhle within n few secods following a lors-
of-conlant accident to assure that core coole
ing. containment Integrity, and other vital
safety functions arc maintained.

Provisions shail be included fo minimize
the probability of losing electrical power
from any of the rematning snurces as a result
of. or coincident with, the loss of power gene-
erated hy the nuclear power unit, the loss of
power from the transmission network. or the
loss of power from the onsiic electrical power
KOUTCCa,

Critcrion 18—Inspection and tesling of
clectrical power systems. Electrical power sys-
tems important to safety shall be designed
to permit periodic inspection and testing of
imporiant arens and features, such as wiring,
tnsulation, c-nnectlons. and switchhoards,
to asscss the continuity of the systems and
the condition of their components. The syse
tems fhall he designed with a capability to
test periodically (1) the operability and
functional pertormance of the components
af the svatems, siich as onsite power sources,
relays, switches, and huses. and (2) the op-
erabllity of the systems as a whole and. under
condltions as close to design as practical, the
full operation sequence that brings the sys-
tema Into eperation, including operation of
applicaLlc poriiuns of the protection sysiem,
and the transfer of power among the nuclear
power unit, the offsite power system. snd the
onsite power system,

Criterinn 19—Controi room. A control room
shatl be provided from which actions can he
taken Lo opcrate the nuclear power unit
safely under normal conditions and to maine-
tain it in a safe couditlon under nccident
conditions, including loss.of-coolant accle
dents. Adequate radlation protection shall be
provided to permit access and occupancy of
the control room under accldent conditions
without personnel recelving radiation ex-
posures in excess of 5 rem whnle hody., or
its equivaient to any part of the body, for
the duration of the accident,

Equipment at appropriate locations out-
side the contro! room shall be provided (1)
with a design capabllity for prompt hot shut-
down 9f the reactor, i{ncluding necessary
instrumentation and controls to maintain
the unit in a safe condition during hot shut-
down, nnd (2) with a potential capablliiy
for suhsequent cold shutdown of the reactor
through the use of suitable procedures.

111 Proteetion and Reactivity Control
Systems

Critrrion 20—Piolection system functions,
‘Che protection systen shall be designed (1)
to initiate automatlcally the operation of
nppropriate systems including the reactivity
contro! systems, to assure that spectfied ac-
ceptabie fuel design lim:'s are not cxcecded
as a result of anticipated operational oc-
currences and (2) to sense accident condl-
tions and to inltiate the operation of systems
and components important to safety.

Critcrion 2f—Protection system reliability
and testobility. The protection system shall
be designed for high functional relinhility
and inservice testahility commensurate with
the safety functions to be performed. Re-
dundancy and independence designed into
the protection system shall be sufficlent to

assure that (1} no single fullure results in
loss of the protection function and (2) re-
moval from servico of any component or
chnannel docs not result in Joss of the re-
qulired minimum redundancy uniless the ac-
ceptable reltabllity of operation of the
protection system can be otherwise demon-
strated. The protection system shall he de.
signed to permit periodic testing of its func-
tioning when the reactor is In operation,
including o capability to test channels In-
dependently to determine fallures and losses
of redundancy that may have occurred.

Criterion 22—Protection system independ -
cnce. The protection system shall be de-
signed to assure that the effects of natura)
phenomena. and of normal operating. mnin-
tenance, testing, and postulated accident
conditions on redundant channels do not
result in loss of the protection function, or
shall be demonstrated to be ncceptable on
some other defined basts, Design teehnligues,
such as functionial diversity or diversity in
componecut design and principles of opera-
tion, shall be used to Lthe extent practical o
prevent loss of the protection function.

Criterion  23-=Protcclion  gysicem  fuilure
modcs, The protection systeny shall be de-
signed Lo fall into a safe state or Into a stawe
demonstrated to he acceptable on some other
defined basis if conditions such as discon-
nection of the system, loss of energy feg..
electric power, instrument air), or postutated
adverse environments (e.g. extreme hecat or
cold, fire, pressure, steam, water, and radixs
tlon) are expzarienced.

Criterion 24—Scparation of profcction and
control syttems. The protection system shall
be separated from control sysicms to the ex-
tent that lailure of any single conirol system
compoanent or channel, or fallure or removal
from service of any single protection system
component or channel which is common o
the control and protection systems leaves in-
tact a sysiem satisfying atl rehiabllity, ree
dundancy, and Independence requircements
ol the protection system. Interconnection nf
the protection and control erstems shall be
limiter so as to assure that safely is hot sig-
niticantly impatresd,

Criterion 25—Protcelion system requircs
ments for reactivity conlro! malfunclions.
The protection system shall e designed to
assure that specified aeceptuble fuw. design
limits are not exceeded for any single mil-
function of the reactivity control sysiems,
such as accidental withdrawal {(not ejection
or dropout) of control rods or urpianucd
dilution of solulle poison,

Criterion 26—Rcactivity control systcin re-
dundancy and capability. Two independent
reactivity control systems of different design
principles and preferadly including a positive
mechanical means for inaerting controt rods,
shall be provided. Each system shail have the
capability to control the rate of reactivity
chauges resulting from planned, narimal
power changes {including xenon burnout; to
assure acceptable fuel design limits are not
excecded. One of the systems shall be capa-
ble of reliably controlling reactivity changes
to assure toat under condittons of normat
operations. including anticipated operational
occurrences, and with approprinte marein
for malfunctions such ns stuck rods, speci-
fled acceptable {uel design limits are not ex-
ceeded. One of the systems shall be eapable
of holding the reactor core subcritical under
cold conditions.

Criterion 27—Combined rcactivity control
systems capability, The reactivity control
systems shall be deslgned to have a combined
capability, {in conjunction with polson addi-
tion by the emergency rore cooling system,
ol relinhly controlling reactivity changes to
assure that under postulated accident con-
ditlons and wilh appropriate margin for
stuck rods the capability to cool the core is
maintained.
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Criterion 28—Rcactivity limits. The re-
activity control systems shall be designed
with nappropriate limits on the potentinl
amount and rate of reactivity increase Lo as-
sare that the effects of postulated reactivity
secidents can nelther (1) result in damage to
(he reactor covlant pressure boundary greater
shan limited local yielding nor (2) sufii-
ctontly disturh the cor, its support struce
wires or ather reactor pressure vesscl inter-
nals 1o impair significantly the capahliity to
el the core. These postulated reacuivity
sccidents shall include consideration of rod
clection  tunless  prevented by positive
means), rod drapout, steam line rupture,
changzes in reactor coolant temperature and
pre:sure. and coid water additinn,

Criterion 29—DProtection apainst anfici-
puted operational occurrenees. The protece
tion nnd reactivity eentrol systems shall be
desiened to assure an extremely high prob-
abihity of accomplishing thelr safety fund~
tlons it the event ol anticipated operattonal
0CCTTTONCCS,

V. Fluit Systems

Criterion 30—~Quality of reactor coolunt
presanre boundary. Components which are
part of the reacior coolant pressure boundary
chall be designed, fabricated. erected. and
tested to the highest guatity standards prac-
tical. Mears shall he provided for detecting
and. to 1he extent practical, identifying the
location of the source of reactor coolint
jeakage.

Criterinn M — Fraciure prevention of ree
ector roolant pressure boundary, The reactor
covlant prezsure houndary shall he designed
with suflicient margin to assure that when
streszed under operating, maintenance, test
fne. and postulated necident conditions (1)
the honundary behaves in a nonbrirtle manner
and (2) the prohability of rapidly propa-
gating fracture is mininmzed. The design
shidt refleet ennsideration of service tempera-
tures aud nther conditions of the houndary
mocerial nnder operating, maintenance. test-
fner. and postilated accident condittens and
the uneertainecs in determinming (1) mate-
rial properiles, (2) the efects of frradiation
ot omnterind properties, 13) restdual, sieady-
ve and trinasicnt tresses, and (1) size of

Criterion 12-=Inspection of reactor enolant
pressyre boundury, Components which are
pari of the reacior enolant pressure houndary
hall be degeed 1o nermit (1) perindic in-
speetlon and tes.ing of important areas and
features to assesz their structural and leak-
ticht integritv. and (2) an appropriate mate-
rial surveillance program for the reactor
pre.sure vessel.

Criterion 33—Rerctor enolanl makeup. A
svstem to supply rewctor coolant makeup for
noatection against small breaks in the re-
we.0F coolant pressure boundary shall he
provided. The system safety function shall
be to assure that specificd acceptable fucl
desian limits are not excecded as a result of
reactor conlant luss due to lcakage from the
reactor conlant pressure boundary and run-
ture of small piping or cther small compo-
nents which are part of the boundary. The
svitem shall he designed to assure thal for
onite electrical power system  npelation
tssuming offsite power is not available) and
for ofsite electrical power system operation
tassuming onsite power is not avatlable) the
syetem safety fanction can he accomplished
using the pipine, pumps, and valves ured to
maintain enelant imientory during normal
yene'or operation,

C-iterion 3M—Residual et remoral, A s5ys-
ten to remove residual heat shall be pro-
vacd, The svsteme fafetv function shall be
1o transfer fis<ion rroduet deeay heat and
othier residnual heat fromn the reactor core at
a rate such ibat specified acceptable fuel
d-ien hmits and the design conditions of
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the reactor coolant pressure boundnry are
not exceeded.

Sultable redundancy In components and
features, and suitable interconnections, leak
detection, and lsolation capabiiities shall be
provided to assure that for . .&ite clectrical
power system operation (assuming offsite
power Is not avallable) and for offsite clec-
trical power system opcration (assuming on-
site power {8 not available) the system safety
function ean be accompiished. assuming n
single fallure.

Criterion 35 -Emergency core conling. A
system 1o provide abundant  emergency
cure conling shall be provided. The system
safety function shall Le to transfer heat
fromy the reactor core followhig any loss of
coolant accident ay a rate such that (1) fuel
and ciad damage that could interfere with
continued effective core couling is prevented
and (2) clad metal-water reaction 1s Imild
Lo negligible amounts,

Suitable redundancy in components and
features, and suitable inrerconnections, leak
detection, tsolation, and contalnment capas
bilitics shall be provided to assure that for
onsite clectrical power Fysteny operation (ase-
suming offsite power 15 not avatlable} and
for offsite clectrical power system operation
(assuming onslte power is not avaljabl2y the
syatem safety function ean be accomplished,
assum‘ng nosingle failure,

Criterion 36—Inspcction of emergency
core cooling sustem. The emergency core
cuoling system shall be designed 1o permit
periodic inspection of Linportant compo-
nents, such as spray rings in the reactor
pressure vessel, water injection norzies. and
piping. to assure the integrity and capability
of the system.

Criterion 37—Testing of emergency core
conling suystem., The emergency core cooling
svstem shall be ilesigned to permit appro-
pria‘c peri die pressure snd functional test-
inz to assure (1) the structural and lcak-
tight integrity of iis components, (2) the
operablity and performance of the actlve
eompanents of the system, and (3) the oper-
ability of the system as a whole and, under
conditions as close to design as practical, the
porforinance o, the full operational sequence
th:t brings the system iInto operatinn, in-
chuding operation of applicable portions of
the proteztion system, the transfer between
normal and emergency power sources, and
the operation of tiie assoclated cooling water
sysiem

Criterion 38—Containment heat remoral.
A svitem to remove heat from the reactor
containment shall be provided. The system
safety function shall be to reduce rapidly,
consistent with the functioning of other
assoeiated svstems, the containment pres-
sure and tempernture following any loss-of-
coolant accident and maintaln them at
acceptahly Jow Jevels,

Sultable redundancy In componcents and
features. and suitable intarconnections. leak
detection, isoiation. and containment capae-
bilitles shall be provided to assure that for
onsite elcetrical power gyslem operation (ase
suming off:ite power is not availahle) and
for offsite clectrical power sysiem operation
(assuming onsite power {s not available) the
¢-stem safety functlon can be accompiizhed,
assunnng a single fallure.

Critrrion 39 —Inspcetion of confainmend
heat remorval systent. The contatnment heat
removal svstem ghall be designed to permit
period:e inspection of important components.
stuch as the torus, sumps, spray nozzles, aned
piping to assure the Intrgrity and capabllity
of the svstem.

Critcrion 40—Trsting of containment heat
remoral syafem, The containment heat re-
moval svatem shall be Jesigned to permiit
appropriate periodic pressure and functional
testing te assure (1) the structural and
leakiight integrity of Its components, (2)
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the opcrability and performance of the active
components of the system, and (3} the oper-
ability of the rystem ns a whole, and, under
conditions as close to the design as practieal,
the performance of the full operational sc-
quelice that brings the system into opera-
tion, including operation of applicable por-
tinns of the protection system, the transfer
between normal  and  emergency power
sources, and the operation of the associaicd
COLHNR Water system.

Criterion  J1—Containment atmosphere
cleanup. Systems Lo control fission products.
hydrogen, oxyveen, and  other substances
whirh may be relessed into the reactor con-
tainmen: shall be provided as necessary tn
retluce. ennsi-tent with the functioning of
othier asinclated kysiems, the concentratum
and gquslity of fsston products released. to
the environmen: following po-tulated acci-
duiis, mhid to cantrol the concentration of
hydrngen or oxyien and other substances in
the contalnnient atmasphere foliowing pose
1ulated accidents to assure that contiunment
fntegrity is maintained.

Each system rhall have suitable redun-
dancy in camponents and features, and suit-
able interconnections, leak detection, sola-
tinn, and containmient eapabilitics Lo assure
that for ansite elecirical power sysien: oper-
atlon {assuming offsitc power is not avatle
abier and for offsite clectrical power system
operation (assuming onsite power is uot
available) 1ts rafety function ean be accom-
plished, assuming a single fallure.

Critcrinn 42-—-Inspection of containment
atmosphere cleanup sustems. The contain-
ment atmosphere cleanup systems shall be
desicned to permit periodic inspection of ini-
portant ermponents, such as filter frames.
ducts, and piping to assure the integrity and
capability of the systems,

Criterion 431—Testing of conlainment af-
mosphere clcanup sysiems. The containment
atmosphere clearup systems shail he designed
to permit appropriate perindic pressure and
functional tesline tn assure (1Y the struc-
tural andd leakiieht fntesrlty of s enmpo-
nents, (2) the operaulisly and performance
of the active compnnents of the systems such
as fane, filters. dampers, pumps. and valves
nnd {3) the operabtlity of the svstems as a
whnle and, under condltions as close to de-
sipn as practieal, the performance of the full
operationnl sequence ihat brings the eys-
tems into operation, Including operation of
npplicahle portinns of the protection sys-
tem, the transfer hetween normal and emer-
genev power rources, and the operation of
asscecinted sysrems.

Criterion 44—Cnoling irater. A system to
transfer heat from structures, systems, and
componenis himportant to safety, to an witi-
mate heat &ink shall be provided. The sysiem
safety function chall be to transfer the com-
hincd heat loard of these structures, svetems,
and components under normal operating and
accldent conditlons,

Suttable redundsney in components and
features. nnd suitable interconnections, leak
detection, and iselation capablliier «hall
be providec to assure that for onsite eleciri-
eal power system operatior: (assuming off-
site power is not avallable) and for offsite
electrical power system operation assuming
onsite power Is nnt avatlabler the syvstem
safety function can be accomplished, ne-
suming a siniele fallure.

Criterion 45-~Inspeelfon of coolng wvater
suglem, The eooting water systen shall be de.
signed to permit periodic inspection of im-
nortant compenents, such as heat exchanpers
and piping. to azsurc the Integrity and ea-
PABILY 6f the sustem,

Critrrion 46 —Testing of cooling waler s s-
temr, The cooling water svstem shall e de-
fipned to permit appropriate periodic pres-
sure and functional testing to assure (1) the
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structural and leaktight integrity of Its com-
ponents. {2} the operohility and the performe
ance of the active components of the system,
and {3} the operability of the system as 3
whole and, under conditions as close to de-
sign as practieal, the performance of the full
operattonal sequence that brings the system
1o operation for reactor shutdown and for
lass-ol-conlant accidents, including opera-
tion of applicable portiens of the protection
system and the transfer beiween normal and
CINATEENCY POWET SOUTCes.

V. Reactor Contaiwment

C-itvrion £0-—Containvirnt disign bas's,
Tlie roactor coniainment structure, incluil-
ing access epeninge. pereiratiens, and the
cortainmient heat removal syrtem shall be
desimned €9 that the coantaitiiment stracoire
and ¢ niernal compartmerts can actomes
modat e, without exreecding the desian leuke-
ace e and, with saflicient margin, the
caleulated pressure and temperature cntell-
tions resnlling from any lJoss-af-coolant ace
cident. This maranin shall refirct constdera-
tion of t1v the cffects of poieniial enersy
wourers whirli Rave nou been fncluded in the
determinattion of the peak ennditione, such
as erergy An steam cenerators and energy
from metal-water and nther chemicsl reac-
tinns that mav result frem deoradod cimere
const core cooling funclienina. (2y the lima-
ited experience and experimenl datd avall-
ante for defininz accitlent pheunmieni ana
conminment  responges. and (31 the eoni-
cepvatism Of the cxloulniond mnode; and
inpt parame:cr

Crtesian §1— Frurtuse prevention af entt-
tainment pressure bhoundary. The reacior
contal nment houndars shatl be desigrad with
suMicont marcin to ure {hat under apere
atins malntenance, testire, and posau'ated
acrident conditionz (1) s ferritic mater:als
bhetaie 10 n ponbrittle manner and 12y the
probability of rapidiv propagating fractiure
is mnimized. The desten shall reflect con-
cdernstion of service temperatures and other
conditinns of the containment boundary ma-
terial during operation, mnaintenarce, {eci=
ing. and postulated naceident conditions, ane
the uneertalnties In determining {1) mate-
rial propertles, (2) residunl, steadv-state, and
transent stresses. and (3J) -ize of flaws.

Ciiterinn §2—Cspability for eontainment
Trakoee ralc testing. The reactor contalnment
and nther equipment which mav be suhiected
to containment test conditions shall be de-
sigred =0 that perindic intecrated leakape
rate testing ean he condurcted al coniaine
meont deslen pres-ure.

Criterinn §3—DProvisions for containment
teeang and inspection. The reactor contailie
ment shall be destened to permit (1) inspee-
tion of all important areas, stich as peneiras
tions. (2) an appropriate survelliance pro-
eram. and (3) periodic testing at contain-
ment design pressure of the leaktightness of
penetrations which have resilient seals and
cxpansion bellows.

Critrrion S4—DPipinyg sustems penelraling
eontainment. Fiping systems pencirnung
primary reactor containment shall be pro-
vided with leak drtectinn, fsolation, and con-
tainment. capabtiities having redundancy, re-
liahility, and performance capabtlities which
reflect the fmportance to safety of i=olating
these piping systemns. Such piping systems
iall he desiencd with A capability to test
perindically the operabllity of the isolation
vaives and assoc!ated apparatus and to deter-
wine if valve leakage is within acceplable
Timiis,

Criterion 53—Rcactor eoolant pressurc
houndary penctrating containment. Each
Linsthat s part of the reactor coolant pres-
stire boundary and that penctrates primary
reacior contalnment shall be provided with
contrinment isolatlon valves as follows, un-
Jess 1t can he demonstrated that the cone

RULES AND REGULATIONS

tainment isolation provisions fot & specific
cinss of linez, such as lustrument lines, are
acceptable on some other defined basis:

(1) One locked closed isolation valve Ine
side and one locked closed isolation valve
outside contalmment; or

(2) Oue automatic isolation valve inside
and oue locked closed isolation valve outside
containment; or

(3) One locked closed itnlation valve in-
sitle and one automalle isolation vailve out-
side containment. A simple check valve may
not be uscd as the automatic isniation valve
e utstte eontainment; or :

1) One automa‘ic isolatinn valve jnside
ane! one automatic isolatini valve ouiside
conzainment, A simple check valve may not
be nsed as the antomatic 1salatinon valve out-
sidle contaiianent,

1s0la!nn valves ontside cantatnment shall be
lovaied as close to contatnment as practieal
and upon 1088 of actuatine power. automiatie
i~olaz1on valves shall he desioned to 1ake the
position ihat provides ereater safety.

O:her apprapriate requirements to mint-
mize the probahility or eonsequencrs of an
accidental rupture of these lines or of lincs
contiected to them shnll Le provided as
necessary to assure adequate rafery. Deter-
mination of the approprintetess of these
requircments. such as higher quality In
dezin, fabrlentinn, and testine, additional
provirions for inservice Inspection, protec-
tion anainst more severe natural phenomena,
and ndditlenal jsolation valves and eontain-
ment. shall Include consideratinn of the pop-
ulation density, use characteristies. and
al characieristics of the site environs,
iterinn 55—Pririary containment isnln-
. Liach line that connects direcily to the
conta.nment  armosphere and  peneirates
primary reactor contalnment shall he pro-
videdd with containment iselation valves as
folows, unless it can be demensirated that
the cnmtrinment lation provisions for n
specific elars of hines, such as Instrument
lines, »re ascoptadle on some other defined
Lasis:

(11 One locked eldsed lsolation valve In-
side pid one locked <los~d f~olation valve
out-ide contaihmen': or

12) One automa‘ic isolatien valve inside
and one locker! clored isolation valve out-
side coniaipmant: ot

(31 Onc locked closed isolatien valve in-
side and one automatic isolation valve out-
side containment. A simpie checit valve may
not be used as the automntie lsolation valve
outsitde containment: or

(4) One automatic izolation valve inside
and one automatic fsolation vaire outs!de
containment. A simple check valve may not
he used As the automatie isolation valve cut-
side containment.

Isolazion valves outside containment shall
be located as close to the containment as
practical and upun loss of actuating power,
automaile isolatton valves shall be deslgned
tn take the position that provides greater
safety.

Criterion  57—Closed  susicm  isolation
ralies. BEacht line that penetrates primary re-
actor contaibment and is neither part of the
reactor coolant pressure bounhdary nor con-
nected directly 1o the containment atmos-
phere shall have at Ieast one containment
isolation valve which shall be either auto-
miatic, or locked closed, ot capable of remote
manual operation, This valve shall he out-
side containment and located as close to the
contalnment as practical. A simple check
valve may not be used as the automntic
isolatlon valve.

VI. Fucl and Radiocagtivity Control

Critcrion 60—Control of relcascs of rad{o-
active malcrials to the cnrironment. The nu-
clear power unit des!gn shall include means

to conirul sultably thc release of radionclive
materials in gaseons and liquid efiurnts
and to handle radionctive solld wastes pro-
duced during normal reactor operation, in-
cluding anticipated operational occurrences.
Sufficient holdup capacity shall be provided
for relention of gascous aund liquid efliuents
contulning radioactive inaterials, paricu-
larly where unfavorable sile environmental
conditions can be expected to Imhose un-
usttel operationat limitations upon the re-
lense of such elluents Lo the environment,

Criterion G1—Fucl storanc und handl:ng
and radioaclivity confrol. The fuel storace
and handling, radioactive waste. and other
systems which may econtain  radioactivity
shall be designed to assure adeguate safely
under nosmal and posiulaced accident con-
itions. These systems shall be desigaed (1
with a capability to permit inspection and
testing of compunhents important (o safely
12y with sultable shictding for rad
protect:on, )y wWith appropratie cor
ment. confinemen:, anad filteriny =¥
t4) with a re-idual heat removal eapabibity
havine rdiabilite and testability that re-
fleers tiwe imprriancee 1o safety rol deeay hext
and other residual heat removal, and (151
o prevent signifieant reduction in fudl
sineane caolant inventory under accidens
conditions.,

Crilerinon G2--Prevent.on of criticalily in
jurl storane and haondiing, Criticallty In he
fuel storaee and handiing syotem shall be
prevented by physical systems or processos,
preferably by use of geometrteally sale
configuratfons,

Criterinn G3—Monitoring furl and waste
storage. Approprinte sysiems shall be pro-
vided in fuel storage and racdiaactive wastn
sestems and assacinted handlinz areas o1y
10 deteet ernditions that may resuit In loss
of residual heat removal capahility and exe
cessive radiation levels and () to Initinte
apprapriaie safety actions,

Critrrion G1—~Xnnitn-ira rad.naclivily re-
Jeaces. Means shall be provided for moniter-
inz the reactor con’al ent atmosphere,
spaces enntaining components fur rectreila.
tion of locs-of-coctant accudent finids, efiu-
ent dierlaree paths, and the piant environs
for rashoacticily that mav he reicased frum
nermal  operatione, including anticinarted
aperatinnal occurrences, and Hom pos tntared
acclden:s.

{Sees. 161,
2201, 2232)
Dated at Washin~ton, DC., this 10th
dav of February 1971,
For the Atomic Enerty Commission.

. B. McCoot.
Secrelary of the Commission.

|FR Doc.71 2370 Filed 2-19-71:8:48 am|]

Title 14—AERONAUTICS AND
SPACE

Chapter I—Federo! Aviation Admiris-
tration, Deportment of Transportation
[Docket No. T1-EA-13: Amdt. 39-1155]
PART 39—AIRWORTHINESS
DIRECTIVES

Americun Aviation Corp.

The Federal Aviation Administration is
amending § 39.13 of Part 39 of the Fed-
eral Avlation Regulations so as (o issue
an airworthiness directive applicable to

182, 63 Nias. 048, 03 42 USC.

FEDERAL REGISTER, VOL, 36, NO. 35—~SATURDAY, FEBRUARY 20, 1971

s,
S eanie

TR Lok SNSRI

T T PP RETT T LIRS




17

CONTENTION TC-2: EXHIBIT 17

Letter from Donna B. Alexander, CP&L, to U.S.
NRC (October 15, 199), enclosing letter from Scott

H. Pellet, Holtec International, to Steven Edwards,
CP&L (October 11, 1999)
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10-15-39  05:06pm  From- ' T-334 P.02/06 F-643

.- - .- -

CP&k

0cl 15 99
Caroling Power & Compony
el SERJAL: HNP-99-156

PO Box 165
New Hill NC 27562

United Stares Nuclcar Regulatory Commission
AT FRNTION: Documcnt Control Desk
Washington, DC 20555

SHEARON HARRIS NUCLEAR POWER PLANT
DOCKET NO. 50-400/LICENSE NO. NPF-63
SUPPLEMENTAL INFORMATION REGARDING THE
LICENSE AMENDMENT REQUEST TO PLACE HNP
SPENT FUEL POOLS "C’ AND "D’ IN SERVICE

Dear Sir or Madum:

Enclosure 8 of the HNP license amendment request (ref. SERIAL: 1INP-98-188, dated December
73, 1998) provided a detailed Aliemative Plan for demonsirating compliance with ASME Boiler
& 'ressure Vesse) Code requirements for spent fucl pool cooling and cleanup system piping in
sccordance with 10 CFR 50.55a(a)(3)(1). By leusr daed March 24, 1999, the NRC issucd a
request for additional information (RAI) related to the Horris Nuclear Plant (HNP) license
amendment request o place spent fucl pools C and D in scrvice. The March 24, 1999 RAl
inchuded a request to identify each of the embedded field welds within the scape of th
Altcmative Plan. ‘The [INP response (ref. SERIAL: HNP-99-069, dated April 30, 1999)
pravided a field weld matrix which identificd the ficld welds to be inspected by using a high
resolution remole video camera. The sample size was selected based on a feasibility walkdown
with the camera vendor. CP&L has continoed, however, 1o investigate allernative inspeciion
methods with other vendors. Through these cfforts with another vendor, CP&L has successfully
performed a remote camera inspection of all 15 embedded fisld welds included within the scope
of the Altemative Plan. In the course of the inspection, two ficld welds (2-SF-1-FW-3 and 2-SF-
1-FW-6) which were not cmbedded in concrete, but within the scope of the Allemative Plan,
were cut out to facilitate remaval of piping 1o provide access for the camesa inspections. An
wpdated field weld matvix will be provided to eeflect the removal of these two welds and the
inspection of all 15 embedded field welds.

{n addition, by lettcr dawed April 29, 1999, the NRC issucd an RAI related to the criticality

control provisions in the HNP license amendment request. Tiem 1 of this RAT requested
information regarding a postulated fresh fuel assembly misloading evenw. As a supplernent to our
Junc 14, 1999 responsc (ref. SERIAL: JINP-99-094) 1o requested item | of the RAL we had our
vendor, Holtee Intemnarional, perform additional fuel assembly misloading analyscs. The results
of these analyscs arc included as an Encloswie fo this letter. Thesc analyses demonstiaie that
criticality will nat occur as a result of the postulated misloading of a fresh fucl assembly in the
spout fuel stovage racks for BNP pools C and D.

5413 Shoaten Hamris Road  New Hill NC
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T-334  P.03/06 F-543

Document Conirol Desk
SERIAL: HNP-99-156
Page 2

This information is provided as a supplemcent to our Decembcer 23, 1998 license amendment
request and does not change our initia] determination that the proposed license amendment
represants a no signiticant hazards considcrasion.

Please reler any qucstions regarding the enclosed information to Mr. Steven Edwards at (919)

362-2498.
Sincerely,
d!}'* . ﬁé #4 D""
Donna B. Alexander
Manager, Regulatory Alfgirs
Haurris Nuclear Plamt
KWS/kws
Enclosure:
c: (all w/ Enclosurc)

Mr. 1. B. Brady. NRC Senior Resident Inspector

Mr. Mei Fry, N.C. DEHNR

Mr. R. I. Laufcr, NRC Project Manager

Mr. L. A. Reyes, NRC Regional Adminisirator - Regian I
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10-15-89 15:07pm  From- T-334 P.05/06 F-643
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T E Tax (609) 797-0903

. . . . . Heiltec Center, 555 l.inco!q Drive Wesl, Mal:ll.or;, N) 08053
H o Telephone (609) 797-0900

October 11, 1999

Mr. Steven Edwards

Manager of Projects

Carolina Power & Light Company
larris Nuclear Plant

P.0. Box 165

New [1ill, NC 27562

Refcrences:  Holiee Project 70324
CP&L Contract XTA7000024

Subjeet: Additional Criticality Analysis Results

Decar Mr. Cdwards,

Per your request, and in support of the recent NRC RAIs pertaining (o the criticality evaluations
performed for fuel storage in paols C and D, we have performed additional analyscs.

RAI#1 from the NRC statcd that an cvaluation of a fuel assembly misloading event should be
analyzed. [loltec’s previous response drew upan earlier spens fuel rack evaluations anl stated
that the k. would remain below 0.95 with a minimum of 400 ppm soluble horon in the pool.

As a supplement to this response, Holtec International has performed addilional analyses for the
Hagyis Spent Fuel Poals C and D to determine the amount of soluble boron required Lo maintain
ksbelow 0.95 with a misloaded fresh PWR fuel assembly. The results of this analysis arc
summarized here.

The inadvertent misloading of 3 fresh PWR fusl assembly into Harris Pools C and D was
analyzed nsing MCNP-4A and CASMO-3. A dehta-kis for the misloading cvent was calculated
using MCNP and this delta-ki,s was applied to the maximum Kir in the licensing amendment
repart (LAR) to determins the maximum kipr under the misloading scenario. This ascident
scenario consisted of a single 5 wt.% 15 PWR fresh fucl asscmbly misloaded into the PWR
racks surrounded by fuel of maximum reactivity as determincd by the bumup and carichment
curve in the LAR. The ki for the PWR racks with the misloaded fresh assembly, without taking
credit for soluble boron, was detevmined to be 0.9916 with 2 95%/95% confidcace levcl.



10-15-88  05:07pm  From- T-334 P.06/08 F-543

Fax (609) 797-Q309

. . . . . _ oltec Center, 555 Lincaln Drive West, Marluon: N| 08053
H O L Telophone (609) 797-0900

Mr. Steven Bdwards
Carolina Pawer & Light Company
Page 2

A sceond scenario was also analyzed in which the fresh 5 wi% 25U PWR fuzel assembly was
placed in a PWR storage cell adjacent 1o the BWR sforage racks. The PWR aud BWR racks were
filled with fuel of maximum permissible reactivity. The kiyr for this scenario with the misloaded
fresh 5 wi.% 25U PWR fuel asserably, without taking credit for salubile boron, was 0.9932 with a

95%/95% confidence lovel. -

These results cloarly demonstrate that the spent fuel pool will remain subcrisical even with a
fresh 5 wi.% 25U PWR fuel assembly misloaded in the PWR racks.

The April 1978 NRC leticr to All Power Reactor Licensees states that “Ths double contingency
principlc of ANS! N-16.1-19785 shall be applied. It shall require two unlikely, indspendent, .
concurrent events to produce a criticality aceident.” Consistent with this approach, credit for
soluble boron, which is normally in the spenat fucl pool, was taken when the misloaded fresh 5
wi.% 2°U PWR fucl was analyzcd. It was determined that the maximum K¢ for the misloading
accident is 0.9352 with 400 ppm solublc boron in the spent fucl pool water. Therefors, the
minimum amount of soluble boron required to maintain ki less than the regulatory limit of 0.95
under ail pastnlated abnormal and accident conditions is 400 ppm.

Additional calculations were also performed to determine tha ki, for tha misloading accident
with 1000 and 2000 ppm soluble boron in the speat fucl pool watcr. The maximum ki was
calculated to bo 0.8671 and 0.7783 for the 1000 and 2000 ppm respectively. Thesc resnlts
demonstrate that there is considerablo un-credited margin tn the criticality analysis of Hamis
Speat Fuel Pools C and D.

If you have any questions please feel free to conlact me.

Sincercly,

Sael Y s

Scott H. Pcllet
Project Managee

cc:  Holiec Engineering File 80964
Holice Contracts filc

Document ID: 80964SP1



