added to the bracketed list based on NUREG-
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___
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Inspection of reactor[coolant pressure]
boundary.
Components which are part of the reactor
[coolant pressure] boundary shall be designed
to permit (1) periodic inspection and testing of
important areas and features to assess their
structural and leaktight integrity, and (2) an
appropriate material surveillance program for the
reactor vessel.

32

£

Reactor[coolant] inventory maintenance.
A system to maintain reactor [coolant] inventory
for protection against small breaks in the reactor
[coolant pressure] boundary shall be provided
as necessary to assure that specified acceptable
fuel design limits are not exceeded as a result of
reactor [coolant] inventory loss due to leakage
from the reactor [coolant pressure] boundary
and rupture of small piping or other small
components which are part of the boundary.

ARDC with additional SFR-specific clarification
provided:
Inspection of reactor[primary coolant-pires.ut..,
boundary.
Components which are part of the reactor [primary
coolant-pIesume] boundary shall be designed to
permit (1) periodic inspection and testing of important
areas and features to assess their structural and
leaktight integrity, and (2) an appropriate material
surveillance program for the reactor vessel.

1

ARDC with additional SFR-specific clarification
provided:
Reactor [primary coolant) inventory maintenance.
Asystem to maintain reactor [coolant] inventory for
protection against small breaks in the reactor [primary
coolant p.'eswse] boundary shall be provided as
necessary to assure that specified acceptable fuel
design limits are not exceeded as a result of reactor
[primary coolant] inventory loss due to leakage from
the reactor rprimarv coolant afeeeswel boundary and
85

1368, Table 3.3 (page 3-22) recommendation.
The "effects of coolant chemistry" noted in
NUREG-1368, Table 3.3 (page 3-22) are
considered to be covered by the revised SFRDC. Service degradation, creep, fatigue, and
stress rupture can be a particular concern for
sodium reactors and fast neutron fluence.
4

"Reactor coolant pressure boundary" is
relabeled within the brackets as "reactor
primary coolant boundary" to reflect that the
SFR reactor primary system operates at lowpressure. Thus, the coolant boundary design
requirements differ from the traditional LWR
coolant pressure boundary requirements. The
effects of low pressure design are
acknowledged in NUREG-1368 (page 3-28)
(ML063410561) under discussion of GDC 4
and on (page 3-30) under GDC 14. The use of
the term "primary" implies the GDC is
applicable to the primary cooling system, not
the intermediate cooling system. (See Section
6.3.1 of this report for a description of the SFR
cooling systems.)

Section 3.2.4.5 of NUREG-1368, (page 3-57)
discussed the need for an additional GDC
focused on the intermediate cooling system
design requirements. The design requirements
related to the intermediate loop are addressed
in new SFR-DC 70.
4
"Reactor coolant pressure boundary" is
relabeled within the brackets as "reactor
primary coolant boundary" to reflect that the
SFR reactor primary system operates at lowpressure. Thus, the coolant boundary design
requirements differ from the traditional LWR
coolant pressure boundary requirements. The
effects of low pressure design are
acknowledged in NUREG-1368 (page 3-28)
(ML063410561) under discussion of GDC 4
and on (page 3-30) under GDC 14. The use of

rupture of small piping or other small components
which are part of the boundary.

the term "primary" implies the GDC is
applicable to the primary cooling system, not
the intermediate cooling system. (See Section
6.3.1 of this report for a description of the SFR
cooling systems.)
Section 3.2.4.5 of NUREG-1368, (page 3-57)
discussed the need for an additional GDC
focused on the intermediate cooling system
design requirements. The design requirements
related to the intermediate loop are addressed
in new SFR-DC 70.
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Residual heat removal.
A system to remove residual heat shall be
provided. The system safety function shall be to
transfer fission product decay heat and other
residual heat from the reactor core to an ultimate
heat sink at a rate such that specified acceptable
fuel design limits and the design conditions of the
reactor [coolant pressure] boundary are not
exceeded under all plant shutdown conditions
following normal operation, including anticipated
operational occurrences, and to provide
continuous effective core cooling during
postulated accidents.
Suitable redundancy in components and features,
and suitable interconnections, leak detection, and
isolation capabilities shall be provided to assure
that the system safety function can be
accomplished, assuming a single failure.

Both pool- and loop-type SFR designs limit
loss of primary coolant so that an inventory
adequate to perform the safety function of the
residual heat removal system is maintained
under operating, maintenance, testing, and
postulated accident conditions.
*4.
+
ARDC with additional SFR-specific clarification
"Reactor coolant pressure boundary" is
provided:
relabeled within the brackets as "reactor
primary coolant boundary" to reflect that the
Residual heat removal.
SFR reactor primary system operates at lowA system to remove residual heat shall be provided.
pressure. Thus, the coolant boundary design
The system safety function shall be to transfer fission
requirements differ from the traditional LWR
product decay heat and other residual heat from the
coolant pressure boundary requirements. The
reactor core to an ultimate heat sink at a rate such that effects of low pressure design are
specified acceptable fuel design limits and the design
acknowledged in NUREG-1368 (page 3-28)
conditions of the reactor [primary coolant plessue]
(ML063410561) under discussion of GDC 4
boundary are not exceeded under all plant shutdown
and on (page 3-30) under GDC 14. The use of
conditions following normal operation, including
the term "primary" implies the GDC is
anticipated operational occurrences, and to provide
applicable to the primary cooling system, not
continuous effective core cooling during postulated
the intermediate cooling system. (See Section
accidents.
6.3.1 of this report for a description of the SFR
cooling systems.)
Suitable redundancy in components and features, and
suitable interconnections, leak detection, and isolation Section 3.2.4.5 of NUREG-1368, (page 3-57)
capabilities shall be provided to assure that the system discussed the need for an additional GDC
safety function can be accomplished, assuming a
focused on the intermediate cooling system
single failure.
design requirements. The design requirements
related to the intermediate loop are addressed
in new SFR-DC 70.
86

The SFR designs reviewed satisfied NRC staff
concerns in NUREG-1368 (page 3-41)
regarding residual heat removal system heat
transfer fluid compatibility and pressure
differential with the primary coolant for designs
where they are separated by a single passive
35

36

37

38

Advanced Reactor Design Criterion for core
cooling under accident conditions is contained in
ARDC-34.
Inspection of residualheat removal system.
The residual heat removal system shall be
designed to permit appropriate periodic
inspection of important components, such as
[spray rings in the reactor pressure vessel,
water injection nozzles, and piping], to assure
the integrity and capability of the system.

ARDC with no further SFR-specific clarification
provided.
ARDC with additional SFR-specific clarification
provided:
Inspection of residual heat removal system.
The residual heat removal system shall be designed to
permit appropriate periodic inspection of important
components, such as [6pr~ay rinc in the r.acto.

proecurc me668l, water injection nozzle6,heat

exchangers and piping], to assure the integrity and
capability of the system.
ARDC with no further SFR-specific clarification
provided.

Testing of residualheat removal system.
The residual heat removal system shall be
designed to permit appropriate periodic functional
testing to assure (1) the structural integrity of its
components, (2) the operability and performance
of the system components, and (3) the operability
of the system as a whole and, under conditions
as close to design as practical, the performance
of the full operational sequence that brings the
system into operation, including operation of
associated systems and interfaces with an
ultimate heat sink.
ARDC with no further SFR-specific clarification
Containment heat removal.
provided.
A system to remove heat from the reactor
containment shall be provided as necessary to
maintain the containment pressure and
temperature within acceptable limits following
postulated accidents.
Suitable redundancy in components and features,
and suitable interconnections, leak detection,
87
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40

41

isolation, and containment capaoilities snail be
provided to assure that the system safety function
can be accomplished, assuming a single failure.
Inspection of containment heat removal system.
The containment heat removal system shall be
designed to permit appropriate periodic
inspection of important components, such as [the
torus, sumps, spray nozzles, and piping] to
assure the integrity and capability of the system.

Testing of containment heat removal system.
The containment heat removal system shall be
designed to permit appropriate periodic functional
testing to assure (1) the structural integrity of its
components, (2) the operability and performance
of the system components, and (3) the operability
of the system as a whole, and under conditions
as close to the design as practical, the
performance of the full operational sequence that
brings the system into operation, including
operation of associated systems.
Containmentatmosphere cleanup.
Systems to control fission products, [hydrogen,
oxygen,] and other substances which may be
released into the reactor containment shall be
provided as necessary to reduce, consistent with
the functioning of other associated systems, the
concentration and quality of fission products
released to the environment following postulated
accidents, and to control the concentration of
[hydrogen or oxygen] and other substances in
the containment atmosphere following postulated
accidents to assure that containment integrity is
maintained.
Each system shall have suitable redundancy in
components and features, and suitable
interconnections, leak detection, isolation, and
containment capabilities to assure that its safety
function can be accomplished, assumina a sinale

ARDC with additional SFR-specific clarification
provided:
Inspection of containment heat removal system.
The containment heat removal system shall be
designed to permit appropriate periodic inspection of
important components, such as [the to.U., .UMP. ,
,pa_ n...le., and piping] to assure the integrity and
capability of the system.
ARDC with no further SFR-specific clarification
provided.

ARDC with additional SFR-specific clarification
provided:
Containment atmosphere cleanup.
Systems to control fission products, [hydr.gen,
exygenreaction products,] and other substances
which may be released into the reactor containment
shall be provided as necessary to reduce, consistent
with the functioning of other associated systems, the
concentration and quality of fission products released
to the environment following postulated accidents, and
to control the concentration of [hydrOge•e•o
exygenreaction products] and other substances in
the containment atmosphere following postulated
accidents to assure that containment integrity is
maintained.
Each system shall have suitable redundancy in
components and features, and suitable
88
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replaced with more design-specific examples.
Means to detect sodium leakage and to limit
and control the extent of sodium reactions are
addressed in new SFR-DC 73

interconnecuions, ieaK aetecuon, isoiavion, ana
containment capabilities to assure that its safety
function can be accomplished, assuming a single
failure.
42

43

44

45

Inspection of containmentatmosphere cleanup
systems.
The containment atmosphere cleanup systems
shall be designed to permit appropriate periodic
inspection of important components, such as filter
frames, ducts, and piping to assure the integrity
and capability of the systems.
Testing of containment atmosphere cleanup
systems.
The containment atmosphere cleanup systems
shall be designed to permit appropriate periodic
functional testing to assure (1) the structural
integrity of its components, (2) the operability and
performance of the system components, and (3)
the operability of the systems as a whole and,
under conditions as close to design as practical,
the performance of the full operational sequence
that brings the systems into operation, including
the operation of associated systems.
Structuraland equipment cooling.
In addition to the heat rejection capability of the
residual heat removal system, systems to transfer
heat from structures, systems, and components
important to safety, to an ultimate heat sink shall
be provided, as necessary to transfer the
combined heat load of these structures, systems,
and components under normal operating and
accident conditions.

ARDC with no further SFR-specific clarification
provided.

ARDC with no further SFR-specific clarification
provided.

ARDC with no further SFR-specific clarification
provided.

Suitable redundancy in components and features,
and suitable interconnections, leak detection, and
isolation capabilities shall be provided to assure
that each system safety function can be
accomplished, assuming a single failure.
Inspection of structuraland equipment cooling
ARDC with no further SFR-specific clarification
provided.
systems.
The structural and equipment cooling systems
shall be designed to permit appropriate periodic
89

46

inspection or important components, sucn as neat
exchangers and piping, to assure the integrity
and capability of the systems.
Testing of structuraland equipment cooling
ARDC with no further SFR-specific clarification
provided.
systems.
The structural and equipment cooling systems
shall be designed to permit appropriate periodic
functional testing to assure (1) the structural
integrity of their components, (2) the operability
and the performance of the system components,
and (3) the operability of the systems as a whole
and, under conditions as close to design as
practical, the performance of the full operational
sequences that bring the systems into operation
for reactor shutdown and postulated accidents,
includinci operation of associated systems.

.onrainment oesign DasIS.
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The reactor containment structure, including
access openings, penetrations, and the
containment heat removal system shall be
designed so that the containment structure and
its internal compartments can accommodate,
without exceeding the design leakage rate and
with sufficient margin, the calculated pressure
and temperature conditions resulting from
postulated accidents. This margin shall reflect
consideration of (1) the effects of potential energy
sources which have not been included in the
determination of the peak conditions, such as
[energy in steam generators and as required
by § 50.44 energy from metal-water and other
chemical reactions that may result from
degradation but not total failure of emergency
core cooling functioning], (2) the limited
experience and experimental data available for
defining accident phenomena and containment
responses, and (3) the conservatism of the
calculational model and input Darameters.

provided:
Containmentdesign basis.
The reactor containment structure, including access
openings, penetrations, and the containment heat
removal system shall be designed so that the
containment structure and its internal compartments
can accommodate, without exceeding the design
leakage rate and with sufficient margin, the calculated
pressure and temperature conditions resulting from
postulated accidents. This margin shall reflect
consideration of (1) the effects of potential energy
sources which have not been included in the
determination of the peak conditions, such as [fission
products, potential spray or aerosol formation, and
potential exothermic chemical reactionenergy an
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(2) the limited experience and
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m=n .-rm uesigns inat were reviewieu empioyeu
a containment structure.
In NUREG-1368, Table 3.3 (page 3-24)
(ML063410561), NRC staff recommended
replacing reference to LOCA with "postulated
accident." NRC staff further recommended
(NUREG-1368, page 3-50) removing the
reference to 10 CFR 50.44 regarding
containment combustible gas control in BWRs
and PWRs. These changes are proposed as
part of ARDC- 50. In NUREG-1368 (page 350), the NRC staff also recommended
replacing metal-water and other chemical
reactions from a degraded ECCS with "fission
products, potential spray or aerosol formation,
and potential exothermic chemical reactions"
at the end of Item 1 of GDC 50. Therefore, the
contents of the brackets in ARDC 50 were
replaced.

experimental data available tor detining accident
phenomena and containment responses, and (3) the
conservatism of the calculational model and input

parameters.
51

Fractureprevention of containmentpressure
boundary.
The boundary of the reactor containment
structure shall be designed with sufficient margin
to assure that under operating, maintenance,
testing, and postulated accident conditions (1) its
materials behave in a nonbrittle manner and (2)
the probability of rapidly propagating fracture is
minimized. The design shall reflect consideration
of service temperatures and other conditions of
the containment boundary materials during
operation, maintenance, testing, and postulated
accident conditions, and the uncertainties in
determining (1) material properties, (2) residual,
steady state, and transient stresses, and (3) size
of flaws.

SFR containment is a boundary/barrier to
release of radioactivity and not a pressure
boundary. Deleting the word "pressure" in the
boundary.
SFR-DC title provides clarity as applied to the
of
containment
pressure
prevention
Fracture
SFR designs reviewed.
The boundary of the reactor containment structure

ARDC with additional SFR-specific clarification
provided:

shall be designed with sufficient margin to assure that
under operating, maintenance, testing, and postulated
accident conditions (1) its materials behave in a
nonbrittle manner and (2) the probability of rapidly
propagating fracture is minimized. The design shall
reflect consideration of service temperatures and other
conditions of the containment boundary materials
during operation, maintenance, testing, and postulated
accident conditions, and the uncertainties in
determining (1) material properties, (2) residual, steady
state, and transient stresses, and (3) size of flaws.
ARDC with no further SFR-specific clarification
provided.

Capability for containment leakage rate testing.
The reactor containment structure and other
equipment which may be subjected to
containment test conditions shall be designed so
that periodic integrated leakage rate testing can
be conducted at containment design pressure.
53
Provisionsfor containment testing and inspection. ARDC with no further SFR-specific clarification
provided.
The reactor containment structure shall be
designed to permit (1) appropriate periodic
inspection of all important areas, such as
penetrations, (2) an appropriate surveillance
program, and (3) periodic testing at containment
design pressure of the leaktightness of
penetrations which have resilient seals and
I expansion bellows.
54
ARDC with additional SFR-specific clarification
Pipingsystems penetratingcontainment.
Piping systems penetrating the primary reactor
provided:
containment structure shall be provided with leak
Piping systems penetrating containment.
detection, isolation, and containment capabilities
having redundancy, reliability, and performance
Piping systems penetrating the primary reactor
capabilities which reflect the importance to safety containment structure shall be provided with leak
of isolating these pipinc systems. Such pipinq
detection, isolation, and containment capabilities
52

91

Not all penetrations will proviae a release pain
to the atmosphere. Piping that may be of
interest in the case of an SFR design is for the
intermediate heat transport system (IHTS) and
the passive residual heat removal system.
Based on stakeholder input, a designer may
be able to satisfactorily demonstrate that

having redundancy, reliability, and pertormance
capabilities necessary to perform the containment
safety function and which reflect the importance to
safety of preventing radioactivity releases from
containment through iseeatig these piping systems.
When isolation valves are required, Sueh-piping
systems shall be designed with a capability to test
periodically the operability of the isolation valves and
associated apparatus and to determine ifvalve leakage
is within acceptable limits.

systems shall be designed with a capability to
test periodically the operability of the isolation
valves and associated apparatus and to
determine if valve leakage is within acceptable
limits.

-
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+

Reactor[coolantpressure]boundary
penetrating containment
Each line that is part of the reactor [coolant
pressure] boundary and that penetrates the
primary reactor containment structure shall be
provided with containment isolation valves as
follows, unless it can be demonstrated that the
containment isolation provisions for a specific
class of lines, such as instrument lines, are
acceptable on some other defined basis:
(1) One locked closed isolation valve inside and
one locked closed isolation valve outside
containment; or
(2) One automatic isolation valve inside and one
locked closed isolation valve outside
containment; or
(3) One locked closed isolation valve inside and
one automatic isolation valve outside
containment. A simple check valve may not be
used as the automatic isolation valve outside
containment; or
(4) One automatic isolation valve inside and one
automatic isolation valve outside containment. A
simple check valve may not be used as the
automatic isolation valve outside containment.

+

ARDC with additional SFR-specific clarification
provided:

containment isolation valves are not required
for an SFR design. This rewording for the
SFR-DC provides a designer the opportunity to
present the safety case without containment
isolation valves and associated need for
testing. Otherwise, NUREG-1368
(ML063410561) (page 3-51) indicated that
GDC 54 was applicable as written.
ANSIIANS-54.1-1989 recommended revising
the phrase "...containment capabilities having
redundancy, reliability, and performance
capabilities which reflect the importance to
safety of isolating these piping systems." to
"...containment capabilities as required to
Derform the containment safety function."

"Reactor coolant pressure boundary" is
relabeled within the brackets as "reactor
primary coolant boundary" to reflect that the
Reactor[primarycoolant p.Besse] boundary
SFR reactor primary system operates at lowpressure. Thus, the coolant boundary design
penetrating containment.
Each line that is part of the reactor [primary coolant
requirements differ from the traditional LWR
coolant pressure boundary requirements. The
p.Fess;w] boundary and that penetrates the primary
reactor containment structure shall be provided with
effects of low pressure design are
containment isolation valves as follows, unless it can
acknowledged in NUREG-1368 (page 3-28)
be demonstrated that the containment isolation
(ML063410561) under discussion of GDC 4
provisions for a specific class of lines, such as
and on (page 3-30) under GDC 14. The use of
instrument lines, are acceptable on some other defined the term "primary" implies the GDC is
basis:
applicable to the primary cooling system, not
(1) One locked closed isolation valve inside and one
the intermediate cooling system. (See Section
locked closed isolation valve outside containment; or
6.3.1 of this report for a description of the SFR
(2) One automatic isolation valve inside and one
cooling systems.)
locked closed isolation valve outside containment; or
(3) One locked closed isolation valve inside and one
Section 3.2.4.5 of NUREG-1368, (page 3-57)
discussed the need for an additional GDC
automatic isolation valve outside containment. A
simple check valve may not be used as the automatic
focused on the intermediate cooling system
isolation valve outside containment; or
design requirements. The design requirements
related to the intermediate loop are addressed
(4) One automatic isolation valve inside and one
in new SFR-DC 70.
automatic isolation valve outside containment. A
simple check valve may not be used as the automatic
isolation valve outside containment.
The cover gas boundary is included as part of
the reactor primary coolant boundary (referred
92

Isolation valves outside containment snail be
located as close to containment as practical and
upon loss of actuating power, automatic isolation
valves shall be designed to take the position that
provides greater safety.

56

isolation valves outside containment snail ie iocatea
as close to containment as practical and upon loss of
actuating power, automatic isolation valves shall be
designed to take the position that provides greater
safety.

Other appropriate requirements to minimize the
probability or consequences of an accidental
rupture of these lines or of lines connected to
them shall be provided as necessary to assure
adequate safety. Determination of the
appropriateness of these requirements, such as
higher quality in design, fabrication, and testing,
additional provisions for inservice inspection,
protection against more severe natural
phenomena, and additional isolation valves and
containment, shall include consideration of the
population density, use characteristics, and
physical characteristics of the site environs.

Other appropriate requirements to minimize the
probability or consequences of an accidental rupture of
these lines or of lines connected to them shall be
provided as necessary to assure adequate safety.
Determination of the appropriateness of these
requirements, such as higher quality in design,
fabrication, and testing, additional provisions for
inservice inspection, protection against more severe
natural phenomena, and additional isolation valves and
containment, shall include consideration of the
population density, use characteristics, and physical
characteristics of the site environs.

Primarycontainmentisolation.
Each line that connects directly to the
containment atmosphere and penetrates the
primary reactor containment structure shall be
provided with containment isolation valves as
follows, unless it can be demonstrated that the
containment isolation provisions for a specific
class of lines, such as instrument lines, are
acceptable on some other defined basis:
(1) One locked closed isolation valve inside and
one locked closed isolation valve outside
containment; or
(2) One automatic isolation valve inside and one
locked closed isolation valve outside
containment; or
(3) One locked closed isolation valve inside and
one automatic isolation valve outside
containment. A simple check valve may not be
used as the automatic isolation valve outside
containment; or
(4) One automatic isolation valve inside and one
automatic isolation valve outside containment. A
simDle check valve may not be used as the

ARDC with no further SER-specific clarification

provided.

93

to as IKL;v-

(page 3-38).

JIULUI IIdLIL; IbUl:IUI I VdlVt

UULbIUU LUI ILtdfIII II I IL.

Isolation valves outside containment shall be
located as close to the containment as practical
and upon loss of actuating power, automatic
isolation valves shall be designed to take the
position that provides greater safety.
57

Closed system isolation valves.
Each line that penetrates the primary reactor
containment structure and is neither part of the
reactor [coolant pressure] boundary nor
connected directly to the containment
atmosphere shall have at least one containment
isolation valve which shall be either automatic, or
locked closed, or capable of remote manual
operation. This valve shall be outside
containment and located as close to the
containment as practical. A simple check valve
may not be used as the automatic isolation valve.

ARDC with additional SFR-specific clarification
provided:

meacwor cooiant pressure uouriuary is
relabeled within the brackets as "reactor
primary coolant boundary" to reflect that the
SFR reactor primary system operates at lowClosed system isolation valves.
Each line that penetrates the primary reactor
pressure. Thus, the coolant boundary design
containment structure and is neither part of the reactor requirements differ from the traditional LWR
[primary coolant pi-ee6ui] boundary nor connected
coolant pressure boundary requirements. The
directly to the containment atmosphere shall have at
effects of low pressure design are
least one containment isolation valve unless it can be
acknowledged in NUREG-1368 (page 3-28)
demonstrated that the containment safety function can (ML063410561) under discussion of GDC 4
be met without an isolation valve and assuming failure and on (page 3-30) under GDC 14. The use of
of a single active component. The isolation valve, if
the term "primary" implies the GDC is
whRih
esha4required, shall be either automatic, or
applicable to the primary cooling system, not
locked closed, or capable of remote manual operation. the intermediate cooling system. (See Section
This valve shall be outside containment and located as 6.3.1 of this report for a description of the SFR
close to the containment as practical. A simple check
cooling systems.)
valve may not be used as the automatic isolation valve.

Section 3.2.4.5 of NUREG-1368, (page 3-57)
discussed the need for an additional GDC
focused on the intermediate cooling system
design requirements. The design requirements
related to the intermediate loop are addressed
in new SFR-DC 70.
Not all penetrations will provide a release path
to the atmosphere. Piping that may be of
interest in the case of an SFR design is for the
intermediate heat transport system (IHTS) and
the residual heat removal system. A designer
may be able to satisfactorily demonstrate that
containment isolation valves are not required
for an SFR design. This rewording for the
SFR-DC provides a designer the opportunity to
present the safety case without containment
isolation valves.
94

The cover gas boundary is included as part of
the reactor primary coolant boundary (referred
to as RCPB by PRISM) per NUREG-1368
(page 3-38).

61

L;ontrol or reteases oT raamoacrivematenais to ine
environment.
The nuclear power unit design shall include
means to control suitably the release of
radioactive materials in gaseous and liquid
effluents and to handle radioactive solid wastes
produced during normal reactor operation,
including anticipated operational occurrences.
Sufficient holdup capacity shall be provided for
retention of gaseous and liquid effluents
containing radioactive materials, particularly
where unfavorable site environmental conditions
can be expected to impose unusual operational
limitations upon the release of such effluents to
the
environment.
I
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provided.

Fuel storage and handlingand radioactivity
ARDC with no further SFR-specific clarification
provided.
control.
The fuel storage and handling, radioactive waste,
and other systems which may contain
radioactivity shall be designed to assure
adequate safety under normal and postulated
accident conditions. These systems shall be
designed (1) with a capability to permit
appropriate periodic inspection and testing of
components important to safety, (2) with suitable
shielding for radiation protection, (3) with
appropriate containment, confinement, and
filtering systems, (4) with a residual heat removal
capability having reliability and testability that
reflects the importance to safety of decay heat
and other residual heat removal, and (5) to
prevent significant reduction in fuel storage
coolina under accident conditions.
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64

Prevention of criticalityin fuel storage and
handling.
Criticality in the fuel storage and handling system
shall be prevented by physical systems or
processes, preferably by use of geometrically
safe conflaurations.
Monitoring fuel and waste storage.
Appropriate systems shall be provided in fuel
storage and radioactive waste systems and
associated handling areas (1) to detect conditions
that may result in loss of residual heat removal
capability and excessive radiation levels and (2)
to initiate appropriate safety actions.
Monitoring radioactivityreleases.
Means shall be provided for monitoring the
[reactor containment] atmosphere, [spaces
containing components for recirculation of
loss-of-coolant accident fluids,] effluent
discharge paths, and the plant environs for
radioactivity that may be released from normal
operations, including anticipated operational
occurrences, and from postulated accidents.

cific clai

ARDC with no turther
provided.

ARDC with no further SFR-specific clarification
provided.

ARDC with additional SFR-specific clarification
provided:
Monitoring radioactivityreleases.
Means shall be provided for monitoring the [reactor
containment] atmosphere, [spaces containing
components for rccF.rcb8* .,nof lcss of co!o.nt
ccGidcnt fluidc primary system sodium and cover
gas cleanup and processing,] effluent discharge
paths, and the plant environs for radioactivity that may
be released from normal operations, including
anticipated operational occurrences, and from
postulated accidents.

96

I [IV

p1adbU

rUaiUor

GonEdi"FlhTn

I

Iii LIM

5L

set of brackets in ARDC 64 is retained.
In NUREG-1368, Table 3.3 (page 3-25)
(ML063410561) NRC staff recommended
deleting the GDC-64 phrase "spaces
containing components for recirculation of
loss-of-coolant accident fluids." Otherwise, the
NRC staff noted that criterion requirements are
independent of the design of SFRs (page 3-

55).
However, rather than delete the second
bracketed phrase from ARDC 64, "spaces
containing components for recirculation of
loss-of-coolant accident fluids," the
bracketed text was modified to identify other
SFR plant areas that should also be included
to maintain consideration of all potential
discharge paths and areas subject to
monitoring. Therefore, primary system sodium
and cover gas cleanup systems that may be
outside containment and effluent processing
systems are considered in place of the current
text in the second set of brackets in ARDC 64.

irnermeaare cooianr systems.
If an intermediate coolant system is provided, the
intermediate coolant shall be compatible with sodium if
it is separated from the reactor primary coolant by a
single passive barrier. Where a single barrier
separates the reactor primary coolant from the
intermediate coolant, a pressure differential shall be
maintained such that any leakage would flow from the
intermediate coolant system to the reactor primary
coolant system unless other provisions can be shown
to be acceptable. The intermediate coolant boundary
shall be designed to permit inspection and surveillance
in areas where leakage can affect the safety functions
of systems, structures and components.
71

N/A

72

N/A

73

N/A

Reactor coolant & cover gas purity control.
Systems shall be provided as necessary to maintain
primary coolant purity and cover gas purity within
specified design limits. These limits shall be based on
consideration of (1) chemical attack, (2) fouling and
plugging of passages, and (3) radioisotope
concentrations.
Sodium heating systems.
Heating systems shall be provided as necessary for
systems and components important to safety, which
contain or could be required to contain sodium. These
heating systems and their controls shall be
appropriately designed to assure that the temperature
distribution and rate of change of temperature in
systems and components containing sodium are
maintained within design limits assuming a single
failure.
Sodium leakage detection and reaction prevention and
mitigation.
Means to detect sodium leakage and to limit and
control the extent of sodium-air and sodium-concrete
reactions shall be provided as necessary to assure that
the safety functions of structures, systems and
components important to safety are maintained.
Special features such as inerted enclosures or guard
vessels shall be provided as appropriate for systems
containing reactor primary sodium coolant.
97
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Section 3.2.4.5 suggested the need for a
separate criterion for the intermediate coolant
system. Also separate criteria were included in
NUREG-0968 (ML082381008) (Criterion 31Design of Intermediate Cooling System and
Criterion 33-Inspection of Intermediate
Cooling System).

NUREG-1368 (page 3-57) (ML063410561)
Section 3.2.4.6 suggested the need for a
separate criterion for sodium and cover gas
purity control. Also a separate criterion was
included in NUREG-0968 (ML082381008)
(Criterion 34-Reactor and intermediate coolant
and cover gas purity control).
NUREG-1368 (page 3-56) (ML063410561)
Section 3.2.4.2 suggested the need for a
separate criterion for sodium heating system.
Also, a separate criterion was included in
NUREG-0968 (ML082381008) (Criterion-7
Sodium Heating Systems).

NUREG-1 368 (page 3-56) (ML063410561)
Section 3.2.4.1 suggested the need for a
separate criterion for protection against sodium
reactions. Also, a separate criterion was
included in NUREG-0968 (ML082381008)
(Criterion-4 Protection against Sodium and
NaK reactions).

N/A

Sodium/water reaction prevention/mitigation.
Structures, systems, and components important to
safety containing sodium shall be designed and
located to limit the consequences of chemical reactions
between sodium and water on the safety functions of
any systems, structures, and components. Means
shall be provided as appropriate to limit possible
contacts between sodium and water.
Ifnecessary to prevent loss of any plant safety
function, the sodium-steam generator system shall be
designed to detect and contain sodium-water reactions
and limit the effects of the energy and reaction
products released by such reactions.
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NUREG-1368 (page 3-56) (ML063410561)
Section 3.2.4.1 suggested the need for a
separate criterion for protection against sodium
reactions. Also, a separate criterion was
included in NUREG-0968 (ML082381008)
(Criterion-4 Protection against Sodium and
NaK reactions).

9.3

Proposed Modular High Temperature Gas-Cooled Reactor Design Criteria

wuaiiry sranaarasana recorus.
Structures, systems, and components important
to safety shall be designed, fabricated, erected,
and tested to quality standards commensurate
with the importance of the safety functions to be
performed. Where generally recognized codes
and standards are used, they shall be identified
and evaluated to determine their applicability,
adequacy, and sufficiency and shall be
supplemented or modified as necessary to
assure a quality product in keeping with the
required safety function. A quality assurance
program shall be established and implemented
in order to provide adequate assurance that
these structures, systems, and components will
satisfactorily perform their safety functions.
Appropriate records of the design, fabrication,
erection, and testing of structures, systems, and
components important to safety shall be
maintained by or under the control of the
nuclear power unit licensee throughout the life
of the unit.
2

mmuu wlni no tunrner mowular r

clarification provided.

ARDC with no further modular HTGR-specific
Design bases for protection againstnatural
clarification provided.
phenomena.
Structures, systems, and components important
to safety shall be designed to withstand the
effects of natural phenomena such as
earthquakes, tornadoes, hurricanes, floods,
tsunami, and seiches without loss of capability
to perform their safety functions. The design
bases for these structures, systems, and
components shall reflect: (1) Appropriate
consideration of the most severe of the natural
phenomena that have been historically reported
for the site and surrounding area, with sufficient
margin for the limited accuracy, quantity, and
period of time in which the historical data have
been accumulated, (2) appropriate combinations
of the effects of normal and accident conditions
with the effects of the natural phenomena and
99
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performed.
Fireprotection.
Structures, systems, and components important
to safety shall be designed and located to
minimize, consistent with other safety
requirements, the probability and effect of fires
and explosions. Noncombustible and heat
resistant materials shall be used wherever
practical throughout the unit[, particularly in
locations such as the containment and
control room]. Fire detection and fighting
systems of appropriate capacity and capability
shall be provided and designed to minimize the
adverse effects of fires on structures, systems,
and components important to safety. Firefighting
systems shall be designed to assure that their
rupture or inadvertent operation does not
significantly impair the safety capability of these
structures, systems, and components.
4

Environmental and dynamic effects design
bases.
Structures, systems, and components important
to safety shall be designed to accommodate the
effects of and to be compatible with the
environmental conditions associated with
normal operation, maintenance, testing, and
postulated accidents. These structures,
systems, and components shall be appropriately
protected against dynamic effects, including the
effects of missiles, pipe whipping, and
discharging fluids, that may result from
equipment failures and from events and
conditions outside the nuclear power unit.
However, dynamic effects associated with
postulated pipe ruptures in nuclear power units
may be excluded from the design basis when
analyses reviewed and approved by the
Commission demonstrate that the probability of
fluid system piping rupture is extremely low

ARDC with additional modular HTGR-specific
clarification provided:
Fire protection.
Structures, systems, and components important to
safety shall be designed and located to minimize,
consistent with other safety requirements, the
probability and effect of fires and explosions.
Noncombustible and heat resistant materials shall be
used wherever practical throughout the unit,
[particularly in locations su-h as the
,
,-tainmentwith safety related equipment and the
control room]. Fire detection and fighting systems of
appropriate capacity and capability shall be provided
and designed to minimize the adverse effects of fires
on structures, systems, and components important to
safety. Firefighting systems shall be designed to
assure that their rupture or inadvertent operation does
not significantly impair the safety capability of these
structures, systems, and components.
4
ARDC with no further modular HTGR-specific
clarification provided.
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This criterion establishes functional requirements
that provide assurance that SSCs important to
safety can perform their safety functions during
fire events. It can be applied to modular HTGRs
with minor modification.
Revisions address the reference to containment.
The reactor building utilized by the modular
HTGR design does not have the same functions
as an LWR containment structure. In place of
reference to the containment, reference is made
instead to locations with safety related
equipment.

Sharing of structures,systems, and
components.
Structures, systems, and components important
to safety shall not be shared among nuclear
power units unless it can be shown that such
sharing will not significantly impair their ability to
perform their safety functions, including, in the
event of an accident in one unit, an orderly
shutdown and cooldown of the remaining units.

ARDC with additional modular HTGR-specific
clarification provided:

Heactor design.

AK-UU

The reactor core and associated [coolant],
control, and protection systems shall be
designed with appropriate margin to assure that
specified acceptable fuel design limits are not
exceeded during any condition of normal
operation, including the effects of anticipated
operational occurrences.

Sharing of structures,systems, and components.
Structures, systems, and components important to
safety shall not be shared among reactor modules or
reactor module groups nuclear poWEr-units unless it
can be shown that such sharing will not significantly
impair their ability to perform their safety functions,
including, in the event of an accident in one reactor
module or reactor module groupuit, an orderly
shutdown and cooldown of the remaining reactor
modules or reactor module groupsuinits.

witn aaaitionai moauiar m-i u.K-speCITic
clarification provided:
Reactor design.

i nis criterion estaDlisnes Tunctionai requirements
that provide assurance that SSCs can perform
their safety functions independent of any other
nuclear power units they may service.
It is expected that modular HTGR designs will
include multi-module plant configurations that will
need to consider these requirements. The
criterion can be applied to modular HTGRs with
minor modification. The language used is
specific to the modular HTGR design to capture
the importance of not sharing SSCs among
modules or among module groups ifthe sharing
could lead to a loss of safety function at one of
the other shared modules/QrouDs.

it is mne entire reactor system, wnicn inciuaes tne
core and other components, and the other
systems listed that assure that limits are not
exceeded.

The reactor 9e~ie-system and associated [coo~lanheat

removal], control, and protection systems shall be
designed with appropriate margin to assure that
specified acceptable kielcore radionuclide release
design limits are not exceeded during any condition of
normal operation, including the effects of anticipated
operational occurrences.

The revised criterion recognizes that the role of
the helium in modular HTGR safety is different
from that of a traditional "reactor core coolant"
and that residual heat removal is not dependent
on forced helium circulation. The core design
ensures a passive residual heat removal
capability (INL/EXT-1 1-22708, "Modular HTGR
Safety Basis and Approach", Aug. 2011,
ML11251A169, pg. 17).
NGNP determined that an alternative to the
LWR-based SAFDL is needed which aligns with
the modular HTGR safety basis and the role of
coated particle fuel (see Section 7.2.2); NRC
staff noted this issue before the ACRS on
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core radionuclide release design limits"
designates the modular HTGR-specific
regulatory limit. The quantitative value of the
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Reactor inherentprotection.
The reactor core and associated systems that
contribute to reactivity feedback shall be
designed so that in the power operating range
the net effect of the prompt inherent nuclear
feedback characteristics tends to compensate
for a rapid increase in reactivity.
Suppression of reactorpower oscillations.
The reactor core and associated [coolant],
control, and protection systems shall be
designed to assure that power oscillations which
can result in conditions exceeding specified
acceptable fuel design limits are not possible or
can be reliably and readily detected and
suppressed.

Instrumentation and control.
Instrumentation shall be provided to monitor
variables and systems over their anticipated
ranges for normal operation, for anticipated
operational occurrences, and for accident
conditions as appropriate to assure adequate
safety, including those variables and systems
that can affect the fission process, the integrity
of the reactor core, [the reactor coolant
pressure boundary, and the containment and
its associated systems]. Appropriate controls

ARDC with no further modular HTGR-specific
clarification provided.

ARDC with additional modular HTGR-specific
clarification provided:
Suppression of reactorpower oscillations.
The reactor core and associated r,,olant]. control,
and protection systems shall be designed to assure
that power oscillations which can result in conditions
exceeding specified acceptable fuet-core radionuclide
release design limits are not possible or can be reliably
and readily detected and suppressed.

ARDC with additional modular HTGR-specific
clarification provided:
Instrumentationand control.
Instrumentation shall be provided to monitor variables
and systems over their anticipated ranges for normal
operation, for anticipated operational occurrences, and
for accident conditions as appropriate to assure
adequate safety, including those variables and
systems that can affect the fission process and- the
integrity of the roactor core, [the reactor coolA
102

I his criterion is applicable to the modular H I GR
core and associated systems but the primary
circuit uses helium, which does not influence
power oscillations due to its neutronic
transparency (INL/EXT-1 1-22708, "Modular
HTGR Safety Basis and Approach", Aug. 2011,
ML1 1251A1 69, pg. 8). Reference to "coolant" is
not germane to this modular HTGR criterion.
NGNP determined that an alternative to the
LWR-based SAFDL is needed which aligns with
the modular HTGR safety basis and the role of
coated particle fuel (see Section 7.2.2); NRC
staff noted this issue before the ACRS on
4/9/2013 (ML13119A447). "Specified acceptable
core radionuclide release design limits"
designates the modular HTGR-specific
regulatory limit. The quantitative value of the
SARRDL will be desican specific.
Modified the criterion to reflect use of the
modular HTGR functional containment, which is
summarized in a set of slides presented to NRC
in a July 2012 public meeting (ML12223A146)
with associated NRC meeting summary
(ML12219A205). NRC staff feedback on
functional containment is documented in "NGNP
- Assessment of Key Licensing Issues",
ML14174A734 (enclosure 1- ML14174A774,
section 3, and enclosure 2 - ML14174A845,
section 3.11).

snaii De proviaeo to maintain tnese variaoies
and systems within prescribed operating ranges.
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coc!3tod _...t.e...]functional containment.

Appropriate controls shall be provided to maintain
these variables and systems within prescribed

ooeratinci rancies.
14

15

Reactor[coolantpressure]boundary.
The reactor [coolant pressure] boundary shall
be designed, fabricated, erected, and tested so
as to have an extremely low probability of
abnormal leakage, of rapidly propagating failure,
and of gross rupture.

The reactor HPB role and function are described
in Sec 5.4 of INL/EXT-1 1-22708, "Modular
HTGR Safety Basis and Approach", Aug. 2011,
ML1 1251A169. The reactor helium pressure
Reactor [faeolanheliumpressure]boundary.
The reactor [seelan helium pressure] boundary shall boundary is one of the multiple functional
containment radionuclide release barriers in a
be designed, fabricated, erected, and tested so as to
have an extremely low probability of abnormal leakage, configuration summarized in a set of slides
of rapidly propagating failure,-and of gross rupture, and presented to NRC in a July 2012 public meeting
(ML12223A146) with associated NRC meeting
of unacceptable ingress of air, secondary coolant, or
summary (ML12219A205). According to working
other fluids.
definitions developed by NGNP, the reactor HPB
contains (but is not synonymous with) the
primary circuit and should not be defined purely
in terms of "helium wetted surfaces."
ARDC with additional modular HTGR-specific
clarification provided:

Criterion 14 focuses on reactor HPB design
against substantial failure while Criterion 15
emphasizes not exceeding reactor HPB design
margins during normal operation, including
AQOs. Criterion 14 was revised to recognize that
the reactor HPB must be constructed to resist
rupture, which would trigger associated
radionuclide release mechanisms, and to inhibit
ingress of air, secondary coolant, and other
contaminant fluids, which could in turn, oxidize
the graphite core (INL/EXT-10-17997, "NGNP
Mechanistic Source Terms White Paper, July
2010. ML102040260).
ARDC with additional modular HTGR-specific
The reactor HPB role and function are described
Reactor[coolant]system design.
in Sec 5.4 of INL/EXT-1 1-22708, "Modular
The reactor [coolant] system and associated
clarification provided:
HTGR Safety Basis and Approach", Aug. 2011,
auxiliary, control, and protection systems shall
be designed with sufficient margin to assure that Reactor feoelanhelium pressure boundary) system ML1 1251A169. The reactor helium pressure
boundary is one of the multiple functional
the design conditions of the reactor [coolant
design.
containment radionuclide release barriers in a
pressure] boundary are not exceeded during
The reactor [feeolant] system, vessel system, heat
configuration summarized in a set of slides
any condition of normal operation, including
removal systems, and associated auxiliary, control,
presented to NRC in a July 2012 public meeting
anticipated operational occurrences.
and protection systems shall be designed with
sufficient margin to assure that the design conditions of (ML12223A146) with associated NRC meeting
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me reactor L[OaRaineiium pressurej Dounaary are
summary kML IZZ-I /.ZUD). INI¶L stat
not exceeded during any condition of normal operation, acknowledged the role played by the HPB in
including anticipated operational occurrences.
functional containment decisions in
ML14174A845, Section 3.12.4. According to
working definitions developed by NGNP, the
reactor HPB contains (but is not synonymous
with) the primary circuit and should not be
defined purely in terms such as of "helium wetted
surfaces."
Criterion 15 focuses on not exceeding reactor
HPB design margins during normal operations,
including AQOs. Criterion 15 was modified to
note that the reactor system, vessel system, and
heat removal systems are the systems that are
designed with margins to ensure that the reactor
HPB integrity is maintained rather than the
"ranrtnr rnnlInf extefam"
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Containmentdesign.
ARDC with no further modular HTGR-specific
A reactor functional containment, consisting of a clarification provided.
structure surrounding the reactor and its cooling
system or multiple barriers internal and/or
external to the reactor and its cooling system,
shall be provided to effectively control the
release of radioactivity to the environment and to
assure that the functional containment design
conditions important to safety are not exceeded
for as long as postulated accident conditions
require.
Electric power systems.
ARDC with additional modular HTGR-specific
Electric power systems shall be provided to
clarification provided:
permit functioning of structures, systems, and
Electric power systems.
components important to safety. The safety
E-latrinOnsite electric power systems shall be
function for the systems shall be to provide
sufficient capacity, capability, and reliability to
provided to permit functioning of structures, systems,
assure that (1) specified acceptable fuel design and components important to safety. The safety
limits and design conditions of the reactor
function for the systems shall be to provide sufficient
[coolant pressure] boundary are not exceeded capacity, capability, and reliability to assure that (1)
as a result of anticipated operational
specified acceptable fuel-core radionuclide release
occurrences and (2) vital functions that rely on
design limits and design conditions of the reactor
[co-lant helium pressure] boundary are not
electric power are maintained in the event of
exceeded as a result of anticiDated oDerational
postulated accidents.
104

The criterion was revised to align electric power
systems with the modular HTGR safety design
approach. Inputs considered in this change
include;
a) The passive safety design of modular HTGRs
does not rely on offsite or onsite AC power for
any safety-related function during any postulated
accident scenario (INL/EXT-1 1-22708, "Modular
HTGR Safety Basis and Approach", Aug. 2011,
ML1 1251A1 69, pg. 9). DC power is required for
some systems and is provided by safety related
onsite eauioment.
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The onsite electric power systems shall have
sufficient independence, redundancy, and
testability to perform their safety functions,
assuming a single failure.
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power are maintained in the event of postulated
accidents.
The onsite electric power systems shall have sufficient
independence, redundancy, and testability to perform
.ingle
failure as
their safety functions, acuming a
required during postulated accidents.

b) Reference to application of the single failure
criterion was updated to reflect the NRC staffs
assessment of NGNP proposals in this area, as
noted on July 17, 2014 in "NGNP- Assessment
of Key Licensing Issues", ML14174A734
(enclosure 1- ML14174A774, section 1).
NGNP also determined that an alternative to the
LWR-based SAFDL is needed which aligns with
the modular HTGR safety basis and the role of
coated particle fuel; NRC staff noted this issue
before the ACRS on 4/9/2013 (ML 13119A447).
"Specified acceptable core radionuclide release
design limits" designates the modular HTGRspecific regulatory limit. The quantitative value of

18

Inspection and testing of electric power systems. ARDC with no further modular HTGR-specific
Electric power systems important to safety shall clarification provided.
be designed to permit appropriate periodic
inspection and testing of important areas and
features, such as wiring, insulation, connections,
and switchboards, to assess the continuity of the
systems and the condition of their components.
The systems shall be designed with a capability
to test periodically (1) the operability and
functional performance of the components of the
systems, such as [onsite power sources,
relays, switches, and buses] and (2) the
operability of the systems as a whole and, under
conditions as close to design as practical, the
full operation sequence that brings the systems
into operation, including operation of applicable
portions of the protection system and the
transfer of power among systems.

19

ARDC with no further modular HTGR-specific
Control room.
clarification provided.
A control room shall be provided from which
actions can be taken to operate the nuclear
power unit safely under normal conditions and to
maintain it in a safe condition under accident
conditions. Adequate radiation protection shall
provided to permit access and occupancy of________________________

___be
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Me control room unuer accluenu Conul[Ions
without personnel receiving radiation exposures
in excess of 5 rem total effective dose equivalent
(TEDE), for the duration of the accident.
Adequate habitability measures shall be
provided to permit access and occupancy of the
control room during normal operations and
under accident conditions.
Equipment at appropriate locations outside the
control room shall be provided (1) with a design
capability for prompt hot shutdown of the
reactor, including necessary instrumentation and
controls to maintain the unit in a safe condition
during hot shutdown, and (2) with a potential
capability for subsequent cold shutdown of the
reactor through the use of suitable procedures.

i-'rotection system runctions.

The protection system shall be designed (1) to
initiate automatically the operation of
appropriate systems including the reactivity
control systems, to assure that specified
acceptable fuel design limits are not exceeded
as a result of anticipated operational
occurrences and (2) to sense accident
conditions and to initiate the operation of
systems and components important to safety.

21

Protection system reliabilityand testability.
The protection system shall be designed for
high functional reliability and inservice
testability commensurate with the safety
functions to be performed. Redundancy and
independence designed into the protection
system shall be sufficient to assure that (1) no
I single failure results in loss of the protection

aeterminea an amternative to LVVW-Dasea
SAFDL is needed which aligns with the modular
HTGR safety basis and the role of coated
particle fuel (see Section 7.2.2); NRC staff noted
this issue before the ACRS on 4/9/2013
(ML13119A447). "Specified acceptable core
radionuclide release design limits" designates
the modular HTGR-specific regulatory limit. The
quantitative value of the SARRDL will be design
specific.
NUNI

clarification provided:

Protectionsystem functions.
The protection system shall be designed (1) to initiate
automatically the operation of appropriate systems
including the reactivity control systems, to assure that
specified acceptable fuek-core radionuclide release
design limits are not exceeded as a result of anticipated
operational occurrences and (2) to sense accident
conditions and to initiate the operation of systems and
components important to safety.
ARDC with no further modular HTGR-specific
clarification provided.
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function and (2) removal from service of any
component or channel does not result in loss of
the required minimum redundancy unless the
acceptable reliability of operation of the
protection system can be otherwise
demonstrated. The protection system shall be
designed to permit periodic testing of its
functioning when the reactor is in operation,
including a capability to test channels
independently to determine failures and losses
of redundancy that may have occurred.
ARDC with no further modular HTGR-specific
Protectionsystem independence.
The protection system shall be designed to
clarification provided.
assure that the effects of natural phenomena,
and of normal operating, maintenance, testing,
and postulated accident conditions on
redundant channels do not result in loss of the
protection function, or shall be demonstrated to
be acceptable on some other defined basis.
Design techniques, such as functional diversity
or diversity in component design and principles
of operation, shall be used to the extent
practical to prevent loss of the protection
function.

Protection system failure modes.
ARDC with no further modular HTGR-specific
The protection system shall be designed to fail clarification provided.
into a safe state or into a state demonstrated to
be acceptable on some other defined basis if
conditions such as disconnection of the system,
loss of energy (e.g., [electric power,
instrument air]), or postulated adverse
environments (e.g., [extreme heat or cold,
fire, pressure, steam, water, and radiation])
are experienced.________________________
24 Separation of protection and control systems.
ARDC with no further modular HTGR-specific
The protection system shall be separated from clarification provided.
control systems to the extent that failure of any
single control system component or channel, or
failure or removal from service of any single
protection system component or channel which
is common to the control and protection
Isystems leaves intact a system satisfying all
I
23
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reliability, redundancy, and independence
requirements of the protection system.
Interconnection of the protection and control
systems shall be limited so as to assure that
safety is not sianificantiv impaired.
Protectionsystem requirementsfor reactivity
control malfunctions.
The protection system shall be designed to
assure that specified acceptable fuel design
limits are not exceeded for any single
malfunction of the reactivity control systems,
such as accidental withdrawal (not ejection or
dropout) of control rods.

ARDC with additional modular HTGR-specific
clarification provided:

NGNP determined an alternative to LWR-based
SAFDL is needed which aligns with the modular
HTGR safety basis and the role of particle fuel
(see Section 7.2.2); NRC staff noted this issue
before the ACRS on 4/9/2013 (ML13119A447).
"Specified acceptable core radionuclide release
design limits" designates the modular HTGRspecific regulatory limit. The quantitative value of
the SARRDL will be design specific.

Protection system requirements for reactivity control
malfunctions.
The protection system shall be designed to assure that
specified acceptable fuelcore radionuclide release
design limits are not exceeded for any single
malfunction of the reactivity control systems, such as
accidental withdrawal (not ejection OF dropout) of control
The reference to rod dropout is boiling water
rods.
reactor-specific; it does not apply to modular
HTGR designs, all of which are designed for top
down
insertion of control rods.
44Reactivity control system redundancyand
ARDC with additional modular HTGR-specific
Wording adjustments were made to provide
flexibility to account for a range of design options
clarification provided:
capability.
to meet the criterion safety goal, potentially using
of
systems
control
[Two] independent reactivity
more than two independent reactivity control
Reactivity control system redundancyand capability.
different design principles shall be provided.
[Tweo]41ndependent reactivity control systems of
systems (see MHTGR PSID, Section 4.2).
One of the systems shall use control rods,
different design principles shall be provided. One of the
preferably including a positive means for
NGNP determined an alternative to LWR-based
systems shall use control rods, preferably including a
inserting the rods, and shall be capable of
SAFDL is needed which aligns with the modular
reliably controlling reactivity changes to assure positive means for inserting the rods, and shall be
HTGR safety basis and the role of coated
that under conditions of normal operation,
capable of reliably controlling reactivity changes to
particle fuel (see Section 7.2.2); NRC staff noted
assure
that
under
conditions
of
normal
operation,
anticipated
operational
occurrences,
including
including anticipated operational occurrences, and with this issue before the ACRS on 4/9/2013
and with appropriate margin for malfunctions
appropriate margin for malfunctions such as stuck rods, (ML13119A447). "Specified acceptable core
such as stuck rods, specified acceptable fuel
radionuclide release design limits" designates
specified acceptable fuelcore radionuclide release
design limits are not exceeded. A second
design limits are not exceeded. A second reactivity
the modular HTGR-specific regulatory limit. The
reactivity control system shall be capable of
quantitative value of the SARRDL will be design
reliably controlling the rate of reactivity changes control system shall be capable of reliably controlling
specific.
resulting from planned, normal power changes the rate of reactivity changes resulting from planned,
normal power changes [(including xenon burnout)] to
[(including xenon burnout)] to assure
acceptable fuel design limits are not exceeded. assure acceptable fuelcore radionuclide release design
One of the systems shall be capable of holding limits are not exceeded. One of the systems shall be
capable of holding the reactor core subcritical under
the reactor core subcritical under cold
cold conditions.
conditions.
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The reactivity control systems shall be
designed to have a combined capability of
reliably controlling reactivity changes to assure
that under postulated accident conditions and
with appropriate margin for stuck rods the
capability to cool the core is maintained.

clarification provided.

Reactivity limits.

ARDC with additional modular HTGR-specific
clarification provided:

The reactivity control systems shall be
designed with appropriate limits on the potential
amount and rate of reactivity increase to assure
that the effects of postulated reactivity
accidents can neither (1) result in damage to
the reactor [coolant pressure] boundary
greater than limited local yielding nor (2)
sufficiently disturb the core, its support
structures or other reactor vessel internals to
impair significantly the capability to cool the
core. These postulated reactivity accidents
shall include consideration of [rod ejection
(unless prevented by positive means), rod
dropout, steam line rupture, changes in
reactor coolant temperature and pressure,
and cold water addition].
29
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Protectionagainst anticipatedoperational
occurrences.
The protection and reactivity control systems
shall be designed to assure an extremely high
probability of accomplishing their safety
functions in the event of anticipated operational
occurrences.

wuanry or reactor 1coowrn pressurej
boundary.
Components which are part of the reactor
[coolant pressure] boundary shall be
desicned, fabricated, erected, and tested to the

Reactivity limits.
The reactivity control systems shall be designed with
appropriate limits on the potential amount and rate of
reactivity increase to assure that the effects of
postulated reactivity accidents can neither (1) result in
damage to the reactor [Geelanthelium pressure]
boundary greater than limited local yielding nor (2)
sufficiently disturb the core, its support structures or
other reactor vessel internals to impair significantly the
capability to cool the core. These postulated reactivity
accidents shall include consideration of [rod ejection
(unless prevented by positive means), Fed drGpGUt,
6etFm line r.uptur, changes in reactor eeolant
, and CAWAtA
temperatureandpFess
additi.-moisture ingress].
ARDC with no further modular HTGR-specific
clarification provided.
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amount of reactivity increases applies to modular
HTGRs, but minor revisions were made to
address the reactor helium pressure boundary
and the inapplicability of rod dropout for modular
HTGRs.
The list of reactivity accidents was modified to
address reactor temperature changes resulting
from a number of possible initiating events that
could affect reactivity, including moisture ingress
(see Sections 15.7- 15.10 of MHTGR PSID).
Cold-water addition does not apply to the
modular HTGR.

The reactor HPB is the one of multiple modular
HTGR fission product release barriers; the
release barrier configuration is summarized in
Quality of reactor[eeela#helium pressure]boundary. slides presented to NRC during a July 2012
public meeting (ML12223A1 46) with associated
Components which are part of the reactor
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clarification provided:
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nignest quainty stanoarus practical. Means snaii
be provided for detecting and, to the extent
practical, identifying the location of the source
of reactor [coolant] leakage.
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tGOwaRmneirum pressurej Dounaary snaii De aesignea,
fabricated, erected, and tested to the highest quality
standards practical. Means shall be provided for
detecting and, to the extent practical, identifying the
location of the source of reactor [Geelanthelium]
leakage.

NKUL meeting summary

M

~MLVU).

System factors discussed in section 2.3.3 of
INL/EXT-10-17997, "NGNP Mechanistic Source
Terms White Paper, July 2010, MI1 02040260,
note the HPB integrity is relevant to this criterion
due to its role in functional containment and its
contribution in controlling graphite chemical
attack via contaminant ingress. The adapted
criterion addresses the need for high quality HPB
component fabrication.
4
+
Fractureprevention of reactor[coolant
ARDC with additional modular HTGR-specific
The reactor HPB has a different function as
pressure]boundary.
clarification provided:
compared to the LWR reactor coolant pressure
The reactor [coolant pressure] boundary shall
boundary. The reactor HPB role in the functional
be designed with sufficient margin to assure
Fractureprevention of reactor[foolanthelium
containment and in the control of core chemical
that when stressed under operating,
pressure]boundary.
attack from contaminant ingress is noted in the
maintenance, testing, and postulated accident
The reactor [peelanthelium pressure] boundary shall
Criterion 30 rationale; radionuclide release
conditions (1) the boundary behaves in a
be designed with sufficient margin to assure that when
mechanisms in event of reactor HPB failure are
nonbrittle manner and (2) the probability of
stressed under operating, maintenance, testing, and
discussed in Section 5.4 of INI/EXT-1 1-22708,
rapidly propagating fracture is minimized. The
postulated accident conditions (1) the boundary
"Modular HTGR Safety Basis and Approach",
design shall reflect consideration of service
behaves in a nonbrittle manner and (2) the probability of Aug 2011, ML11251A169.
temperatures [and other conditions] of the
rapidly propagating fracture is minimized. The design
boundary material under operating,
shall reflect consideration of service temperatures [and This criterion contributes to assuring that
maintenance, testing, and postulated accident
other conditions] of the boundary material under
modular HTGR functional containment will meet
conditions and the uncertainties in determining operating, maintenance, testing, and postulated
10CFR50.34 (10 CFR 52.79) requirements at the
(1) material properties, (2) the effects of
accident conditions and the uncertainties in determining plant's exclusion area boundary (EAB) with
irradiation on material properties, (3) residual,
(1) material properties, (2) the effects of irradiation on
margin without consideration of retention by
steady state and transient stresses, and (4)
material properties, (3) residual, steady state and
reactor building. This key functional containment
size of flaws.
transient stresses, and (4) size of flaws.
performance attribute was presented to the
ACRS by NGNP on 1/17/13 (ML13044A656),
and acknowledged by NRC staff on July 17,
2014 in "NGNP - Assessment of Key Licensing
Issues", ML14174A734 (enclosure 1ML14174A774, section 3, and enclosure 2 ML14174A845, section 3.11). Criterion was
modified to reference the reactor HPB.
Inspection of reactor[coolantpressure]
ARDC with additional modular HTGR-specific
Criterion was modified to recognize that modular
boundary.
clarification provided:
HTGRs have a reactor HPB rather than RCPB.
Components which are part of the reactor
The reactor HPB contributes to functional
[coolant pressure] boundary shall be
Inspection of reactor[oeelGaheliumpressure]
containment as summarized in slides presented
designed to permit (1) periodic inspection and
boundary.
to NRC in a July 2012 public meeting
testing of important areas and features to
Components which are part of the reactor
(ML12223A146) with associated NRC meeting
110

assess their structural and leaktight integrity,
and (2) an appropriate material surveillance
program for the reactor vessel.

[GoeIanthelium pressure] boundary shall be designed
to permit (1) periodic inspection and testing of important
areas and features to assess their structural aPd
Section 5.4 of INL/EXT-1 1-22708, "Modular
leaktighfintegrity, and (2) an appropriate material
HTGR Safety Basis and Approach", Aug 2011,
surveillance program for the reactor vessel.
ML1 1251A1 69, summarizes the radionuclide
release mechanisms in the event of reactor HPB
failure.
This criterion contributes to assuring that the
modular HTGR functional containment will meet
10CFR50.34 (10 CFR 52.79) requirements at the
plant's exclusion area boundary (EAB) with
margin for postulated accidents without
consideration of retention by reactor building.
This key functional containment performance
attribute was presented to the ACRS by NGNP
on 1/17/13 (ML13044A656), and was
acknowledged by the NRC staff on July 17, 2014
in "NGNP - Assessment of Key Licensing
Issues", ML14174A734 (enclosure 1ML14174A774, section 3 and enclosure 2 ML14174A845, section 3.11).
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Reactor[coolant]inventoty maintenance.

The reactor HPB requires appropriate inspection
and surveillance but may not require "leaktight"
integrity; issues related to verifying the reactor
HPB leakage are presumed addressed by
assessing "structural integrity."
Although modular HTGRs have helium makeup
and cleanup systems, they are not relied upon
during postulated accidents. Coolant makeup for
protection against small LWR leaks has no
modular HTGR counterpart (See Section 6.1,
INL/EXT-1 1-22708, "Modular HTGR Safety
Basis and Approach", Aug 2011,
ML1 1251A169).

Not applicable to modular HTGR.

A system to maintain reactor [coolant]
inventory for protection against small breaks in
the reactor [coolant pressure] boundary shall
be provided as necessary to assure that
specified acceptable fuel design limits are not
exceeded as a result of reactor [coolant]
inventory loss due to leakage from the reactor
[coolant pressure] boundary and rupture of
small piping or other small components which
are part of the boundary.

_____

J

_______________________________________________
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III

Modular HTGR specified acceptable core
radionuclide release design limits are not
assured by the system addressed by this ARDC;
adequate core cooling is maintained even with a
depressurized primary circuit. Criterion does not

apply to modular
34

Residual heat removal.
A system to remove residual heat shall be
provided. The system safety function shall be to
transfer fission product decay heat and other
residual heat from the reactor core to an
ultimate heat sink at a rate such that specified
acceptable fuel design limits and the design
conditions of the reactor [coolant pressure]
boundary are not exceeded under all plant
shutdown conditions following normal
operation, including anticipated operational
occurrences, and to provide continuous
effective core cooling during postulated
accidents.
Suitable redundancy in components and
features, and suitable interconnections, leak
detection, and isolation capabilities shall be
provided to assure that the system safety
function can be accomplished, assuming a
single failure.

This criterion was revised to show that safety
residual heat removal in modular HTGRs relies
on a passive reactor cavity cooling system
(RCCS) as the conduit to ultimate heat sink (See
Residual-Passiveresidualheat removal.
A passive system to remove residual heat shall be
Section 2.3.4 of INL/EXT-10-17997, "NGNP
provided. The system safety function shall be to transfer Mechanistic Source Terms White Paper, July
fission product decay heat and other residual heat from 2010, ML102040260, and page R 5-4-2 of
the reactor core to an ultimate heat sink at a rate such
"Preliminary Safety Information Document for the
that specified acceptable kfet-core radionuclide release Standard MHTGR", HTGR-86-024, Sep 9, 1992,
Amendment 13). "Passive" is added to clarify
design limits and the design conditione of the reactG
and emphasize its key role in the overall modular
IcopianRI pFOS !Urcjh.o.ee ."t,-are not exceedea uide
HTGR design and configuration.
ARDC with additional modular HTGR-specific
clarification provided:

......

j.

.....

.p..ation, including during anticipated operational
occurrences, and to provide continuous effective eree
cooling during postulated accidents.

NGNP determined an alternative to LWR-based
SAFDL is needed which aligns with the modular
HTGR safety basis and the role of coated
Suitable redundancy in components and features, and
particle fuel (see Section 7.2.2); NRC staff noted
suitable interconnections, leak detection, and isolation
this issue before the ACRS on 4/9/2013
capabilities shall be provided to assure that the system (ML13119A447). "Specified acceptable core
safety function can be accomplished,
ac"ng..
&uming
radionuclide release design limits" designates
failur-e.
the modular HTGR-specific regulatory limit. The
quantitative value of the SARRDL will be design
specific.
The modular HTGR RCCS protects the integrity
of the reactor vessel when needed under
postulated accident conditions. It is also relied
upon for heat removal during some AOOs during
which the SARRDL is not to be exceeded. Text
of first paragraph was modified to communicate
RCCS function.
Reference to application of the single failure
criteria was updated to reflect the NRC staff's
assessment of NGNP proposals in this area, as
noted on July 17, 2014 in "NGNP- Assessment
of Key Licensing Issues", ML14174A734
(enclosure 1- ML14174A774, section 1). It is
expected that the single failure design criterion
will be replaced with a probabilistic (reliability)
criterion in modular HTGRs.
112
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Advanced Reactor Design Criterion for core
cooling under accident conditions is contained
in ARDC-34.
Inspection of residualheat removal system.
The residual heat removal system shall be
designed to permit appropriate periodic
inspection of important components, such as
[spray rings in the reactor pressure vessel,
water injection nozzles, and piping], to
assure the integrity and capability of the
system.

-specific

ARDC with no further modular H

clarification provided.
i

ARDC with additional modular HTGR-specific
clarification provided:
Inspection of passive residual heat removal system.
The passive residual heat removal system shall be
designed to permit appropriate periodic inspection of
in the
important components, such as [epr-.y .i-S
MOW
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and-pipkigdesign-specific equipment], to assure the
integrity and capability of the system.

Criterion 36 is renamed and revised for
inspection of the passive residual heat removal
system required by Criterion 34.
Modular HTGRs do not have an emergency
forced cooling system but use a passive reactor
cavity cooling system (RCCS) (subject to
Criterion 34) for residual heat removal to keep
structures, systems and components within
allowable limits. The Criterion 34 RCCS (active
or passive mode under normal conditions,
always passive under accident conditions) is
subject to inspection under Criterion 36.
Section 2.3.4 of INL/EXT-10-17997, "NGNP
Mechanistic Source Terms White Paper, July
2010, ML102040260, identifies the RCCS
contribution to the modular HTGR safety basis.
Pg. R 5-7-1 of "Preliminary Safety Information
Document for the Standard MHTGR", HTGR-86024, Sep 9, 1992, Amendment 13, states
provisions for visual inspection will be required to
assure RCCS integrity and structural support.
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Testing of residualheat removal system.
The residual heat removal system shall be
designed to permit appropriate periodic
functional testing to assure (1) the structural
integrity of its components, (2) the operability
and performance of the system components,
and (3) the operability of the system as a whole
and, under conditions as close to design as
practical, the performance of the full operational
sequence that brings the system into operation,

ARDC with additional modular HTGR-specific
clarification provided:

I

Testing of passive residualheat removal system.
The passive residual heat removal system shall be
designed to permit appropriate periodic functional
testing to assure (1) the structural integrity of its
components, (2) the operability and performance of the
system components, and (3) the operability of the
system as a whole and, if applicable, under conditions
113
113

LWR-specific equipment (spray rings, water
injection nozzles, and piping) inside the brackets
will be replaced (later) with RCCS designspecific equipment, depending on which RCCS
workiniq fluid (air or water) is used in the design.
±
Criterion 37 is renamed and revised for testing of
the passive residual heat removal system
required by modular HTGR-DC 34.
Section 2.3.4 of INL/EXT-10-17997, "NGNP
Mechanistic Source Terms White Paper, July
2010, ML102040260, notes the passive RCCS
(using either air or water as heat transfer fluid)
contributes to the modular HTGR safety basis
and is subject to component integrity testing.

inciuaing operation ot associated systems and
interfaces with an ultimate heat sink.

as close to design as practical, tne perrormance ot tne
full operational sequence that brings the system into
operation, including operation of associated systems
and interfaces with an ultimate heat sink and the
transition from the active normal operation mode to the
passive operation mode relied upon during postulated
accidents.

However, .ection b.1 01 INL/AI -11-ZZ(Ub,

"Modular HTGR Safety Basis and Approach",
Aug 2011, ML11251A169, indicates that RCCS
performance does not require "leaktight"
conditions.
Some modular HTGR reactor cavity cooling
system (RCCS) designs will provide continuous
passive operation without need for a requirement
to test the operation sequence that brings the
system into operation; "ifapplicable" is included
to recognize this contingency.
Criterion was modified to reflect the passive
nature of the modular HTGR RCCS and the
need to verify ability to transition the RCCS from
active mode (if present) to passive mode during
postulated accidents.
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Containmentheat removal.
A system to remove heat from the reactor
containment shall be provided as necessary to
maintain the containment pressure and
temperature within acceptable limits following
postulated accidents.

Not applicable to modular HTGR.

Suitable redundancy in components and
features, and suitable interconnections, leak
detection, isolation, and containment
capabilities shall be provided to assure that the
system safety function can be accomplished,
assuming a single failure.
39

Inspection of containment heat removal
system.
The containment heat removal system shall be
designed to permit appropriate periodic
inspection of important components, such as
[the torus, sumps, spray nozzles, and
piping] to assure the integrity and capability of
the system.

Modular HTGRs do not employ a containment
structure. Modular HTGRs use multiple
functional containment barriers that are
summarized in a set of slides presented to NRC
in a July 2012 public meeting (ML1 2223A1 46)
with associated NRC meeting summary
(ML12219A205).
For the purpose of modular HTGR functional
containment protection, heat removal is assured
by Criterion 10 (Reactor design) and Criterion 15
(Reactor HPB design).

Not applicable to modular HTGR.
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Containment heat removal under Criterion 38 is
not aoDlicable to modular HTGRs.
Containment heat removal under Criterion 38 is
not applicable to modular HTGRs, so Criterion
39 is also not applicable.

41

42

Testing of containmentheat removal system.
The containment heat removal system shall be
designed to permit appropriate periodic
functional testing to assure (1) the structural
integrity of its components, (2) the operability
and performance of the system components,
and (3) the operability of the system as a
whole, and under conditions as close to the
design as practical, the performance of the full
operational sequence that brings the system
into operation, including operation of
associated systems.

uontainment neat removai unaer urnterion .t is
not applicable to modular HTGRs, so Criterion
40 is also not applicable.

Not applicable to modular HTGR.
Containmentatmosphere cleanup.
Systems to control fission products,
[hydrogen, oxygen,] and other substances
which may be released into the reactor
containment shall be provided as necessary to
reduce, consistent with the functioning of other
associated systems, the concentration and
quality of fission products released to the
environment following postulated accidents,
and to control the concentration of [hydrogen
or oxygen] and other substances in the
containment atmosphere following postulated
accidents to assure that containment integrity is
maintained.

Modular HTGRs rely on all but one of their
multiple functional containment barriers to meet
1OCFR50.34 (10 CFR 52.79) dose criteria. The
exception is the reactor building. The modular
HTGR reactor building is vented and may not
have exhaust filtration provisions. Explosive gas
mixtures are not a source of hazard in the
modular HTGR reactor building (see PSID for
the Standard MHTGR, HTGR-86-024, pg R15-21). There is no corollary modular HTGR system
for containment atmosphere cleanup.

Each system shall have suitable redundancy in
components and features, and suitable
interconnections, leak detection, isolation, and
containment capabilities to assure that its
safety function can be accomplished, assuming
a sinale failure.
Inspection of containment atmosphere cleanup Not applicable to modular HTGR.
systems.
The containment atmosphere cleanup systems
shall be designed to permit appropriate periodic
inspection of important components, such as
filter frames, ducts, and piping to assure the
integrity and capability of the systems.
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Criterion 41 is not applicable to modular HTGRs.

Containment atmosphere cleanup under
Criterion 41 is not applicable to modular HTGRs,
so Criterion 42 is also not applicable.

I esting or containmentatmospnere cleanup
systems.
The containment atmosphere cleanup systems
shall be designed to permit appropriate periodic
functional testing to assure (1) the structural
integrity of its components, (2) the operability
and performance of the system components,
and (3) the operability of the systems as a
whole and, under conditions as close to design
as practical, the performance of the full
operational sequence that brings the systems
into operation, including the operation of
associated systems.
44

45

46

Structural and equipment cooling.
In addition to the heat rejection capability of the
residual heat removal system, systems to
transfer heat from structures, systems, and
components important to safety, to an ultimate
heat sink shall be provided, as necessary to
transfer the combined heat load of these
structures, systems, and components under
normal operating and accident conditions.
Suitable redundancy in components and
features, and suitable interconnections, leak
detection, and isolation capabilities shall be
provided to assure that each system safety
function can be accomplished, assuming a
sinale failure.
Inspection of structuraland equipment cooling
systems.
The structural and equipment cooling systems
shall be designed to permit appropriate periodic
inspection of important components, such as
heat exchangers and piping, to assure the
integrity and capability of the systems.
Testing of structuraland equipment cooling
systems.
The structural and equipment cooling systems
shall be designed to permit appropriate periodic
functional testing to assure (1) the structural
integrity of their components, (2) the operability

to modular

Not applicable to modular HTGR.

L;ontainment atmospnere cieanup unaer
Criterion 41 is not applicable to modular HTGRs,
so Criterion 43 is also not applicable.

The only safety related modular HTGR heat
transfer system is the RCCS, which is addressed
by Criterion 34. There is no modular HTGR
system analogous to that addressed in Criterion
44 (See Section 6 of INL/EXT-1 1-22708,
"Modular HTGR Safety Basis and Approach",
Aug 2011, ML11251A169).
Criterion 44 is not applicable to modular HTGRs.

Not applicable to modular HTGR.

Cooling water under Criterion 44 is not
applicable to modular HTGRs, so Criterion 45 is
also not applicable.

Not applicable to modular HTGR.

Cooling water under Criterion 44 is not
applicable to modular HTGRs, so Criterion 46 is
also not applicable.
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and the performance of the system
components, and (3) the operability of the
systems as a whole and, under conditions as
close to design as practical, the performance of
the full operational sequences that bring the
systems into operation for reactor shutdown
and postulated accidents, including operation of
associated systems.

Moouiar ri iuKs ao not nave a reactor
containment structure", but instead rely on a
multi-barrier functional containment configuration
to control the release of radionuclides. That
configuration is summarized in a set of slides
presented to NRC in a July 2012 public meeting
(ML12223A146) with associated NRC meeting
summary (ML12219A205).

Uontainment aesign oasis.
The reactor containment structure, including
access openings, penetrations, and the
containment heat removal system shall be
designed so that the containment structure and
its internal compartments can accommodate,
without exceeding the design leakage rate and
with sufficient margin, the calculated pressure
and temperature conditions resulting from
postulated accidents. This margin shall reflect
consideration of (1) the effects of potential
energy sources which have not been included
in the determination of the peak conditions,
such as [energy in steam generators and as
required by § 50.44 energy from metal-water
and other chemical reactions that may
result from degradation but not total failure
of emergency core cooling functioning], (2)
the limited experience and experimental data
available for defining accident phenomena and
containment responses, and (3) the
conservatism of the calculational model and
input parameters.

Design requirements for the individual
constituents of the modular HTGR functional
containment are addressed by proposed
modular HTGR Design Criteria 10 (Reactor
Design), 15 (Reactor Helium Pressure Boundary
Design), 16 (Containment Design), 34 (Passive
Residual Heat Removal), 70 (Reactor Vessel
and Reactor System Structural Design Basis),
and 71 (Reactor Building Design Basis).
Performance standards for the functional
containment have been proposed by NGNP and
were reviewed by the NRC staff as summarized
in their July 17, 2014 report "NGNP Assessment of Key Licensing Issues",
ML14174A734 (enclosure 1- ML14174A774,
section 3).
It is further noted that the modular HTGR
functional containment will meet 1OCFR50.34
(10 CFR 52.79) requirements at the plant's
117

exclusion area boundary (LAU) with margin

t

51

Not applicable to modular HTGR.
Fractureprevention of containmentpressure
boundary.
The boundary of the reactor containment
structure shall be designed with sufficient
margin to assure that under operating,
maintenance, testing, and postulated accident
conditions (1) its materials behave in a
nonbrittle manner and (2) the probability of
rapidly propagating fracture is minimized. The
design shall reflect consideration of service
temperatures and other conditions of the
containment boundary materials during
operation, maintenance, testing, and postulated
accident conditions, and the uncertainties in
determining (1) material properties, (2) residual,
steady state, and transient stresses, and (3)
size of flaws.

52

Capabilityfor containment leakage rate testing. Not applicable to modular HTGR.
The reactor containment structure and other
equipment which may be subjected to
containment test conditions shall be designed
so that periodic integrated leakage rate testing
can be conducted at containment design
pressure.

53

Provisionsfor containmenttesting and
inspection,
The reactor containment structure shall be
designed to permit (1) appropriate periodic
inspection of all important areas, such as
penetrations, (2) an appropriate surveillance

Not applicable to modular HTGR.

118

without consideration of reactor building
retention. This key functional containment
performance attribute was presented to the
ACRS by NGNP on 1/17/13 (ML13044A656),
and was discussed by NRC staff as a part of the
functional containment performance standard
(Assessment Report ML14174A734 with
enclosure 1- ML14174A774, section 3, and
enclosure 2 - ML14174A845. section 3.3).
*1
This criterion is associated with rapid fracture
propagation of the LWR-based containment
pressure boundary. The modular HTGR Reactor
Building does not provide a corresponding
pressure retention function, so this criterion does
not apply. Requirements regarding the
performance of the modular HTGR Reactor
Building are addressed by new Criterion 71
(design basis) and Criterion 72 (provisions for
testing and inspection).

The modular HTGR Reactor Building does not
provide a pressure retention function, and it is
not relied upon to meet the offsite dose
requirements of 10 CFR 50.34 (10 CFR 52.79).
Therefore, this criterion does not apply.
Requirements regarding the performance of the
modular HTGR Reactor Building are addressed
by new Criterion 71 (design basis) and Criterion
72 (provisions for testing and inspection).
Reactor Building testing and inspection is
addressed by new Criterion 72.

program, ana (j) perioaic testing at
containment design pressure of the
leaktightness of penetrations which have
resilient seals and expansion bellows.
54
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Not applicable to modular HTGR.
Pipingsystems penetratingcontainment.
Piping systems penetrating the primary reactor
containment structure shall be provided with
leak detection, isolation, and containment
capabilities having redundancy, reliability, and
performance capabilities which reflect the
importance to safety of isolating these piping
systems. Such piping systems shall be
designed with a capability to test periodically
the operability of the isolation valves and
associated apparatus and to determine if valve
leakage is within acceptable limits.
Reactor[coolantpressure]boundary
Not applicable to modular HTGR.
penetratingcontainment.
Each line that is part of the reactor [coolant
pressure] boundary and that penetrates the
primary reactor containment structure shall be
provided with containment isolation valves as
follows, unless it can be demonstrated that the
containment isolation provisions for a specific
class of lines, such as instrument lines, are
acceptable on some other defined basis:
(1) One locked closed isolation valve inside and
one locked closed isolation valve outside
containment; or
(2) One automatic isolation valve inside and
one locked closed isolation valve outside
containment; or
(3) One locked closed isolation valve inside and
one automatic isolation valve outside
containment. A simple check valve may not be
used as the automatic isolation valve outside
containment; or
(4) One automatic isolation valve inside and
one automatic isolation valve outside
containment. A simple check valve may not be
used as the automatic isolation valve outside
containment.
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The modular HTGR Reactor Building does not
provide a pressure retention function, and it is
not relied upon to meet the offsite dose
requirements of 10 CFR 50.34 (10 CFR 52.79).
Therefore, this criterion regarding piping systems
that may exist between the Reactor Building
atmosphere and the outside environment does
not apply. Requirements regarding the
performance of the modular HTGR Reactor
Building are addressed by new Criterion 71
(design basis) and Criterion 72 (provisions for
testing and inspection).
Lines that form a portion of the reactor Helium
Pressure Boundary do not penetrate the Reactor
Building. Therefore, this criterion does not apply.

Isolation valves outside containment shall be
located as close to containment as practical
and upon loss of actuating power, automatic
isolation valves shall be designed to take the
position that provides greater safety.

56

Other appropriate requirements to minimize the
probability or consequences of an accidental
rupture of these lines or of lines connected to
them shall be provided as necessary to assure
adequate safety. Determination of the
appropriateness of these requirements, such as
higher quality in design, fabrication, and testing,
additional provisions for inservice inspection,
protection against more severe natural
phenomena, and additional isolation valves and
containment, shall include consideration of the
population density, use characteristics, and
phVsical characteristics of the site environs.
Primatycontainmentisolation.
Not applicable to modular HTGR.
Each line that connects directly to the
containment atmosphere and penetrates the
primary reactor containment structure shall be
provided with containment isolation valves as
follows, unless it can be demonstrated that the
containment isolation provisions for a specific
class of lines, such as instrument lines, are
acceptable on some other defined basis:
(1) One locked closed isolation valve inside and
one locked closed isolation valve outside
containment; or
(2) One automatic isolation valve inside and
one locked closed isolation valve outside
containment; or
(3) One locked closed isolation valve inside and
one automatic isolation valve outside
containment. A simple check valve may not be
used as the automatic isolation valve outside
containment; or
(4) One automatic isolation valve inside and
one automatic isolation valve outside
120

The modular HTGR Reactor Building does not
provide a pressure retention function, and it is
not relied upon to meet the offsite dose
requirements of 10 CFR 50.34. Therefore, this
criterion regarding isolation valves does not
apply. Requirements regarding the performance
of the modular HTGR Reactor Building are
addressed by new Criterion 71 (design basis)
and Criterion 72 (provisions for testing and
inspection).

containment. A simple cflecK valve may not De
used as the automatic isolation valve outside
containment.
Isolation valves outside containment shall be
located as close to the containment as practical
and upon loss of actuating power, automatic
isolation valves shall be designed to take the
position that Drovides Qreater safety.
Closed system isolation valves.
Not applicable to modular HTGR.
Each line that penetrates the primary reactor
containment structure and is neither part of the
reactor [coolant pressure] boundary nor
connected directly to the containment
atmosphere shall have at least one
containment isolation valve which shall be
either automatic, or locked closed, or capable
of remote manual operation. This valve shall be
outside containment and located as close to the
containment as practical. A simple check valve
may not be used as the automatic isolation valve.
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.;ontroiOr reteasesor raamoacrivemarenais ro
/A~uu wiin no Turrner moauiar i1
clarification provided.
the environment.
The nuclear power unit design shall include
means to control suitably the release of
radioactive materials in gaseous and liquid
effluents and to handle radioactive solid wastes
produced during normal reactor operation,
including anticipated operational occurrences.
Sufficient holdup capacity shall be provided for
retention of gaseous and liquid effluents
containing radioactive materials, particularly
where unfavorable site environmental
conditions can be expected to impose unusual
operational limitations upon the release of such
effluents to the environment.
_____

I
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The modular HTGR Reactor Building does not
provide a pressure retention function, and it is
not relied upon to meet the offsite dose
requirements of 10 CFR 50.34. Therefore, this
criterion regarding isolation valves does not
apply. Requirements regarding the performance
of the modular HTGR Reactor Building are
addressed by new Criterion 71 (design basis)
and Criterion 72 (provisions for testing and
inspection).

-specIlic

62

63

64

Fuel storage and handling and radioactivity
control.
The fuel storage and handling, radioactive
waste, and other systems which may contain
radioactivity shall be designed to assure
adequate safety under normal and postulated
accident conditions. These systems shall be
designed (1) with a capability to permit
appropriate periodic inspection and testing of
components important to safety, (2) with
suitable shielding for radiation protection, (3)
with appropriate containment, confinement, and
filtering systems, (4) with a residual heat
removal capability having reliability and
testability that reflects the importance to safety
of decay heat and other residual heat removal,
and (5) to prevent significant reduction in fuel
storage cooling under accident conditions.
Prevention of criticality in fuel storage and
handling,
Criticality in the fuel storage and handling
system shall be prevented by physical systems
or processes, preferably by use of
geometrically safe configurations.
Monitoring fuel and waste storage.
Appropriate systems shall be provided in fuel
storage and radioactive waste systems and
associated handling areas (1) to detect
conditions that may result in loss of residual
heat removal capability and excessive radiation
levels and (2) to initiate appropriate safety
actions.
Monitoringradioactivityreleases.
Means shall be provided for monitoring the
[reactor containment] atmosphere, [spaces
containing components for recirculation of
loss-of-coolant accident fluids,] effluent
discharge paths, and the plant environs for
radioactivity that may be released from normal
operations, including anticipated operational
occurrences, and from postulated accidents.

ARDC with no further modular
clarification provided.

-specific

ARDC with no further modular HTGR-specific
clarification provided.

ARDC with no further modular HTGR-specific
clarification provided.

ARDC with additional modular HTGR-specific
clarification provided:
Monitoringradioactivityreleases.
Means shall be provided for monitoring the [reactor
, ntaimnentbuilding] atmosphere, [spares

containing components for rociFGGUlatio~n of less -ofcoolant accGGdnt fluids,] effluent discharge paths, and
the plant environs for radioactivity that may be released
from normal operations, including anticipated
122

i ne unaenying concept OT monitoring
radioactivity releases from the modular HTGR
particle fuel to the reactor building, effluent
discharge paths, and the plant environs applies.
High radioactivity in the reactor building provides
input to the plant protection system. In addition,
the reactor building atmosphere is monitored for
personnel protection. Recirculation of loss-ofcoolant fluids (i.e., water) does not apply to the
modular HTGR.

operationai occurrences, ana from poswuiamea acclaents.

basis.

71

72

N/A

N/A

The design of the reactor vessel and reactor system
shall be such that their integrity is maintained during
postulated accidents (1) to ensure the geometry for
passive removal of residual heat from the reactor core
to the ultimate heat sink and (2) to permit sufficient
insertion of the neutron absorbers to provide for reactor
shutdown.
Reactorbuilding design basis.
The design of the reactor building shall be such that
during postulated accidents it structurally protects the
geometry for passive removal of residual heat from the
reactor core to the ultimate heat sink and provides a
pathway for release of reactor helium from the building
in the event of depressurization accidents.

The descriptions of the associated atmospheres
and spaces that are required to be monitored are
revised to reflect the modular HTGR's different
design configuration and functional containment
arranaement.

New modular HTGR design-specific GDC is
necessary to assure reactor vessel and reactor
system (reactor internals) integrity is preserved
for passive heat removal and for insertion of
neutron absorbers.

The reactor building functions are to protect and
maintain passive cooling geometry and to
provide a pathway for the release of helium from
the building in the case of a line break in the
reactor helium pressure boundary. This newly
established criterion assures that these safety
functions are provided.

It is noted that the reactor building is not relied
upon to meet the offsite dose requirements of 10
CFR 50.34 (10 CFR 52.79).
This newly established criterion regarding
Provisionsfor periodic reactorbuilding inspection.
periodic inspection and surveillance provides
The reactor building shall be designed to permit (1)
appropriate periodic inspection of all important structural assurance that the reactor building will perform
its safety functions of protecting and maintaining
areas and the depressurization pathway, and (2) an
the configuration needed for passive cooling and
appropriate surveillance program.
providing a discharge pathway for helium
depressurization events.
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9.4

General Design Criteria - Advanced Reactor Design Criteria - SFR Design Criteria - mHTGR Design
Criteria Comparison Table

The five-column table provided below presents the current GDC language (as it exists in 10 CFR 50, Appendix A) and the proposed language for
ARDC, SFR-DC, and modular HTGR-DC in a format that allows for direct comparison of the related design criteria.
The left column contains GDC number and the second column contains the current GDC language. The second column also serves as a reference for
comparison with the other columns. The third column from the left contains proposed ARDC language. If the proposed ARDC language for a given
criterion is the same as the current GDC language, then the proposed ARDC language column states "Same as GDC." The final two columns contain the
proposed SFR-DC and modular HTGR language. If the proposed SFR-DC language is the same as the ARDC, then the proposed SFR-DC language
column states "ARDC with no further SFR-specific clarification provided." A similar statement is made in the modular HTGR column, where applicable.
Upon review of the table (from right to left), those design criteria that correspond to the current GDC language with no proposed changes can be
quickly identified.
In addition, several ARDC contain brackets around certain phrases that may not apply to all advanced reactor designs. The corresponding design
criteria may accept the ARDC bracketed text or propose a design-specific alternative, if appropriate. The bracketed text appears in bold for emphasis.
Also, note that newly proposed text is inserted using blue font and deleted text is displayed with a redline/strikeout font style.

El
1

2

Quality standardsand records.
Structures, systems, and components
important to safety shall be designed,
fabricated, erected, and tested to quality
standards commensurate with the importance
of the safety functions to be performed. Where
generally recognized codes and standards are
used, they shall be identified and evaluated to
determine their applicability, adequacy, and
sufficiency and shall be supplemented or
modified as necessary to assure a quality
product in keeping with the required safety
function. A quality assurance program shall be
established and implemented in order to
provide adequate assurance that these
structures, systems, and components will
satisfactorily perform their safety functions.
Appropriate records of the design, fabrication,
erection, and testing of structures, systems,
and components important to safety shall be
maintained by or under the control of the
nuclear power unit licensee throughout the life
of the unit.
Design bases for protection againstnatural
phenomena.
Structures, systems, and components

I

I

Same as GDC

ARDC with no further SFR-specific clarification
provided.

Same as GDC

ARDC with no further SFR-specific clarification
provided.
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ARDC with no further modular HTGRspecific clarification provided.

ARDC with no further modular HTGRspecific clarification provided.
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withstand the effects of natural phenomena
such as earthquakes, tornadoes, hurricanes,
floods, tsunami, and seiches without loss of
capability to perform their safety functions.
The design bases for these structures,
systems, and components shall reflect: (1)
Appropriate consideration of the most severe
of the natural phenomena that have been
historically reported for the site and
surrounding area, with sufficient margin for the
limited accuracy, quantity, and period of time
in which the historical data have been
accumulated, (2) appropriate combinations of
the effects of normal and accident conditions
with the effects of the natural phenomena and
(3) the importance of the safety functions to be
Derformed.
Fire protection.
Structures, systems, and components
important to safety shall be designed and
located to minimize, consistent with other
safety requirements, the probability and effect
of fires and explosions. Noncombustible and
heat resistant materials shall be used
wherever practical throughout the unit,
particularly in locations such as the
containment and control room. Fire detection
and fighting systems of appropriate capacity
and capability shall be provided and designed
to minimize the adverse effects of fires on
structures, systems, and components
important to safety. Firefighting systems shall
be designed to assure that their rupture or
inadvertent operation does not significantly
impair the safety capability of these structures,
systems, and components.
I

3

4

Environmental and dynamic effects design
bases.
Structures, systems, and components
important to safety shall be designed to
accommodate the effects of and to be
compatible with the environmental conditions
associated with normal operation,
maintenance, testing, and postulated
accidents, including loss-of-coolant accidents.
These structures, systems, and components
1shall be appropriately protected against

ARDC with no further SFR-specific clarification
Fire protection.
Structures, systems, and components important provided.
to safety shall be designed and located to
minimize, consistent with other safety
requirements, the probability and effect of fires
and explosions. Noncombustible and heat
resistant materials shall be used wherever
practical throughout the unit[, particularly in
locations such as the containment and
control room]. Fire detection and fighting
systems of appropriate capacity and capability
shall be provided and designed to minimize the
adverse effects of fires on structures, systems,
and components important to safety. Firefighting
systems shall be designed to assure that their
rupture or inadvertent operation does not
significantly impair the safety capability of these
structures, systems, and components.

ARDC with additional modular HTGRspecific clarification provided:

ARDC with no further SFR-specific clarification
Environmental and dynamic effects design
provided,
bases.
Structures, systems, and components important
to safety shall be designed to accommodate the
effects of and to be compatible with the
environmental conditions associated with normal
operation, maintenance, testing, and postulated
accidents, .cj'uding less of coolant accdontc.
These structures, systems, and components
shall be appropriately protected against dynamic
effects, including the effects of missiles, pipe

ARDC with no further modular HTGRspecific clarification provided.
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Fireprotection.
Structures, systems, and components
important to safety shall be designed and
located to minimize, consistent with other
safety requirements, the probability and
effect of fires and explosions.
Noncombustible and heat resistant materials
shall be used wherever practical throughout
the unit, [particularly in locations 6uc1 a6
ith safety related
h*. Canta•.-m.
equipment and the control room]. Fire
detection and fighting systems of appropriate
capacity and capability shall be provided and
designed to minimize the adverse effects of
fires on structures, systems, and
components important to safety. Firefighting
systems shall be designed to assure that
their rupture or inadvertent operation does
not significantly impair the safety capability
of these structures, systems, and
components.

5

11

dynamic ettects, including the eftects ot
missiles, pipe whipping, and discharging
fluids, that may result from equipment failures
and from events and conditions outside the
nuclear power unit. However, dynamic effects
associated with postulated pipe ruptures in
nuclear power units may be excluded from the
design basis when analyses reviewed and
approved by the Commission demonstrate
that the probability of fluid system piping
rupture is extremely low under conditions
consistent with the desion basis for the DiDina.

whipping, and discharging tluids, that may result
from equipment failures and from events and
conditions outside the nuclear power unit.
However, dynamic effects associated with
postulated pipe ruptures in nuclear power units
may be excluded from the design basis when
analyses reviewed and approved by the
Commission demonstrate that the probability of
fluid system piping rupture is extremely low
under conditions consistent with the design
basis for the piping.

Sharing of structures, systems, and
components.
Structures, systems, and components
important to safety shall not be shared among
nuclear power units unless it can be shown
that such sharing will not significantly impair
their ability to perform their safety functions,
including, in the event of an accident in one
unit, an orderly shutdown and cooldown of the
remaining units.

Same as GDC

Keacroraeslgn.
The reactor core and associated coolant,
control, and protection systems shall be
designed with appropriate margin to assure
that specified acceptable fuel design limits are
not exceeded during any condition of normal
operation, including the effects of anticipated
operational occurrences.

Keactor Lueslgn.
The reactor core and associated [coolant],
control, and protection systems shall be
designed with appropriate margin to assure that
specified acceptable fuel design limits are not
exceeded during any condition of normal
operation, including the effects of anticipated
operational occurrences.

Reactorinherent protection.
The reactor core and associated coolant
systems shall be designed so that in the power
operating range the net effect of the prompt
inherent nuclear feedback characteristics
tends to compensate for a rapid increase in
reactivity,

Reactor inherentprotection.
The reactor core and associated ,eelai4
systems that contribute to reactivity feedback
shall be designed so that in the power operating
range the net effect of the prompt inherent
nuclear feedback characteristics tends to
compensate for a rapid increase in reactivity.

ARDC with no further SFR-specific clarification
provided.

ARDC with additional modular HTGRspecific clarification provided:
Sharing of structures,systems, and
components.
Structures, systems, and components
important to safety shall not be shared
among reactor modules or reactor module
groups nAU•oar poWor unitc unless it can be
shown that such sharing will not significantly
impair their ability to perform their safety
functions, including, in the event of an
accident in one reactor module or reactor
module groupunt, an orderiy shutdown and
cooldown of the remaining reactor modules
or reactor module arouDsU•"t.
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witn aaoiionai moouiar H I tKspecific clarification provided:
AKuU

provided.

Reactor design.
The reactor er-e-system and associated
[oeelantheat removal], control, and
protection systems shall be designed with
appropriate margin to assure that specified
acceptable fk*l-core radionuclide release
design limits are not exceeded during any
condition of normal operation, including the
effects of anticipated operational
occurrences.
ARDC with no further SFR-specific clarification
provided,

ARDC with no further modular HTGRspecific clarification provided.

I

13

14

15

Suppression of reactorpower oscillations.
The reactor core and associated coolant,
control, and protection systems shall be
designed to assure that power oscillations
which can result in conditions exceeding
specified acceptable fuel design limits are not
possible or can be reliably and readily
detected and suppressed.

Suppression of reactorpower oscillations.
The reactor core and associated [coolant],
control, and protection systems shall be
designed to assure that power oscillations which
can result in conditions exceeding specified
acceptable fuel design limits are not possible or
can be reliably and readily detected and
suppressed.

Instrumentationand control.
Instrumentation shall be provided to monitor
variables and systems over their anticipated
ranges for normal operation, for anticipated
operational occurrences, and for accident
conditions as appropriate to assure adequate
safety, including those variables and systems
that can affect the fission process, the integrity
of the reactor core, the reactor coolant
pressure boundary, and the containment and
its associated systems. Appropriate controls
shall be provided to maintain these variables
and systems within prescribed operating
ranges

AUU

Wltn aoaitionai moouiar mI
Iu-

provided.

specific clarification provided:

Instrumentationand control.
Instrumentation shall be provided to monitor
variables and systems over their anticipated
ranges for normal operation, for anticipated
operational occurrences, and for accident
conditions as appropriate to assure adequate
safety, including those variables and systems
that can affect the fission process, the integrity
of the reactor core, [the reactor coolant
pressure boundary, and the containment and
its associated systems]. Appropriate controls
shall be provided to maintain these variables
and systems within prescribed operating ranges.

ARDC with additional SFR-specific clarification
provided:

Suppressionof reactorpower oscillations.
The reactor core and associated [..olaMJ 7
control, and protection systems shall be
designed to assure that power oscillations
which can result in conditions exceeding
specified acceptable fuel-core radionuclide
release design limits are not possible or can
be reliably and readily detected and
suppressed.
ARDC with additional modular HTGRspecific clarification provided:

Instrumentationand control.
Instrumentation shall be provided to monitor
variables and systems over their anticipated
ranges for normal operation, for anticipated
operational occurrences, and for accident
conditions as appropriate to assure adequate
safety, including those variables and systems
that can affect the fission process, the integrity
of the reactor core, [the reactor primary
coolantpaessure boundary, and the
containment and Its associated systems].
Appropriate controls shall be provided to
maintain these variables and systems within
prescribed operating ranges.

Instrumentationand control.
Instrumentation shall be provided to monitor
variables and systems over their anticipated
ranges for normal operation, for anticipated
operational occurrences, and for accident
conditions as appropriate to assure
adequate safety, including those variables
and systems that can affect the fission
process and the integrity of the Fear-eere 7
[thO reactor coobnt proceuro boundary,
and the containmont and its accoclnated
syseemefunctional containment.
Appropriate controls shall be provided to
maintain these variables and systems within
prescribed operatina ranaes.

Reactor coolant pressure boundary.
The reactor coolant pressure boundary shall
be designed, fabricated, erected, and tested
so as to have an extremely low probability of
abnormal leakage, of rapidly propagating
failure, and of gross rupture.

Reactor [coolantpressure]boundary.
The reactor [coolant pressure] boundary shall
be designed, fabricated, erected, and tested so
as to have an extremely low probability of
abnormal leakage, of rapidly propagating failure,
and of gross rupture.

ARDC with additional SFR-specific clarification
provided:

ARDC with additional modular HTGRspecific clarification provided:

Reactor[primarycoolant-pre,'ssu]boundary.
The reactor [primary coolant-pt'eaeuf]
boundary shall be designed, fabricated, erected,
and tested so as to have an extremely low
probability of abnormal leakage, of rapidly
propagating failure, and of gross rupture.

Reactorcoolant system design.
The reactor coolant system and associated
auxiliary, control, and protection systems shall
be designed with sufficient margin to assure
that the design conditions of the reactor
coolant pressure boundary are not exceeded
during any condition of normal operation,
including anticipated operational occurrences.

Reactor[coolant]system design.
The reactor [coolant] system and associated
auxiliary, control, and protection systems shall
be designed with sufficient margin to assure that
the design conditions of the reactor [coolant
pressure] boundary are not exceeded during
any condition of normal operation, including
anticipated operational occurrences.

ARDC with additional SFR-specific clarification
provided:

Reactorf[eelaithelium pressure]
boundary.
The reactor [Geooant-helium pressure]
boundary shall be designed, fabricated,
erected, and tested so as to have an
extremely low probability of abnormal
leakage, of rapidly propagating failure,-and
of gross rupture and of unacceptable ingress
of air, secondary coolant, or other fluids..
ARDC with additional modular HTGRspecific clarification provided:

Reactor[primarycoolant]system design.
The reactor [primary coolant] system and
associated auxiliary, control, and protection
systems shall be designed with sufficient margin
to assure that the design conditions of the
reactor [primary coolant-pI'eswe] boundary
are not exceeded during any condition of normal
I operation, including anticipated operational

Reactor[toolMahelium pressure
boundary]6ystem-design.
The reactor-[Goelant] system, vessel
system, heat removal systems, and
associated auxiliary, control, and protection
systems shall be designed with sufficient
margin to assure that the design conditions
of the reactor [499athelium pressure]

I
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Containment design.
Reactor containment and associated systems
shall be provided to establish an essentially
leak-tight barrier against the uncontrolled
release of radioactivity to the environment and
to assure that the containment design
conditions important to safety are not
exceeded for as long as postulated accident
conditions require.

17

Electricpower systems.
An onsite electric power system and an offsite
electric power system shall be provided to
permit functioning of structures, systems, and
components important to safety. The safety
function for each system (assuming the other
system is not functioning) shall be to provide
sufficient capacity and capability to assure that
(1) specified acceptable fuel design limits and
design conditions of the reactor coolant
pressure boundary are not exceeded as a
result of anticipated operational occurrences
and (2) the core is cooled and containment
integrity and other vital functions are
maintained in the event of postulated
accidents.

The onsite electric power supplies, including
the batteries, and the onsite electric
distribution system, shall have sufficient
independence, redundancy, and testability to
perform their safety functions assuming a
single failure.

I

occurrences.

boundary are not exceeded during any
condition of normal operation, including

Containment design.
A rReactor functional containment, afd
accociated syctcmconsisting of a structure
surrounding the reactor and its cooling system
or multiple barriers internal and/or external to the
reactor and its cooling system, shall be provided
to establish an essentilly loak tight barr.e
against tho uncontrolled control the release of
radioactivity to the environment and to assure
that the functional containment design
conditions important to safety are not exceeded
for as long as postulated accident conditions
require.
Electricpower systems.
AR-e site-eElectric power systems and-ar-ffite
okctFrG po.er cystem shall be provided to
permit functioning of structures, systems, and
components important to safety. The safety
function for the eaeh-systems (a.sumii4th.e
other sy'tem isnot fun•;tining) shall be to
provide sufficient capacity,-aAd capability, and
reliability to assure that (1) specified acceptable
fuel design limits and design conditions of the
reactor [coolant pressure] boundary are not
exceeded as a result of anticipated operational
occurrences and (2) the coro i•e
zol•od and the
contain.mnt integrity and ohr vital functions
that rely on electric power are maintained in the
event of postulated accidents.

ARDC with no further SFR-specific clarification
provided,

ARDC with no further modular HTGRspecific clarification provided.

ARDC with additional SFR-specific clarification
provided:

ARDC with additional modular HTGRspecific clarification provided:

Electric power systems.
Electric power systems shall be provided to
permit functioning of structures, systems, and
components important to safety. The safety
function for the systems shall be to provide
sufficient capacity, capability, and reliability to
assure that (1) specified acceptable fuel design
limits and design conditions of the reactor
[primary coolant-pFeeeuo] boundary are not
exceeded as a result of anticipated operational
occurrences and (2) vital functions that rely on
electric power are maintained in the event of
postulated accidents.

The onsite electric power systemsauppliee,

The onsite electric power systems shall have
sufficient independence, redundancy, and
testability to perform their safety functions,
assuming a single failure.

Electricpower systems.
OeGtG-Onsite electric power systems shall
be provided to permit functioning of
structures, systems, and components
important to safety. The safety function for
the systems shall be to provide sufficient
capacity, capability, and reliability to assure
that (1) specified acceptable fuei-core
radionuclide release design limits and design
conditions of the reactor [o.elan -helium
pressure] boundary are not exceeded as a
result of anticipated operational occurrences
and (2) vital functions that rely on electric
power are maintained in the event of
postulated accidents.

inciuding the batteriac, and the oncite electric
dist•ibution
.y.tcm,
shall have sufficient
independence, redundancy, and testability to
perform their safety functions, assuming a single
failure.

The onsite electric power systems shall have
sufficient independence, redundancy, and
testability to perform their safety functions;
ascuming a single failuro as required during
postulated accidents.

Elctric power from- thc trarcmiccirn nPrO.k to
Electric power from the transmission network
to the onsite electric distribution system shall
be supplied by two physically independent
circuits (not necessarily on separate rights of
way) designed and located so as to minimize
to the extent practical the likelihood of their
simultaneous failure under operating and
postulated accident and environmental
conditions. A switchyard common to both
circuits is acceptable. Each of these circuits
shall be designed to be available in sufficient
I time followina a loss of all onsite altematina
W

the anc-ite eletric distributirn syctom, shall be
supplied by two phycically independent SIrcuite
(net Recoccarily on separate rights of way)
de•igned and lc.ated so as to minimize to the
exteRt pFa•tical the likelihood of their
GimAultaneouc11 fa-ilure under epcrating anid
poctulated accident and onvirrnm.ntal

con~ditioneA. cwithya~d
&A
commone to -bathcircuits
icsarceptable. Each of thaoo GircuGit shall bo
docigned to be available inRcUMingt time

folloe.ing a loss of all enscite afte-mating current
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electric power circuit, to assure that specified
acceptable fuel design limits and design
conditions of the reactor coolant pressure
boundary are not exceeded. One of these
circuits shall be designed to be available within
a few seconds following a loss-of-coolant
accident to assure that core cooling,
containment integrity, and other vital safety
functions are maintained.

weIl aeelgn iim t6 andg doemgn condltln ot ins
reactor coolant precure beoudary am

not

oxcoojd.dQROc f thAco cirzuit chAll b90
designod to be availablo woithin a few seooodc
following a less of cooela-t accident to accure

that care cooling, Gontainmonet intogrity, and
oth46r vital raf*t Nmfucions are maintainod.
Prvi••ons

shall

be included to minimize the

probability Of lacing oloctric poWor #fro anY of
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Provisions shall be included to minimize the
probability of losing electric power from any of
the remaining supplies as a result of, or
coincident with, the loss of power generated by
the nuclear power unit, the loss of power from
the transmission network, or the loss of power
from the onsite electric power supplies.

the remainng supplies as a ruSlt Of, Or
... by
coincident with, the lses of power g rated

Inspection and testing of electricpower
systems.
Electric power systems important to safety
shall be designed to permit appropriate
periodic inspection and testing of important
areas and features, such as wiring, insulation,
connections, and switchboards, to assess the
continuity of the systems and the condition of
their components. The systems shall be
designed with a capability to test periodically
(1) the operability and functional performance
of the components of the systems, such as
onsite power sources, relays, switches, and
buses, and (2) the operability of the systems
as a whole and, under conditions as close to
design as practical, the full operation
sequence that brings the systems into
operation, including operation of applicable
portions of the protection system, and the
transfer of power among the nuclear power
unit, the offsite power system, and the onsite

Inspection and testing of electric power systems.
Electric power systems important to safety shall
be designed to permit appropriate periodic
inspection and testing of important areas and
features, such as wiring, insulation, connections,
and switchboards, to assess the continuity of the
systems and the condition of their components.
The systems shall be designed with a capability
to test periodically (1) the operability and
functional performance of the components of the
systems, such as [onsite power sources,
relays, switches, and buses] and (2) the
operability of the systems as a whole and, under
conditions as close to design as practical, the
full operation sequence that brings the systems
into operation, including operation of applicable
portions of the protection system- and the
transfer of power among systemse-l1RcleaF
pcoer unit, the o1ffsite power system, and the

Controlroom.
A control room shall be provided from which
actions can be taken to operate the nuclear
power unit safely under normal conditions and
to maintain it in a safe condition under
accident conditions, including loss-of-coolant
accidents. Adequate radiation protection shall
be provided to permit access and occupancy
of the control room under accident conditions
without personnel receiving radiation
exposures in excess of 5 rem whole body, or
its equivalent to any part of the body, for the

Control room.
A control room shall be provided from which
actions can be taken to operate the nuclear
power unit safely under normal conditions and to
maintain it in a safe condition under accident
cnolant acs.danto.
conditions, including 19c ongf
Adequate radiation protection shall be provided
to permit access and occupancy of the control
room under accident conditions without
personnel receiving radiation exposures in
excess of 5 rem total effective dose equivalent
(TEDE) whole body, Or ito equi"alent to any par

duration of the accident. Equipment at

eo-the-bedy, for the duration of the accident.

!he n~uclear p9Wer unit, the 19c6 Of powor- fromA
the trno.miecion neB.Ork, Or the leo Of power
fro..m th

..
Suppio,.
. .n.it
electic
. POWOr

ARDC with no further SFR-specific clarification
provided,

ARDC with no further modular HTGRspecific clarification provided.

ARDC with no further SFR-specific clarification
provided,

ARDC with no further modular HTGRspecific clarification provided.
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appropriate locations outside the control room
shall be provided (1) with a design capability
for prompt hot shutdown of the reactor,
including necessary instrumentation and
controls to maintain the unit in a safe condition
during hot shutdown, and (2) with a potential
capability for subsequent cold shutdown of the
reactor through the use of suitable procedures.

Applicants for and holders of construction
permits and operating licenses under this part
who apply on or after January 10, 1997,
applicants for design approvals or certifications
under part 52 of this chapter who apply on or
after January 10, 1997, applicants for and
holders of combined licenses or manufacturing
licenses under part 52 of this chapter who do
not reference a standard design approval or
certification, or holders of operating licenses
using an alternative source term under §
50.67, shall meet the requirements of this
criterion, except that with regard to control
room access and occupancy, adequate
radiation protection shall be provided to ensure
that radiation exposures shall not exceed 0.05
Sv (5 rem) total effective dose equivalent
(TEDE) as defined in § 50.2 for the duration of
the accident.

I

I

Adequate habitability measures shall be
provided to permit access and occupancy of the
control room during normal operations and
under accident conditions.
Equipment at appropriate locations outside the
control room shall be provided (1) with a design
capability for prompt hot shutdown of the
reactor, including necessary instrumentation and
controls to maintain the unit in a safe condition
during hot shutdown, and (2) with a potential
capability for subsequent cold shutdown of the
reactor through the use of suitable procedures.

Applicants for and-hn'dars of

nonctRructio
pewm"tc ard eperating li..nc.. undor this p8
w..h. apply on Or after janua. ' 10, 1.97,
uppligantc.fr decign appro-alrc or-rer5tifiat-n7
und..

part 52 of
. this

fctivo
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Protectionsystem functions.
The protection system shall be designed (1) to
initiate automatically the operation of
appropriate systems including the reactivity
control systems, to assure that specified
acceptable fuel design limits are not exceeded
as a result of anticipated operational
occurrences and (2) to sense accident
conditions and to initiate the operation of
systems and components important to safety.

I

_

I

Same as GDC

_

_

_

_

_

_

_

__I

ARDC with no further SFR-specific clarification
provided.

_

_

_

_

_

_

_

_

_

I

ARDC with additional modular HTGRspecific clarification provided:
Protectionsystem functions.
The protection system shall be designed (1)
to initiate automatically the operation of
appropriate systems including the reactivity
control systems, to assure that specified
acceptable fuel-core radionuclide release
design limits are not exceeded as a result of
anticipated operational occurrences and (2)
to sense accident conditions and to initiate
the operation of systems and components
important to safety.

130
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23

24

P-rorectionsysiem reitaowryana resraonlry.
The protection system shall be designed for
high functional reliability and inservice
testability commensurate with the safety
functions to be performed. Redundancy and
independence designed into the protection
system shall be sufficient to assure that (1) no
single failure results in loss of the protection
function and (2) removal from service of any
component or channel does not result in loss
of the required minimum redundancy unless
the acceptable reliability of operation of the
protection system can be otherwise
demonstrated. The protection system shall be
designed to permit periodic testing of its
functioning when the reactor is in operation,
including a capability to test channels
independently to determine failures and losses
of redundancy that may have occurred.
Same as GDC
Protectionsystem independence.
The protection system shall be designed to
assure that the effects of natural phenomena,
and of normal operating, maintenance, testing,
and postulated accident conditions on
redundant channels do not result in loss of the
protection function, or shall be demonstrated
to be acceptable on some other defined basis.
Design techniques, such as functional diversity
or diversity in component design and principles
of operation, shall be used to the extent
practical to prevent loss of the protection
function.
Protectionsystem failure modes.
Protectionsystem failure modes.
The protection system shall be designed to fail The protection system shall be designed to fail
into a safe state or into a state demonstrated to
into a safe state or into a state demonstrated
be acceptable on some other defined basis if
to be acceptable on some other defined basis
if conditions such as disconnection of the
conditions such as disconnection of the system,
loss of energy (e.g., [electric power,
system, loss of energy (e.g., electric power,
Instrument air]), or postulated adverse
instrument air), or postulated adverse
environments (e.g., [extreme heat or cold, fire,
environments (e.g., extreme heat or cold, fire,
pressure, steam, water, and radiation) are
pressure, steam, water, and radiation]) are
experienced.
experienced,

Separationof protection and control systems.
The protection system shall be separated from
control systems to the extent that failure of any
single control system component or channel,
or failure or removal from service of any single
protection system component or channel
1 which is common to the control and protection

Same as GDC
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provided.

specific clarification provided.

ARDC with no further SFR-specific clarification
provided,

ARDC with no further modular HTGRspecific clarification provided.

ARDC with additional SFR-specific clarification
provided:

ARDC with no further modular HTGRspecific clarification provided.

Protection system failure modes.
The protection system shall be designed to fail
into a safe state or into a state demonstrated to
be acceptable on some other defined basis if
conditions such as disconnection of the system,
loss of energy (e.g., [electric power,
instrument air]), or postulated adverse
environments (e.g., [extreme heat or cold, fire,
sodium and sodium reaction products,
proesure,
stoam, ater- and radiation]) are
experienced.
ARDC with no further SFR-specific clarification
provided,

ARDC with no further modular HTGRspecific clarification provided.

El
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systems leaves intact a system satisfying all
reliability, redundancy, and independence
requirements of the protection system.
Interconnection of the protection and control
systems shall be limited so as to assure that
safety is not significantly impaired.

I

Protectionsystem requirements for reactivity
control malfunctions.
The protection system shall be designed to
assure that specified acceptable fuel design
limits are not exceeded for any single
malfunction of the reactivity control systems,
such as accidental withdrawal (not ejection or
dropout) of control rods.

Same as GDC

Reactivity control system redundancyand
capability.
Two independent reactivity control systems of
different design principles shall be provided,
One of the systems shall use control rods,
preferably including a positive means for
inserting the rods, and shall be capable of
reliably controlling reactivity changes to assure
that under conditions of normal operation,
including anticipated operational occurrences,
and with appropriate margin for malfunctions
such as stuck rods, specified acceptable fuel
design limits are not exceeded. The second
reactivity control system shall be capable of
reliably controlling the rate of reactivity
changes resulting from planned, normal power
changes (including xenon burnout) to assure
acceptable fuel design limits are not exceeded.
One of the systems shall be capable of holding
the reactor core subcritical under cold
conditions.

Combined reactivity control systems capability.
The reactivity control systems shall be
designed to have a combined capability, in
conjunction with poison addition by the
emergency core cooling system, of reliably
controlling reactivity changes to assure that
under postulated accident conditions and with
appropriate margin for stuck rods the capability

I

I

ARDC with no further SFR-specific clarification
provided,

ARDC with additional modular HTGRspecific clarification provided:

Reactivity control system redundancyand
capability,
[Two] independent reactivity control systems of
different design principles shall be provided.
One of the systems shall use control rods,
preferably including a positive means for
inserting the rods, and shall be capable of
reliably controlling reactivity changes to assure
that under conditions of normal operation,
including anticipated operational occurrences,
and with appropriate margin for malfunctions
such as stuck rods, specified acceptable fuel
design limits are not exceeded. The A second
reactivity control system shall be capable of
reliably controlling the rate of reactivity changes
resulting from planned, normal power changes
[(including xenon burnout)] to assure
acceptable fuel design limits are not exceededOne of the systems shall be capable of holding
the reactor core subcritical under cold
conditions.

ARDC with additional SFR-specific clarification
provided:

Protectionsystem requirementsfor reactivity
control malfunctions.
The protection system shall be designed to
assure that specified acceptable fuelcore
radionuclide release design limits are not
exceeded for any single malfunction of the
reactivity control systems, such as
accidental withdrawal (not ejection-eF
dropeut) of control rods.
ARDC with additional modular HTGRspecific clarification provided:

Combined reactivity control systems capability.
The reactivity control systems shall be designed
to have a combined capability-,n-:n"u.tI.ef.
v.ith poison a.ddition by the.R..gS..Y
c...
oeeliRg-system, of reliably controlling reactivity
changes to assure that under postulated
accident conditions and with appropriate margin
for stuck rods the capability to cool the core is

ARDC with no further SFR-specific clarification
provided,
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Reactivity control system redundancyand
capability,
[Two] independent reactivity control systems of
different design principles shall be provided,
One of the systems shall use control rods,
preferably including a positive means for
inserting the rods, and shall be capable of
reliably controlling reactivity changes to assure
that under conditions of normal operation,
including anticipated operational occurrences,
and with appropriate margin for malfunctions
such as stuck rods, specified acceptable fuel
design limits are not exceeded. A second
reactivity control system shall be capable of
reliably controlling the rate of reactivity changes
resulting from planned, normal power changes
[(Inrluding xenon bur.n.ut) to assure
acceptable fuel design limits are not exceeded.
One of the systems shall be capable of holding
the reactor core subcritical under cold
conditions,

Reactivity control system redundancyand
capability.
Fr-we]-ilndependent reactivity control
systems of different design principles shall
be provided. One of the systems shall use
control rods, preferably including a positive
means for inserting the rods, and shall be
capable of reliably controlling reactivity
changes to assure that under conditions of
normal operation, including anticipated
operational occurrences, and with
appropriate margin for malfunctions such as
stuck rods, specified acceptable fuelcore
radionuclide release design limits are not
exceeded. A second reactivity control
system shall be capable of reliably
controlling the rate of reactivity changes
resulting from planned, normal power
changes [(including xenon burnout)] to
assure acceptable fuelcore radionuclide
release design limits are not exceeded. One
of the systems shall be capable of holding
the reactor core subcritical under cold
conditions.
ARDC with no further modular HTGRspecific clarification provided.
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Reactivity limits.
The reactivity control systems shall be
designed with appropriate limits on the
potential amount and rate of reactivity increase
to assure that the effects of postulated
reactivity accidents can neither (1) result in
damage to the reactor coolant pressure
boundary greater than limited local yielding nor
(2) sufficiently disturb the core, its support
structures or other reactor pressure vessel
intemals to impair significantly the capability to
cool the core. These postulated reactivity
accidents shall include consideration of rod
ejection (unless prevented by positive means),
rod dropout, steam line rupture, changes in
reactor coolant temperature and pressure, and
cold water addition.

Reactivity limits.
The reactivity control systems shall be designed
with appropriate limits on the potential amount
and rate of reactivity increase to assure that the
effects of postulated reactivity accidents can
neither (1) result in damage to the reactor
[coolant pressure] boundary greater than
limited local yielding nor (2) sufficiently disturb
the core, its support structures or other reactor
pressure-vessel internals to impair significantly
the capability to cool the core. These postulated
reactivity accidents shall include consideration of
[rod ejection (unless prevented by positive
means), rod dropout, steam line rupture,
changes In reactor coolant temperature and
pressure, and cold water addition].

ARDC with additional SFR-specific clarification
provided:

ARDC with additional modular HTGRspecific clarification provided:

Reactivity limits.
The reactivity control systems shall be designed
with appropriate limits on the potential amount
and rate of reactivity increase to assure that the
effects of postulated reactivity accidents can
neither (1) result in damage to the reactor
] boundary greater
[primary coolant-pFuo
than limited local yielding nor (2) sufficiently
disturb the core, its support structures or other
reactor vessel internals to impair significantly the
capability to cool the core. These postulated
reactivity accidents shall include consideration of

Reactivity limits.
The reactivity control systems shall be
designed with appropriate limits on the
potential amount and rate of reactivity
increase to assure that the effects of
postulated reactivity accidents can neither
(1) result in damage to the reactor
[ceelanthelium pressure] boundary greater
than limited local yielding nor (2) sufficiently
disturb the core, its support structures or
other reactor vessel internals to impair
significantly the capability to cool the core.
These postulated reactivity accidents shall
include consideration of [rod ejection
(unless prevented by positive means),

I

means), roed dropou,
diFG"

lIne rupture,

changes in reactor coolant temperature and
-old
pressu and
-,
water adultlonchangesin
powerlflow rates].
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Protection against anticipatedoperational
occurrences.
The protection and reactivity control systems
shall be designed to assure an extremely high
probability of accomplishing their safety
functions in the event of anticipated
operational occurrences.

Same as GDC

ARDC with no further SFR-specific clarification
provided,

in reactor coolant-temperature-and
proeeiwe, and feld-walef
addk4lomoisture inaressl.
ARDC with no further modular HTGRspecific clarification provided.
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Quality of reactor coolantpressure boundary.
Components which are part of the reactor
coolant pressure boundary shall be designed,
fabricated, erected, and tested to the highest
quality standards practical. Means shall be
provided for detecting and, to the extent
practical, identifying the location of the source
of reactor coolant leakage.

Quality of reactor[coolantpressure]boundary.
Components which are part of the reactor
[coolant pressure] boundary shall be designed,
fabricated, erected, and tested to the highest
quality standards practical. Means shall be
provided for detecting and, to the extent
practical, identifying the location of the source of
reactor [coolant] leakage.

ARDC with additional SFR-specific clarification
provided:

ARDC with additional modular HTGRspecific clarification provided:

Quality of reactor[primarycoolantpre~sum]
boundary.
Components which are part of the reactor
[primary coolant-pressw4] boundary shall be
designed, fabricated, erected, and tested to the
highest quality standards practical. Means shall
be provided for detecting and, to the extent
practical, identifying the location of the source of
reactor [coolant] leakage.

Fractureprevention of reactorcoolant
pressure boundary.
The reactor coolant pressure boundary shall
be designed with sufficient margin to assure
that when stressed under operating,

Fractureprevention of reactor[coolant
pressure]boundary.
The reactor [coolant pressure] boundary shall
be designed with sufficient margin to assure that
when stressed under operating, maintenance,

ARDC with additional SFR-specific clarification
provided:

Quality of reactor[¢oeeltheliumpressure]
boundary.
Components which are part of the reactor
[,eolan helium pressure] boundary shall
be designed, fabricated, erected, and tested
to the highest quality standards practical.
Means shall be provided for detecting and,
to the extent practical, identifying the
location of the source of reactor
[teetLathelium] leakage.
ARDC with additional modular HTGRspecific clarification provided:

Fractureprevention of reactor[primary coolant
pres•u#W boundary.

Fractureprevention of reactor
[oeelanheliumpressure]boundary.
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boundary shall be designed with sufficient
margin to assure that when stressed under
operating, maintenance, testing, and postulated
accident conditions (1) the boundary behaves in
a nonbrittle manner and (2) the probability of
rapidly propagating fracture is minimized. The
design shall reflect consideration of service
temperatures [, service degradation of
material properties, creep, fatigue, stress
rupture, and other conditions] of the boundary
material under operating, maintenance, testing,
and postulated accident conditions and the
uncertainties in determining (1) material
properties, (2) the effects of irradiation on
material properties, (3) residual, steady state
and transient stresses, and (4) size of flaws.
ARDC with additional SFR-specific clarification
provided:

II I! tdfUF Lr'eatfo IUijutt,
preusurej
boundary shall be designed with sufficient
margin to assure that when stressed under
operating, maintenance, testing, and
postulated accident conditions (1) the
boundary behaves in a nonbrittle manner
and (2) the probability of rapidly propagating
fracture is minimized. The design shall
reflect consideration of service temperatures
[and other conditions] of the boundary
material under operating, maintenance,
testing, and postulated accident conditions
and the uncertainties in determining (1)
material properties, (2) the effects of
irradiation on material properties, (3)
residual, steady state and transient stresses,
and (4) size of flaws.
ARDC with additional modular HTGRspecific clarification provided:

ARDC with additional SFR-specific clarification
provided:

ARDC with additional modular HTGRspecific clarification provided:

I)

conditions (1) the boundary behaves in a
nonbrittle manner and (2) the probability of
rapidly propagating fracture is minimized. The
design shall reflect consideration of service
temperatures and other conditions of the
boundary material under operating,
maintenance, testing, and postulated accident
conditions and the uncertainties in determining
(1) material properties, (2) the effects of
irradiation on material properties, (3) residual,
steady state and transient stresses, and (4)
size of flaws.

the boundary behaves in a nonbnttle manner
and (2) the probability of rapidly propagating
fracture is minimized. The design shall reflect
consideration of service temperatures [and
other conditions] of the boundary material
under operating, maintenance, testing, and
postulated accident conditions and the
uncertainties in determining (1) material
properties, (2) the effects of irradiation on
material properties, (3) residual, steady state
and transient stresses, and (4) size of flaws.
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Inspection of reactor coolant pressure
boundary.
Components which are part of the reactor
coolant pressure boundary shall be designed
to permit (1) periodic inspection and testing of
important areas and features to assess their
structural and leaktight integrity, and (2) an
appropriate material surveillance program for
the reactor pressure vessel,

33

Reactorcoolant makeup.
A system to supply reactor coolant makeup for
protection against small breaks in the reactor
coolant pressure boundary shall be provided,
The system safety function shall be to assure
that specified acceptable fuel design limits are
not exceeded as a result of reactor coolant
loss due to leakage from the reactor coolant
pressure boundary and rupture of small piping
or other small components which are part of
the boundary. The system shall be designed to
assure that for onsite electric power system
operation (assuming offsite power is not
available) and for offsite electric power system
operation (assuming onsite power is not
available) the system safety function can be
accomplished using the piping, pumps, and
valves used to maintain coolant inventory
during normal reactor operation.

Inspection of reactor[coolantpressure]
boundary.
Components which are part of the reactor
[coolant pressure] boundary shall be designed Inspection of reactor[primary coolant
Inspection of reactor[eeekiathefium
to permit (1) periodic inspection and testing of
pressure) boundary.
pressure]boundary.
important areas and features to assess their
Components which are part of the reactor
Components which are part of the reactor
structural and leaktight integrity, and (2) an
[primary coolant pFes6re] boundary shall be
[eoelanthelium pressure] boundary shall
appropriate material surveillance program for the designed to permit (1) periodic inspection and
be designed to permit (1) periodic inspection
reactor pressure vessel,
testing of important areas and features to
and testing of important areas and features
assess their structural and leaktight integrity,
to assess their structural and-eaktigh
and (2) an appropriate material surveillance
integrity, and (2) an appropriate material
program for the reactor vessel,
surveillance program for the reactor vessel.
Reactor[coolant] makepinventory
ARDC with additional SFR-specific clarification
Not applicable to modular HTGR.
maintenance,
provided:
A system to-supply maintain reactor [coolant]
inventory makeupfor protection against small
Reactor(primarycoolant]inventory
breaks in the reactor [coolant pressure]
maintenance.
boundary shall be provided as necessary to
A system to maintain reactor [coolant] inventory
The system sa.fety function shall be to assure
for protection against small breaks in the reactor
that specified acceptable fuel design limits are
[primary coolant P..eeUF.. 1 boundary shall be
not exceeded as a result of reactor [coolant]
provided as necessary to assure that specified
inventory loss due to leakage from the reactor
acceptable fuel design limits are not exceeded
[coolant pressure] boundary and rupture of
as a result of reactor inventory loss due to
small piping or other small components which
leakage from the reactor [primary coolant
are part of the boundary. The system shall
PSeuFre-1 boundary and primary of small piping
designed to accure that for oeiSto occtFri powsr or other small components which are part of the
system operation (a..umin:g
•f..it.
power is not
boundary.
av:ailable) and f•or•
of. to olotrc poWer system
.p..ation (a..uming on.it. p9woric not
availabl•) the system sa•.af fu•nci•n can be
a..mplished usiing the piping, pum.p., and
valves used to mnainain coo'ant inventer; during
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Residual heat removal.
A system to remove residual heat shall be

Residual heat removal.
A system to remove residual heat shall be

provided. The system safety function shall be

provided. The system safety function shall be to

nRmFFal reactor operation.
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other residual heat from the reactor core at a
rate such that specified acceptable fuel design
limits and the design conditions of the reactor
coolant pressure boundary are not exceeded.
Suitable redundancy in components and
features, and suitable interconnections, leak
detection, and isolation capabilities shall be
provided to assure that for onsite electric
power system operation (assuming offsite
power is not available) and for offsite electric
power system operation (assuming onsite
power is not available) the system safety
function can be accomplished, assuming a
single failure.
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residual heat from the reactor core to an ultimate A system to remove residual heat shall be
provided. The system safety function shall be to
heat sink at a rate such that specified
transfer fission product decay heat and other
acceptable fuel design limits and the design
residual heat from the reactor core to an ultimate
conditions of the reactor [coolant pressure]
boundary are not exceeded under all plant
heat sink at a rate such that specified
shutdown conditions following normal operation, acceptable fuel design limits and the design
conditions of the reactor [primary coolant
including anticipated operational occurrences,
and to provide continuous effective core cooling l.resew] boundary are not exceeded under all
during postulated accidents.
plant shutdown conditions following normal
operation, including anticipated operational
occurrences, and to provide continuous effective
Suitable redundancy in components and
core cooling during postulated accidents.
features, and suitable interconnections, leak
detection, and isolation capabilities shall be
provided to assure that for nc.it. oloctric powor
Suitable redundancy in components and
features, and suitable interconnections, leak
detection, and isolation capabilities shall be
av:ailable) and fo offclto Aloctri power cyctem
provided to assure that the system safety
operation (accum~ing oncito powor i6 not
available}-the system safety function can be
function can be accomplished, assuming a
accomplished, assuming a single failure.
single failure.

A passive system to remove residual heat
shall be provided. The system safety
function shall be to transfer fission product
decay heat and other residual heat from the
reactor core to an ultimate heat sink at a rate
such that specified acceptable fuel-core
radionuclide release design limits aRda-the
design c-ndition.•f the rea••tr [coolant
pr....r.l boundary are not exceeded under

Advanced Reactor Design Criterion for core
cooling under accident conditions is contained in
ARDC-34.

ARDC with no further SFR-specific clarification
provided.

ARDC with no further modular HTGRspecific clarification provided.

Inspection of cmargeneycox 999f.ngresidual
heat removal system.
The emer.ency c-Oro cooling•••tem residual
heat removal system shall be designed to permit
appropriate periodic inspection of important
components, such as [spray rings In the
reactor pressure vessel, water injection
nozzles, and piping], to assure the integrity
and capability of the system.

ARDC with additional SFR-specific clarification
provided:

ARDC with additional modular HTGRspecific clarification provided:

all plant shutdow:n conditionc fell o- i

nRmal operation, including during
anticipated operational occurrences, and to
provide continuous effective Gefe-cooling
during postulated accidents.
Suitable redundancy in components and
features, and suitable interconnections, leak
detection, and isolation capabilities shall be
provided to assure that the system safety
function can be accomplished, assumi.n.g a

GlR918 ai'eF.
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Emergency core cooling.
A system to provide abundant emergency core
cooling shall be provided. The system safety
function shall be to transfer heat from the
reactor core following any loss of reactor
coolant at a rate such that (1) fuel and clad
damage that could interfere with continued
effective core cooling is prevented and (2) clad
metal-water reaction is limited to negligible
amounts.
Suitable redundancy in components and
features, and suitable interconnections, leak
detection, isolation, and containment
capabilities shall be provided to assure that for
onsite electric power system operation
(assuming offsite power is not available) and
for offsite electric power system operation
(assuming onsite power is not available) the
system safety function can be accomplished,
assumina a sinale failure.
Inspection of emergency core cooling system.
The emergency core cooling system shall be
designed to permit appropriate periodic
inspection of important components, such as
spray rings in the reactor pressure vessel,
water injection nozzles, and piping, to assure
the integrity and capability of the system.
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Inspection of residualheat removal system.
Inspection of passive residualheat removal
The residual heat removal system shall be
system.
designed to permit appropriate periodic
The passive residual heat removal system
inspection of important components, such as
shall be designed to permit appropriate
[.pra, rin.S In the rFcto-r pressurF. V8-.-,
periodic inspection of important components,
wat, r inJecton nozalesgheat exchangers
rspray
and
such as
rings in the reatr
I piping], to assure the integrity and capability of IPF_6_U__vessel,____________________

:HII-?Nt9mI

tur1; bsybLem.
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assure the integrity and capability of the

system.
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Testing of emergency core cooling system.
The emergency core cooling system shall be
designed to permit appropriate periodic
pressure and functional testing to assure (1)
the structural and leaktight integrity of its
components, (2) the operability and
performance of the active components of the
system, and (3) the operability of the system
as a whole and, under conditions as close to
design as practical, the performance of the full
operational sequence that brings the system
into operation, including operation of
applicable portions of the protection system,
the transfer between normal and emergency
power sources, and the operation of the
associated cooling water system.

Testing of residualheat removalemergc.,
eeemng system.
The residual heat removal emer= .... • p.
eeeliF~l-system shall be designed to permit
appropriate periodic p-eseufwafaK-functional
testing to assure (1) the structural andJ eakftig•
integrity of its components, (2) the operability
and performance of the aGive-system
components-ef-he-eystem, and (3) the
operability of the system as a whole and, under
conditions as close to design as practical, the
performance of the full operational sequence
that brings the system into operation, including
operation of associated systems and interfaces
with an ultimate heat sink. inlcuding operati of
appliGablc prtiresc of the pretoction system, tho

ARDC with no further SFR-specific clarification
provided.

tranfefo botweon normal and omorgoncy poe::o
6ources, anid the operation of the accociatod
coGolin wateFrs',ter
+

-
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Containment heatremoval.
A system to remove heat from the reactor
containment shall be provided. The system
safety function shall be to reduce rapidly,
consistent with the functioning of other
associated systems, the containment pressure
and temperature following any loss-of-coolant
accident and maintain them at acceptably low
levels.

Containment heatremoval.
A system to remove heat from the reactor
containment shall be provided as necessaryThe sy•teom c
"fot
function shall be to maintain
;
Aft,--.. ....
--.
J,-#..
----------------------othor aoi-te~td cctom., the containment
pressure and temperature within acceptable
limits following fallowing any loseof coelant
postulated accidents And mFAintain them At

---

ARDC with no further SFR-specific clarification
provided.

ARDC with additional modular HTGRspecific clarification provided:
Testing of passive residual heatremoval
system.
The passive residual heat removal system
shall be designed to permit appropriate
periodic functional testing to assure (1) the
structural integrity of its components, (2) the
operability and performance of the system
components, and (3) the operability of the
system as a whole and, if applicable, under
conditions as close to design as practical,
the performance of the full operational
sequence that brings the system into
operation, including operation of associated
systems and interfaces with an ultimate heat
sink and the transition from the active normal
operation mode to the passive operation
mode relied upon during postulated
accidents.
Not applicable to modular HTGR.

T

accoptably low lcwolc.
Suitable redundancy in components and
features, and suitable interconnections, leak
detection, isolation, and containment
capabilities shall be provided to assure that for
onsite electric power system operation
(assuming offsite power is not available) and
for offsite electric power system operation
(assuming onsite power is not available) the
system safety function can be accomplished,
assuming a single failure.
39

Inspection of containmentheat removal
system.
The containment heat removal system shall be
designed to permit appropriate periodic
inspection of important components, such as
the torus, sumps, spray nozzles, and piping to
assure the integrity and capability of the
system.
I

Suitable redundancy in components and
features, and suitable interconnections, leak
detection, isolation, and containment capabilities
shall be provided to assure that feF-eReite

le'triG pGoFe cYctemR operation (acunn
Offcitei powor *6not available) and for ffllitoelotric poWer aystem operation (aecuming
On.it.e pWo-r 6 not "a"abble)the system safety
function can be accomplished, assuming a
single failure.
Inspection of containmentheat removal system.
The containment heat removal system shall be
designed to permit appropriate periodic
inspection of important components, such as
[the torus, sumps, spray nozzles, and piping]
to assure the integrity and capability of the
system.
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ARDC with additional SFR-specific clarification
provided:
Inspection of containmentheat removal system.
The containment heat removal system shall be
designed to permit appropriate periodic
inspection of important components, such as
I
t'
spray_________andpiping]
"h

ilfls,

Not applicable to modular HTGR.
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system.
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Testing of containment heat removal system.
The containment heat removal system shall be
designed to permit appropriate periodic
pressure and functional testing to assure (1)
the structural and leaktight integrity of its
components, (2) the operability and
performance of the active components of the
system, and (3) the operability of the system
as a whole, and under conditions as close to
the design as practical the performance of the
full operational sequence that brings the
system into operation, including operation of
applicable portions of the protection system,
the transfer between normal and emergency
power sources, and the operation of the
associated cooling water system.
Containment atmospherecleanup.
Systems to control fission products, hydrogen,
oxygen, and other substances which may be
released into the reactor containment shall be
provided as necessary to reduce, consistent
with the functioning of other associated
systems, the concentration and quality of
fission products released to the environment
following postulated accidents, and to control
the concentration of hydrogen or oxygen and
other substances in the containment
atmosphere following postulated accidents to
assure that containment integrity is
maintained.
I
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Each system shall have suitable redundancy in
components and features, and suitable
interconnections, leak detection, isolation, and
containment capabilities to assure that for
onsite electric power system operation
(assuming offsite power is not available) and
for offsite electric power system operation
(assuming onsite power is not available) its
safety function can be accomplished,
assumin a sinole failure.
42

Testing of containment heat removal system.
The containment heat removal system shall be
designed to permit appropriate periodic p-esesWF
aed-functional testing to assure (1) the structural
and leakfight integrity of its components, (2) the
operability and performance of the adie-system
components-f-the-system, and (3) the
operability of the system as a whole, and under
conditions as close to the design as practical,
the performance of the full operational sequence
that brings the system into operation,4nRluding
eporzautie 9+ appnc~abl peorie~ns 9+ wepeete
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ARDC with no further SFR-specific clarification
provided.

Not applicable to modular HTGR.

ARDC with additional SFR-specific clarification
provided:

Not applicable to modular HTGR.

6sctem, the transfer bet;#99n no~rmal and
omor~goncy pzWor courcocs, and the oporation ot
the accocanatad cooling wator 6ystom, including
oneration of associated svstems.

Containment atmosphere cleanup.
Systems to control fission products, [hydrogen,
oxygen,] and other substances which may be
released into the reactor containment shall be
provided as necessary to reduce, consistent with
the functioning of other associated systems, the
concentration and quality of fission products
released to the environment following postulated
accidents, and to control the concentration of
[hydrogen or oxygen] and other substances in
the containment atmosphere following
postulated accidents to assure that containment
integrity is maintained.
Each system shall have suitable redundancy in
components and features, and suitable
interconnections, leak detection, isolation, and
containment capabilities to assure that feF-ensite
8loctric powor system oporation (assuming
offei1tS pGWor ic not available) and Ifo offreite
eloatric powor system oporation (
.cmin
Oncite poWOr is not available) ts safety function
can be accomplished, assuming a single failure.

Containment atmosphere cleanup.
Systems to control fission products, [hydrogon
emygenreaction products,] and other
substances which may be released into the
reactor containment shall be provided as
necessary to reduce, consistent with the
functioning of other associated systems, the
concentration and quality of fission products
released to the environment following postulated
accidents, and to control the concentration of
[hydFOgOn Or exygenreaction products] and
other substances in the containment
atmosphere following postulated accidents to
assure that containment integrity is maintained.
Each system shall have suitable redundancy in
components and features, and suitable
interconnections, leak detection, isolation, and
containment capabilities to assure that its safety
function can be accomplished, assuming a
single failure.
ARDC with no further SFR-specific clarification
provided.

Inspection of containment atmosphere cleanup Same as GDC
systems.
The containment atmosphere cleanup systems
shall be designed to permit appropriate
periodic inspection of important components,
such as filter frames, ducts, and piping to
assure the integrity and capability of the
systems.
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Not applicable to modular HTGR.
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systems.
The containment atmosphere cleanup systems
shall be designed to permit appropriate
periodic pressure and functional testing to
assure (1) the structural and leaktight integrity
of its components, (2) the operability and
performance of the active components of the
systems such as fans, filters, dampers, pumps,
and valves and (3) the operability of the
systems as a whole and, under conditions as
close to design as practical, the performance
of the full operational sequence that brings the
systems into operation, including operation of
applicable portions of the protection system,
the transfer between normal and emergency
power sources, and the operation of
associated systems.
Cooling water.
A system to transfer heat from structures,
systems, and components important to safety,
to an ultimate heat sink shall be provided. The
system safety function shall be to transfer the
combined heat load of these structures,
systems, and components under normal
operating and accident conditions.
Suitable redundancy in components and
features, and suitable interconnections, leak
detection, and isolation capabilities shall be
provided to assure that for onsite electric
power system operation (assuming offsite
power is not available) and for offsite electric
power system operation (assuming onsite
power is not available) the system safety
function can be accomplished, assuming a
single failure.
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Inspection of cooling water system.
The cooling water system shall be designed to
permit appropriate periodic inspection of
important components, such as heat
exchangers and piping, to assure the integrity
and capability of the system.
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Testing of cooling watersystem.
The cooling water system shall be designed to
permit appropriate periodic pressure and
functional testing to assure (1) the structural
and leaktight integrity of its components, (2)
the operability and the performance of the
active components of the system, and (3) the
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systems.
provided.
The containment atmosphere cleanup systems
shall be designed to permit appropriate periodic
peee.urwe-ad.functional testing to assure (1) the
structural a.d-leaktig*ht-integrity of its
components, (2) the operability and performance
of the artile-system components, ef-the-systems
such ais fans, Milom, dampors, pumps, aind
valve-and (3) the operability of the systems as
a whole and, under conditions as close to design
as practical, the performance of the full
operational sequence that brings the systems
into operation, including opo.ation of applicable
portiOnS Of the prot-etin•
6YMtem, the transfer
b-theen oprmat and eyesgenype
and -the operation of associated systems.
Structural and equipment cooling!e,#ng-wter.
In addition to the heat rejection capability of the
residual heat removal system, A-systems to
transfer heat from structures, systems, and
components important to safety, to an ultimate
heat sink shall be provided, as necessary-.The
system safety function shall bo to transfer the
combined heat load of these structures,
systems, and components under normal
operating and accident conditions.

ARDC with no further SFR-specific clarification
provided.

Not applicable to modular HTGR.

ARDC with no further SFR-specific clarification
provided.

Not applicable to modular HTGR.

ARDC with no further SFR-specific clarification
provided.

Not applicable to modular HTGR.

Suitable redundancy in components and
features, and suitable interconnections, leak
detection, and isolation capabilities shall be
provided to assure that for oc:ite o8ect00c pe-er

av.ailable) and for Offcito olootri poWor cYctom
oporation (assuming oncito

powor is not
available) theeach system safety function can
be accomDlished. assumina a sinale failure.
Inspection of structuraland equipment cooling
wateo-systems.
The e-eefig-wa;eFstructural and equipment
cooling systems shall be designed to permit
appropriate periodic inspection of important
components, such as heat exchangers and
piping, to assure the integrity and capability of
the systems.
Testing of structuraland equipment cooling
waFer-systems,
The structural and equipment cooling wateF
systems shall be designed to permit appropriate
periodic pr-esuir-apd-functional testing to
assure (1) the structural and-ea.i.tht integrity of
their it-components, (2) the operability and the
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under conditions as close to design as
practical, the performance of the full
operational sequence that brings the system
into operation for reactor shutdown and for
loss-of-coolant accidents, including operation
of applicable portions of the protection system
and the transfer between normal and
emergency power sources.

the -yetem, and (3) the operability of the

Uontainment aesignDasis.
The reactor containment structure, including
access openings, penetrations, and the
containment heat removal system shall be
designed so that the containment structure
and its internal compartments can
accommodate, without exceeding the design
leakage rate and with sufficient margin, the
calculated pressure and temperature
conditions resulting from any loss-of-coolant
accident. This margin shall reflect
consideration of (1) the effects of potential
energy sources which have not been included
in the determination of the peak conditions,
such as energy in steam generators and as
required by § 50.44 energy from metal-water
and other chemical reactions that may result
from degradation but not total failure of
emergency core cooling functioning, (2) the
limited experience and experimental data
available for defining accident phenomena and
containment responses, and (3) the
conservatism of the calculational model and
input parameters.

.;ontainmentaesign oasis.
The reactor containment structure, including
access openings, penetrations, and the
containment heat removal system shall be
designed so that the containment structure and
its internal compartments can accommodate,
without exceeding the design leakage rate and
with sufficient margin, the calculated pressure
and temperature conditions resulting from
postulated accident"any locrr of colant
aGeiden . This margin shall reflect consideration
of (1) the effects of potential energy sources
which have not been included in the
determination of the peak conditions, such as
[energy in steam generators and as required
by § 50.44 energy from metal-water and other
chemical reactions that may result from
degradation but not total failure of
emergency core cooling functioning], (2) the
limited experience and experimental data
available for defining accident phenomena and
containment responses, and (3) the
conservatism of the calculational model and
input parameters.

Fractureprevention of containmentpressure
boundary.
The reactor containment boundary shall be
designed with sufficient margin to assure that
under operating, maintenance, testing, and
postulated accident conditions (1) its ferritic
materials behave in a nonbrittle manner and
1 (2) the probability of rapidly propagating

systems as a whole and, under conditions as
close to design as practical, the performance of
the full operational sequences that brings the
systems into operation for reactor shutdown and
postulated accidents, including operation of
associated systems and for 196cOf wcGAolt
g 1
1
!
.
#.f.;.
,A
portienc of the protoctio system and the
irWUF1 H-e.. R now : l
umuF91ny pews

Fractureprevention of containment pressure
boundary.
The reactor cotainmt boundary of the reactor
containment structure shall be designed with
sufficient margin to assure that under operating,
maintenance, testing, and postulated accident
conditions (1) its feFlit-materials behave in a
nonbrittle manner and (2) the probability of
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provided:
Containment design basis.
The reactor containment structure, including
access openings, penetrations, and the
containment heat removal system shall be
designed so that the containment structure and
its internal compartments can accommodate,
without exceeding the design leakage rate and
with sufficient margin, the calculated pressure
and temperature conditions resulting from
postulated accidents. This margin shall reflect
consideration of (1) the effects of potential
energy sources which have not been included in
the determination of the peak conditions, such
as [fission products, potential spray or
aerosol formation, and potential exothermic
chemical reaction.en.rgy In steam g-n.rator-;

metal -atO. and othO. chom..al oac"io-ns
that may rrnrult from degradation but; not
total1 failuMr- of emergencY coro cooling
f.-GtioRn_1], (2) the limited experience and
experimental data available for defining accident
phenomena and containment responses, and (3)
the conservatism of the calculational model and
input parameters.
ARDC with additional SFR-specific clarification
provided:
Fractureprevention of containmentpme
boundary.
The boundary of the reactor containment
structure shall be designed with sufficient margin
to assure that under operating, maintenance,

Not applicable to modular HTGR.
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consideration of service temperatures and
other conditions of the containment boundary
material during operation, maintenance,
testing, and postulated accident conditions,
and the uncertainties in determining (1)
material properties, (2) residual, steady state,
and transient stresses, and (3) size of flaws.

design shall reflect consideration of service
temperatures and other conditions of the
containment boundary materials during
operation, maintenance, testing, and postulated
accident conditions, and the uncertainties in
determining (1) material properties, (2) residual,
steady state, and transient stresses, and (3) size
of flaws.

Capability for containment leakage rate
testing.
The reactor containment and other equipment
which may be subjected to containment test
conditions shall be designed so that periodic
integrated leakage rate testing can be
conducted at containment design pressure.
Provisionsfor containment testing and
inspection,
The reactor containment shall be designed to
permit (1) appropriate periodic inspection of all
important areas, such as penetrations, (2) an
appropriate surveillance program, and (3)
periodic testing at containment design
pressure of the leaktightness of penetrations
which have resilient seals and expansion
bellows.
Piping systems penetratingcontainment.
Piping systems penetrating primary reactor
containment shall be provided with leak
detection, isolation, and containment
capabilities having redundancy, reliability, and
performance capabilities which reflect the
importance to safety of isolating these piping
systems. Such piping systems shall be
designed with a capability to test periodically
the operability of the isolation valves and
associated apparatus and to determine if valve
leakage is within acceptable limits,

Capability for containment leakage rate testing.
The reactor containment structure and other
equipment which may be subjected to
containment test conditions shall be designed so
that periodic integrated leakage rate testing can
be conducted at containment design pressure.

its materials behave in a nonbrittle manner and
(2) the probability of rapidly propagating fracture
is minimized. The design shall reflect
consideration of service temperatures and other
conditions of the containment boundary
materials during operation, maintenance,
testing, and postulated accident conditions, and
the uncertainties in determining (1) material
properties, (2) residual, steady state, and
transient stresses, and (3) size of flaws.
ARDC with no further SFR-specific clarification
provided.
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Reactor coolantpressure boundary
penetratingcontainment,
Each line that is part of the reactor coolant
pressure boundary and that penetrates
primary reactor containment shall be provided
with containment isolation valves as follows,
I unless it can be demonstrated that the

Provisionsfor containment testing and
inspection,
The reactor containment structure shall be
designed to permit (1) appropriate periodic
inspection of all important areas, such as
penetrations, (2) an appropriate surveillance
program, and (3) periodic testing at containment
design pressure of the leaktightness of
penetrations which have resilient seals and
expansion bellows.
Piping systems penetratingcontainment.
Piping systems penetrating the primary reactor
containment structure shall be provided with
leak detection, isolation, and containment
capabilities having redundancy, reliability, and
performance capabilities which reflect the
importance to safety of isolating these piping
systems. Such piping systems shall be designed
with a capability to test periodically the
operability of the isolation valves and associated
apparatus and to determine if valve leakage is
within acceptable limits,

Reactor[coolantpressure]boundary
penetratingcontainment,
Each line that is part of the reactor [coolant
pressure] boundary and that penetrates the
primary reactor containment structure shall be
provided with containment isolation valves as
follows, unless it can be demonstrated that the
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Not applicable to modular HTGR.

ARDC with no further SFR-specific clarification
provided.

Not applicable to modular HTGR.

ARDC with additional SFR-specific clarification
provided:

Not applicable to modular HTGR.

Piping systems penetratingcontainment.
Piping systems penetrating the primary reactor
containment structure shall be provided with
leak detection, isolation, and containment
capabilities having redundancy, reliability, and
performance capabilities necessary to perform
the containment safety function and which
reflect the importance to safety of preventing
radioactivity releases from containment through
iselating these piping systems. When isolation
valves are required, ,,=-piping systems shall
be designed with a capability to test periodically
the operability of the isolation valves and
associated apparatus and to determine if valve
leakage is within acceptable limits.
ARDC with additional SFR-specific clarification
provided:
Reactor[primary coolant-poesiwe]boundary
penetratingcontainment.
Each line that is part of the reactor [primary
1coolant-pFeeewo] boundary and that
I

Not applicable to modular HTGR.
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class of lines, such as instrument lines, are
acceptable on some other defined basis:
(1) One locked closed isolation valve inside
and one locked closed isolation valve outside

containment; or
(2) One automatic isolation valve inside and
one locked closed isolation valve outside
containment; or
(3) One locked closed isolation valve inside
and one automatic isolation valve outside
containment. A simple check valve may not be
used as the automatic isolation valve outside

containment; or
(4) One automatic isolation valve inside and
one automatic isolation valve outside
containment. A simple check valve may not be
used as the automatic isolation valve outside
containment.
Isolation valves outside containment shall be
located as close to containment as practical
and upon loss of actuating power, automatic
isolation valves shall be designed to take the
position that provides greater safety.
Other appropriate requirements to minimize
the probability or consequences of an
accidental rupture of these lines or of lines
connected to them shall be provided as
necessary to assure adequate safety.
Determination of the appropriateness of these
requirements, such as higher quality in design,
fabrication, and testing, additional provisions
for inservice inspection, protection against
more severe natural phenomena, and
additional isolation valves and containment,
shall include consideration of the population
density, use characteristics, and physical
characteristics of the site environs.

56

Primarycontainment isolation.
Each line that connects directly to the
containment atmosphere and penetrates
primary reactor containment shall be provided
with containment isolation valves as follows,
unless it can be demonstrated that the
containment isolation provisions for a specific
class of lines, such as instrument lines, are
acceptable on some other defined basis:
(1) One locked closed isolation valve inside
and one locked closed isolation valve outside

b

illOICdl11111101I
I IUIOLIUI I pIJUV 10U110

1U1 0Il CI
O

1.l
It

class of lines, such as instrument lines, are
acceptable on some other defined basis:
(1) One locked closed isolation valve inside and
one locked closed isolation valve outside
containment; or
(2) One automatic isolation valve inside and one
locked closed isolation valve outside
containment; or
(3) One locked closed isolation valve inside and
one automatic isolation valve outside
containment. A simple check valve may not be
used as the automatic isolation valve outside
containment; or
(4) One automatic isolation valve inside and one
automatic isolation valve outside containment. A
simple check valve may not be used as the
automatic isolation valve outside containment.
Isolation valves outside containment shall be
located as close to containment as practical and
upon loss of actuating power, automatic isolation
valves shall be designed to take the position that
provides greater safety.
Other appropriate requirements to minimize the
probability or consequences of an accidental
rupture of these lines or of lines connected to
them shall be provided as necessary to assure
adequate safety. Determination of the
appropriateness of these requirements, such as
higher quality in design, fabrication, and testing,
additional provisions for inservice inspection,
protection against more severe natural
phenomena, and additional isolation valves and
containment, shall include consideration of the
population density, use characteristics, and
physical characteristics of the site environs.

Primary containmentisolation.
Each line that connects directly to the
containment atmosphere and penetrates the
primary reactor containment structure shall be
provided with containment isolation valves as
follows, unless it can be demonstrated that the
containment isolation provisions for a specific
class of lines, such as instrument lines, are
acceptable on some other defined basis:
(1) One locked closed isolation valve inside and
one locked closed isolation valve outside
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structure shall be provided with containment
isolation valves as follows, unless it can be
demonstrated that the containment isolation
provisions for a specific class of lines, such as
instrument lines, are acceptable on some other
defined basis:
(1) One locked closed isolation valve inside and
one locked closed isolation valve outside
containment; or
(2) One automatic isolation valve inside and one
locked closed isolation valve outside
containment; or
(3) One locked closed isolation valve inside and
one automatic isolation valve outside
containment. A simple check valve may not be
used as the automatic isolation valve outside
containment; or
(4) One automatic isolation valve inside and one
automatic isolation valve outside containment. A
simple check valve may not be used as the
automatic isolation valve outside containment.
Isolation valves outside containment shall be
located as close to containment as practical and
upon loss of actuating power, automatic isolation
valves shall be designed to take the position that
provides greater safety.
Other appropriate requirements to minimize the
probability or consequences of an accidental
rupture of these lines or of lines connected to
them shall be provided as necessary to assure
adequate safety. Determination of the
appropriateness of these requirements, such as
higher quality in design, fabrication, and testing,
additional provisions for inservice inspection,
protection against more severe natural
phenomena, and additional isolation valves and
containment, shall include consideration of the
population density, use characteristics, and
nhvsicat characteristics of the site environs.
ARDC with no further SFR-specific clarification
provided.

Not applicable to modular HTGR.

containment; or
(2) One automatic isolation valve inside and
one locked closed isolation valve outside
containment; or
(3) One locked closed isolation valve inside
and one automatic isolation valve outside
containment. A simple check valve may not be
used as the automatic isolation valve outside
containment; or
(4) One automatic isolation valve inside and
one automatic isolation valve outside
containment. A simple check valve may not be
used as the automatic isolation valve outside
containment.
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Isolation valves outside containment shall be
located as close to the containment as
practical and upon loss of actuating power,
automatic isolation valves shall be designed to
take the position that provides greater safety.
Closed system isolation valves.
Each line that penetrates primary reactor
containment and is neither part of the reactor
coolant pressure boundary nor connected
directly to the containment atmosphere shall
have at least one containment isolation valve
which shall be either automatic, or locked
closed, or capable of remote manual
operation. This valve shall be outside
containment and located as close to the
containment as practical. A simple check valve
may not be used as the automatic isolation
valve.

containment; or
(2) One automatic isolation valve inside and one
locked closed isolation valve outside
containment; or
(3) One locked dosed isolation valve inside and
one automatic isolation valve outside
containment. A simple check valve may not be
used as the automatic isolation valve outside
containment; or
(4) One automatic isolation valve inside and one
automatic isolation valve outside containment. A
simple check valve may not be used as the
automatic isolation valve outside containment.
Isolation valves outside containment shall be
located as close to the containment as practical
and upon loss of actuating power, automatic
isolation valves shall be designed to take the
position that provides greater safety.
Closed system isolation valves.
Each line that penetrates the primary reactor
containment structure and is neither part of the
reactor [coolant pressure] boundary nor
connected directly to the containment
atmosphere shall have at least one containment
isolation valve which shall be either automatic,
or locked closed, or capable of remote manual
operation. This valve shall be outside
containment and located as close to the
containment as practical. A simple check valve
may not be used as the automatic isolation
valve.
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ARDC with additional SFR-specific clarification
provided:
Closed system isolation valves.
Each line that penetrates the primary reactor
containment structure and is neither part of the
reactor [primary coolant-pfesewe] boundary
nor connected directly to the containment
atmosphere shall have at least one containment
isolation valve unless it can be demonstrated
that the containment safety function can be met
without an isolation valve and assuming failure
of a single active component. The isolation
valve, if vAiGh shallrequired, shall be either
automatic, or locked closed, or capable of
remote manual operation. This valve shall be
outside containment and located as close to the
containment as practical. A simple check valve
mav not be used as the automatic isolation valve.

Not applicable to modular HTGR.
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the environment.
The nuclear power unit design shall include
means to control suitably the release of
radioactive materials in gaseous and liquid
effluents and to handle radioactive solid
wastes produced during normal reactor
operation, including anticipated operational
occurrences. Sufficient holdup capacity shall
be provided for retention of gaseous and liquid
effluents containing radioactive materials,
particularly where unfavorable site
environmental conditions can be expected to
impose unusual operational limitations upon
the release of such effluents to the
I environment.

Fuel storage and handlingand radioactivity
control.
The fuel storage and handling, radioactive
waste, and other systems which may contain
radioactivity shall be designed to assure
adequate safety under normal and postulated
accident conditions. These systems shall be
designed (1) with a capability to permit
appropriate periodic inspection and testing of
components important to safety, (2) with
suitable shielding for radiation protection, (3)
with appropriate containment, confinement,
and filtering systems, (4) with a residual heat
removal capability having reliability and
testability that reflects the importance to safety
of decay heat and other residual heat removal,
and (5) to prevent significant reduction in fuel
storage coolant inventory under accident
conditions.
Prevention of criticality in fuel storage and
handling,
Criticality in the fuel storage and handling
system shall be prevented by physical systems
or processes, preferably by use of
geometrically safe configurations.
Monitoring fuel and waste storage.
Appropriate systems shall be provided in fuel
storage and radioactive waste systems and
associated handling areas (1) to detect
conditions that may result in loss of residual
heat removal capability and excessive
radiation levels and (2) to initiate appropriate
safety actions.
Monitoringradioactivityreleases.
Means shall be provided for monitoring the
reactor containment atmosphere, spaces
containing components for recirculation of

WILI

specific clarification provided.

provided.

-I.

Fuel storage and handling and radioactivity
control.
The fuel storage and handling, radioactive
waste, and other systems which may contain
radioactivity shall be designed to assure
adequate safety under normal and postulated
accident conditions. These systems shall be
designed (1) with a capability to permit
appropriate periodic inspection and testing of
components important to safety, (2) with suitable
shielding for radiation protection, (3) with
appropriate containment, confinement, and
filtering systems, (4) with a residual heat
removal capability having reliability and
testability that reflects the importance to safety
of decay heat and other residual heat removal,
and (5) to prevent significant reduction in fuel
storage coGoant *nVontOrY cooling under accident
conditions.
Same as GDC

4

ARDC with no further SFR-specific clarification
provided.

~

-

ARDC with no further modular HTGRspecific clarification provided.

ARDC with no further SFR-specific clarification
provided,

ARDC with no further modular HTGRspecific clarification provided.

Same as GDC

ARDC with no further SFR-specific clarification
provided,

ARDC with no further modular HTGRspecific clarification provided.

Monitoringradioactivityreleases.
Means shall be provided for monitoring the
[reactor containment] atmosphere, [spaces
containing components for recirculation of

ARDC with additional SFR-specific clarification
provided:

ARDC with additional modular HTGRspecific clarification provided:

Monitoring radioactivityreleases.

Monitoring radioactivityreleases.
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acciaenr nulas,j eTnueni
discharge paths, and the plant environs for
radioactivity that may be released from normal
operations, including anticipated operational
occurrences, and from postulated accidents.
ioss-or-cooiani

discharge paths, and the plant environs for
radioactivity that may be released from normal
operations, including anticipated operational
occurrences, and from postulated accidents.
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means snail De proviaeo Tor monnionng me
[reactor containment] atmosphere, [spaces
containing components for roc"!oultion of
Ioe-•-f of--eo-Iant arclds.at fi'-ids primary
system sodium and cover gas cleanup and
processing,] effluent discharge paths, and the
plant environs for radioactivity that may be
released from normal operations, including
anticipated operational occurrences, and from
postulated accidents.

means snaii De proviaeo Tor monixonng me
[reactor -ontaln.•.-building]
atmosphere, [spac aentain
components for r:cr-c_-ulatlon of l'an ofcaool-.--ant aca-dent fluids,] cffluent discharge
paths, and the plant environs for radioactivity
that may be released from normal
operations, including anticipated operational
occurrences, and from postulated accidents.

