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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of

Docket No. 50-400-LA
CAROLINA POWER & LIGHT
COMPANY ASLBP No. 99-762-02-LA

(Shearon Harris Nuclear Power Plant)

AFFIDAVIT OF LAURENCE 1. KOPP IN SUPPORT OF THE
NRC STAFF BRIEF AND SUMMARY OF RELEVANT FACTS, DATA
AND ARGUMENTS UPON WHICH THE STAFF PROPOSES TO RELY

AT ORAL ARGUMENT ON TECHNICAI, CONTENTION 2

Laurence I. Kopp, being duly sworn, does hereby state as follows:

1. I have been employed by the U.S. Nuclear Regulatory Commission (NRC),
and its predecessor, the Atomic Energy Commission (AEC), since 1965. My current position
is Senior Reactor Engineer in the Reactor Systems Branch, Division of Systems Safety and
Analysis, Office of Nuclear Reactor Regulation (NRR). My responsibilities include review
and evaluation of the criticality aspects of on-site fuel storage at commercial nuclear power
reactors. I have a Ph.D. degree in Nuclear Engineering from the University of Maryland, a
Master of Science degree in Physics from Stevens Institute of Technology, and a Bachelor
of Science degree in Physics from Fairleigh Dickinson University. I have 42 years
experienée in the nuplea.r power industry, including 5 years at the Martin-Marrietta Nuclear
Divisidn and 2 years at the Westinghouse Astronuclear Division. - A statement of my

professional qualifications is attached hereto (Exhibit 1).



2.

2. The purpose of this affidavit is to address the Board of Commissioners of
Orange County’s (BCOC) Contention 2 as set forth-in Orange County’s Supplemental
Petition to Intervene and in the Atomic Safety and Licensing Board (Board) Memorandum
and Order of July 12, 1999 (LBP-99-25).

3. In a letter from J. Scaraola to the NRC, dated December 23, 1998 (“Shearon
Harris Nuclear Power Plant, Docket No. 50-400/License No. NPF-63, Request for License
Amendment Spent Fuel Storage”) (Exhibit 2), Carolina Power and Light Company (CP&L)
submitted a request to plaée spent fuel pools C and D at the Shearon Harris Nuclear Power
Plant (Harris) in service. Specifically, CP&L proposed to increase the spent fuel storage
capacity by adding storage racks to pools C and D.

4. In preparation for this affidavit, I reviewed the criticality aspects of the CP&L
application for the proposed license amendment as well as the correspondence and technical
documents identified below.

5. BCOC’s Contention 2 states:

Storage of pressurized water reactor (“PWR?”) spent fuel in
pools C and D at the Harris plant, in the manner proposed in
CP&L’s license amendment application, would violate
Criterion 62 of the General Design Criteria (“GDC”) set forth
in Part 50, Appendix A. GDC 62 requires that: “Criticality in
the fuel storage and handling system shall be prevented by
physical systems or processes, preferably by use of
geometrically safe configurations.” In violation of GDC 62,
CP&L proposes to prevent criticality of PWR fuel in pools C
and D by employing administrative measures which limit the
combination of burnup and enrichment for PWR fuel
assemblies that are placed in those pools. This proposed

reliance on administrative measures rather than physical
systems or processes is inconsistent with GDC 62.
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The Board admitted the contention with the following bases:

Basis 1 - - CP&L’s proposed use of credit for burnup to
prevent criticality in pools C and D is unlawful because GDC
62 prohibits the use of administrative measures, and the use
of credit for burnup is an administrative measure.

Basis 2 - - The use of credit for burnup is proscribed because
Regulatory Guide 1.13 requires that criticality not occur
without two independent failures, and one failure,
misplacement of a fuel assembly, could cause criticality if
credit for burnup is used.

BASIS 1
6. My response to Basis 1 of Contention 2 is contained in the following
paragraphs.
7. | Criticality is the achievement of a self-sustaining nuclear chain reaction. The

chain reaction proceeds as atoms of a fissile material absorb slow (thermal) neutrons and
split (fission) into new lighter atoms (i.e., fission products) and additional neutrons that, in
turn, interact with additional fissile atoms. Neutrons resulting from ﬁssioﬁ have high energy
and are called “fast” neutrons. Fast neutrons are not readily captured in U-235, the fissile
material originally present in fresh fuel. Rather, a neutron must lose energy and “slow
down,” or become “thermalized” (a thermal neutron), in order to be readily captured in
U-235 and cause fission.

8. In order for fast neutrons to slow down, they must collide with, and transfer
energy to, atoms. This process is called “moderation.” A light element (such as hydrogen)
is an effectiv¢ moderator because the mass of its nucleus is on the same order as that of a

neutron. Therefore, upon initial collision, the neutron imparts most of its energy to the
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hydrogen nucleus and becomes thermalized. Water, with its high hydrogen content, is the
moderator in a light water reactor (LWR) such as Harris.

9. After being created through fission, during the process of moderation, and
after reaching thermal energy levels, a neutron may undergo several events. It may be
absorbed by nonproductive capture in the fuel, the moderator, or the structural materials. It
may leak from the reactor system and either be reflected back into the system or be lost.
Finally, it may be absorbed by the U-235, cause fission, and produce more fast neutrons.

10.  When the process continues on its own, the system of atoms of fissile material
is said to be critical. The measure of criticality is the effective neutron multiplication factor,
k-effective, or k.. The multiplication factor is the ratio of the rate of neutron production to
neutron loss due to fission, nonproductive capture and leakage. Well-developed
mathematical models (equations) exist in present-day computer codes and are used to
compute k.. Criticality is achieved when k. is equal to 1.0. When k4 is less than 1.0, the
system is subcritical. When k. is greater than 1.0, the system is supercritical. Criticality can
only occur in an array of LWR fuel if sufficient fissile material is available in a near-
optimum geometry and a moderator (water) is present. As previously mentioned, no array
of LWR fuel can achieve criticality without water moderation present in the array.

11.  “Reactivity” is defined as (k. - 1)/k. When fuel is irradiated in a reactor as
a result of operation and power generation, the reactivity of the fuel decreases. This
reduction of reactivity with irradiation is called “burnup.” Burnup is caused by the change
in fissile content of the fuel (i.e., depletion of U-235 and production of Pu-239 and other

fissile actinides), the production of actinide neutron absorbers, and the production of fission
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product neutron absorbers. Before each reactor operating cycle, licensees perform reload
analyses that predict burnup of each fuel assembly during the cycle. These calculations are
confirmed during the cycle by measurements of various operating characteristics, such as
boron concentration and power distribution. After every operating cycle (typically 1 to 2
years), approximately 1/3 of the fuel in a reactor is removed because its reactivity is too low
to effectively contribute to power generation in the reactor environment. This irradiated (or
spent) fuel is generally placed in a spent fuel pool at the reactor site and is replaced in the
reactor by fresh (unirradiated) fuel.

12.  The NRC regulations (10 CFR Part 50, Appendix A, GDC 62) require that
licensees prevent criticality in their spent fuel pools. GDC 62 states that “Criticality in the
fuel storage and handling system shall be prevented by physical systems or processes,
preferably by the use of geometrically safe configurations.” A proposed version of the GDC
was sent to the Commission in a paper dated June 16, 1967 (“Proposed Amendment to
10 CFR 50; General Design Criteria for Nuclear Power Plant Construction Permits,”
AEC-R2/57) (Exhibit 2A). The AEC first formally published the general design criteria for
comment on July 11, 1967 (32 FR 10213, “General Design Criteria for Nuclear Power Plant
Construction Permits”)(Exhibit 3). At that time, the proposed criterion for prevention of fuel
storage criticality was labeled GDC 66, which stated “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.” The AEC received only
one comment regarding Criterion 66. This comment was received from the Oak Ridge

National Laboratory (ORNL) on September 6, 1967 (Letter from W.B. Cottrell to H.L. Price,
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“Review of USAEC ‘General Design Criteria for Nuclear Power Plant Construction Permits’
Federal Register, July 11, 1967,” September 6, 1967)(Exhibit 4). Specifically, the ORNL
comment on proposed GDC 66 stated that they did not understand the implication of “or
processes” at the end of the first sentence, nor did they believe that it is practical to depend
upon procedural controls to prevent accidental criticality in storage facilities of power
reactors. They suggested that the last sentence of the criterion should read as follows: “Such
means as geometrically safe configurations shall be used to insure that criticality cannot
occur.” The AEC staff considered these comments and decided that it was not necessary to
change the phrase “or processes” and, therefore, it was retained. The AEC staff agreed that
geometrically safe configurations was the preferable means for preventing criticality.
However, procedural controls were not specifically ruled out, as suggested by ORNL.
Rather, GDC 66 (renumbered as GDC 62) was revised to state that geometrically safe
configurations are the preferable means for pfeventing criticality in fuel handling and storage
(“Status Report on General Design Criteria,” memorandum from Harold L. Price to the
| Chairman and Commissioners, July 6, 1970 (Exhibit 4A); “Comparison of Published Criteria
(July 11, 1967) and Revised Criteria (July 15, 1969)(Exhibit 4B)). However, it did not
specifically rule out other means.

13.  Burnup credit is the practice of accounting for the reduced reactivity of spent
fuel due to fissile material decay and fission product buildup described above in evaluating
criticality safety. The regulations do not elaborate on how or how much subcriticality
should be assured, nor do they prohibit the use of burnup credit for criticality safety. As

explained above, burnup of fuel occurs as a natural consequence of the fuel being used in a
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reactor. Therefore, fuel burnup is a physical process and credit for burnup to prevent
criticality in spent fuel storage pools is permitted under GDC 62.

14. The NRC has established a 5% subcriticality margin for wet storage of spent
fuel assemblies to assure that licensees meet the requirements of GDC 62. The NRC staff
stated this acceptance criterion for criticality in a generic communication from Brian K.
Grimes sent to all power reactor licensees (B.K. Grimes, Letter to All Power Reactor
Licensees, “OT Position for Review and Acceptance of Spent Fuel Storage and Handling
Applications,” April 14, 1978)(Exhibit 5). This letter states that “The neutron multiplication
factor in spent fuel pools shall be less than or equal to 0.95, including all uncertainties, under
all coﬁditions.” (Page II-3). This requirement is also stated in Section 4.3.1 of the Standard
Technical Specifications for all PWR’s (“Standard Technical Specifications Babcock and
Wilcox Plants,” NUREG-1430, “Standard Technical Specifications for Westinghouse
Plants,” NUREG-1431, “Standard Technical Specifications for Combustion Engineering
Plants,” NUREG-1432)(Exhibits 6, 7, and 8, respectively), which state “The spent fuel
storage racks are designed and shall be maintained with k¢ less than or equal to 0.95 if fully
flooded with unborated water, which includes an allowance for uncertainties as described in
[Section 9.1 of the FSAR].” The brackets indicate that the reference for a description of the
uncertainties is plant-dependent. In the case of Harris, the proper reference is Section
4.3.2.6, pages 4.3.2-19 through 4.3.2-22 of the Final Safety Analysis Report (FSAR)
(“Shearon Harris Nuclear Power Plant Final Safety Analysis Report”)(Exhjbit 9).

15.  CP&Lproposes to use administrative procedures at Harris to verify that a fuel

assembly has achieved the required amount of burnup to be placed in the pool C'or D
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proposed storage racks. CP&L is currently licensed to store fuel from two other CP&L
plants, H. B. Robinson Steam Electric Plant (Robinson), Unit 2, and Brunswick Steam
Electric Plant Units 1 and 2 (Brunswick), as well as fuel from the Harris reactor core, in the
existing spent fuel pools A and B at Harris. By letter dated June 14, 1999 (Letter from D.B.
Alexander (CP&L) to U.S. Nuclear Regulatory Commission, “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,” June 14, 1999)(Exhibit 10), CP&L stated that it selects spent fuel
assemblies for shipment to Harris from Robinson and Brunswick in accordance with plant
procedure NFP-NGGC-0003, (Carolina Power & Light Company, Nuclear Generation
Group, Standard Procedure, Volume 99, Book/Part 99, NFP-NGGC-0003, “Procedure for
Selection of Irradiated Fuel for Shipment iﬁ the IF-300 Spent Fuel Cask”)(Exhibit 11). The
purpose of this procedure is to assure that the selection of spent fuel to be shipped to Harris
is acceptable for transportation and storage in the Harris A and B spent fuel pools.
16. CP&L uées a computer program in conjunction with this fuel selection
procedure. For candidate assemblies t;) be shipped, the program retrieves the fuel type,
enrichment, and burnup from a database. The fuel type and initial enrichment data for each
fuel assembly contained in this database is based on manufacturing records. The burnup data
for each fuel assembly included in this database is obtained from the reload core design
calculations and confirmed by periodic core monitoring of boron concentration and power
distribution. The letter (Exhibit 10) further states that reyision to NFP-NGGC-0003 to

incorporate the burnup curve proposed as technical specification Figure 5.6.1 (Shearon
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Harris Unit 1 Technical Specifications, Section 5.6.1.2. “Fuel Storage - Criticality”)
(Exhibit 12) to reflect criticality screening requirements for fuel from all three CP&L plants
(Robinson, Brunswick, and Harris) to be stored in Harris pools C or D has begun. However,
the revision is not yet complete and will be put into production if CP&L’s license
amendment application to place spent fuel pools C and D in service is approved.

17.  Licensees have used administrative procedures to determine the acceptability
for essentially all burnup-dependent storage pools since the early 1980's. These procedures
generally consist of verification that the licensee has selected a fuel assembly that has
achieved the required amount of burnup, based on plant operating records, and the licensee
has stored it in the intended position in the spent fuel pool. Section 4.2.1 of American
National Standards Institute (ANSI) standard ANSI/ANS-8.1-1983 (“American National
Standard for Nuclear Criticality Safety in Oﬁerations with Fissionable Materials Outside
Reactors,” ANSI/ANS-8.1-1983, October 1983)(Exhibit 13) states that nuclear criticality
safety may be achieved by controlling one or more parameters of the system within
subcritical limits aﬁd that control may be exercised administratively through procedures. The
NRC endorsed ANSI/ANS-8.1.1983 in revision 2 to Regulatory Guide 3.4 (Regulatory
Guide 3.4, Rev. 2, “Nuclear Criticality Safety in Operations with Fissionable Materials at
Fuels and Materials Facilities,” U.S. Nuclear Regulatory Commission, March 1986)
(Exhibit 14).

18. In addition, the Code of Federal Regulations, 10 C.F.R. § 50.68, allows the
use of administrative controls to prevent inadvertent criticality in fuel handljng and storage.

The Commission developed 10 C.F.R. § 50.68 to allow holders of a construction permit or
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operating license for a nuclear power reactor issued under 10 C.F.R. Part 50 to opt out of the
10 C.F.R. § 70.24 requirement to maintain a criticality accident monitoring system in each
. area where nucleé.r fuel is handled, used, or stored, if criticality is precluded in these areas.
Specifically, 10 C.F.R. § 50.68(b)(1) allows a licensee to rely upon plant procedures to
“prohibit the handling and storage at any one time of more fuel assemblies than have been
determined to be safely subcritical under the most adverse conditions feasible by unborated
water.” (In addition, GDC 62 applies to fuel handling systems, as well as fuel storage
systems. While the fuel handling systems may move only one fuel assembly at a time,
administrative controls must be used, for example, to prevent temporary storage of multiple
assemblies in close proximity.) Section (b)(2) and (b)(3) of 10 C.F.R.§ 50.68 allow licensees
to use administrative controls or design features or both to prevent accidental flooding of
new fuel racks to preclude criticality. Therefore, the industry uses administfative measures
to prevent criticality in fuel storage and the NRC has accepted this practice since the early
1980's. As set forth above, NRC regulations allow the use of administrative controls to
prevent criticality of fuel in storage. Further, since human action is necessary to move fuel
between the reactor and fuel storage facilities, it is inescapable that administrative controls
on fuel movement must be used to ensure that the physical measures for preventing criticality
are properly employed. To date, there have been no reported incidents of inadvertent
criticality in U.S. spent fuel pools for any reason, including violation of administrative
procedures. In fact, there have been no known instances where even the 5% subcriticality

margin has not been maintained due to violations of administrative procedures.
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19.  To date, more than 50 plants have obtained NRC approval for the use of
burnup credit for spent fuel storage. Ihave been the NRC principal criticality reviewer for
most of these plants. The NRC first approved burnup credit in spent fuel pool storage
analyses in the early 1980%." Licensees have established their ability to predict core burnup
behavior over hundreds of reactor years of operation. They have also established the ability
'to predict isotopic inventories of reprocessed fuel by comparison of calculations of data
available from several cores of the Yankee reactor (R.J. Nodvik, “Evaluation of Mass
Spectrometric and Radiochemical Analyses of Yankee Core I Spent Fuel,” WCAP-6068,
Westinghouse Electric Corporation, March 1966)(Exhibit 15). In view of the above, the
NRC has allowed licensees to take credit for burnup in criticality analyses of spent fuel
storage pools.

20.  In summary, GDC 62 does not prohibit the use of burnup credit nor does it
prohibit the use of administrative measures to determine if adequate burnup has been
achieved to allow storage in pools C and D.

BASIS 2

21. My response to Basis 2 is contained in the following paragraphs.

22.  Draft Regulatory Guide 1.13 (RG 1.13) (Proposed Revision 2 to Regulatory
Guide 1.13, “Spent Fuel Storage Facility Design Basis,” U.S. Nuclear Regulatory
Commission, December 1981)(Exhibit 16) recommends that the nuclear criticality safety

analysis should demonstrate that criticality could not occur without at least two unlikely,

!Several plants which were initially approved for burnup credit include Fort Calhoun
(1983), St. Lucie 2 (1984), Ginna (1984), Turkey Point 3&4 (1984), and Summer (1984).
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independent, and concurrent failures. This additional safety assurance is based on
application of the “double contingency principle” as defined in ANSI/ANS-8.1-1983
(Exhibit 13), which was endorsed by the NRC staff in a generic communication from Brian
K. Grimes sent to all power reactor licénsees on April 14, 1978 (Exhibit 5). More recently,
the Commission included similar criteria in 10 C.F.R. § 72.124(a), which requires at least
two unlikely, independent, concurrent or sequential events to have occurred before a nuclear
criticality accident is possible. For example, if soluble boron is normally present in the spent
fuel pool water, the loss of soluble boron is considered one unlikely accident condition and
a second concurrent independent accident need not be assumed. Alternatively, credit for the
presence of soluble boron in PWR pools may be assumed in evaluating other accident
conditions such as the misloading of fresh fuel or fuel that has not attained the required
minimum burnup into the proposed pool C or D storage racks.

23.  The staff considers fuel misplacement in the Harris pool C and D storage
racks to be an unlikely event for several reasons. First, proposed technical specification
5.6.1.2 (Exhibit 12) will control fuel storage limitations and selection procedure
NFP-NGGC-0003 (Exhibit 11), described above, will control fuel assembly selection.
Therefore, both technical specifications and plant procedures would have to be violated for
a fuel assembly misplacement to occur. In addition, fresh fuel assemblies have a bright,
metallic color and are visually distinguishable from spent fuel assemblies, which have a
darker, reddish color due to oxidation of the cladding. Finally, the burnup limit curve (Figure
5.6.1) proposed for the Harris technical specifications for safe storage in pools Cand D

(Exhibit 12) is based on a minimum required burnup. This is a bounding value that results
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in just meeting the 5% subcriticality margin in pools C and D. In practice, unless an
assembly is prematurely removed from the reactor, permanently discharged fuel assemblies
would be expected to exceed these burnup requirements (have a iower reactivity). Such fuel
assemblies, therefore, should fall in the acceptable burnup domain of Figure 5.6.1, thereby
minimizing the number of available fuel assemblies that could cause an increase in reactivity
if misloaded. Although there have been several reported fuel assembly misplacements in
spent fuel pools at other plants in the past, the fact that these misplacements were reported
and corrected indicates that administrative controls are effective in precluding permanent fuel
misloadings.

24. Dr. Gordon Thompson suggested that a single failure in the administrative
or the management process may lead to misplacement of multiple out-of-compliance
assemblies and this multiple misplacement, with or without boron dilution, may lead to a
criticality (Transcript of Deposition of Gordon Thompson, Ph.D., at 162)(Exhibit 16A).
However, the placément of a fuel assembly in pools C or D that does not meet the technical
specification burnup requirements and the continued failure to detect this misplacement is
a highly unlikely event. Multiple misplacements would be even more unlikely. Therefore,
Dr. Thompson’s suggested scenario is highly improbable, and well beyond the application
of the double contingency principle discussed previously.

25.  Itis possible that loss of borated water might occur either by leakage or by
overfill of the pool by unborated water. However, attachment 1.2, sheet 10, of the Shearon
Harris Chemistry and Radiochemistry Procedure CRC-001 (Shearon Harris Nuclear Power

Plant, Plant Operating Manual, Volume 5, Part 3, Chemistry and Radiochemistry, CRC-001,
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SHNPP Environmental and Chemistry Sampling and Analysis Program)(Exhibit 17)
specifies that the spent fuel pool boron concentration be maintained between 2000 and 2600
parts per million (ppm) and that the minimum concentration be confirmed by monthly
surveillance measurements. In addition, Harris technical specification 3.9.11 (Shearon Harris
Unit 1 Technical Specifications, Section 3.9.11, “Refueling Operations, Water Level - New
and Spent Fuel Pools,” Amendment 88)(Exhibit 18) requires at least 23 feet of water above
the top of the fuel rods. Also, FSAR Section 9.1.3 (Shearon Harris Nuclear Power Plant
Final Safety Analysis Report, Amendment 49, Section 9.1.3, “Fuel Pool Cooling and
Cleanup System,” pages 9.1.3-1 through 9.1.3-6¢)(Exhibit 19) states that high and low level
alarms are provided that would indicate water level changes and, therefore, potential dilution
due to leakage or overfill by unborated water. Visual indication of water level is also
observed during each shift. Therefore, the staff considers significant boron dilution to be
highly improbable.

26.  InDr. Gordon Thompson’s deposition of October 21, 1999, he asserts that the
NRC staff should have required a boron dilution analysis. Thompson Dep. Tr. at 157
(Exhibit 16A). The NRC staff does, in fact, request a boron dilution analysis. Standard
Review Plan (SRP) 9.1.2 (U.S. Nuclear Regulatory Commission, Standard Review Plan,
Rev. 3, NUREG-0800, Section 9.1.2, Spént Fuel Storage, July 1981)(Exhibit 26) specifies
that the reactivity of each spent fuel pool be at least 5% subcritical if moderated by unborated |
water. This subcriticality margin is demonstrated in the criticality analysis for pools C and
D of the proposed Harris amendment assuming no boron in the pool (“Licensing Report for

Expanding Storage Capacity in Harris Spent Fuel Pools ‘C’ and ‘D’ (proprietary version),
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Section 4.0, Criticality Safety Evaluation”)(Exhibit 21).7 I reviewed this criticality safety
analysis submitted with the CP&L amendment request. The analysis showed that k¢ in the
proposed spent fuel pool C and D storage racks would be no greater than 0.95 if accidentally
flooded with unborated water. This is an extremely conservative accident condition since
the pool is about 25% or 30% subcritical under normal conditions with a minimum of 2000
“ppm of boron and a complete boron dilution with loss of all soluble boron would be highly
improbable for the reasons stated above.

27.  The primary analysis of the reactivity effects of fuel storage in the Harris
spent fuel storage racks proposed for pools C and D was performed by Holtec International
with the CASMO-3 two-dimensional transport theory code (“CASMO-3, A Fuel Assembly |
Burnup Program, Methodology,” STUDS VIK/NFA-89/2)(Exhibit 22). CASMO-3 was also
used for burnup calculations and for evaluating small reactivity increments associated with
manufacturing tolerances. The MCNP-4A Monte Carlo code (“RSICC Computer Code
Collection, MCNP4B2, Monte Carlo N-Particle Transport Code System,” CCC-660, Oak
Ridge National Laboratory)(Exhibit 23) was used to determine reactivity effects, to calculate
the reactivity for fuel misloading outside the racks and to determine the effect of having
PWR and BWR racks adjacent to each other. MCNP-4A was also used for independent
verification calculations against CASMO-3. These codes are widely used for the analysis
of fuel rack reactivity and have been benchmarked against results from numerous critical

experiments. (Benchmarking is the comparison of code predictions to known values for the

2 Exhibit 21 is proprietary and has been provided under separate cover to the Board
and parties.
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purpose of validating the code.) These experiments simulate the Harris spent fuel racks as
realistically as possible with respect to important parameters such as enrichment, assembly
spacing, and absorber thickness. In addition, these two independent methods of analysis
(MCNP-4A and CASMO-3) showed very good agreement with each other. The
intercomparison between different analytical methods is an acceptable technique for
validating calculational methods for nuclear criticality safety. These methods have been used
and approved by the NRC staff in numerous other criticality analyses of spent fuel pools.
Based on the foregoing, [ have concluded that the analysis methods used are acceptable and
capable of predicting the reactivity of the Harris storage racks proposed for pools C and D
with a high degree of confidence.

28.  In addition to the extremely conservative assumption of unborated water
mentioned above, the Harris criticality analysis was performed with several other
conservative assumptions that maximize the storage pool reactivity. These include:

(a) Racks were fully loaded with the most reactive fuel authorized to be
stored in the facility.

(b) Unborated water at the temperature yielding the highest reactivity
over the expected range of water temperatures.

(©) Assumption of infinite array (no neutron leakage) of storage cells
except for the assessment of peripheral effects and certain accidents.

(d)  Neutron absorption in minor structural material is neglected.

(e Uncertainties due to manufacturing tolerances were included to
maximize the calculated k..

® Calculational uncertainties and biases were incorporated to maximize
the calculated k...
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29.  As part of my review of the CP&L amendment request to place fuel storage
racks in pools C and D, I reviewed Holtec Report HI-992283 (“Evaluation of Fresh Fuel
Assembly Misload in Harris Pools C and D,” HI-992283, Holtec International, September
1999)(Exhibit 24),> which presented the criticality evaluation of a fresh fuel misload in the
Harris C and D pools. Based on analysis performed by Holtec and described in this report,
it has been determined that a soluble boron concentration of only 400 ppm would be
sufficient to maintain a 5% subcriticality margin in the event of a fuel assembly misloading
event (i.e., a fresh PWR assembly enriched to 5 weight-percent U-235 inadvertently placed
in a location restricted to a burned assembly as per proposed Shearon Harris Technical
Specification Figure 5.6.1 (Exhibit 12). Based on my experience in evaluating the criticality
safety of spent fuel pools, I find the calculational methods and the assumptions made in these
analyses to be acceptable. The results indicate that the minimum boron concentration of
2000 ppm required in the Harris spent fuel pools is more than adequate to offset the
reactivity addition from a postulated fuel assembly misloading event. Although beyond the
staff’s request, Holtec also presented the results of an additional calculation in HI-992283,
using the same NRC-acceptable methods, which showed that criticality would not be
achieved for this misloading event even for a concurrent accident condition of loss of all

soluble boron.*

3 Exhibit 24 is proprietary and has been provided under separate cover to the Board
and parties.

* In addition, the NRC staff performed a calculation that assumed the misloading of
an entire burnup-dependent rack with fresh fuel assemblies enriched to 5 weight-percent
U-235 and the pool borated to the minimum required 2000 ppm (See Affidavit of Anthony
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30.  Therefore, the staff has concluded that a fuel loading error in the proposed
burnup-dependent Shearon Harris spent fuel storage racks in pools C and D, although highly
unlikely, will not cause an inadvertent criticality.

31. In conclusion, GDC 62 does not prohibit the use of administrative controls
to prevent criticality in spent fuel storage. In particular, licensees may take credit for burnup
to prevent criticality in spent fuel pools. At Shearon Harris, a misloaded fresh fuel assembly
will not cause a criticality in pools C or D, even if there is no boron in the pool water. With
only 400 ppm of boron in the pool water (a minimum of 2000 ppm is required at Harris),
such a fuel misloading event would not cause k. to be greater than the Staff’s acceptance
criterion set forth in draft RG 1.13 of 0.95. CP&L’s proposed amendment satisfies GDC 62.

32.  The exhibits attached hereto are true and correct copies of the documents

relied upon in this affidavit.

P. Ulses). This scenario bounds the broader spectrum of misplacements of more than one
assembly suggested by Dr. Thompson on page 157 of his deposition on October 21, 1999,
and would require multiple administrative errors, including selection of a large number of
improper fuel assemblies as well as failure of independent verification of proper storage in
the pool C and D racks. Although the staff considers this scenario to be highly improbable,
the results showed that subcriticality is maintained even for an entire misloaded rack.
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33. I hereby certify that the foregoing is true and correct to the best of my

knowledge, information and belief.

Arsssee [ Koy

Laurence I. Kopp

Subscribed and sworn to before me
this | day O%AN e 2600

Cre & etz

Notary Public

My commission expires: Mﬁg L | ' 2§ 173
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CP&L

Corolina Power & Light Company James Scarola
PO Box 165 Vice President
New Hill NC 27562 Harris Nudlear Plant
SERIAL: HNP-98-188
DEC 23 1998 10CFR50.90
10CFRS50.5%(c)
10CFR50.55(a)

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
REQUEST FOR LICENSE AMENDMENT
SPENT FUEL STORAGE

Dear Sir or Madam:

In accordance with the Code of Federal Regulations, Title 10, Part 50.90, Carolina Power & Light
Company (CP&L) requests a license amendment to place spent fuel pools ‘C’ and ‘D’ in service.
Specifically, Harris Nuclear Plant (HNP) proposes to revise TS 5.6 “Fuel Storage” to increase the
spent fuel storage capacity by adding rack modules to pools ‘C’ and ‘D’. The enclosures to this
letter support the proposed license amendment.

Enclosure 1 provides background information, a description of the proposed changes, and the basis
for the changes.

Enclosure 2 details, in accordance with 10 CFR 50.91(a), the basis for the CP&L’s determination
that the proposed changes do not involve a significant hazards consideration.

Enclosure 3 provides an environmental evaluation which demonstrates that the proposed amendment
meets the eligibility criteria for categorical exclusion set forth in 10 CFR 51.22(c)(9). Therefore,
pursuant to 10 CFR 51.22(b), no environmental assessment is required for approval of this
amendment request.

Enclosure 4 provides page change instructions for incorporating the proposed revisions.
Enclosure 5 provides the proposed Technical Specification pages.

Enclosure 6 provides a report entitled “Licensing Report for Expanding Storage Capacity in Harris
Spent Fuel Pools ‘C’ and ‘D’ which contains supporting technical documentation. Please note that
Enclosure 6 contains information which is considered proprietary pursuant to 10 CFR 2.790. In this
regard, CP&L requests Enclosure 6 be withheld from public viewing.

Enclosure 7 is identical to Enclosure 6, except that the proprietary information has been removed

and replaced by highlighting and/or a note of explanation at each location where the information has
been omitted. CP&L provides this additional version for the purposes of public review.

5413 Shearon Harris Road  New Hill, NC  Tel 919 362-2502 Fax 919 362-2095
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Enclosure 8 provideé’a detailed description of the proposed alternatives to demonstrate compliance
with ASME B&PV Code requirements for the cooling and cleanup system piping in accordance with
10 CFR 50.55a(a)(3)(1).

Enclosure 9 provides results of the thermal hydraulic analysis of the cooling water systems that
support placing pools ‘C’ and ‘D’ in service. The analysis resulted in changes to previously
reviewed and approved cooling water flow requirements. These changes have been identified as an
unreviewed safety question and are being submitted for NRC review and approval pursuant to the
requirements of 10 CFR 50.59(c) and 10 CFR 50.90.

CP&L requests the issuance date for this amendment be no later than December 31, 1999. This
issuance date is necessary to support loading of spent fuel in pool ‘C’ starting in early 2000. CP&L
also requests the proposed amendment be issued such that implementation will occur within 60 days
of issuance to allow time for procedure revision and orderly incorporation into copies of the
Technical Specifications.

Please refer any questions regarding this submittal to Mr. Steven Edwards at (919) 362-2498.

Sincerely,
amum/gLAréZ

RSE/KWS/kws

Enclosures:

Basis for Change Request

10 CFR 50.92 Evaluation

Environmental Considerations

Page Change Instructions

Technical Specification Pages

Licensing Report for Expanding Storage Capacity in Harris Spent Fuel Pools ‘C’ and ‘D’
(proprietary version)

Licensing Report for Expanding Storage Capacity in Harris Spent Fuel Pools ‘C’ and ‘D’
(non-proprietary version)

10 CFR 50.55a(a)(3) Alternative Plan

. Unreviewed Safety Question Analysis

0 N OB LN -

James Scarola, having been first duly swomn, did depose and say that the information contained
herein is true and correct to the best of his information, knowledge and belief, and the sources of his
information are employees, contractors, and agents of Carolina Power & Light Company.

Cﬁﬁzé

/ Notary (S

My commission expires: (p - 7-2003
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c: Mr. J. B. Brady, NRC Sr. Resident Inspector
Mr. S. C. Flanders, NRC Project Manager
Mr. Mel Fry, Director, N.C. DRP
Mr. L. A. Reyes, NRC Regional Administrator
bc:  Ms. D. B. Alexander Mr. C. S. Hinnant
Mr. K. B. Altman Mr. G. J. Kline
Mr. G. E. Attarian Ms. W. C. Langston (PE&RAS File)
Mr. H. K. Chernoff (RNP) - Mr. R. D. Martin
Mr. B. H. Clark Mr. J. W. McKay
Mr. W. F. Conway Mr.P. M. Odom (RNP)
Mr. G. W. Davis Mr. W. S,
Mr. R. 8. Edwards Mr. P. M. Sawyer (BNP)
Mr. R. J. Field Mr. J. M. Taylor
Mr. K. N. Hamis Nuclear Records
Ms. L. N. Hartz Licensing File
Mr. W. J. Hindman File: H-X-0512

File: H-X-0642



Enclosure 1 to Serial: HNP-98-188

SHEARON HARRIS NUCLEAR POWER PLANT
DOCKET NO. 50-400/LICENSE NO. NPF-63
REQUEST FOR LICENSE AMENDMENT
-~ SPENT FUEL STORAGE

BASIS FOR CHANGE REQUEST



N

Enclosure 1 to Serial: HNP-98-188
Page 1 of 6

BASIS FOR CHANGE REQUEST .

Background:

The Harris Plant was originally planned as a four nuclear unit site (Harris 1, 2, 3 and 4).
In order to accommodate four units at Harris, the Fuel Handling Building (FHB) was
designed and constructed with four separate pools capable of storing spent fuel. The two
pools at the south end of the FHB, now known as Spent Fuel Pools (SFPs) ‘A’ and ‘B’,

" were to support Harris Units 1 and 4. The two pools at the north end of the FHB, now

known as Spent Fuel Pools ‘C’ and ‘D’, were to support Harris Units 2 and 3. The multi-
unit design included a spent fuel pool cooling and cleanup system to service SFPs ‘A’
and ‘B’ and a separate cooling and cleanup system to support SFPs ‘C’ and ‘D’.

Harris Units'3 and 4 were canceled in late 1981. Harris Unit 2 was canceled in late 1983.
The FHB, all four pools (including liners), and the cooling and cleanup system to support
SFPs ‘A’ and ‘B’ were completed and turned over. However, construction on the spent
fuel pool cooling and cleanup system for SFPs ‘C’ and ‘D’ was discontinued after Unit 2
was canceled and the system was not completed. Harris Unit 1 began operation in 1987
with SFPs ‘A’ and ‘B’ in service. The need to eventually activate SFPs ‘C’ and ‘D’
(depending on the availability of a permanent DOE spent fuel storage facility) was
anticipated at the time the operating license for Harris Unit 1 was issued. The spent fuel
storage capacity currently identified in Section 5.6.3 of the Harris Plant Technical
Specifications (1832 PWR assemblies and 48 interchangeable (7 x 7 cell) PWR or (11 x
11 cell) BWR racks) assumes installation of racks in all four of the spent fuel pools.

Since the time that construction of the spent fuel pool cooling and cleanup system for
SFPs ‘C’ and ‘D’ was halted, CP&L has implemented a spent fuel shipping program
because DOE spent fuel storage facilities are not available and are not expected to be
available for the foreseeable future. Spent fuel from Brunswick (2 BWR units) and
Robinson (1 PWR unit) is shipped to Harris for storage in the Harris SFPs. Shipment of
spent fuel to Harris is necessary in order to maintain full core offload capability at
Brunswick and Robinson. As a result of the operation of the Harris Plant, shipping
program requirements, and the unavailability of DOE storage, it will be necessary to
activate SFPs ‘C’ and ‘D’ and the associated cooling and cleanup system by early in the
year 2000. Activation of these two pools will provide storage capacity for all four CP&L
nuclear units (Harris, Brunswick 1 and 2, and Robinson) through the end of their current
licenses.

SFP ‘A’ now contains six Region 1 flux trap style (6 x 10 cell) PWR racks and three (11
x 11 cell) BWR racks for a total storage capacity of 723 assemblies. SFP ‘A’ has been,
and will continue to be, used to store fresh (unburned) and recently discharged Harris
fuel.
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SFP ‘B’ now contains six (7 x 10 cell), five (6 x 10 cell), and one (6 x 8 cell) PWR
Region 1 style racks. SFP ‘B’ also currently contains seventeen (11 x 11 cell) BWR
racks. SFP ‘B’ is licensed to store one more (11 x 11 cell) BWR rack, which would
increase the total pool storage capacity to 2946 assemblies. Harris is postponing
installation of the last BWR rack and prefers to reserve the pool open area for fuel
examination and repair. Therefore, the total installed capacity in SFP ‘B’ will
temporarily remain as 768 PWR cells and 2,057 BWR cells for a total of 2,825 storage
cell locations.

Proposed Changes:

The proposed changes will allow CP&L to increase the spent fuel storage capacity at the
Harris plant by placing SFPs ‘C’ and ‘D’ in service. In order to activate the pools, CP&L
requests that the NRC review and approve the following changes:

1. Revised Technical Specification 5.6 to identify PWR burnup restrictions, BWR
enrichment limits, pool capacities, heat load limitations and nominal center-to-center
distances between fuel assemblies in the racks to be installed in SFPs ‘C’ and ‘D’.

The use of the high density region 2 racks has been shown to be acceptable based on
the analysis performed by Holtec International.

2. 10CFR50.55a Alternative Plan to demonstrate acceptable level of quality and safety
in the completion of the component cooling water (CCW) and SFP ‘C’ and ‘D’
cooling and cleanup system piping.

The cooling system for SFPs ‘C’ and ‘D’ cannot be N stamped in accordance with
ASME Section III since some installation records are not available, a partial turnover
was not performed when construction was halted following the cancellation of Unit 2
and CP&L’s N certificate program was discontinued following completion of Unit 1.
The Alternative Plan demonstrates that the originally installed equipment is
acceptable for use and that the design and construction on the remaining portion of
the cooling system piping (estimated at about 20%) maintains the same level of -
quality and safety through the use of the CP&L Appendix B QA program
supplemented by additional QA requirements integrated into the plant modification
package which completes the system

3. Unreviewed safety question for additional heat load on the component cooling water
(CCW) system.

The acceptability of the 1.0 MBtu/hr heat load from SFPs ‘C’ and ‘D’ was
demonstrated by the use of thermal-hydraulic analyses of the CCW system under
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various operating scenarios. The dynamic modeling used in the thermal-hydraulic
analyses identified a decrease in the minimum required CCW system flow rate to the
RHR heat exchangers. This change has not been previously reviewed by the NRC
and is deemed to constitute an unreviewed safety question.

Basis for Change

Installation of spent fuel storage racks in SFPs ‘C’ and ‘D’:

The FHB and SFPs ‘C’ and ‘D’ (including pool liners) were fully constructed and turmed
over as part of the construction and licensing of Harris Unit 1. However, the decision
was made to not place SFPs ‘C’ and ‘D’ in service until needed (depending on the
availability of DOE spent fuel storage). SFPs ‘C’ and ‘D’ are flooded but have not been
previously used for spent fuel storage. CP&L proposes to expand the storage capacity at
Harris by installing Region 2 (non-flux trap style) rack modules in Pools ‘C’ and ‘D’ in
incremental phases (campaigns), on an as needed basis. SFP ‘C’ will provide the initial
storage expansion for both PWR and BWR fuel. In its fully implemented storage
configuration, SFP ‘C’ can accommodate 927 PWR and 2763 BWR assemblies.
Expansion of storage capacity by installing racks in SFP ‘D’ will occur once SFP ‘C’ is
substantially filled. SFP ‘D’ will contain only PWR fuel and can accommodate 1025
maximum density storage cells.

Following this proposed change, Spent Fuel Pool capacities will be as follows:

Pool PWR spaces BWR spaces Total
‘A’ 360 363 723
‘B’ 768 2178 2946
‘C 927 2763 3690
‘D’ 1025 0 1025

Total 3080 5304 8384

Racks in SFP ‘C’ and ‘D’ will be installed in the following phases:

SFP ‘C’ - 1¥ Campaign - install by early 2000
4 PWR racks = 360 PWR spaces
10 BWR racks - 1320 BWR spaces

SFP ‘C’ - 2™ Campaign - install approximately 2005
4 PWR racks > 324 PWR spaces
6 BWR racks > 936 BWR spaces
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SFP ‘C’ - 3™ Campaign - install approximately 2014
3 PWR racks > 243 PWR spaces
3 BWR racks -> 507 BWR spaces

SFP ‘D’ - 1* Campaign - install approximately 2016
6 PWR racks > 500 PWR spaces

* SFP ‘D’ - 2* Campaign - installation date to be determined
6 PWR racks = 525 PWR spaces

(Note: The projected rack installation dates listed above are based on the current spent
fuel shipping schedule. These dates may change as the shipping schedule is revised).

This configuration represents the mixture of PWR and BWR storage which will
accommodate future storage requirements based on currently identified needs. Within
SFP ‘C’, eighteen (18) of the racks are sized to allow interchangeability between BWR
and PWR storage if required in the future. The dimensions of the (9 x 9 cell) PWR rack
and the (13 x 13 cell) BWR rack are virtually identical. Therefore, rack configurations
other than those identified above are possible.

Enclosure 6 of this license amendment request provides a report developed in conjunction
with Holtec International which describes the evaluations performed to show the
acceptability of the proposed change to install the racks in pools ‘C’ and ‘D’. (Enclosure
7 is a non-proprietary version of enclosure 6). The report includes listings of the
applicable regulations, codes and standards, descriptions of the evaluation methodology,
acceptance criteria, and evaluation results. The licensing report also includes discussions
on the need for the proposed change and considerations of other alternatives. Technical
Specification Section 5.6, Fuel Storage, will be revised to identify PWR burnup
restrictions, BWR enrichment limits, pool capacities, heat load limitations and nominal
center-to-center distances between fuel assemblies in the racks to be installed in SFPs ‘C’
and ‘D’ (See Enclosure 5).

Completion of Cooling and Cleanup System for SFPs ‘C’ and ‘D’:

In order to activate Spent Fuel Pools ‘C’ and ‘D’, it is necessary to complete construction
of the cooling and cleanup system for these pools and to install tie-ins to the existing
Harris Unit 1 component cooling water system to provide heat removal capabilities.
Approximately 80% of the SFP cooling and cleanup system piping and the majority of
the CCW piping was installed during the original plant construction. In addition, other
major system components such as the SFP cooling heat exchangers and pumps were also
installed before original construction was discontinued. The cooling and cleanup system
for pools ‘C’ and ‘D’ will be completed such that system design and operation is
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consistent with the design and operation of the cooling and cleanup system for pools ‘A’
and ‘B’. The spent fuel pool cooling system for pools ‘C’ and ‘D’ is nuclear safety
related with two fully redundant 100% capacity trains.

At the time that construction on the SFP cooling system was discontinued following
cancellation of Harris Unit 2, a formal turnover of the partial system was not performed
and CP&L has since discontinued its N certificate program. Also, some of the field
installation records for the completed piping are no longer available. As a result, the
system when completed will not satisfy ASME Section III code requirements (i.e. will
not be N stamped). Therefore, an Alternative Plan in accordance with
10CFR50.55a(a)(3) is provided as Enclosure 8 to demonstrate that the completed system
will provide an acceptable level of quality and safety. The majority of the ASME Section
III piping was already installed when original construction was discontinued. As
identified in the Alternative Plan, that piping to the extent that it was completed, was
designed, constructed and inspected to Section III requirements. The remainder of the
system will also be designed, constructed, inspected and tested to Section III
requirements to the extent practical considering CP&L no longer has an N certificate
program. Work will be performed in accordance with CP&L’s 10CFR50 Appendix B
QA program with any differences between Section III requirements and Appendix B
requirements conservatively dispositioned. Supplemental QA requirements will be
integrated into the modification package(s) as appropriate.

Calculations have been performed to verify that the existing CCW system is adequate to
provide heat removal for near-term pool operation. The Spent Fuel Pool ‘C’ and ‘D’ heat
loads will be limited to 1.0 MBtw/hr for near-term operation. Technical Specification
section 5.6.3 will be revised to identify this heat load limit (Enclosure 5). This heat load
limit is being established since additional CCW heat loads resulting from the power
uprate project (potential to increase post-accident containment temperature resulting in
an increased containment sump temperatures and increased load on RHR during long
term recirculation phase) are not quantified at this time. Therefore, it has been
determined that the most prudent action is to establish limiting heat loads based on
current system loads. Additional heat load analysis will be performed concurrent with the
power uprate project to establish the maximum heat loads on the CCW system that will
exist at the end of plant licensed life when all spent fuel pools are expected to be full.
Any CCW modifications necessary to increase system heat removal capability will be
identified and implemented at that time. As part of the licensing required to support the
power uprate project (currently planned for implementation concurrent with the steam
generator replacement in late 2001), the technical specification heat load limit will either
be revised or removed completely.

The plant design change package and supporting analyses for the CCW tie-in
demonstrated that adequate capacity exists on the CCW system to add the 1.0 MBtwhr
for the near-term operation of SFPs *C’ and ‘D’. The thermal-hydraulic analysis
performed in support of this plant design change package modeled the dynamic RHR heat
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exchanger performance based on fluid property changes. Previous analyses evaluated
RHR heat exchanger performance at a fixed data sheet value. This results in a reduction
in the required CCW flow to the RHR heat exchanger. While technically valid, the lower
required flow rate has not been previously reviewed by the NRC and, therefore, is
deemed to constitute an unreviewed safety question. Included in Enclosure 9 are the
results of the 10CFR50.59 evaluation for the unreviewed safety question identified by the
tie-in to Unit 1 CCW.

CP&L has concluded that placing SFPs ‘C’ and ‘D’ in service at this time to provide
spent fuel storage is the safe and prudent alternative for increasing spent fuel storage
capacity in the nuclear generating system. This option has been shown to be safe and in
conformance with the appropriate regulations, codes and standards. Expansion of
storage capacity by using Pools ‘C’ and ‘D’ will support continued operation of the
Harris, Brunswick and Robinson facilities until the end of their current operating licenses.
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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 Commisslon at an eariy
date.

2, The Commission approved the proposed design criteria, as
revised, during consideration of AEC-R 2/49 at Regulatory Meeting 223
on November 10, 1965,

W. B. McCool

Secretary
NO. OF NO. OF
DISTRIBUTION ‘ COPIES DISTRIBUTION COPIES
Secretary 11 Asst; GM for Operations

Asst. GM for Reactors
General Counsel

Chairman Seaborg
Commlssioner Ramey

Commissioner Tape Compliance
Commissioner Nabrit Congr. Relations
Commissioner Johnson Inspection

‘eneral Manager =
oty Gen. Mgr.

Materials Licensing
Operational Safety

DY oesons o [

DN
TN N OOV



N b O LN od ooy i e i Nam O v oama ok

OFFICIAL USE ONLY

ATOMIC ENERGY GOMMISSION

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

Report to the Director of Regulation by the
D.rector, Division of Reactor Standards

.THE PROBLEM

l. To consider the publication for public comment of a proposed amendment
to 10 CFR Part 50, "Licensing of Production and Utilization Facilities," which
would add an Appendix A, "General Design Criteria for Nuclear Power Plant
Construction Permits.” The purpose of the propoged amendment would be to
provide guidance to applicants in developing the principal design criteria for
nuclear power plants to be included. in applications for construction permits.
Under the proposed amendments to this Part, Specifically to §50.34, which were

published for public comment in the Federal Register on August 16, 1965, appli-

cants for an AEC construction permit would be required to specify these principal
design criteria for a proposed facility. The proposed new guide would be

substituted for the present Appendix A to Part 50.
!

BACKGROUND AND SUMMARY

2. The development and publication of criteria for nuclear power plants
was one of the key recommendations of the Regulatory Review Panel which
studied ways of streamlining the Commission's reactor licensing procedures.
The Panel particularly stressed the need for design criteria to be used at
the construction permit stage of a licensing proceeding. Work on the develop-
ment of general criteria had been in progress at the time of ché Review Panel's
study. This effort was accelerated and led to the issuance in a Commission

v retease dared Novembher 220 1965, af draft cviteri o o



sunslruclion Permits.” Lo purposc ol Lhc pruposcd amendment would be to
provide guidance to applicants in develéping the principal design criteria for
nuclear power plants to be included in applications for construction permits.
Under the proposed amendments to this Part, specifically to §50.34, which were

published for public comment in the Federal Register on August 16, 1965, appli-

cants for an AEC construction permit would be required to specify these principal
design criteria for a proposed facility. The proposed new guide would be

substituted for the present Appendix A to Part 50.

BACKGROUND AND SUMMARY

2. The development and publication of criteria for nuclear power plants
was one of the key recommendations of the Regulatory Review Panel which
studied ways of streamlining the Commission's reactor licensing procedures.
The Panel particularly stresséd the need for design criteria to be used at
the construction permit stage of a licensing proceeding. Work on the develop-
ment of general criteria had been in progress at the time of the Review Panel's
study. This effort was accelerated and led to the issuance in a Commission
press release dated November 22, 1965, of draft criteria for ure in the evalua-
tion of applications for nuclear power plant construction permitsfd The criteria
were largely statements of design principles and Ob]&‘tiVEa previously used
by the staff in evaluating applications for reactor construction permits.,
Although they reflected the predominating experiencg with water reactors, they

were considered to be generally applicable to other reactors as well.

*Secretariat Note: A copy of AEC press reiease H- -252,
-November 22, 1965, is on file in the Office of the Secretary.
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3., As invited in the press release, twenty-two groups of individuals
submitted comments, as listed in Appendix “A," Because of the volume, the
correspondence is not attached. Copies of all comments received except those

originated within the Commission have been placed in the Publiic Document Room.

4, The general reaction was that the criteria fuifilled a need and the
AEC should continue their development. Nome of the correspondents objected
to thé issuance of general criteria and their comments were constructive. The
Atomic Industrial Forum, for example, submitted a complete proposed revision
reflecting considerable interest and effort .on the part of that organization.
The comments received fell into the following broad categories:

a. Title each criterion. This was suggested as an aid in indexing
and referencing.

'b.  Improve the organization of the criteria. Comments included
suggestions for arranging'criteria according to type of systems and for
grouping the criteria accordidé to the degree of public protection.

c. Simplify the format. A number of suggestions were made for
eliminating repetition for combining criteria and for clarification.

d. Eliminate details. Some comments suggested that the criteria
should state only objectives, and that specific details and manner of
implementation should not be stated. A number of comments expressed a
desire for less general and for more comprehensive and detailed criteria.

e. Relate the criteria only to the protection of the public. Views
were expressed that some criteria as written related to operational
problems and shouid be eliminated,

f. Retitle the document. A belief was expressed that as written
these were not truly dritéria, but principles or fundamentals,

g. Apply the criteria more broadly than construction permits alone.
This comment essentially urged that the restriction of the criteria to
construction permits should be deleted and that they should be made

applicable to all stages of licensing, including the opcrating license



S. The staff has considered all comments received in further developing
the criteria. In addition, subsequent redrafts were circulated to other divi-
stons within the Commission. Principal comments from these divisions have been
reflected in the revised criteria. Other comments from within the Cormission
will bé considered in conjunction with public comments received after publica-

tion {in the Federal Register.

6. The regulatory staff has worked closely with the Advisory Commitice
on Reactor Safeguards on the development 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 putlish for

public conmment.

-

7. It is proposed that the criteria be included as Appendix A to 10 CFR 30.
The proposed amendment,which is attached as Appehdix "RB," provides that the
General Design Criteria be used for guidance by an applicant in developing the
principal design criteria for the facility. For a specific reactor case, some

of the General Design Criteria may be unnecessary or inappropriate and the
criteria, as a whole, r.ay be insufficient. It is expected that additional
criteria will be 6eeded particularly for unusual sites and environmental con-
dittons, and for new and advanced reactor types. In any case, there must be
rssurance that the principal design criteria proposed by an applicant encompass

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

8. 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 th=: licensinglprocéss. The criteria have been categorized as
Category A or Category 3. Experlence 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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9. The proposed General Design Criteria are expected to be useful as

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

them,

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 Congressional 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 Energy

Commission:
a. 'ﬂggrove publication of the proposed amendments to 10 CFR Part 50
contained in Appendix “B."
b. Note that the Joint Committee on Atomic Energy will be informed
by letter such as Appendix "C." -
c. DNote that a public announcement such as Appendix "D" be issuved

on filing the notice of proposed rule making with the Federal Register.
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E. P. Epler, Oak Ridge National Laboratory, 1/26/66.
Dr. Emerson Jones, Technical Management, Inc., 2/2/66.
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APPENDIX "B"

/70 CFR PART 507

LICENSING OF PRODUCTION AND UTILIZATION FACILITIES

Gereral Design Criteria 1
for Nuclear Power Plart Construction Pormits—

The Atomic Energy ‘ommission has under consideration an amendmen£ to its
regulatton, 10 CFR Part 50, "lLicensing of Production and Urilization Facil.i-
ties,” which would add an Appendix A, "General Design Criteria for Nuclear
Power Plant Construction Permits.," The purpose of the proposed arendment
would be to provide guidance to applicants in developing the principal design
criteria to be tncluded in applications for Commission conutruction permits,
v rse General Design Critcria would not add any new requlrements, but arc
intended to describe more clearly present Commission requirements to assist

applicants In preparing applications.

rhe proposed amendment would complement other proposed amendments to
Part 50 which were published for public comment in the FEDERAL REGISTER on

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

l/ Inasmuch as the Commission has under consideration other amendments to
10 JFR Part 50 (31 F.R. 10891), the amendment proposed herein wouid b

a further revision to Part 50 previously published for conment in the
FEDERAL REGISTER,



The proposed amendments to Part 50 reflect a recommendation made by
a seven-member Regulatory Review Fanel, 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 étage of a licensing proceeding, of design
criteria for nuclear power plant;. 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 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 comﬁent in the FEDERAL
REGISTER on August 16, 1966, would require that each application for a construc-
tion pérmit 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) a preliminary design of the facility, (4) a preliminary ééfety analysis

and evaluation of the facility, (5) an identification of subjects expected



to 2e technical specifications, and (6) a preliminary planvfor the organiza-
tion, training, and operation. The following information is specified for
inclusion as part of the preliminary design of the facility:

" (i) The principal design criteria for the facility;

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

(111) Information relative to materials of construction,

general arrangement and approximate dimensions, suffi-

clent to provide reasonable assurance that the final

design will conform to the design bases with adequate

margin for safety;"
The "Geneval 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 (i) above, the principal design criteria. All
criteria established by an applicant and accepted by the Commission would be
incorporated by reference in the construction permit. In considering the
issuance 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 as 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 Désign Criteria applicable to the construction of nuclear power

plants and by a specific raference 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



Permits 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
Administrative Procedure Act of 19@6, as amended, notice is hereby given
that adoption of the following aﬁendments to 10 CFR Part 50 is contemplated.
All interested persons who desire to submit written comments or suggestions
in connection with the pfoposed amendments should send them to the Secretary,
United States Atomic Energy Commission, Washington, D.C. 20545, within 60 days
after publication of this notice in the FEDERAL REGISTER. Comments received
after that.period will be considered if it is practicable to do so, but
assurance of consideration 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, N.W., Washington, D.C.

.

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

§50.34 Contents of applications; technical information safety analysis
report, </

¥ ¥* * ¥ *

(b) Each application for a 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 a further
published for comment in the
Additions are underscored, /

FEDERAL REGISTER.




subjécts specified in paragraph (a) of this section as fully as available
information permits. The minimum 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, "éeneral Design Criteria for Nuclear

Power Plant Construttion Permits," provides guidance

forAestablishing the principal design criteria for

nuclear power plants,

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

(See Attachment)

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

Dated at 3 this

day of 1967.

For the Atomic Energy Commission.

W. B. McCool
Secretary
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I NTRODUCTION

Every aprlicant for a construction permit is required by the provisions
of §50.34 to include the pri;cipal design criteria for the proposed facility
in the application. These General Design Criteria are intended to be used as
guidapce in establishing the principal design criteria for a nuclear power
plant. The General Design Criteria reflect the predominating experience with
water power reactors as desinned 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 some pogef
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 aannced types of reactors. Within this
context, the General Design Criteria should be used as a reference allowing A
additions or deietions as an individual case may warrant. Departures from
the General Design Criteria should be justified.

The criteria are designated as "Genefal Design Criteria for Nuclear
Power Plant Construction Permits"™ to émphasize the key role they 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-
tion is needed at the construction permit stage for the items listed in

Category A than for Category B.



1. OVERALL PLANT REGUIREMENTS

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
identified. Where adherence to such codes or standardé does not suffice to
assure a quality product in keeping with the safety function, they shall be
supblemented or modified as necessary. Quality assurance programs, test
procedures, and inspection acceptance levels to be used shall be identified.

A shbwing of sufficiency and applicability of codes, standards, quality
assurance programs, test procedures, 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



bases so estéblished shall reflect: (a) appropriate consideration of the most
severe of these natural phenomena that have been recorded for the site and

the surrounding area and (b) an appropriate margin for withstanding forces
greater than those recorded to reflect uncertainties about the historical data

and their suitability as a basis for design.

CRITERION 3 - FIRE PROTECTION (Category A)

The reactor facility shall be designed (1) to minimize the probability of
events such as fires and explosions ana (2) to minimize the potential effects
of such events to safety. Noncombustible and fire resistant maferials shall be
used whenever practical throughout the facility, particularly in areas con-
taining critical portions of the facility such as containment, control room,

and components of engineered safety features.

CRITERION 4 - SHARING OF SYSTEMS (Category A)

Reactor facilities shall not share systems or components unless it is

shown safety is not impaired by the sharing.

CRTTERION 5 - RECORDS REQUIREMENTS (Category A)

Records of the design, fabrication, and construction of essential com-
ponents of the plant shall be maintained by the reactor operator or under its

control throughout the life of the reactor.

IT, PROTECTION BY MULTIPLE FISSION PRODUCT BARRIERS

CRITERION 6 - REACTOR CORE DESIGN (Category A)

The reactor core shall be designed to function throughout its design

lifetime, without exceeding acceptable fuel damage limits which have been



stipulated and justified. The core design, together with reliable process and
decay heat removal systems, shall provide for this capability under all expected
conditions of normal operation with appropriate margins for uncertainties and
for transient situations which can be anticipated, including the effects of

the loss of power to recirculation pumps, tripping out of a turbine generator
set, isolation of the reactor from its primary heat sink, and loss of all off-

site power,

CRITERION 7 - SUPPRESSION OF POWER OSCILLATIONS (Category B)

The core design, together with reliable controls, shall 2nsure that power
oscillations which could cause damage in excess of acceptable fuel damage

limits are not possible or can be readily suppressed.

CRITERION 8 - OVERALL POWER COEFFICIENT (Category B)

The reactor shall be designed so that the overall power coefficient 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 so
as to have an exceedingly low probability of gross rupture or significant

leakage throughout its design lifetime.

CRITERION 10 - CONTAINMENT (Category A)

Containment shall be pgovided. The containment structure shall be designed
to sustain the initial effects of gross equipment failures, such as a large
coolant boundary break, without loss of required integrity and, together with
other engineered safety features as may be nécesséry, to retain for as long as

the situation requires the functional capability to protect the public.



IIT. 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 controlled. Adequate
radiation protection shall be provided to permit access, even under accident
conditions, to equipment in the control room or other areas as necessary to
shut down and maintain safe control of the facility without radiation exposures
of personnel in excess of 10 CFR z0 limits, It shall be possible to shut the
reactor down and maintain it in a safe condition if access to the control room

is lost due to fire or other cause.

CRITERION 12 - INSTRUMENTATION AND CONTROL SYSTEMS (Category B).

Instrumentation and controls shall be provided as required to monitor and

maintain variables within prescribed operating ranges.

CRITERION 13 - FISSION PROCESS MONITORS AND CONTROLS (Category B)

Means shall be provided for monitoring and maintaiﬁing control over the
finsion process throughout core life and for all conditions that can reasonably
ve anticipated to cause variations in reactivity of the core, such as indica-
tion of position of control rods and concentration of soluble reactivity

control poisons.,

CRITERION 14 - CORE PROTECTION SYSTEMS (Category B)

Core protection systems, together with associated equipment, shall be
designed to act automatically to prevent or to suppress conditions that could

result in exceeding acceptabie fuel damage limits.



CRITERION 15 - ENGINEERED SAFETY FEATURES PROTECTION SYSTEMS (Category B)

Protection systems shall be provided for sensing accident situations and

initiating the operation of necessary engineered safety features.

CRITERION 16 - MONITORING REACTIOR COOLANT PRESSURE BOUNDARY (Category B)

Means shall be provided for monituring the reactor coolant pressure

boundary to detect leakage.

CRITERION 17 - MONITORING R/DIOACTIVITY RELEASES (Category B)

Means shall be provided for monitoring the containment atmosphere, the
facility effluent discharge paths, and the facility environs for radioactivity
that could be released from normal operations, from anticipated transients,

and from accident conditions.

CRITERION 18 - MONITORING FUEL AND WASTE STORAGE {Category B)

Monitoring and alarm instrumentation shall be provided for fuel and waste
storage and handling areas for conditions that might contribute to loss of

continuity in decay heat removal and to radtation exposures.

IV. RELIABILITY AND TESTABILITY OF PROTECTION SYSTEMS )

CRITERION 19 - PROTECTION SYSTEMS RELIABILITY (Category B)

Protection systems shall be designed for high functional reliability and

in-service testability commensurate with the safety functions to be performed,

CRITERION 20 - PROTECTION SYSTEMS REDUNDANCY AND INDEPENDENCE (Category B)

Redundancy and indeperdence designed irto protection systems shall be

sufficient to assure that no single failure or removal from service of any



component or channel of a system will result in loss of the protection function.
The redundancy 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 achieve true independence of redundant instrumentation

components,

CRITERION 21 - SINGLE FAILURE DEFINITION (Category B)

Multiple failures resulting from a single event shall be treated as a

single failure.

CRITERION 22 - SEPARATION OF PROTECTION AND CONTROL INSTRUMENTATION SYSTEMS
(Category B)

Protection systems shall be separated from control instrumentation systems
to the extent that failure or removal from service of any control instrumenta-
tion system cohponent or channel, or of those common to control instrumentation
and protection circuitry, leaves intact a system satisfying all requirements

for the protection channels.

CRITERION 23 - PROTECTION AGAINST MULTIPLE DISABILITY FOR PROTECTION SYSTEMS
(Category B)

The effects of adverse conditions to which redundant channels or protec-
tion systems might be exposed in cormon, either under normal conditions or

those of an accident, shall not result in loss of the protection function.

CRITERION 24 - EMERGENCY POWER FOR PROTECTION SYSTEMS (Category B)

In the event of loss of all offsite power, sufficient alternate sources
cf power shall be provided to permit the required functioning of the protec-

tion systems,



CRITERION 25 - DEMONSTRATION OF FUNCTIONAL OPERABILITY OF PROTECTION SYSTEMS
(Category B)

Means shall be included for testing protection systems while the reactor
is in operation to demonstrate that no failure 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 conditions such as dis-
connection of the system, loss of energy (e.g., electric power, instrument air),
or adverse enviromments (e.g., extreme heat or cold, fire, steam, or water) are

experienced.,

V. REACTIVITY CONTROL

CRITERION 27 - REDUNDANCY OF REACTIVITY CONTROL (Category A)

At least two independent reactivity control systems, preferably of

different principles, shall be provided.

CRITERION 28 - REACTIVITY HOT SHUTDOWN CAPABILITY (Category A)

At least two of -the reactivity control'systems provided shall independently
be capable of making and holding the :zore subcritical from any hot standby or
hot operating condition, inclcding those resulting from power changes, suffi-

ciently fast to prevent exceeding accep:iable fuel damage limits,

CRITERION 29 - REACTIVITY SHUTDOWN CAPABILITY (Category A)

At least one of the reactivity control systems provided shall be capable
of making the core subcritical under any condition (including anticipated

operational transients) sufficiently fast to prevent exceeding acceptable fuel
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damage limits. Shutdown margins greater than the maximum worth of the most

effective control rod when fully withdrawn shall be provided.

CRITERION 30 - REACTIVITY HOLDDOWN CAPABILITY (Category B)

At least one of the reactivity control systems provided shall be capable
of making and holding the core subcritical under any conditions with appropriate

margins for contingencies.

CRITERION 31 - REACTIVITY CONTROL SYSTEMS MALFUNCTION (Category B)

The reactivity control systems shall be capable of sustaining any single
malfunction, such as, unplanned continudus withdrawal (not ejection) of a
control rod, without causing a reactivity transient which could result in

exceeding acceptable fuel damage limits.,

CRITERION 32 - MAXIMUM REACTIVITY WORTH OF CONTROL RODS (Category A)

Limits, which include considerable margin, shall be placed on the maximum
reactivity worth of control rods or elements and on rates at which reactivity
can be increased to ensure that the potential effects of a sudden or large
change of reactivity cannct (a) rupture the reactor coolant pressure boﬁndary
or (b) disrupt the core, i;s Support structures, or other vessel internals

sufficiently to impair the effectiveness of emergency core cooling.

VI. REACTOR COOLANT PRESSURE BOUNDARY

CRITERION 33 - REACTOR COOLANT PRESSURE BOUNDARY CAPABILITY (Category A)

The reactor coolant pressure boundary shall be capable of accohmodating
without rupture, and with only limited allowance for energy absorption through

plastic deformation, the static and dynamic loads imposéd on any boundary



component as a result of any inadvertent and sudden :elease of energy to the
coolant. As a design reference, this sudden release shall be taken as that
which would result from a sudden reactivity insertion such as rod ejection
(unless prevented by positi&e mechanica; means), rod dropout, or cold water

addition.

CRITERION 34 - REACTOR COOLANT PRESSURE BOUNDARY RAPID PROPAGATION FAILURE
PREVENTION (Category A)

The reactor coolant pressure boundary shall be designed to minimize the
probability of rapidly propagating'type failures. Consideration shall be
given (a) to the notch-touéhness properties of materials extending to the
upper shelf of the Charpy transition curve, (b) to the state of stress of
matefials under static and transient loadings, (c¢) to the quality control
specified for materials and component fabrication to limit flaw sizes, and
(d) to the provisions for control over service temperature and irradiation

effects which may require operational restrictions.

CRITERION 35 - REACTOR COOLANT PRESSURE BOUNDARY BRITTLE FRACTURE PREVENTION
(Category A)

Under conditions where reactor cocolant pressure boundary system components
constructed of ferritic materials may be subjected to potential loadings, such
as a reactivity-induced loading, service temperatures shall be at least 120°F
above the nil ductility transition (NDT) temperature of the component material
if the resulting energy release is expected to be absorbed by plastic deforma-
tion or 60°F above the NDT temperature of the component material if the
resulting energy release is expected to be absorbed within the elastic strain

cnergy range.



CRITERION 36 - REACTOR COOLANT PRESSURE BOUNDARY SURVEILLANCE (Category A)

Reactor coolant pressure boundary components shall have provisions for
inspection, testing, and surveillarce by appropriate means to assess the
structural and leaktight integrity of the boundary components during their
service lifetime. For the reactor vessel, a material surveillance program

conforming with ASTM-E-185-66 shall be prouvided.

VII. ENGINEERED SAFETY FEATURES

CRITERION 37 - ENGINEERED SAFETY FEATURES BASIS FOR DESIGN (Category A)

Engineered safety featqres shall be provided in the facility to back up the
safety provided by the core deéign, the reactor coolant pressure boundary, and
their protection systems. As a minimum, such engineered safety fgatures shall
be designed to cope with any size reactor cooiant pressure boundary break up to
and including the circumferential rupture of any p;pe in that boundary assuming

unobstructed discharge from both ends.

CRITERION 38 - RELIABILITY AND TESTABILITY OF ENGINEERED SAFETY FEATURES
(Category A) ‘

All engineered safety features shall be designed to provide high functional
reliability and ready testability. In determining the suitsbility of a facility
for a proposed site, the degree of reliance upon and acceptance of the inherent
and engineered safety afforded by the systems, including engineered safety
features, will be inf luenced by the known and the demonstrated performance
capability and reliability of the systems, ard by the extent 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 ENGINEERED SAFETY FEATURES (Category A)

Alternate power systems shall be provided and designed with adequate
independency, redundancy, capacity, and testability to permit the functioning
required of the engineered safety features. As a minimum, the onsite ﬁbwer
system and the offsite power system shall each, independently, provide this

capacity assuming a failure of a singie active component in each power system.

CRITERION 40 - MISSILE PROTECTION (Category A)

Protection for engineered safetv features shall be provided against

dynamic effects and missiles that might resulc from plant equipment failures.

CRITERION 41 - ENGINEERED SAFETY FEATURES PERFORMANCE CAPABILITY (Category A)

Engineered safety features such as emergency core cooling and containment
heat removal systems shall provide sufficient pertcrmance‘capability to accom-
modate partial loss of instailed capacity and stall fulfill the required safety
function. As a minimum, each engineered safety feature shall provide this

required safety function assuming a failure of a single active component.

CRITERION 42 - ENGINEERED SAFETY FEATURES COMPONENTS CAPABILITY (Category A)

Engineered safety features shall be designed so that the capabillty of
each component and system to perform its required function is not impaired by

the-effects of a loss-of-coolant accident.

CRITERION 43 - ACCIDENT AGGRAVATION PREVENTION (Category A)

. Engineered safety features shall be designed so that any action of the
engineered safety features which might atcentuste the adverse after-effects

of the loss of normal cooling is &avoided.



CRITERION 44 - EMERGENCY CORE COOLING SYSTEMS CAPABILITY (Category A)

At least two emergency core cooling systems, preferably of different design
principles, each with a capability for accomplishing abundant emergency core
coolfng, shall be provided. Each emergency core cooling system and the core
shall be designed tﬁ prevent fuel and clad damage that would interfere with the
emergency core cooling function and to limit the clad metal-water reaction to
negligible’amounts for all siies of breaks in the reactor coolant pressure
boundary, including the double-ended rupture of the largest pipe. The perform-
ance of each emergency core cooling system shall be evaluated conservatively in
each area of uncertainty. The sysiems shall not share active components and
shall noc'shafe other feature# or components unless it can be demonstrated that
(a) the capability of the shared feature or component to perform its required
function can be readily ascextaired during resztor operation, (b) failure of
the shaied feature or component doas not initlate a loss-of-ccolant aécident,
and (c) capability of the shared feature or component to perform its required
function is not impaired by the effects df a loss.of-coolant accident and is
not lost during the entire period this function is required Eollowing.the

accident,

CRITERION 45 - INSPECTION OF EMERGENCY CORE COOLING SYSTEMS (Category A)

Design provisions shall be made tc facilitate physical inspection of all
critical parts of the emergency core tooling systems, including reactor vessel

- internals and water injection nozzles.



CRITERION 46 - TESTING OF EMERGENCY CORE .COOLING SYSTEMS COMPONENTS (Category A)

Design provisions shall be made so that active components of the emergency
core cooling systems, such as pumps and valves, can be tested periodically for

operability and required functional performance.

CRITERION 47 - TESTING OF EMERGENCY CORE COOLING SYSTEMS (Category A)

A capability shall be provided to test periodically the delivery capability
of the emergency core cooling systems at a location as close to the core as is

practical.

CRITERION 48 - TESTING OF OPERATIONAL SEQUENCE OF EMERGENCY CORE COOLING
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 emergency core

cooling systems into action, including the transfer to alternate power sources.

CRITERION 49 - CONTAINMENT DESIGN BASIS (Category A)

The containment structure, including access openings and penetrations, and
any necessary containment heat removal systems shall be designed so that the
conta;nment structure can accommodate without exceeding the design leakage rate
the pressures and temperatures resulting from the largest credible energy
release following a loss-of-coolant accident, including a considerable 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 CONTAINMENT MATERIAL (Category A)

Principal load carrying components of ferritic materials exposed to the

external environment shall be selected so that their temperatures under normal



operating and testing conditions are not less than 30°F above nil ductility

transition (NDT) temperature.

CRITERION 51 - REACTOR- COOLANT- PRESSURE BOﬁNDARY OUTSIDE CONTAINMENT
(Category A) : : '

If part of the reactor coolanﬁ pressufe boundary is outside the contaimment,
appropriate features éé necessary shall be~§rovided to protect the health and
safety of the public in case of an accidental'rupture in that part. Determina-
tion of the appropriateﬁess of features such as isolation valves and additional
containment shall include consideration of the envirommental and population

conditions  surrounding the site.

CRITERION 52 - CONTAINMENT HEAT REMOVAL SYSTEMS (Category A)

Where active heat removal systems are needed under accident conditions to .

prevent exceeding containment 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 require closure for the containment function shall be

protected by redundant valvihg and associated apparatus,

CRITERION 54 - 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
penetrations and the leakage rate measured over a sufficient period of time to

verify its conformance with required performance.



CRITERION 55 - CONTAINMENT PERIODIC LEAKAGE RATE TESTING (Category A)

The containment shall be designed so that integrated leakage rate testing

can be done periodically at design pressure during plant lifetime.

CRITERION 56 - -PROVISIONS -FOR TESTING OF: PENETRATIONS (Category A)

Provisions shall be made for testing penetrations which have resilient
seals or expansion bellows to permit leaktightness to be demonstrated at

design pressure at any time,

CRITERION 57 - PROVISIONS FOR TESTING OF ISOLATION VALVES (Category A)
Capability sh;11 be provided for ﬁesting functional opefability of valves

and associated apparatus essentiai to the containment function for establishing

that no failure has occurfed'and for determining that valve leakage does not

exceed acceptable limits.,

CRITERION 58 - INSPECTION OF CONTAINMENT PRESSURE-REDUCING SYSTEMS-(Category A)

Design provisions shall be made to facilitate the periodic physical
inspection of all important components of the containment pressure-reducing

systems, such as, pumps, valves, spray nozzles, torus, and sumps.

CRITERION 59 - TESTING OF CONTAINMENT PRESSURE-REDUCING SYSTEMS COMPONENTS
(Category A)

The containment pressure-reducing systems shall be designed so that active
components, such as pumps.and valves, can be tested periodically for operability

and required functional performance.

CRITERION 60 - TESTING OF CONTAINMENT SPRAY SYSTEMS (Category A)

A capability shall be provided to test periodically the delivery capa-

bility of the containment spray system at a position as close to the spray



nozzles as is practical.

CRITERION 61 - TESTING OF OPERATIONAL SEQUENCE OF CONTAINMENT PRESSURE~-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 contain-
ment pressure-rgducing systems into action, including the transfer to alternate

power sources.

CRITERION-62 - INSPECTION OF: AIR CLEANUP SYSTEMS (Category A)
‘Design-provlsions 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 SYSTEMS COMPONENTS (Category A)

Design provisions shall be made so that active components of the air
cleanup systems, such as fans and dampers, can be tested periodically for

operability and required functional performance.

CRITERION 64 - TESTING OF ATR CLEANUP SYSTEMS (Category A)

A capability shall be provided for in situ periodic testing and surveil-
lance of the air cleanup systems to ensure (a) filter bypass paths have not
deQeloped and (b) filter and trapping materials have not deteriorated beyond

acceptable limits,

CRITERION 65 - TESTING OF OPERATIONAL SEQUENCE OF AIR CLEANUP SYSTIMS
(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 action, including 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 geométrically 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 prevent damage
to the fuel in storage facilities that could result in radiocactivity release

to plant operating areas or the public environs.

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 requirements

of 10 CFR 20,

CRITERION 69 - 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 70 -~ CONTROL OF'REiEASES OF RADIOACTIVITY TO THE ENVIRONMENT
(Category B) . '

The facility design shall include those means necessary to maintain control
over the plant radiocactive éffluents, whether gaseous, liquid, or solid. Appro-
pfiéte holdup capacity shali be provided for retention of gaseous, liquid, or
solid effluents, particularly where unfavorabie environmental conditions can be
expected to require operational limitations upon the release of radioactive
effluents to the-environment; In all cases, the design for radiocactivity
control shall be justified (a) on the basis of 10 CFR 20 requirements for
normal operations and forAany‘transient situation that might reasonably be
anticipated to occur and (b) on the basis' of 10 CFR 100 dosage level guide-
lines for potential reactor accidents of exceedingly low probability of
occurrence except that reductioﬁ of the recommended dosage levels may be
requi red where high pophlation densities or very large cities can be affected

by the radioactive effluents.,
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DRAFT LETTER 16 JOINT COMMITTEE ON ATOMIC ENERGY

1. Enclosed for the information of the Joint Committee on Atomic
Energy !s a Notice of Proposed Rule Making which would add to the proposed
amendments to the Commission's tegulations 10 CFR Part 50, "Licensinrg of

Production and Utilization Facilities," which were published in the

Federal Register for comment on August 16, 1966. This amendment would add
a new Appendix A to Part 50."General Design Criteria for Nuclear Power
Plant Construction Permits"™ to as:ist in the preparation of applications’

for construction permits for nuclear power plants.

2. ‘he pruposed chang? implemencs onv of the key recommendations of
the Regulatory Re~tew Pancl in which the Panul expressed the need for
criteria to be usea at the construction permit stage. As you know, work
had been in progress on criteria development at the time of the Panel‘s
recommendation. This effort was accelerated and led to the issuancé of
preliminary proposed criteria for public comment in Préss Release H-252
dated November 22,'1965. The Géneral Design Critegla included in the
enclosed proposed amendment reflect comments and sdggestlons on the
preliminary criteria recéived from industry, divisions within the Commission,

the Advisory Committee on Reactor Shfeguardn, and the puwblic.

3. The proposed criteria are intended to be used as guidance to an
applicant in establishing the principal design criteria for a nuclear power
plant as contemplated.by‘the previously published revisions to Part 50.

The framework within which the criteria are presented provides hufficlent-
flexibility for applicants to establish design requirements using alternate

and/or additional criteria so leng as safety can be assured. In particular,



additional criteria will be needed for unusual sites énd environmental condi-
tions and for new or advanced types of reactors. In every case, however, the
applicant will be required to identify its principal design criteria and pro-
vide assurance that they encompass all those facility design features required

in the interest of public health and safety.

4. The provisions of the proposed amendments relating to the General
Design Criteria are expected to be useful as interim guidance until such time

as the Commission takes further action on them.

5. The notice of proposed rule making‘has been transmitted to the Office

of the Federal Register for publication. Sixty days for public comment' are

provided. Enclosed also is a copy of an announcement we plan to issue in the

next few days on this matter.



APPENDIX "D"

DRAFT PUBLIC ANNOUNCEMENT

AEC PUBLISHES GENERAL DESIGN CRITERIA
FOR NUCLEAR POWER PLANT CONSTRUCTION PERMITS

The AEC is publishing fpr'public comment a revised set of proposed General
Design Criteria which have been developed to assist in the preparation of appli-

cations for nuclear power plant construction permits.

In November 1965, the AEC issued an announcement requesting comments on
General Design Criteria developed by its regulatory staff. These criteria were
statements of design principles and objectives which have evolved over the years

in licensing'nuclear power plants by the AEC.

It was recognized at the time the criteria were first issued for comment
that further efforts were needed to develop them more full&. The revision
being published today refleéts comments received following the 1965 announce=-
ment, suggestions made at meetings with the Atomic Industrial Forum,.and review

within the AEC.

The regulatory staff has worked closely with the Commission's Advisory
Committee on Reactor Safeguards on the development of the criteria and the

revision of the proposed criteria reflects ACRS review and comment.

The General Design Criteria reflect the predominating experience to date
with water reactors, but they are considered to be generally applicable to all
power reactors. The proposed criteria are intended to be used as guidanée to
an applicant in establishing the principal design criteria for a nuclear power

nlant. he framework within which the criteria are presented provides suffi-

LR N



In November 1965, the AEC issued an announcement requesting comments on
General Design Criteria developed by its regulatory staff. These criteria were
statements of design principles and objectives which have evolved over the years

in licensing nuclear power plants by the AEC.

It was recognized at the time the criteria were fifst issued for comment
that further efforts were needed to develop them more full&. The revision
being published today reflects comments received following the 1965 announce-
ment, suggestions made at mgetings with the Atomic Industrial Forum,'and review

within the AEC.

The regulatory staff has worked closely with the Commission's Advisory
Committee on Reactor Safeguards on the.development of the criteria and the

revision of the proposed criteria reflects ACRS review and comment.

The General Design Criteria reflect the predominating experience to date
wifh water reactors, but they are considered to be generally applicable to all
power reactors. The proposed criteria are intended to be used as guidanée to
an applicant in establishing tbe‘princiﬁal design criteria for a nuclear power
plant. The framework within which the cfiteria are presented p;ovides suffi-
cient flexibility for applicants to establish design requirements using
alternate and/or additionaf criteria so long as safety can be assured. In
particular, additional criteria will be needed fof unusual sites andlenviron-

mental conditions and for new or advanced types of reactors. In every case,
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however, the applicant will be required to identify its principal design
criteria and provide assurance that they encompass all those facility design

features required in the interest of public health and safety.

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 categorized as Category A or
Category B. Experience has shown that more definitive information is needed
at the construction permit stage for the items listed in Category A than for

Category B.

Develépment of -these criteria is part of a longer-range Commission program
to develop criteria, standards, ana codes for nuclear reactor plants. This
includes codes and standards that industry 1s developing with AEC partiéipaticn.
The ultimate goal is the evolution of industry codes and standards based on
accumulated knowledge and ekperience as has occurred in’various fields of

&

engineering and construction.

The provisions of the proposed amendment relating to General Design
" Criteria are expected to be useful as interim guidance until such time as the

Commission takes further action on them.

The Proposed criteria, which would become Appendix A to ‘Part 50 of the

AEC's regulations, will be publislhed in the Federal Register on .
Interested persons may submit written comments or suggestions to the - retary,
U. S. Atomic Energy Commission, Washington, D.C., 20545; within 60 days. A
copy of the proposed "General Design Criteria for Nuclear Power Plant Con- ‘-

struction Permits® is attached,
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+ General_Design Criteria for Nuclear

_Power Plant Consiruction P‘ils

‘The Atomic Energy Comissio 5 uUne
ser consideration an amendment to its
regulation, 10 CFR Part 50, “Licensing of
Production and Utllization Fncilitics,”
which would add an Appendix A, “Gen-
eral Design Criteria for Nuclear Power

Plant Construction Permits.”* The pur-
pose of the proposed amendment would
be to provide guldance to applicants in
developing the principal design criteria
to be included in applications for Com-
mission oonstruction permits. These
General Design Criterla would not add
any new requirements, but are intended
to describe more clearly present Com-
mission requirements to assist applicants
in preparing applications.

The proposed amendment would come
plement other proposed amendments to
Part 50 which were published for public
comment in the FIpEraL RECISTEZR On
August 16, 1966 (31 F.R. 10891).

The proposed amendments to Part 50
reflect & recommendation made by &
seven-member Repulatory Review Panel,
appointed by the Commission to study:
(1) The programs and procedures for
the licensing angd 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
proceeding, 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
Bafeguards 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,

Bection 50.34, paragraph (b), as pub-
lished for comment in the FEDERAL REG-
1sTER On August 16, 1966, would require
that each application for a construction
permit include s preliminary safety
analysis report. The minimum informa-
tion to be included in this preliminary
safety analysis report is (1) s descrip-
tion and safety assessment of the site,
(2) 2 summary description of the facll-
ity, (3) a preliminary design of the
facllity, (4) a preliminary safety analysis
and evaluation of the facllity, (§) an
identification of subjects expected to be
technical specifications, and (6) & pre-
iminary plan for the organization,
training, and operation. The following
information is specified for inclusion as
part of the preliminary design of the
facility: .

(1) The principal design criteria for
the facllity:

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

(111) Information relative to materials
of construction, general arrangement
and approximate dimensions, sufficient

VInaamuch a3 the Commission bas under
eonsideration other amendments to 10 CTR
Part 60 (31 P.R. 10801), the amendment pro-
possd hereln would be a further revision ¢o
Part 80 previowsly publiahed for comment
tn the Proraat RecisTeR.

R tlE R e s Y AR

32 FR 10213
Published 7/11/67
Comment period

expires 9/9/67

to provide reasonable assurance that the
final deslgn will conforin 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 eriteria 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 detalled
design and construction of the facllity
or that changes in such criterla have
been justified.

Section 50.34 as published in the Fro-
ERAL REGISTER O August 16, 1966, would
be further amended by adding to Part 50
a new Appendix A containing the Gen-
era]l Design Criteria applicable to the
construction of nuclear power plants
and by & specific reference to this
Appendix tn § 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 1948, 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, US.
Atomic Energy Commission, Washing-

ton, D.C. 20545, within 60 days after
publication of this notice in the Feozraar
RecisTER. Comments recelved after that
period will be considered if it is prac-
ticable to do so, but assurance of con-
sideration cannot be given except as
to comments filed within the period
specified. Coples of comments may be
examined in the Commission's Publie
Document Room at 1717 H Street NW,
Washington, D.C.

1. Bection 50.34(b)(3)(}) of 10 CFR
Part 50 is amended to read as follows:

§ 50.34 Contents of applications: teele
nical information safety analyeis ve.
port.* .

[ d * L] * L3

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

- [ ] [ ] [ ] [ ]

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

() The principal design criteris for
the facllity. Appendix A, *General Design
Criteria for Nuclear Power Plant Con-
struction Permits,” provides guicdance
for establishing the principal desizn
criteria for nuclear power plants.

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

sInasmuch as the Commision has under
consideration other amendments to § 5034
(31 FR. 10891). the amendment proposed
Derein would be a further revision of § 5034
(b) (3) (1) previously published for canment
in the Frorzal RICISTER.
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sInasmuch as the Commission has under consideration otber amendments to 10 CFR Part
80 (31 P.R. 10851), the amendment proposed berein would be & further revision t0 Part 80
previously published for comment in the FIpreAl REGISTER.

Introduction. Every applicant for s con-
struction perm!t 1s required by the provisions
of §5034 to include the principal design
criteris for the proposed facility in the ap-
plication. These General Design Criteria are
intended to be used as guidance in estab-
Hahing the principal design critesia for &
nuclear power plant. The Genersl Design
Criteris refiect the predominsting experience
with water power vesclors as designed and
Jocated to date, but thelr applicabdliity is
not limited to these reactors. They are con-
sldered generally applicable to all power
Teactors.

Under the Commission’s regulations, an
applicant must provide assurance that ita
principal deeign criteria encompass all those
facllity design features required in the in-
terest of public health and sefety. ‘There
reactor cosese for which
fulfillment of some of the General Dealgn
Criteris may Dot be Decessary or sppropriate.
nuoﬂnboathermmvmd:mm
ariteria are insuMcient, and additional crie-
teria must be $dentified and satisfied DY

4he dealgn in the interest of public safety.
It i expected that additional criteria will
be needed particularly for unusual sites and
environmental conditions, and for new and
edvanoced types of reactors. Within thia cone
text, the General Design Criteria ahould be
used as & reference allowing additions or
deletions as an individual case may warrant,
De from the General Design Cri-
teria should be fustified.

The criteria are designated as “General
Design Criterta for Nuclear Power Plant Con«
struction Permits” 10 empbasize the key role
they sssume at this stage of the lloensing
process. The criteris have been categorized
as Category A or Category B, Experience has
shown that more definitive information is
needad at the construction permit stage for
the items listed in Category A than for those
in Category B.

1. OvEnLL PLANT REQUIREMENTS

Criterion 1—Quality Standards (Calegory
A). Those systems and components of reac-
tor facilities which are essential to the pre-

~

vention of accldents which could afect the
public health and safety or to mitigation of
théir consequences shall be identified ang
then designed. fobricated, and erected W
quality standards that refiect the imporiance
of the safety function to be performed.
Where generally recognized codes or stand.
ards on design, materials, fabrication, ard
inspection are used, they shall be identified.
Where adherence to such codes or standards
does Dot suffice to assure a guality product
in kecping with the safety function, they
shall be supplemented o7 modified as neces-
sary. Quality assurance programs, test proce-
dures, and inspection acceptance levels to
be used shall be identified. A showing ©f
sufficiency and spplicabliity of codes. stand-
ards, quality assurance programs, test proce-
dures, and inspection scceptance levels used
is required.

Criterion 2—Performance Standards (Cate-
gory 4). Those aystems and compoxnents of
reactor facilities which are essential w0 ke
prevention of accldents which could afiect
the public heaith and safety or to mitiga-
tion of their consequences shall be designed.
fabricated, and erected to OrmArce
standards that will enable the facllity
withstand, without loss of the capabtilcy
to protect the public, the additional forces
thst might be imposed by natural phenom-
eng such ss earthquakes, tornadoss, food-
ing conditions, winds, ice, and other local
gite effects. The design dases &0 estadbiisted
sball refiect: (a) Appropriate consideratica
of the most severe of these natural phenotn-
ens that bave been recorded for ibe e
and the surrounding area and (b) B 8p~-
propriste margin for withstanding forces
gresater than those recorded to refiect un-
oertainties about the historical data azd
thelr sultability ss a basis for design. A

Criterion 3—Fire Protection (Catego’y 4.
The reactor facility ahall be desigzed {3 0
minimize the probability of events such as
fires and explosions and (2) to minimize tte
potential effects of such events to safets.
Noncombustible and fire resistant materiss
ahall be used whenever practical througkous
the facility, particularly in areas contane
ing critical partions of the facility such as-
eontainment, control room. and COmMPOnEns
of engineered safety features.

Criterion é—Sharing of Systems (Categoy ~
4). Reactor facilities sball not share 613~
tems Or componenta unless it is shown salee
ty is not tmpaired by the sbaring.

Criterion S—~Records Requirements {Cale-
gory 4). Records of the design, {sbrication.
and construction of essential components o
ibe plant shall be maintained by the reecior
operstor or under it ocontrol throughout <=
1ife of the reactor. :

II. ProTICTION 3Y MULTIFLT FIssoN Prod-~
TCT BARKIERS

Criterion 8—Reoctor. Core Design {(Cste-
4). The reactor core shall be desigzed
to function throughbout its design hieu=e.
without exceeding scceptable fuel damage
1imits which have been stipulsted and jusSe
fied. The cors design, together with reliadie
rocess and decay heat removal $ysisins
ahall provide for this capabllity under sli ex-
pected conditions of pormal operstioh Wi
appropriste margins for unceriainties &3d
for transient situations which cab be a=u-
cipated, including the effecta of the loss &f
er to recircuiation pumps, Wipping o
of a turbine generantor set. isolation oOf t=e
reactor from its pPrimary hest sink, and o=
of all offsite power, - -
Criterion 7-=Supression of Power Ol
tions (Category B). The core design. togtdes
with reliable controls, sball ensure 58t
power osciliations which ocould causs dan-
age in excess oY sceoptabie
limita are Dot possible of cad

suppressed.
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Criterion 8-Oversll Power Coeficient
<Cotegory B). The reactor sball be designed
a0 that the overall power cooflicient In the
power operating range shall not be positive,

Criterion $—Reactor Coolant Pressure
Boundary (Category Ay, The.reactor coolant
presoure boundary aball be dosjgned and
constructed 80 a8 to bave an exceedingly low
probabiiity of gross rupture or significant
Jeakage throughout its design Lifetime.

Criterion 10—Contsinment (Category A).
Contalnment shall be provided. The con-
tainment structure shall be designed to sus-
taln the Initial effects of gross equipment
fallures, such a8 & large coolant boundary
break, witbout loss of required integrity and,
together with other engineered safety fea-
tures as may be necessary, to retain for as
jong as the situation requires the tunctional
capabllity to protect the public.

III. NUCLEAR AND RADIATION CONTROLS

Criterion 11—Control Room (Category B.
The facility sball be provided with a control
yoom from which sctions to maintain safe
operational status of the plant can be con-
trolled. Adequate radistion protection shall
be provided to permit access, even under &ce
cident conditions, to equipment in the con-
trol room of other areas as necessary to shut
down and maintain safe control of the factli-
ity without radiation exposures of personnel
{5 excess of 10 CFR 20 limits. It shall be pos-
sible to shut the reactor down and maine
tain it in s safe condition if sccess to the
control room 1s 165t due to fire or other cause.

Criterion 12—Instrumentation snd Con-
trol Systems (Category B). Instrumentstion
and controls shall be provided as required to
monitor and maintain variables within pre-
scribed opersting ranges.

Criterion 13—Fission Process Monitors end
Controls (Category B). Means shall be pro-
vlded for monitoring sand maintaining oone
trol over the fsslon process throughout core
life and for all conditions that can reason-
ably be anticipated to csuse varistions in re-
activity of the core, such as indication of
position of control rods and concentration of
soluble reactivity control poisons.

- Oriterion 14—Core Protection Systems
(Category B). Core protection systems, to-
gether with associated equipment, shall be
designed to sct automatically w0 prevent or
to suppress conditions- that oould result in
exceeding acceptable fuel damage iimits.

Criterion 15—Engineered Sofety Feotures
Protection Systems (Cotegory B). Protection
systems sball be provided for sensing acci-
dent situstions and initiating the operation
of necessary engineered safety features.

Criterion 16—Monitoring Reactor Coolant
Pressure Boundary (Category B). Means shall
be provided for monitoring the reactor ©o0le
ant pressure boundary to detect leakage.

Criterion 17—Monitoring Readioactivity
Releases (Category B). Means ahall be pro-
wided for monitoring the containment at-
moephere, the facllity efiuent discbarge
paths, and the facility environs for radio-
activity that could be released from normal
operations, from anticipated transients. and
from accident conditions.

Criterion 18—Monitoring Fuel and Waste
Storape (Category B). Monitering and
alarm instrumentation shall be provided for
fuel and waste storage and bandling areas for
eonditions that might ocontribute to loes of
continuity in decay heat removal and to
redistion exposures. *

IV. REUARLITY AND TESTABLITY OF
PaoTaCTION BISTEMS

Criterion 19—Protection Systems Reliadil-
ity (Coterpory B). Protection systems aball
be designed for high functional reliability
and Ln-eervice teatablilty commensurate with
the safety functians to be pertormed.

Criterion 20——Protection Systems Re-
dundancy end Independence {Category B).
Redundancy and independonce designed into
protection systems shall be suficlent t0 as-
sure that no stngie fellure of removal from
service of any componsnt or channel of &
system will result in joss of the protection
function. Ths .redundancy provided shall
include, as & minimum, two channels of
protection for each protection function to be
served. Different principles shall be used
where necessary to schieve true independ-
ence of redundant instrumentation oom-
ponents. :

Criterion 21—Single Feailure Definition
(Category B). Multiple fallures resulting
from a single event shall be treated 83 &
single failure.

Criterion 22—Separation of Protection end
Control Instrumentaiton Systems (Category
B). Protection systems shall be separated
from control instrumentation systems to the
extent that fajlure or removal from service
of any control tnatrumentation system
component or channe], or of those common
to control tnstrumentation and protection
eircultry, leaves intact & system satisfying
all requirements for the protection channels.

Criterion 23--Protection Against Multiple
Disadility jor Protection Systems (Category
B). The effects of adverse conditions to which
redundsnt channels or protection systems
might be exposed in common, either under
pormal conditions or those of an accident,
shall not result in loss of the protection
function.

Criterion 24—Emerpency Power for Pro-
tection Systems (Category B).1In the svent of
losa ©f all ofisite power, sufiicient alternste
sources of power shail be provided to permit
the required functioning of the protection
systems.

Criterion 25-—Demonstration of Punctional
Operabdility of Protection Systems (Category
B). Means shall be tncluded for testing pro-
tection systems while the reactor is in Opera-
tion to demonstrate that no fatlure or joas
of redundancy has occurred. -

Criterion 26—Protection Systema Fail-Safe
Design (Category B). The protection systems
aball be designed to fall tnto s safe state Of
into & state established a3 tolerable 02 &
defined basis if conditions such as discone
pection of the system, loss of energy (¢g-
electric power, instrument air), or adverse
environments {(eg.. extreme heat or ‘cold,
fire, steam, OF Water) are sxperienced.

V. ReACTIVITY CONTROL

Criterion 27—Redundancy of Reactivity
Control (Category 4). At least two independ-
ent reactivity control systemas, preferably of
different principles, shall be provided.

Criterion 28—Reactivity Kot Shutdown Ca-

bility (Category 4). At least two of the
reactivity control systema provided shall ine
dependently be capable of making and hold«
ing the core subcritical from any hot standby
or bot opersting condition, including thoss
resulting from power changes, sufclenuly
fast to prevent exceeding scceptadle fusl
damage limits.

Criterion 25—Reactivity Shutdoun Cepa-

pable of making the core subcritical under
any condition {including anticipated opers-
tiona] transients) suficiently fast to prevent
exceeding scceptable fuel damage lmits.
Shutdown margins grester tban the maxle
mum worth of the most efective oontrol rod
when fully withdrawn shall be provided.
Criterion 30—Reactivity Holddown Capae
pility (Cotegory B). At least one Of the reace
tivity control systems provided eball be
capabie of making and holding the core sub-
critical under any conditions with appropei-
ate margins for contingenciss, s .

Criterfon 31—Reactivity Control Systems
Malfunction (Category B). The reactivity
control systems shsll be capable of sustain-
ing any single malfunction, such #aa, un-
plsnned oontinuous withdrawal (not ejece
tion) of s control rod, without causing &
reactivity transient which ocould result in
exceeding acceptable fuel damage lmits.

Criterion 32—Mazimum Reactivity Worth
of Control Rods (Catcgory 4). Limits, which
fnclude considerable margin, shall Dbe placed
on the maximum 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 (8) rupture the reactor
coolant pressure boundary or (b) disTupt the
ocore, it support structures, or other vessel
internals sufciently 10 impalr the efective-
ness ©f emergency oors cooling.

V1. RzacTOR COOLANT PRESSURE BOUNDARY

Criterion 33—Reactor Coolant Pressure
Boundary Capabdility (Category A4). The re-
actor eoolant pressure boundary shall be
capable of scoommodating without rupture,
and with only limited allowance for energy
sbsorption through plastic deformation, the
static and
boundsry component as 8 result of acy ip-
sdvertent and sudden release Of
the coolant. As & design reference, this sud-
den release shall be taken ss that which
would result from a sudden reactivity inser-
tion such as rod ejection (unless prevented

positive mechanical means), rod dropout,
or cold water addition.

Criterion 3é—Reactor Coolant Pressure
Boundary Rapid Propagation Failure Preven-
tion (Cutegory A). The reactor coclant pres-
sure boundary shall be designed to minimize
the probability of rapidly propagating type
fallures. Consideration shall be given (a) 0
the motch-toughness properties of materials
extending to the upper shelf of the Charpy
transition curve, (b) to the state of siress Of
materials under static and transient load-
ings, (c) to the quality control specified for
materials and component fabrication to limit
flaw gizes, and (d) to the provizions for con-
170l over service temperature and {rradistion
affocts which may require operational
restrictions.

Criterion 35—Resctor Coolant Pressure
Boundary Brittle Fracture Prevention (Cate~
gory 4). Under copditions where Teactor cool-
ant pressure boundary syetem ©OmMpONEDLs
eonstructed of ferritic materials may be sub-
jected to potential loadings, such a5 & Te-
activity-induced loadling. service tempera-
tures shall be at least 120° F. above the nil
ductility transition (NDT) temperature of
ths component material if the resulting
energy release s expected t0 be absorbed DY
plastic deformation or €0° P. above the NDT
temperature of the component material if
the resulting energy Telease ls expected to be
sbecrbed within the elastic strain energy

range.

Criterion 36—Reactor Coolant Pressure
Boundary Surveillance (Category A). Reactor
coolant pressure boundary components shall
have provisions for inspection, testing, and
survelllance by sppropriate means t0 azses
the structural and leaktight integrity of the
boundary components during their service
lifetime. For the reactor vessel, s maserial
survelliance program conforming with
ASTM-E-185-66 shall be provided.

VII. ENCINEXRED SAFETY PRATURES

., Criterion 37—Engineered Sofety Features
Basts for Design (Category A). Engineered
safety features ahall be provided in the fa-
cility to back up the safety provided by the
cors design, the resctor coolant pressurs
boundary, and thelr protection syalams. As
s minimum, such enginesred safely features
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ehall be designed to cope with any size re-
sctor coolant pressure boundary break up to
and including the circumferentisl rupture of
any pipe in that boundary assuming unob-
structed discharge from both ends.

Criterion 38—Reliadility end Testadllity of
Engineered Safety Features (Category A). All
engipeered safety features shall be designed
to provide high fupctionsl reliabllity and
ready testability. In determining the suilt-
ability of & facllity for s proposed site, the
degree of reliance upon and acceptance of
the inherent and engineered safety afforded
by the systems, including engineered safety
features, will be infiuenced by the known and
the demonstrated performance capability and
zeliabllity of the systems, and by the extent
to which the operabllity of such systems can
De tested and inspected where appropriate
during the life of the plant.

Criterion 39—Emergency Power for Engi-
.meered Safety Features {(Category A). Alter-
nate power systems shall be provided and
designed with adequate independency, Te-
dupndancy, capacity, and testability to permit
the functioning required of the engineered
safety features. As 3 minimum, the onsite
power system and the offsite power system
shall each, independently, provide this ca-
pacity assuming & fallure of a single active
component in each power system.

Criterion 40—Missile Protection (Category
A). Protection for engineered safety features
shall be provided against dynamic effects and

. moisstles that might result from plant equip-
ment fallures.

Criterion ¢1—Engineered Safety Features
Performance Copabdility (Category A). Engl-
neered safety features such as emergency
eore cooling and contalnment beat removal
systems shall provide sufficient performance
capability to sccommodate partial loss of
{nstalied capscity and still fulfill the re-
quired safety function. Az & minimum, eech
engineered safety feature shall provide this
required safety function sssuming & fallure
©f a single active component.

Criterion 42--Engineered Scfety Features
Components Capability (Category A). Engl-
peered safety features shall be designed so
that the capability of each component and
system to perform its required function is
pot impatred by the efects of & Joss-0f-cool-
ant accident.

Criterion 43—Accident Aggravation Pre-
vention (Category 4). Englneered salety fea-
tures shall be designed sc that any sction of
the engineered safety features which might
scceptuste the adverse after-effects of the
joet of normal cooling is avoided.

Criterion ¢é—Emergency Core Cooling Sys-
tems Capability (Category A4). At least two
emergency oore cooling systems, preferably
©of different deaign principles, each with &
capebility for acoomplishing abundant emer-
gency core cooling, shall be provided. Each
emergency core cooling system and the core
shal]l be designed to prevent fuel and clad
damage that would interfere with the emer-
gency core cooling function and to lmit the
elad metal-water reaction to negligible
amounts for all sizes of breaks in the reactor
eoolsnt pressure boundary, including the
double-ended rupture of the largest pipe.
The performance of each €IETEEDCY oo
oooling system shall be evaluated conserva-
tively {n each ares Of uncertainty. The sys-
tems shall not share active components and
- ghall pot share other features Or components
unlees it can be demonsirated that (s) the
€apebility 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 of
component does not initiate a 1083 -01-coo0lant
accident, and (¢) capability of the shared
feature or component to perform its required
funstion 1s pot impaired by the eflects of &
1088-0f-coolant accident snd i3 Bot lost dur

uT

ing the entire period this function is re-
qired following the accident. B
Criterion 4&5—Inspection of Emergency
Core Cooling Systems (Cotegory A). Design
provisions shall be made 1o facilitate physical
inspection of ali critical parts of the emere
gency core coaling systems, including reactor
wvessel internals and water injection nozzles,
Criterion 46—Testing of Emergency Core

Cooling Systems Components (Category A).

Design provisions shall be made s0o that
active components of the emergency oore
cooling systems, such as pumpe and valves,
oan be tested periodically for operability and
required functional performance.

Criterion 47—Testing of Emergency Core
Cooling Systems (Category 4). A capabllity
shall dbe provided to test periodically the
delivery capability of the emergency core
oooling systems st & location as close to the
core as is practical.

Criterion 48—Testing of Operationsl Se-
quence of Emergency Core Cooling Systems
(Category A4). A capability shall be provided
to test under conditions as close to design
as practical the full operational sequence
that would bring the ezmergency core cooling
systeu Into action, including the tranafer
10 alternate power sources.

Criterion €5—Containment Design Basis
(Category 4). The containment structure,
including access openings and penetrations,
and any necessary containment heat removsl
eystems shall be designed so that the con-
tainment structure can sccommodate with-
out exceeding the design leakage rate the
pressures and temperatures resulting from
the largest credible energy release following
a loss-of-coolant accident, including & cone-
siderable margin for effects from metal-water
or other chemical reactions thet could oocur
as 8 consequence of fallure of emergency
oore cooling systems.

Criterion 50—NDT Requirement for Con-
tainment Material (Category 4). Principal
load carrying components of ferritic ma-
terials exposed to the external environment
shall be selected 80 that their temperatures
under normal operating and oopdi-
tions are pot less than 30° P. above nil duc-
tility transition (NDT) tempersture.

Criterion 5l--Regctor Coolant Pressure
Boundary Outside Containment (Category
A). If part of the reactor coolant pressure
boundary is outside the contsinment, appro-
priate features as necessary shall de provided
to protect the health and safety of the public
in case of an accidental rupture in that part.
Determination of the appropriateness of fea«
tures such as isolation valves and additional

_eontainment shall include consideration of

the environmental and population conditions
surrounding the site.

Criterion §2—Contoinment Heat Removal Mm!
Systems (Category 4). Where active heat re-

moval systems are needed under accident
conditions t0 prevent exceeding contaln.
ment desigp pressure, at least two systems,
preferadbly of different principles, each with
full eapacity, shall be provided. :

Criterion  §3—Containment  Isolation
Valves (Category A). Penetrations that re-
quire closure for the containment function
ahall be protected by redundant valving and
associated apparstus,

Criterion S¢—Containment Leakage Rate
Testing (Category 4). Containment shall be
designed s0 that an integrated loakage rate
testing can be conducted at design pressure
after compietion and installstion of all pene-
trations and the Jeaksge rate measured over
a sufficient period of timse to verify its con-
formapce with required performance.

Criterion §5—Containment Periodic Leak-
age Rate Testing (Category 4). The contaln-
ment shall be designed 8o that integrated
Jeskage rate testing can be done periodically
at design pressure during plant lifetime,

Criterion S§6—Provisiona for Tesiing of
Penetrations (Cotegory A). Provisions shall

1ZATION FACILITIES
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be made for testing penetrations which have
resilient seals or expansion bellows to perm.it
jeak tightness to be demonstirated at design
pressure at any time.

Criterion §7—Provisions jor Testing of 1s0-
lation Valves (Catcgory A). Capability ghal)
be provided for testing functional operabil-
1ty of valves and sssocisted Apparstus essen.
tia] to the contalnment function for estad-
Jiahing that no failure bas occurred and for
determining that valve leakage does not
exceed acceptable limits.

Criterion S8—Inspection of Containment
Pressure-Reducing Systema (Category AL,
Pesign provisions shall be made to faciiitaze
the periodic physical inspection of all tmpor-
tant components of the contalnment pres-
sure.-reducing systems, such Aas, pumps,
valves, spray nozzles, torus, and sumps.

Criterion 89—Testing of Containmens
Pressure-Reducing Systems Componen:s
(Category 4). The containment pressure-re-
ducing systems shall be designed so that
active components, such as pumps atd
valves, can be tested periodically for oper-’
ability and required functional perform-
ance.

Criterion 80—Testing of Containment
Spray Systems (Category 4). A capability
shall be provided to test periodically ite
delivery capability of the containment Spray¥
system at & position as close W the spray
nozzles as is practical.

Criterion 61—Testing of Operational Se-
guence of Containment Pressure-Reducivg
Systems (Cotegory A). A capsabllity shail de
provided to test under conditions as close
to the design as practical the full operationa
sequence that would bring the contatnIness
pressure-reducing systems into action, -
cluding the transfer to Alternate poweE

sources.

Criterion €2—Inspection of Air Clesns?
Systems (Category A) . Design provisions J 1 Seg
be made to facilitate physical inspection &
all critical parts of containment sir cleaZ<y
systems, such as, ducts, flters, fans. a=c
dampers.

Criterion 63—Testing of Atr Clecnup Sys-
tems Components (Category A). Design pro-
visions shall be msade so that active compo-
nents of the air cleanup systems, such as.
fans and dampers, can be tested periodicaly
for operability and required functional pe-
formance.

Criterion 84-—Testing of Air Cleanup S;&-
tems (Cstegory A). A capability sall be
provided for in situ periodic testing =2
surveillance of the air cleanup systems =
ensure {(a) flter bypass paths bave &5
developed and (b) fter and trapping =3~
rials have not deterforated beyond sccepiatie

ts.

Criterion €5—Testing of Operational Se-
quence of Air Cleanup Systems (Category &».
A capabllity shall be provided to test uccer
conditions as close to design as pPractical =e
full operational sequence that would brizg
the air cleanup systema into action, 1nclvd-

the transfer to alternate power sousTes
and the design air fiow delivery capabliicy.

VIIL. PURL AND WAETE STORACE STSTEMS

Criterion 86—Prevention ©f Fuel Storepe
Criticality (Category B). Criticality in pew
and spent fuel storage shall be prevented by
phbysical systems or processes. Such es=s
as geometrically safe configurations shall e
emphasized over procedural controls.

Criterion §7—Fuel qnd Waste Storgge De-
cay Heat (Category B). Reliable decay bass
removal systems shall be designed to preve=s
damage 1o the fuel in storage facilities Lo
could result in radioactivity release 1o past
operating areas or the public epvirons.

Criterion 68—Fuel and Waeste Storede
Radiation Shielding (Category B). Buleic=g
for radiation protection shall be provided 3
the design of spent fuel and wasts mornge
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Mr. H. L. Price

Dircctor of Regulation ‘ SRR R
U.S. Atomic Energy Commission o R
Washington, D. C. 205L5 o R

v
RN
oo

A »

Dear Mr. Price:

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

The subject document has been reviewed Dby menmbers of the staff of the
Nuclear Safety Information Center. We .reslize and sppreciate the great i
gmount of work that your staff has done in bringing these eriteria to Cos
+heir present form. We participeted in the initial reviev of the criteria L
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) gemeral comzents which apply to the entire set of criteria and 2y el
specific comments on the individual criteria and in e few cases on sections . .-
sucn as VII, Engineered Safety Features. ’ : . ' AR

With & few exceptions, tbe scope of the criteria seems broad enough and
genersily well orgenized. We do have rather extensive comments on those cenE
eriteria which deal with protection systems. A difficult problem is thst of - -
assessing reliebility. The "single failure eriterion™ is an attempt to re- .

A  lieve this situation, but its epplication is subjective and it bas different
: rmeanings to Gifferent individuals. Another problem ares is that of the use
of the seme instruments for both operating the plant and providing protection. . =
. ¥e believe that such interdependence can only degrade the relisbility and .
yerformance of the protection system. Problems such as these make the tesk -
of writing criteria and standards quite difficult. .o o

By ol MR P

Further, the absence of clear ‘definitions of terms, vhich to many ere . §
rather loosely understood, could limit 'the effectiveness of the criterie m
We feel thet there is a critical need for these definitdons. ... 7

N
- SEPT A 1957
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oeid “ : -~ .. . - e . : ST L ) . .
Mr. H. Lo Price_”i'.q . IR S f:.if',sepﬁember 6, 1967 :. }

) We again vish to commend you for the'éighifiéant contributioﬂ répresented ,;l,ﬂ.
by these criteria. If you have questions concerning our comments, we will be - ;?;

. i
. . .

.glad to discuss them with you. @ -, S o - o

* P . . . L

" Sincerely youwrs, - . ST

b [ZZ177,/£?%727(’ 71?4%2%%1_; : ;-f;'.. ;_ijyﬂ.
.. ‘ym. B. Cottrell, Direetor .. -~ - . -
_Nuq;ear.ngety.Inrqrmatiop Center . e S
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. General Comments ' .

¥/ .
1. .The ramifications of civil disobedience, riots, strikes, 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?
: .. 1 <o '
Since these criteria will be used by many groups vhose terminology is .-
‘not always (or even usually) in agreement, & set of definitions is '
badly needed. For example - what is a system, component, engineered ST
safety feature, failure, redundancy, cheannel, surveillance, monitoring, .0
malfunction, protection system, loss of coolant accident, etc.? o

Since "single failure criteria" are to be epplied to systems othef'than'fﬁ
thosc 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 "nuclea;ireactof planx“ why ib'ﬁg-w
the phrase "reactor fagility" used in the text of several of the cri- ~'7.7%
teria to mean the same thing? . el Dol
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"+ ‘specific Comments . | .

Title - Genéral Design Cr;teria for Nuplear.waerﬁPlant‘Conétgucfioh Permits'uﬁﬁﬂé

The title is really not grammstically correct, since it infers that we -
are designing a "construction permit". - - . 0 T Lo

j Criterion 2 - Performance Standards

1. Line 7: Delete "performance" since this could be construed as
applying to operating performance only. : - 4

2. 1In regard to earthquakes the “appropriste margin for withstanding :

" forces greater than those recorded . . .' has not been defined .
‘here and furthermore it would be extremely difficult to do so &t .
least with our present understanding of earthquake phenomena.;,_;'l
Therefore, the criterion should state what constitutes an ade- - .
quate margin. T Sl Lo '

S . A . e . .

Qe g

Criterion b - Sharing of Systems

We egree with criterion U as it epplies to the nuélear resctor plant but -

-, 4t should be extended to apply to systems, sub-systems, and especially en--:
gineered safety features. -, L < S

‘e . . Voot
- Y.L 4

-Criterion 5 - Recozds.Requirements

1. Line 2: . Should read, "Records of the design, fabrication, in-
spection, testing and construction of . ..." to be sufficiently . .7

. inclusive. The performance of engineered safety features must RN
be determined &s & datum for evaluation of subsequent tests re-
quireé of the system. For exemple, criterion L6 states that. . A
active components be periodically tested for required perfor=" . o
mance. Co. e e E : : S

2. Line 5: Chenge "its" to "his" to refer to the operator's .
. control. : . e S

" Griterion 8 - Overall Pover Coefficient

For this entire criterion it might be better to say that "the reactor
shall be designed s6 that either ‘the overall pover coefficient in the .- R
povwer operating range shall not be positive or reliable controls which will o
eliminate or minimize the undesirable effects of a positive power coeffd- "=~ ‘.-
cient shall be provided, tested and proved effective Lo P R R

A
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" Criterion 10 - Containment

e b WodE B

" ternative. L=

" Criterion 13 - Fission Process Monitors and Controls .“_'

Criteria 1L and 15 - Core Protection Systems'and Enginéered Safety Feature€;_

'l'Suggested Criterion - Monitoring Engineered.Safely Features

.~ tion shall be provided to monitor the performance of engineered safety

We infer from subsequent criteria that the protéction'system is not con-'f:;*ﬁf
sidered an engineered safety feature even though there ere 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 functions, or this and ' .
other functions should be specifically mentioned.i_ﬂe.prefer the former ale%-f“

Criterion 11 - Control Room

“fMhe aims of this criterion are certainly desirable but it is aifficult "
if not impossible to prove the criterion has been met.. However, some clari=': "
fication is needed, for example, if & fire in'a.panel'rendera the controls .
of some emergency system inoperable, the criterion .cen be interpreted to .-
mean that two separate control rooms are required.’ Is this the intent?

.l._ Line k: Delete "throughoﬁi cofe'life'ahdﬁ since it is redundant.’i}}

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

These criteria exemplify the fect 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 sysiem, core pro=-. -
tection system, etc., &nd then.eliminate Criterion k. Do Sl

We suggest that this eriterion be inserted at this point: .Instruﬁeﬁtaf”;rl-

features curing the course of the accident and to monitor.the;condiyion'of'3:-f_~
‘the reactor itself under these conditions. - -~ - T : S

Criterion 16 - Monitoring Reactor Coolant Pressure Boundary} -

This criterion defines the monitoring that -is necessary to prove complianceﬁ}j
‘with Criterion 9. (Similar proof is required by Criterion 36) In cases of . . ..
‘this nature cross referencing of criteria should be mede for the seke of V- "

".‘

elarity. | -l iel o e o e LT




" Criterion 17 - Monitoring Redioactivity Releases '

R

tions of Criterion 70, which should be cross referenced here. . .-

This criterion vas written to specify monitoring to .meet the spec?ficd—,f;’?

P2 S S

Criterion 18 - Monitoring Fuel and Waste Storage

LA
‘

Specification of criticality monitoring should be included in this pri-.k;~

. ferion; for example, &s by reference 1o 10 CFR, Part 70.3k. o . _.4.1¢[134
_ Criterion 19 - Protection Systems Reliability . . | ' }fﬁﬁi
There is no guide for determining vhethér or not the functional reliabi-i;ﬁfﬁugi

l1ity and in-service testability is cormensurate 'with the safety functions

.. to be performed. Every designer could claim that his system met this cri-

. terion, and challenge & reviewer to show otherwise. Arguments about this
criterion most likely will include comparisons to somevhat similar protection -

systems for somevhat similar nuclear power plants that have been reviewed K

and approved. oL _ N BT
This criterion is of questioneble value and we recommend its omission. & v ..

A set of rules for designing protection systems would be more useful than &'

general statement of desirable results: _ o

. Criterion 20 - Protection Systems Redundancy end Independence T

The criterion is not clear as to the extent of the effects of & single -
feilure that need considerstion. Apparently, considerations of effect are
to be limited to a component or chemnel - resulting in a severe limitation
in the value of this criterion. This is enother example of & criterion where
Gefinitions are needed; for example, component}“channe15fand system need to
be defined. : ' e L f‘Q;H;A_zQ;j.:3 R

a

Criterion 21 - Single Failure Definition

' A judgment of the extent of failures caused by & single event hinges on ..° qf&
credibility. First, there is ‘the probability of the initiating event, them -7
..the probability of progressive failures. A single event of gufficient megni- -
 tude will certainly prevent the functioning of the protection system. De- el
. tailed guidelines for descridbing the required independence of redundant equip- '+
- ment are needed. Examples are spacing between cebles carrying redundant sig- -
" nals, methods of separating electronic equipment handling redundant signals._
. methods of isolating redundant logic devices vhich combine redundant signals,
- “ete. Unless more detailed information is given'ggftq_yhatjis }9 be;qonsidered;

PR credible, this c;iterﬁon[serves_litt1ngurpogg 3

ey
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T

:; the use of buffer amplifiers in ettempting to isolate the effects of failures
in the two systems, the systems are not independent when the sane signals are .-

ol

Criterion 22 - Separation of Protection and Control Instrumentation Systems ..

" to the separation of these two systems &s the only effective means.to insure . i

. allow operation, but inadequate protection equipment may be discovered only
" after their need during an accident. Mixing of the two systems &5 allowed

This criterion apparently recognizes the need for separating protective RTINS
end control instrumentation dbut compromises this objective with the qualifi= -: et
cations permitted. The net effect is to permit the intimate intermingling of - 7
the system that normally operates the ‘plant and the system that is intended B
to afford protection.. We strongly recommend that no exceptions be permitted

the vital integrity of the protection system. )

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

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;w,
Inadequate control demands that corrections must be made in the equipment to ..

by this criterion diverts design attention from the rgqnirements of protection;"g
+o those of operation. Buch mixing also incroascs the probebility that pro- ° =%
tection will be lost as the result of a failure in the control sysﬁem thaet e e

* jnitistes the sccident requiring protection. - . R )

- {s easier to maintain independence %

" that design errors will co

" provide & pressure di

) The basic -justification for independence of protection and operation = ..~
systems, in our opinion, is the relative case with which the protection func~. ..’
tion can be assured with independencé; and the great difficulty of realizing ‘
such assurance with interdependence. We believe it is easier to separate the .~ .- .L

systems than to assure that their interactions ere harmless. . We believe it
han to insure, for the lifetime of the

plant, that deliverate changes or inedvertent alteration of the operation.
system will not edversely affect the protection fupction. )

The dismal 1list of dgcidents caused by design errors, and the much 1arge:1;
1ist. of design errors caught before they caused accidents, lead us to believe .
ntinue to occur. We belleve further that indepen-’

dence of operation and protection is- one of the best. defenses sgainst the ]
possibility ‘that e design error msy cause an unprotected accident. Dl

It may be possible that for some combinations of protection and opere- ".;ffg

. tion. instruments no conceivable failure of the operation function involved SO

can result in a situation requiring action of the protection function_involve;,;&[f;
To the extent that this can be proved, both initially and throughout reactor - . ' -’
lifetime, the particular interdependence could be acceptable. A hypothetical = i
exanple is the instrumentation used to measure and control the pressure of a

sealed containment enclosure. The operation function is used principally to

frerential between the ijnside of the containment and S
' {1l1snce of the leakesge rate:- - -

e "
> -
s

+the outside, and thus to provide & means for surve

A a e




7. fluids. It might be demonstrable that no failure whatever of this instru-
.. mentation could induce a substantial leak of radioactive fluid, in vwhich

Kk operational function or equipment could ever, under any circumstances, lead”;
-"." to a-situation where the protection function would be needed. Therefore, '

" at the beginning. Subtle considerations are apt to be forgotten or ignored, ..

.. heeded for safety.

- E'Criterion 25 - Demonstration of Functional 6perability of Protection'Systems:

.
i

~5-

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 rediocactive

case no real interdependence of operation system end protection system would f
in fact exist. . . : o

The basis of the above example is the impossibility that failure of the

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 a
will be maintained throughout the life of the plant. Operators are not de- ..
signers; operators in charge of the plant et the end of its LO-year life are
. not the ones who may have discussed protection problems with the designers

"It is easy to forget that plant protection was originally based on the im= - .
possibility that failure of certain operation instruments -could. result in a "
need for protection-system function. . fﬁf. .- ) SESE

Criterion 24 - Emergency Power for Protection Systems : L : :_ :

-—

) Design requirements related to power supply include consideration of
both Criterie 2 end 26. There is &n 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 & safe or tolerable state on
loss of power. To the extent that Criterion 26 can be met, slternste pover . .
- gources become an economic or operational»consideration rather than being ‘-

AECEE
2z

We agree with the intent of this criterion but suggest that the wording.
. be changed to state ". . . demonsirate 'that no feilure causing a reduction . - r:’
of redundancy . . ." rather than ". . . demonstrate that no failure or loss - -*
- of redundsncy ... .". Some systems may have extra elements whose failures . ..+
- 4o not reduce the redundancy ¢laimed for the system, ~ - ; - s

-, Criterion 26 - Protection Systems Fail-Safe Design -

: This criterion places & requirement not only on the protection system -
" but on the plant as well. For example, e plani 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 stean stop valves ina._. -

. e . N . L. et . . . L N . el
e . P et e e e D Lot e e Rl



.. BWR.) Criterion 26 reguires the plant to be able to asccept operation of the . -

‘. eriterion. These systems should also meet the requirements of Criteria 28,

- f | ; :' _-6--if

*  protection”system when not needed. We believe this is & good objective and
T owe support_this-criterion. T : Tt

Section V - Reactivity Control

_-de. The title of this section should be "Reactivity Control for Reactorj"
~',  Shutdown". . o

- .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 performéd et such times as in power transients
. " and loss-of-coolant accidents with the objective of preventing
7+ 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 dynamic function.

‘The reliasbility with which each function must be carried out

. depends upon the aeriousness of the consequences of failure of
that function. : :

‘Criterion 27 - Redurdency of Reactivity Comtrol . . . .. ... . .

. This criterion is not clear. 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 o
recommend that the word "shutdown" be substituted for "control" in this

. 29, 30, 31, and 32. | e

Criterie 28, 29, and 30 taken together indicate that one of the shutdovn .
- systems is not required to cope with positive transients and is essentially =
.~ & method of obtaining reactivity holddovn capability. However, reactors

13 that must be shut down rapidly to sllow the containment system to function . RN

", need two separate and fast shutdown systems. A single fast or "primary" =~ . }tf"f
. shutdown’ system together with & "holddown", or slow,'"secondary" shutdown S
system is not satisfactory 4n this case, o

"Criterion 29 = Reactivity Shutdovn Capability 1 .

.

L . As stated in our comments on Criterion 27, some reactors require a2 shut-_f;}f‘5~‘
1 e down to allow the containment to function. In such cases, thia criterion




.'t be capable of preventing an unaccepiable situations - -

. Criterion 30 - Redctivity,ﬂolddown Capabi;ity

“: " Section VII - Engineered Safety Features

f:ﬁ'icleaning systems.

. . R B :
- . . .
: . « ®

. should require that two shutdown systems be epplied. Each such ;ystem should ;

’ .

Ce 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 subcritical resctor).

" Although we have not addressed ourselves to these conditions in detall, we
.. believe that a margin much greater than the worth*of_the’most effective con~
.~ trol.rod is needed for reactors having many rods. .. .. " ' L

. .
R !
. .

‘ In cases requiring thé reactor to be chut ‘down in order to achieve con-
.- tainment, two of these systems should be required. See comments on Criteria
.27 and 29. . S N St e Dol

o

&

Criterion 31 - Reactivity Control Systems Malfunction

This criterion should be expanded to include all failures of the plant
operating system that are capable of inereasing reactivity. - In particular -3-i%
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 thei may i

affect the performance of the control rod operating system must be considered.’
" Of & more general nature, ell fsilures that can introduce reactivity in- . ...
creases must be considered. - In addition to control rods, there are coolant

”ﬁ_temperature chenges, and perhaps even void effects that need gnalysis};

.

S : . D R T T
"i..Criterion 33 - Reactor Coolant Pressure Boundary Capability

- We agree with the intent of the criterion but it is not clear vhat ‘is.
. meant by "positive mechanical means" for preventing & rod .ejection. A defi-’’-
-nition is needed. T . ' O 4 . |

. ° With the exception of reactor shutdown systems, all other engineered a
‘safety features are discussed in this section.: These are: emergency power‘;j}; ,
" system, emergency core cooling system, containment enclosure system, contain-.';--“f
ment pressure-reducing system (including containment heat removal), and eair S
... . TFor each of these systems, there should.be criteria for design-of the '
“"“systenm ‘and their components ‘as_well as criteria for. testing end inspection.

e MRS o - .
S T T . e A N et e : . e HEE PSR
v N T e T e T Lt P e MR TINN
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" The objective of these criteria would be clearer if each system vere treated .
. in scparate subscctions and the criteria for each were set up in parallel -

o -_f" raises questions on. other points of apparent inconsistancy, e.g.,:Criterionﬁigf
. +60 is seen to be but a special case of Criterion 61, e€tes - . = . RN

Criterion 37 - Engineered Safety Features Basis for Design

 ample, if the 5
.- stressed, then the scram system must be considered part’of an engineered .
. safety feature. - ' : e ‘ S

';7;{"Criterion 38~ Reliability and Testebility of Engineered Safety Features. '

h.f Section VII, both of which pertain only to engineered safety features,
" not reflect its more general applications which include
- .as “engineered safety features".

7"[1'Criterion 39 - Emergency Power for Engineered Safety Features
'“f  dundancy in the offsite power system.
. results in shutting off the electric generator driven by the reactor could
“loss of offsite power varies widely as’' & result
T T eystem and of variations in. pover system load.
. . wvariation in the reliability of offsite power,

' ‘terion require that redundant and independent onsite power system be re-
quired such that onsite power alone be capable of supplying the needs of

.really independent of the pover
LEfL Criterion L0 - Miésilé Pfoteﬁfiéh"..iﬂj'f;f“

S ve ejected from highly p:eggurized system's rotating equi

form. Thus, there would bc criteria for the inspection and testing of f*va;;
emergency pover system (nov covered in only Criterion 39) as well as the ... 'y
inspection and testing criteria for the other engineercd safety features.

.t Criterion 52, "Conteinment Heat Removal Systems," would be grouped with . e

Criteria 58-61 with which it .is generally associated. Such e rearrangement

e

Again a definition of engineered safety features is necessary. For ex=:::
scram must work in order that the containment not be over- '

-
‘ R .
3 : c . . .

" We egree with this criterion. However, its title and inclusion in L
does .
"inherent" es well .
It would more eppropriastely be included in
Section I. - o . : o . el

A difficult point in the application of this eriterion is that of re-
For example, & plant failure that .,
produce the loss of all offsite power. The probability of this consequential ‘.
of changes in the pover e

As a result of this wide
ve: recommend that this eri-

features after a failure of & single active component.”
We 'do not believe that the offsite power is -° -~
from & main generator operated from the . .00

the engineered safety
in the onsite power system.

reactor to be safeguarded. -

Analysis shall be made to’show that fraéﬁehts and comﬁonents that could :
pment would not .

NYTRS

" .



:  impair the function of an engineered safety feature. Typical missiles re- H
_quiring analyses &re gsuch items e&s primary system valves, flanges, instrumen—1}ﬁ'i
. tation, -etc. When rotating equipment is not completely contained, such as e

. “" 4n a concrete vault, a missile mep should be provided for rotating gquipmentfi*

*;ﬁfff.i(e.g;, main turbines, pumps, ete.) - . .. _ , e

- Criterion 4l - Engineered Bafety Features Performance Capability -
Taliee We agree with this criterion as far as it goes. In particular the de~
©.7 0 tailed requirements for the emergency core cooling system &s contained in ;
. - Criterion kb illustrate the desired amplification (but for that system only)s,
.- Thus, it could be generalized end added to Criterion 4l as follows: "The
" performance of each engineered safety feature shall be evaluated conserva=.-
.*tively in each aresa of uncertainty. The systems shall not share active -

.ﬂ;ceqponents end shall not share other features 6r components unless it can
. be demonstrated that (a) the capability of the shared festure or component
,f " to .perform its required function can be readily ascertained during reactor
- . operation, (b) failure of the shared festure or component does not initiate

" a loss-of-coolant sccident, and (¢) capability of the ghared feature or ..

jon is not impaired by the effects .

" component to perform its required funct )
" of & loss-of-coolant accident end is pot lost during the entire period

. fjithis function is required following the accident.”

.. criterion 42 - Engl
.. We see no need o 1imit this criterion to the loss-of-coolant accident
.. "end suggest that . . .. "oy the effects of' & logs-of-coolant accident" be ..
..i.w . changed to read "the effects of the accident for which the function is .
.. required.” - . _ R ' -

neered Safety Features CpmpoﬁgntsHCaﬁdbility

. Criterion U3 - Accident Aggraiation_?rgvention;. " :
: ;u  » this eriterion is intended to serve. If:
'-. gomething specific is in mind here it should be stated, i.e., are we_ worried™

i about the core becoming critical again, or inducing & thermal shock, etc. -
". Perhaps this- should not even appear here but be in the general discussion.:

1t is not obvious what purpose

" criterion bi - Emergency Core Cooling Systems Capsbility

on Criterion 41, we would restrict this L
tences (having already included the remainder S
irement in Criterion k1). However, as e
each of the two emergency cooling -.
onditions up to the . "u &

(4

As noted in the discussion
+ eriterion to the first two sen
v of this criterion as a general requ
" we interpret the intent of these sentences,
- 'gystems should cover the vhole range of pipe break ¢

F1s

AEELU



- 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 7
.1cooling systems, preferably of different design principles and each with - -7
“’a capability for accomplishing abundent emergency core cooling, shal) dbe .-
. provided." e C . o

P

*

_..Criterion U8 - Testing of Operational Sequence of Emergency Core Cooling
2 - Systems ' : . .o .

: 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 - :
¥ sontrol system (which must shutdown the reactor end then provide holddown - ..

."in the cold condition after the loss-of-coolent accident) should be mentioned..

. Criterion L9 - Containment Design Besis

. 'We egree with the intent of this criterion but feel that the_fbilowingﬁ
‘4fn§ed some elaboration: ’ ‘ B T P

Line 10:° "Consjderable Mafgin" should be defined in some manng:.'"'-

Line 13: Wnat degree of failire of the ‘emefgency care cooling system
. is assumed? o v . : - ORI

ngriﬁerion 50 - NDT Requirement for Conteinment Material

. This criteria needs further clarification. The temperature of the steel”

. members in question under normal operating end 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 it
“. 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 between KDT -

“ and FTE end unless there is edequate justification of vhich we are unaware, .
. we recommend using NDT + 60° F which'defines the transition, €.g., tempers= .- -
.. * ture at Which cracks won't propagete at stresses less than yield. .

‘f}'Criterion 51 - Reactor Goolant Presgure Boundary Outside Containment

o The ‘intent of this criterion is not clear.: It would appesr that Criterion.

" 53 which requires redundant valving would also cover reactor containment

“.” coolant boundaries outside containment.: If, hovever, it is intended to re-.-
;,quire extensions of -the containment, it should be specifically stated.

Lot ¥ R .
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) any event .. . . delete "appropriate" and "ag necessary” in lines b eand 5 .
.- -and the entire last sentence vhich begins, "Determination of . . "« These’
- words do not meterially contribute to the sense of the statement of the . .. .:

‘-_criterion and therefore should be omitted. e .

.' .

il asse bl

Ko

L "Criteria 5h, SS,Zand 56 -  Coﬁtainment Leakage Rate Tésting, Containmeht"}f
T " Periodic Leakage Rate Testing, and Provisions - -
B ‘ . ' for Testing of Penetrations - = . T

o A

P JTOp T S MR

N Following the words "design pressur
i Criterion 49" be inserted.. ‘

s e ..
N .
e

s
*

f\"‘

e" 1t is suggested that "defined by T

-y, 4 Criterdon 56
s This criterion is not sufficiently inclusive. The types of penctrations 7.
<! .which should be tested should NOT be limited to the two that are mentioned, but. '
i, ;. for instance should also include electrical penetrations end piping penetrationms -
" that do not require expansion Joints. The penetration testing is usually;;ai e

done at greater than design pressure. ) TR R .

g TR R

' Ciiterion 66 - Prevention of Fuel Storage Criticelity

: Ve do not understand the implication of "or processes” at the end of
.- “the first sentence, nor do we believe that it is .prectical to depend upon
.7 . procedural controls to prevent accidental eriticality in storage facilities -
< .of pover 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 criticelity cannot oceur." .

i;Criterion 67 - Fuel'and'thte Storage Decay Heat -

. To the extent that removal of decay heat is & function necessary to
.~ prevent escape of fission products, decay heat removal systems should
.". be designed to the seme requirements for redundancy, inspectability, and -
- testability as engineered safety features on reactors. This should include °
facilities for supplying additional coolent fluid in the event of accidental .
-loss. A e e T e st R ol
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Commissioner Larson

STATUS REPORT ON GENERAL DESIGN CRITERIA

Enclosed for the information of the Commissioners is the latest
draft of the revised General Design Criteria for Nuclear Power .
Plants. This is the revision which is now being reviewed by an
ad hoc committee of the Atomic Industrial Forum. Some Forum
members believe that revised Criterion 5 (the need to consider
the probability and effects of industrial sabotage) and revised
Criteria 22, 24, and 29 (because of the reference in each of
these criteria to systematic, nonrandom, concurrent failures)
are not acceptable., Some Forum members also believe that there
should be changes in wording (but not in iatent) of about 25
additional criteria. The wording of the remaining revised
criteria is considered to be acceptable by Forum members.

As you may know, this revision of the criteria has been concurred
'in by all interested regulatory divisions and also reflects
agreements with the ACRS. This version also takes into account
the oral and written comments of those AIF members who reviewed

a previous draft of the criteria and participated in a day long
discussion with the staff in February of this year. The criteria
were extensively revised as a result of the February discussions
(at least 27 of the criteria were substantially changed) and at
least four of the six Forum representatives at the meeting
appeared to be satisfied with the changes made. Any further
substantial changes in the criteria would probably require
another period of review by the regulatory staff and the ACRS.
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We have been informed that the additional comments being developad
: by the Forum will be completed in zbout a wonth. Another meeting
| with Forum resbers will be held at that time to discuss the changes
: they suggest, '
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Barold L, Price
Director of Regulation
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INTRODUCTION

Pursuant to the provisions of §50.34, an application for a constru-tion
permit must inelude 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 for which construction permits have hbeen issued
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 provide_guidance.in establishing the principal design criteria for

such other 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, 9tructufes, systems, and“components that prevent or mitigate the
consequences of accldents which could cause undue risk to the health and
gsafety of the public. There will be some water-cooled nuclgar power units
for which these General Desipn Criteria are not sufficient for this purpose,
and additional criteria must be identified and satisfied by the desipn 'n the
interest of public safety. It is expected that additional or diffarent eriteria
will be neeaded to take into asccount unusual sites and enviromnmenta: councitions,
and for water-cooled nuclear éower units of advanced design. Alse. there wmay
be water~cooled nucleay power uaits for which fulfillment of some of the
General Design Criteria may not be necessary or appropriate. For units such
as these, departures from the Geseral Design Criteria must be identified and

Justified.



DEFINITIONS AND EXPLANATIONS

NUCLEAR PCWER UNIT

A nuclear power unif meszns a nuclear power reactor and associated equip-
uent necessary for electrical power gemeration and includes those structures,
- gystems, and components required to prevent or mitigate the consequences of

accidents which could cause undue risk to the health and safety of the public.

LOSS-0F~COOLANT ACCIDENTS

Loss-of-coolant accidents mean those postulated accidents that result
from tha loss of reactor coalént.ét a rate in excess of the capability of
the f@acccr;coolant makeup system from any size break in the pipiné, presasure
vessels, pumps, and valves comnected to the reaétor p;essﬁte vessel and which
are part of the reactor éoolant prassure boundary, up to and including =
break in these components equivalent in size to the double-ended rupture of

the largast pipe of the reactor coolant system.

SINGLE FAILURE

A single failure weans an securrence which results in the loss of capa-
bility of a cowponent to perforam its intended aafety’functions; Mulziple
failures vesulting from a single cecurrence are considered to be a single
fallure. Hechanmical acd electrical systems are comsidered to be designed againgg.
an assumed single failure if neither (1) 2 single failure of any active component
{sssvaing paszsive components fuzxctibm properly) nor (2) a single fatlure of any

pagsive component (assuming sctive components function properly), results in a



loss of the capability of the system to perform its safety functions. The failure
of a passive component need not be considered in the design of mechanical systems
if it can be demonstrated that the design is acceptable on some cther defined
basis, such as an appropriate combination of unusually high‘quality, high

strength or low stress, inspectability, repairability, or short-term use.

ANTICIPATED OPERATIONAL OCCURRENCES

Anticipated operational occurrences mean those conditions of normal oper-
ation which are ‘expected to occur one or more times during the life of the nuclear
power unit and include but are not limited to loss of power to the recirculation
pumps, tripping of the turbine generator set, isolation of the main condenser,

and logs of all offsite power.



CRITERIA

I. OVERALL REQUIREMENTS

CRITERION 1 - QUALITY STANDARDS AND RECORDS

Structures, systems, and components important to safety shall be
dasigned, fabricated, erscted, and tested to quality standards commensurate
with the 1mpoxtancg of the safety functions to be performed. Where generally
recognized codes and standards are used, they shall be identified and evalu-
ated to determine their applicability, adequacy, and sufficiency and shall be
supplemented or modified aé necessary to assure a quality product in keeping
with the required safety function. A qqality assurance program shall be
established and implemented in order to provide adequate assurance that these
strut;utes, systems, and components will satisfactorily perform their safety
functioné. Appropriate records of the désign, fabricatiqn, erection, and
testing of structures, systems, and components important to safety shall be
maintained by or under the control of the nuclear power unit licemsee throughout

the life of the unit.

CRITERION 2 - DESIGN BASES FOR PROTECTION AGAINST NATURAL PHENOMENA

Structurss, systems, and components important to safety shall be designed
to withstand the effects of natural éhenomena such as earthquskes, tornadoes,
" hurricanes, flcods,'tsunaﬁi, and seiches without loss of capability to perform
thelr safety functions. Tha design bases for these stru