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0 General practices for RRx regulation

 Regard RRx as part of nuclear facilities, which rules
and regulations (R&Rs) cover inclusively

* Apply, mutatis mutandis, the same R&Rs as those for
NPPs

— “Mutatis mutandis” allows modifications of R&Rs as
necessary

« Control and manage the regulatory activities under the
same management system of KINS as that for NPPs

— By the dedicated Project Manager(s)
* Review and inspection by the same technical

departments of KINS as those performing safety
regulations of NPPs

KINS



1.

A.

v
KINS

Regulations and guides

IAEA GSR Part 1

R32: Regulations and guides. The RB shall establish
or adopt regulations and guides to specify the
principles, requirements and associated criteria for
safety - - -

R33: Review of regulations and guides. Regulations
and guides shall be reviewed and revised - - - to keep
them up to date, with due consideration taken of
relevant international - - - standards and of relevant
experience gained

R34: Promotion of regulations and guides to
Interested parties. The RB shall notify interested
parties and the public of the principles and associated
criteria for safety - - -



B. Regulations and guides

0 Regulations

* Nuclear Safety Act, and the subsidiary regulations

— Enforcement Decree of the Act

« Address the methods to put the philosophy prescribed in
the acts into action

— Enforcement Regulation of the Act
* Prescribe the procedural approaches in general

— Regulations on Technical Standards for Nuclear Facilities

— Notices of the NSSC
* Provide the specific technical standards

v Supplemented by the “Act on Physical Protection and
Radiological Emergency,” and the subsidiary
regulations

KINS



0 KINS guides and examples

 Developed for the detailed regulations of licensing
review, inspection, and radiation protection

— Safety Review Guide for Research and/or Educational
Nuclear Facilities (KINS/GE-N010)

— Review Guide of Environmental Report for Nuclear Facilities
(KINS/GE-N004)

— Review Guide of Radiological Emergency Preparedness
(KINS/GE-R10)

— Periodic Inspection Guide of HANARO (KINS/GI-N019)

v Not legally binding, but used by KINS staff as
references

v' Review guide prescribes review area, acceptance
criteria, review process, evaluation results

v’ Inspection guide prescribes the items, method,
acceptance criteria

P

KINS



C. Promotion of regulations and guides to
Interested parties

o Administrative Procedures Act

* Article 41 (Administrative pre-announcement of
legislation)

— Pre-announcement of legislations, such as the enactment,
amendment or abolishment of any Act and subordinate statute

 Atrticle 46 (Pre-announcement of administration)

— Pre-announcement to establish, enforce, or modify the
policies, systems, and plans of administrative agencies

v Give interested parties the opportunities to express
their opinion in a variety of ways

KINS
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A.

Y
KIiNs

Authorization

IJAEA GSR Part 1

R23: Authorization of facilities and activities by the
regulatory body. Authorization by the RB, - - -, shall
be a prerequisite for all those facilities and activities - -

R24: Demonstration of safety for the authorization of
facilities and activities. The applicant shall be required
to submit an adequate demonstration of safety - - - for
the authorization of a facility or an activity.



B. Regulatory control for authorization

0 Licensing process

Early Site

Standard Design
Approval

Approval

Cbnstruction Perm-it

|
Pre-op.

Inspection

!

Operating License
| |

Periodic

I
Construction

Operation

Inspection

!

Periodic Safety Review

Approval of Continued Operation or
Permanent Shutdown

Approval of Decommissioning

va

KIiNs

* Not applicable to RRx

PSAR, QAP for construction, ER

Confirm the construction,
considering project milestone

FSAR, QAP for operation,
Radiological emergency plan

Confirm the plant as licensed
and/or commissioned

Re-evaluate the safety in a
10 year interval

Extend operatin? period
after the design Tlife



O 2-step licensing process

Applicant
Operation
Apply for Pre- o
Apply for Operational Apply for Apply for Periodic
CP Inspections (POIs) OL Fuel Load Inspections (PIs)
l l l l Start-up l
Tests
Construction Permit || Operating License (OL) :
Operation
(CP) Phase Phase P
L A A A
Review|& ReviLw &
Issue CP Issue OL
Conduct POls Conduct Pls
p Construction, Performance >‘ p Start-up>
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0 Nuclear Safety Act

v In 2014, introduced 2-step licensing process for RRx

KINS

Article 30 (Permit for the construction of RRXx)

— Require a permit for the construction of reactor for research or
educational purposes, and for the change of any permitted

— Stipulate the documents to be submitted:

Radiation environmental impact assessment report
Preliminary Safety Analysis Report (PSAR)

Quality Assurance Plan (QAP) for construction
Description of the purpose for the use of reactor

Description of the technical capabilities regarding
Installation of reactor facilities

Preliminary decommissioning plans

— Establish standards for permit, so as to apply mutatis
mutandis those for NPP



« Standards for permit

— Availability of the technical capabilities of applicant, necessary
for construction

— Adequacy of the location, structures and equipment to protect
human and physical resources, and the public

— Adequacy of the construction to prevent any harm to the
public and the environment, caused by radioactive materials

— Adequacy of Quality Assurance Plan

— Adequacy of Decommissioning Plan

v" Article 11 of the Act

KINS



* Process for CP

{ Applicant }

~ NSSC }
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 Article 30-2 (License to operate RRX)

va
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Require a license to operate reactor for research or
educational purposes, and to change any permitted

Stipulate the documents to be submitted:

Technical specifications for operation of reactor & facilities
Final Safety Analysis Report (FSAR)

Accident management programme

Quality Assurance Plan (QAP) for operation

Radiation environment impact assessment report
(modified part)

Description of the technical capabilities of applicant
regarding operation of reactor facilities

Description on fuel loading plan

Descriptions of technical rationale and verification method
to be used for emergency operating procedures

Final decommissioning plan

Establish standards for license, so as to apply mutatis
mutandis those for NPP



KIiNs

Standards for license
— Availability of the technical capabilities of applicant, necessary
for operation

— Adequacy of the performance of nuclear facilities to protect
human and physical resources, and the public

— Adequacy of the operation to prevent any harm to the public
and the environment, caused by radioactive materials

— Adequacy of Quality Assurance Plan
— Adequacy of Decommissioning Plan
— Adequacy of Accident Management Program

v" Article 21 of the Act



0 Process for OL

- Applicant - NSSC - KINS
Conduct POI

| Conduct safety
review

| - |
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3.

A.

KINS

Review and assessment

IJAEA GSR Part 1

R25: Review and assessment of information relevant
to safety. The regulatory body shall review and assess
relevant information — - - - — to determine whether
facilities and activities comply with regulatory
requirements - - - .

This review and assessment - - - shall be performed
prior to authorization and again over the lifetime of the
facility or the duration of the activity, as specified In
regulations - - -



B. Safety reviews

0 Review of safety management

v Regulation for Description of Technical Capabilities of
Applicant concerning Installation and Operation of
Nuclear Reactor Facilities (NSSC Notice 2014-33)

 Atrticle 2 (CP of nuclear reactor facilities)
— Items to describe technical capabilities for construction

« Organization and departments for construction, and the
assignment of responsibilities and rights for duties

« Engineering and technical support organization to review
safety matters that may arise during construction

« Description of qualification and experiences of employees
involved in construction

- Systems to analyze construction cases and operating
experiences to reflect into design and construction

« Plans for test and inspect of the safety-related structures,
systems, and components

- v" Atrticle 3 (OL for nuclear reactor facilities)

KIiNs
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Regulation on Technical Standards for Nuclear
Reactor Facilities

Article 54 (Operating organization)

— Establish an organizational structure for the safe operation of
reactor facilities, and provide with authority and
responsibilities

— Employ qualified personnel, including licensees of supervisory
reactor operator, reactor operator, supervisory fuel material
handler, and fuel material handler

— Clarify functional responsibilities and authority for assuring
correct response to emergency situations, and establish the
lines of internal and external communication

— Establish an engineering and technical support organization
for the review of operational safety



va
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Article 55 (Qualifications and training)

Appoint plant personnel with knowledge and experience
required for the performance of duties

Assure that qualified personnel conduct reactor operations,
fuel materials handling, and radioisotopes handling

Establish training program for the plant personnel to assure
they perform their duties successfully in normal operations
and accident conditions

Examine the reactor operators annually to ensure their
medical fithess is appropriate to the duties and responsibilities

Article 56 (Operating procedures)

Prepare in writing the procedures for administration, operation,
testing, and maintenance before commencement of operation

Consist of normal, abnormal, and emergency operating
procedures, and include operating staff actions for normal
operations, anticipated operational occurrences and DBAs

Include all the measures to prevent severe accidents and
mitigate the results in accident management program



 Article 63 (Testing, monitoring, inspection and
maintenance)

— Establish a testing, monitoring, inspection and maintenance
program for structures, systems, and components (SSCs), In
order to maintain safety functions and performance

— Monitor and evaluate the following items:

« Degree of degradation in materials and performance of
safety-related SSCs due to ageing

« Performance and degree of degradation due to ageing, for
the pumps and valves necessary for safe shutdown, core
cooling, and mitigation of accident consequences

- Degree of degradation in material and performance due to
neutron irradiation for reactor pressure vessel

« Verification and calibration of instrumentation and radiation
detector directly related with the preservation of reactor
facilities at the specified period

— Perform testing, monitoring, and maintenance activities by
qualified personnel

va
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0 Review of design

v" Regulations on Technical Standards for Nuclear
Reactor Facilities

— Article 3 (Scope of application) to 85-23 (Education and
training for accident management)

- Stipulate the technical standards for location, structures,
equipment and performance of reactor facilities

X Applied in consideration of the design characteristics, such
as the use of reactor, design principle, design features

« Design philosophy of safety-related SSCs

— Article 12 (Safety classes and standards)

« Apply the safety classes and standards for SSCs,
commensurate with the importance of safety functions

KIiNs



— Article 13 (External events design bases)
* Protect from the effects of:

- Potential natural phenomena including earthquake,
hurricane, flood or tsunami

- Potential man-induced external event including airplane
crash or explosion

— Atrticle 14 (Design bases for fire protection)

« Design and locate to minimize the possibility and effect of
fire and explosion

— Article 15 (Design bases for environmental effects)

« Prevent any damage caused by environmental or dynamic
effect

— Article 40 (Use of qualified equipment)

« Use the equipment qualified by operating experiences,
analysis, tests, or a combination of them

va
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— Article 41 (Test, monitoring, inspection and maintenance):

« Design the safety-related SSCs so that they can be tested,
monitored, inspected and maintained

— Article 44 (Reliability)

« Ensure high reliability commensurate with the importance
of the safety function

« The principles of redundancy, diversity, independency,
physical separation and single failure assumption

— Article 45 (Human factor)

« Consider human factors systematically in the design of
man-machine interface, and minimize the possibility of
human errors

KIiNs



 Design bases for major safety-related systems

— Engineered safety features to mitigate the results of abnormal
occurrences and design basis accidents

« Atrticle 23 (Reactor containment)

- Provide leak tight protective barrier in order to minimize
uncontrolled release of radioactive materials to the
environment for all accident conditions considered in
design

« Article 30 (Emergency core cooling system)

- Maintain the safety following loss of residual heat
removal capability or loss of reactor coolant accidents

— Other safety-related systems addressed by the REGULATION

« Reactor power control system, reactor cooling system,
power supply system, reactor protection system, reactivity
control system, residual heat removal system, facilities for
treatment of radioactive waste, fuel handling and storage
facilities, radiation protection facilities

va
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— Perform safety analyses

va
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Demonstrate that the consequence of any design basis
accident is within the regulatory limit

Ensure that radiation dose to workers and the public is
maintained within the acceptable limits for a set of design
basis accidents including internal and external events

Perform safety analyses for the design basis accidents,
based on the deterministic methodology with the
application of conservative codes and standards

Confirm the performance of engineered safety features to
mitigate the results of design basis accidents



0 Review of operation

v Verify the performance of reactor facilities and the
capability of applicant for safe operation, so as to
prevent any harm to the public and environment

KINS

Regulations on Technical Standards for Nuclear
Reactor Facilities, Article 69 (Quality assurance
program)

Education and training of the personnel who perform activities

affecting to quality

NSSC Notice 2015-01 (Standard format and content
of technical specifications for operation), Article 15
(Reporting requirements)

Environmental radiation report (biannually and annually)
Operation history report (quarterly)

Radiation management report (quarterly)

Incident or failure report if occurs



« NSSC Notice 2014-17 (Regulation on reporting and
public announcement of accidents and incidents for

nuclear power utilization facilities)

— Stipulate the types of incident or failure which shall be
reported and published to the public

— The relevant procedures and evaluations regarding the
incident or failure

« NSSC Notice 2014-12 (Regulation on survey and
evaluation of environmental radiation in vicinity of
nuclear power utilization facilities)

— Stipulate the items of radiological environment survey to be
reported biannually and those to be reported annually

— Any abnormality identified by the survey to NSSC within one
week

KINS



« Act on Physical Protection and Radiological
Emergency, Article 20 (Radiological emergency plan
of a nuclear licensee)

— Stipulate preparation of radiological emergency plan and
NSSC approval prior to the commencement of the use of
nuclear facilities

 NSSC Notice 2014-82 (Standards for radiological
emergency plan of nuclear related enterprisers)

— Stipulates the contents of radiological emergency plan

- Descriptions regarding emergency organizations and their
responsibilities

« Radiological emergency declaration criteria

« Radiological disaster response facilities

« Emergency response activities

« Radiological emergency training and exercises

KINS



0 Review on decommission

va

KIiNs

Enforcement Regulation of the Act, Article 4
(Application of Construction Permit)

v

Stipulate the contents of documents for the application of CP
* Apply mutatis mutandis to RRx

Contents of decommissioning plan for nuclear facilities

« Organization, and human and budgetary resources
« Strategies and milestones

- Design features and steps to be taken during the
construction or operation to facilitate decommissioning

« Steps to prevent any potential hazard that might be
caused by radiation

« Methods to remove radioactive materials and the
contamination caused

« Strategies of the treatment, storage and disposal of
radioactive waste

 Evaluation of the impact of radioactive materials on the
environment and the countermeasures



4. Inspection and enforcement

A. IAEA GSR Part 1

KINS

R27: Inspection of facilities and activities. The RB
shall carry out inspections of facilities and activities to
verify that the authorized party is in compliance with
the requlatory requirements - - -

R28: Types of inspection of facilities and activities.
Inspections - - - shall include programmed inspections
and reactive inspections; both announced and
unannounced

R30: Establishment of an enforcement policy. The RB
shall establish and implement an enforcement policy -
- - for responding to non-compliance - - -

R31: Requiring of corrective action by authorized
parties. In the event that risks are identified, - - -, the
RB shall require corrective actions - - -



B. Safety inspections

* Nuclear Safety Act Article 16 and 22 (Inspection)

— Inspection for construction and operation of nuclear facilities,
respectively

« Enforcement decree, Article 29 (Time of pre-
operational inspection)

— When the construction of important structures has started
— When any strength test for major process may be available

— When the construction has been completed and any
performance test of each system may be available

— When a cold hydro test and hot functional test may be
available

— When nuclear fuel loading and commissioning test may be
available

v The facilities and items to be inspected are to be adjusted in
consideration of the design characteristics of RRx

KINS



« Enforcement decree Article 31 (Quality assurance
Inspection)
— Inspections of construction or operating activities to verify the

conformity with the technical standards of quality assurance in
the Regulation on Technical Standards for Nuclear Reactor

Facilities
« Enforcement decree Article 35 (Periodic inspection)

— Regular inspection for the operational performance

— Conformity of the performance of major facilities and the
operation with the relevant technical standards

— Maintainability of the performance confirmed at the pre-
operational inspection

v Re-criticality of reactor depends on the results of periodic
Inspection

va
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* Nuclear Safety Act 28 (Decommissioning of nuclear
facilities)

— Inspection of the decommissioning status of the nuclear
facilities before and after the completion of decommissioning

— Verify the conformity of activities with the decommissioning
plan approved

« Method to decommission the facilities

* Method to remove the contamination of radioactive
materials

« Management of radioactive wastes
« Management of radiation protection

« Consistency of decommissioning completion report with
the actual state

« Site condition after decommissioning

va
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C. Enforcement

* Nuclear Safety Act, Article 16 and 22 (Inspection)

— Order the licensee to take corrective or complementary
measures for any noncompliance to the licensing standards or
to the descriptions of licensing basis documents

* Article 32 (Revocation of permits for construction or
operation)

— Order the revocation of permit or the suspension of business
within one year for the cases:

« Permit by fraud or by any other illegitimate means

« Failure to commence the business within the specified
period (3 yrs after the authorization)

« Continuous suspension of the business for not less than
one (1) year without justifiable reasons

« Failure to meet the standards for the permit

« NSSC Notice 2015-07 (Regulation on management of
Inspection findings)
— Corrective action plan by the licensee to respond to findings

KIiNs



5.

A.

KINS

Graded approach

IAEA GSR part 1

R 16: Organizational structure of the RB and
allocation of resources. The RB shall structure its
organization and manage its resources so as to discharge
its responsibilities and perform its functions effectively; this
shall be accomplished in a manner commensurate with the
radiation risks - - -

R 26: Graded approach to review and assessment of a
facility or an activity. Review and assessment of a facility or
an activity shall be commensurate with the radiation risks -
- -, In accordance with a graded approach

R 29: Graded approach to inspections of facilities and
activities. Inspections of facilities and activities shall be
commensurate with the radiation risks - - - , in accordance
with a graded approach



B.

[
v

KINS

Safety regulations graded

Regulations of the graded approach

Comparisons of regulations for RRx with those for
NPPs in the Nuclear Safety Act

Article 30 (Construction permit)
— Not stipulate a prior approval of construction site for RRx

Article 30-2 (License for the operation of RRXx)
— Apply mutatis mutandis to RRx

Article 11 (Standards for permit) and 21 (Standards for
license)

— Apply mutatis mutandis to RRx



Article 34 (Other mutatis mutandis applications)

— Pre-operational inspection, periodic inspection, decommission
plan

Article 104 (Preservation of environment)

— Survey and evaluation of radiation impact on the environment
by operator

v Applicable to RRx, generating thermal power of not less than
100kw

Article 103 (Gathering of residents opinion)
— Public hearing for compiling radiation environment report

v' Only for NPPs, nuclear waste disposal facility and spent fuel
storage facility

« Enforcement regulation Article 19 (Periodic inspection)

— Regular inspection within 20 months for NPPs, and within 24
months for RRx

KINS



 Enforcement decree, Article 129 (Establishment of
exclusion area)

— No exclusion area for RRx with thermal output of not more
than 10 MWt

« NSSC Notice 2014-82 (Regulation on radiological
emergency preparedness for nuclear licensee), Article
3 (Areas of emergency planning zone)

— PAZ (preventive Action Zone) and EPZ (Zones for planned
Emergency Protective actions)

PAZ 3 ~5km -

2 ~10 MWt 0.5 km
EPZ 20 ~ 30 km 10 ~ 50 MWt 1.5 km
50 ~ 100 MWt 5 km

’?z?‘ Korea Institute of Nuclear Safety 40
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0 Legal basis for graded approach

« Regqulations on Technical Standards for Nuclear
Facilities
— Section 1 (Article 3 to 10),Location
— Section 2 (Article 11 to 49), SSCs and performance
— Section 3 (Article 50 to 66), Operation
— Section 4 (Article 67 ~ 85), Quality assurance regarding
construction and operation

v Apply mutatis mutandis to all the nuclear facilities

 Article 3 (Scope of application)

— Admit exceptions of application for the cases:

« That such standards are not directly applicable to the
facilities due to the differences in

- the purpose, the fundamental concept, or the
design features of such facilities,

« That safety is not affected even if such standards are not
applied

KIiNs



KINS

Engineering practices for the application of
graded approach

Hazard and potential impact (risks) associated with
safety, health, and environment

Safety analysis and engineering judgement
Significance and complexity of activity
Experiences of the staff involved

Possible consequences in case of failure
Maturity of the technology

Operating experience associated with the activities
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0 Regulatory practices of KOREA for RRx

« Summarize with respect to the SARCoN guadrants
and the GSR part 1 requirements of the IAEA

1. Legal, regulatory &
organizational

aspects

* Nuclear safety
regulation of

KOREA
> FI-)\)rZ%E[Jilc:aetgry body's 4. Personal & behavior
competences
* KINS regulatory .
practices HRD of KINS
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1. Overview of safety assessment

0 Objective

KINS

Determine the adequacy of safety level and the
fulfilment of safety objectives and criteria of
application

Based on the review of the submissions of applicant, the
studies and evaluations of RB itself, and the safety
requirements established by RB

Confirm the accuracy and sufficiency of the information
contained in the submissions to verify the compliance with
regulatory requirements

Ensure that technical solutions and, in particular, any novel
ones, have been proven or qualified by experience, testing or
by both, and are capable of achieving the required level of
safety

Ensure that the available information demonstrates the safety
of the facilities or proposed activities



0 Preparatory arrangements

- Familiarize with the nuclear facility and analyse the
experiences available

— Acquire an understanding of the reactor technologies

 Design of the facility or equipment, concepts on which the
safety of the design is based, operating principle

— Review the contract information necessary for regulatory
approach

 Project information, technical requirements including those for
safety and licensing, project implementation details

« Maintain effective working relationship with applicant

— Formal/informal mechanism of communication for the necessary
information flow

 Briefingof Q & A
« Technical meetings for licensing issues

* Regular meetings between the high level managements of
regulator and applicant



« Utilize technical advices or services

va
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To fill the gaps of regulatory capability against international
standards

To enhance the competence of assessment for a high degree
of confidence

Consultants, committees, cooperatlon agreements or
contracts, mternatlonal programmes, or peer reviews

 National organizations, such as advisory bodies, dedicated
supporting organizations, research institutes, academic
Institutions, consultants

 International organizations, such as through bi- or multi-
lateral cooperation with organizations or forums



« Set up the administrative arrangements

— Designate a project management team or person for a well-
planned assessment

» To ensure a proper discharge of responsibility,
« To plan and control safety assessment, and
« To liaise with outside experts or agencies

— Complete procedures and documentation forms to be aligned
with the relevant legal requirements

« To secure transparency and traceability for achieving
iIndependence in regulatory decision making

va
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0 Steps and activities

KIiNs

Pre-application
— Communication with future applicant

Major features of nuclear facilities, milestones of the
project and licensing, design features

— Drafting a plan for assessment

Staffing, scheduling with milestones, establishing major
approaches (key assessment areas, use of outside
services) and budgetary plan

Hearing from applicant

Plan to utilize outside services

Identification of objects and purposes, discussions with
tentative organizations



va
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Initiation of assessment

Receipt of application
Finalization of the plan of assessment
Initiation of the adequacy review of documents submitted

 Verifies that the submissions contain all information, in
terms of format and contents, required by the applicable
regulations

Main assessment

Technical reviews of the submitted documents

Issuance of Request for Additional Information (RAls) as a
type of questions, for any insufficiencies or inadequacies for
safety

Meetings with in- or external organizations in terms of
interface control, to promote information exchanges and
harmonize the assessment efforts

Audit calculations of some selected design features, field
Investigations to some design interface areas, and QA
Inspections to design, as necessary, for a better safety
confidence



Integration and finalization

Integration and generalization of SER draft, including
identification of recommendations

Initiating the independent peer review, as arranged

Reporting the assessment results of specific issues or areas,
or the entire results to relevant committees, as
administratively or legally established

« Authorization and follow-up

va
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Finalization of SER and issuance of authorization

Follow-up assessment of additional submittals to resolve
recommendations, if any, during the subsequent design and
construction process



0 Project management for safety assessment

« Plan
* Prepare guidelines

* Develop competence and necessary tools for
assessment

« Coordinate information exchanges and activities
Internally and externally

« Keep a log on documents and actions

« Make arrangements for liaison with consultants and
advisory bodies

« Monitor progress

« Collate, generalize and disseminate the overall
findings

* Report the results of assessment

l”‘“" Korea Institute of Nuclear Safety
KINs



» Typical schedule of safety assessment for CP

CP i Submit Start
application Slrjeb\;inslggls Additional Info. Construction

1 1

| Safety Review for CP

! ! “

Docket Safety RAIs (2 ~ SER POl and QA
Review Review 3 rounds) inspection
NSC review &

Issuance of CP

P 53
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 Safety assessment process

,—( Applicant | ~—  NssC | | KINS WI

Regulation Div. (PM) Technical Dept. (Expert Pool)
[ Apply for CP, OL or SDA ]—{ Request Safety Review ]——{ Receive Review Documents ]
-
Review Request for Docket
Review and Review Plan 4
+ Docket Review
Hold Review Kickoff Meeting - Document format and contents
- Setup the review team - Proper codes and standards, etc.
- Discussion on review plan * Review Plan
- Applicant briefing, etc ) - Staff, review areas, methods,
( ¥ § review points, schedule, etc.
Submit Supplement . , L Submit Docket Review Results
‘ Documents (f required) r ARl A J-1 and Review Plan
x Conduct Safety Review
Submit Additional Coordinate Safety Review - Based on safety review guides
‘ Information ¥ - Document and RAI contral - Request and review additional
- Arrange licensing meetings, etc information standards, etc,
- Independent calculation, etc.
v
Submit Draft Safety Review ; .
Report to Safety Committee J4—[ Provide Safety Review Results
¥
Report to NSC Submit Safety Review Report
(ot et )
[ Issue CP, OL or SDA ]
J \
£
L
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0 Recent considerations in safety assessment

* Proven provisions or qualifications

— Environment qualification, software quality of safety-critical
|&C systems

« Consideration of competence and skills
— Technical capability for operation and human factor

 |ncorporation of the latest experiences
— Cyber security for digital I&C systems

* |ndependent audit calculation

— Uncertainty and sensitivity analysis, code validation in safety
analysis

* On-site verification through regulatory inspection
— Electric system design, containment sump strainer

KINS
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Example of review focus for the area of safety
analysis

Categorization of transients and accidents

— Ensure the representation of a sufficiently broad spectrum of
transients and accidents, or initiating events

Acceptance criteria

— Ascertain the satisfiability of applicable acceptance criteria for
the analysis of each event

Conservativeness of assumptions and conditions in
evaluation model

Applicability of computer code including V & V

Adequacy of event evaluation results with respect to
thermal hydraulic viewpoint



[

Format of Safety Evaluation Report (SER)

v Review results of each SAR chapter

KINS

Area of review
— Review scope and items

Regulatory basis
— Relevant regulations and guides, safety standards

Technical review
— Technical evaluation results

License conditions and applicant's commitments
— Specific conditions imposed to applicant

Conclusion
— Clarification of compliance with regulatory requirements



2. Safety of JRTR

A. Overview

Location «JUST campus in IRBID
70 km north from Amman

Regulator °*EMRC + KINS

*Rx & BLDGs *1 Aug. 2010~31 Mar. 2015
Scope of  *RI production facility ~ Project (56 Months)
works -Training center and  Period -1st concrete ~ start

staff training operation (37 MOﬂthS)

”z?‘ Korea Institute of Nuclear Safety >
KINs
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Characteristics

Open-tank-in-pool
5 MWt of power capacity

Box-type fuel assembly with flat fuel plates, LEU of
19.75 % or less, U3SI, in Al matrix, Al clad

Max. core inlet & outlet temperatures of 37 & 44 °C,
respectively

Light water cooling, forced convection flow downward
Moderator of light water
Reflectors of Beryllium and heavy water

Absorbers of Hafnium (control absorber rod) and B,C
(second shutdown rod)

Shielding of water and heavy concrete



0 JRTR Primary Cooling System (PCS)

""‘" Korea Institute of Nuclear Safety
KIns
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0 Reactor assembly and core configuration

Core configuration

- ST. Standard Beam Tube, NTD: Neutron
Transmutation Doping, NAA: Neutron
Activation Analysis, LH: Large irradiation Hole,
OR: Outer Region irradiation hole, CNS: Cold
Neutron Source, NR: Neutron Radiography, TH:

Beam Port Nozzle Thermal Column

Upper guide structure —

Heavy Water Inlet

F5 F&  F7 g
O il
_..)‘ F9 F11_| ‘Q‘

Grid Plate — ¥

@ F11 F12 £q3 F14 F“5

Outlet Plenum -~
PCS Outlet

Reactor assembly

’!i!‘ Korea Institute of Nuclear Safety
KINs



0 The use

KINS

Education & training
Neutron activation analysis
Radioisotope production (Mo, 1125, [131 and Irt%2)

Neutron beam applications for neutron science and
neutron radiography

Supporting power reactor programmes

Other applications of fuel testing and qualification,
neutron transmutation doping, and so on



0 Agreement between KINS and EMRC in 2011

 Cooperation for JRTR on construction and operation
licensing

JRTR Licensing

« Support safety reviews (site approval, CP, OL)
« Support inspections (QA, POI, Commissioning Test)

Safety
of
JRTR Regulatory Infrastructure
Staff E& T » Consult for regulatory frameworks

 Provide guidance documents
» Share knowledge & experience
* KINS-KAIST Int'l Master’s Degree Program

KIiNs



0 Overview of cooperation activities

2011 2012 2013 2014 2015
- Site approval sAa

« Safety review for CP _

« Safety review for OL _
* Pre-operational inspection _
* QA inspectior e
‘E&T (EeT  EeT BT EeT

* Tech. Support ----

"z" Korea Institute of Nuclear Safety 64
KINs



0 KINS staff involved

« Approximately 50 staff members for the areas:
— Accident analysis
— Risk evaluation and severe accident
— Site and structure
— Plant systems
— Mechanical and material
— Instrument & control and electricity
— Operational safety
— Radiation protection
— Radioactive waste
— Radiation environment
— Emergency preparedness
— Quality assurance

va

KIiNs



B. KINS PSAR review (example)

KINS

Review overview for the CP

Summary

15 months of review from June 2011 to September 2012
Two (2) rounds of questionnaires of approximately 620 RAIs
Six (6) times review-related meetings

No major safety issue preventing the issuance of CP, but with
a total of 32 conditions

CP in August 2013

Scope of review

Adequacy of the site

Design safety of the reactor and related facilities
Impact of radiation on the surrounding environment
Quality assurance program



KINS

Criteria and guides

Article 11 of the Nuclear Safety Act of Korea, "Construction
Permit”

Regulation on technical standards for nuclear Facilities of
Korea

Notices of NSSC of Korea
Safety review guide for research reactor, KINS/GE-N010
Safety of research reactors, IAEA, NS-R-4

Safety assessment of research reactors and preparation of
the safety analysis report, IAEA, Safety series 35-G1, 1994

Guidelines for preparing and reviewing applications for the
licensing of non-power reactors, USNRC, NUREG-1537



0 PSAR Review

va

KIiNs

ltems of review

Introduction and general
description of JRTR

Safety objectives and
engineering design
requirements

Site characteristics
Buildings and structures
Reactor

Reactor cooling and connected
systems

Engineered safety features
Instrumentation and control
Electric system

Auxiliary systems

Reactor utilization

Operational radiological safety
Conduct of operations
Environmental assessment
Commissioning

Safety analysis

Operational limits and
conditions

Quality assurance
Decommissioning

Emergency planning and
preparedness



« Safety objectives and engineering design
requirements

va

KIiNs

— Adequacy of the objectives and requirements applied to the
design

Safety objectives and criteria, General design
requirements, Specific design requirements, Classification
of structures, systems and components, Design bases for
external event, Principal design criteria, Qualification of
components

v' Issues identified

Submission of the seismic qualification plan for each of the
seismic category | equipment

Description of radiation source term calculation for
equipment qualification



« Site characteristics
— Adequacy of the proposed site

« Geography and demography, Nearby industrial,
transportation and military facilities, Meteorology,
Hydrology, and Geology, selsmology and geotechnical
engineering

v' Issues identified

 Re-evaluation of the local meteorological conditions with
one (1) consecutive year meteorological data, instead of
using the 2 month data

KIiNs



« Buildings and structures

— Structural integrity of buildings and structures
- Design bases, Design description, Pools and pool
operation structures
v’ Issues identified
* Submissions of:

— Report for the mock-up test of site-mixed concrete to
perform hydration heat analysis before placing first
concrete

— Design reports for fire fighting tank
— Seismic analysis reports for seismic category | structure

— Seismic margin assessment in accordance with KINS
regulatory guide

— Seismic analysis reports of fresh and spent fuel storage
racks

« Verification of the effect to the safety function of category |
SSCs under SSE conditions due to:

— Failure of seismic category Il structures
— Failure of pool operation structures

va
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« Reactor

— Mechanical, neutronic, thermal-hydraulic designs of reactor
and fuel assemblies

- Summary description, Fuel assembly, Reactor structures
and reflectors, Reactivity control mechanisms, Nuclear
design, Thermal hydraulic design, and Reactor materials

— Focus on:

« Validity and qualification of the first-introduced
mechanisms and methods from the view of Korean
experience

- Plate type fuel assembly, reactivity shutdown capability,
heat removal, radioactivity control within the core

« Demonstration of the applicability of design codes for
nuclear and thermal hydraulic designs

v' |Issues identified

* Further review of Verification and Validation and their
applicability of the design codes, used for nuclear and
thermal hydraulic design and safety analysis

va
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« Reactor cooling and connected systems

— Physical and performance features

* Primary cooling system, Pool water management system,
Hot water layer system, Heavy water system, Emergency
water supply system, Secondary cooling system

* Engineered safety features

— Functions to limit or mitigate the consequences of anticipated
operational occurrences and design basis accidents

- Pool water inventory, Flap valves for natural convection
cooling, Confinement system

va

KIiNs



 |nstrumentation and control
— Classification and description of the 1&C system

* Reactor protection system, Post accident monitoring
system, Reactor regulating system, Alternate protection

system, Other 1&C systems, Control room

v' Issues identified

« Set the OBE (Operating Basis Earthguake) as the seismic
event level for the automatic reactor trip

* Electric system

— Four (4) electrical categories depending on safety functions,
two (2) electrical classifications, and capacity and capability of

the electric system

- Main power supply system, Emergency power system,
Uninterruptible power system, Cable routing and

grounding

va
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* Auxiliary systems
— Functions, capabilities and features of the systems

* Fuel storage and handling system, Heating, ventilation and
air conditioning (HVAC) system, Fire protection, Lighting
system, Communication system, Service water system,
Compressed air system, Active drainage system

 Reactor utilization

— Potential radiation hazards analysis and dose evaluation for
normal condition, shielding analysis, and administrative
control for experiments

« Beam tubes and beam port assemblies, Irradiation
facilities, Radioisotope production, Neutron activation
analysis, Education and training, Administrative control for
the reactor utilization

va
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« QOperational radiological safety

— ALARA design, activation of coolant and core materials,
radiation zone designations, and dose assessment

- Radiation protection plan, Radiation sources, Design for
radiological safety, Radwaste management system, Dose
assessment for normal operation

v' Issues identified

—  Submit of;

 ALARA review report to be implemented during the CP
stage

* Detailed access control design and procedure
» Detailed design for hot cell monitors

 Detalled interlock design to isolate hot cells from the
outside by closing the isolation damper

— Re-evaluation of radioactive source terms in the primary
coolant of service pool with the identical assumption and
methodology applied to HANARO

va
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« Conduct of operations
— QOrganizational preparations and human resource

« Organization, Staff qualification and training, Review and
audit, Operating documents, Maintenance, testing and
Inspection, Records and reports, Feedback of operational

experience

 Environmental Assessment

— Non-radiological environmental impact from the construction
and operation

v" Out of scope for the research reactor in Korea

« Commissioning

— Adequacy of (i) the scope and list of tests, (ii) the test
implementing organizations and admlnlstratlons and (iii) the
hand-over plan and the list of the initial tests

va
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« Safety Analysis

— Classification of accidents and beyond DBA, methodologies to
analyze core and systems, analysis results, and radiation
consequence

« Identification and classification of postulated initiating
events, Analysis methodology, Reactor characteristics,
Analysis of design basis event

— Focused on the demonstration for the applicability of safety
analysis code RELAPS5

« Operational limits and conditions (OLCSs)

— OLCs important to reactor safety and defining features,
characteristics and conditions that govern the reactor
operation

- Safety limits, limiting conditions for operation,
requirements for inspection, periodic testing and
maintenance, and administrative requirements

va
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« Quality assurance

— Quality management methods and processes in terms of
eighteen (18) quality assurance criteria
« Quality assurance program and manuals of JAEC and its
contractors

« Decommissioning

— Design and operational arrangements for the safe termination
of facility operation, reduction of residual radioactivity, and
official termination plan of operation license
« Decommissioning design bases, Design features to

facilitate decommissioning, Operating consideration to
facilitate decommissioning, Waste type management,
Decommissioning strategy and plan

« Emergency planning and preparedness

— Arrangements for preparedness and response for nuclear
emergency
- Emergency planning basis, Emergency preparedness
establishments, Emergency preparedness maintenance,
Emergency procedures

va

KIiNs



3. Safety of KIRR
A. Overview |

- -~ -
_ :.l o~ — —

*Rx & BLDGs
Scope of <RI production facility  Project  April 2012 ~ March 2016
works Neutron irradiation period (6 years)

facility

’?z?‘ Korea Institute of Nuclear Safety .
KINs



0 Reactor assembly and characteristics

« Open-tank-in-pool type
« 15 MWt of power capacity

« Plate type fuel assembly,
LEU of 19.75 % or less,
16+6 U-Mo fuel assemblies

Fuel Assembly

Reflector
Assemblies

« Light water cooling, forced
convection flow downward

» Reflector of Beryllium

« Utilization
— RI production
— Material irradiation
— Neutron transmutation doping

CRDM/SSDM
Penetration
Assembly

,?z?‘ Korea Institute of Nuclear Safety -
KINs



B. KINS safety review for construction

v Currently under review of the CP application in
October 2015, aiming to finish in April 2017
(about 18 months of review)

0 Review scope

* Preliminary Safety Analysis Report (PSAR)

« Radiation Environmental Report (RER)

* Quality Assurance Plan (QAP) for construction

* Preliminary Decommissioning Plan (DPD)

« Description of the use of nuclear reactor and facilities

« Description of the technical capabilities concerning the
Installation of nuclear reactor and facilities

KINS
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Review criteria

Nuclear Safety Act, and its Enforcement Decree and
Reqgulation

Regulations on Technical Standards for Nuclear
Reactor Facilities

Notices of the NSSC

Executive document of the government regarding the
feedback of Fukushima Daiichi accidents

KINS regulatory and review guides

Safety review guide for research or educational reactor
Review guide for radiation environmental report
Regulatory standards and guides for light water reactor
Safety review guide for light water reactor

v Apply the standards and guides for LWR as reference

Other documents from the IAEA, USNRC
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Review areas
Refer to those of the JRTR

Review approach

Apply regulatory requirements and guides for RRx as
well as those for NPPs, as necessary

Utilize graded review in consideration of the reactor
characteristics

Identify any potential safety issues as early as
possible, and focus the efforts of review

Feedback the experience and information related to
the operation and licensing of RRx, domestic and
overseas

Implement the action items of Fukushima D. accident

Utilize consultations of outside experts and perform
audit calculations, if necessary
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Major milestone

2012.04 Project start

2014.12 Application of Construction Permit (CP)
2015.09 CP review start as docket review finished

Currently, 2" round RAIs underway

Technical issues raised up to now

Geotechnical stability of the foundation material of the
site

Atmospheric dispersion factor using site
meteorological data

Use of core internal materials, not registered in ASME
Sec. |l

Fire protection for safety related system



4. Overview of HANARO RRXx

o High-flux Advanced Neutron Application
ReactOr (HANARO, SiLIR)
« Multi-purpose research reactor

’gig‘ Korea Institute of Nuclear Safety
KINs



0 Characteristics

l!i!‘ Korea Institute of Nuclear Safety
KINS

Open-tank-in-pool type
30 MWt of power capacity

Rod type fuel, LEU of 19.75%
or less, 32 U,;SI fuel assemblies

Light water cooling, upward
forced convection

Reflector of heavy water

Utilization

— About 20 horizontal or vertical
beam ports and irradiation holes

— Irradiation tests with capsules
— Fuel test loop facilities

— RI production facility

— Neutron transmutation doping
— Beam utilization facilities



Cold neutron research
facility in 2008

Reactor hall in 1995

GTOZ Ul |[[ey J0)oeay
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Licensing chronology of HANARO

1985.01
1986.12
1987.07
1987.12
1989.01
1993.05
1993.08
1993.12

1994.02
1994.03
1995.01
1995.02
2004.11
2006.04

Start of HANARO project

Pre-application review on SAR/ER
Application for CP/OL (1-step licensing)
Issuance of CP/OL with 4 conditional items
Start of HANARO construction

Submission of revised SAR (system design)
Installation of HANARO reactor structure

Submission of revised SAR (core design &
safety analysis)

Response to the 4 conditional items
Submission of the revised ER

Permit for zero power operation

Fuel loading and achievement of initial criticality
Start full power operation (30MW)

Start of cold neutron laboratory construction
(completed in 2008.05)
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Licensing issues of HANARO

Integrity of fuel assembly after burnup test
Core thermal margin (DNB)

Capacity of chilled water system for radioisotope
production facility

Emergency preparedness and drill exercise
Analysis of dynamic load for fuel flow tube
Seismic safety analysis of fuel assembly
In-service inspection of safety related equipment
Treatment of uncertainties in nuclear design

Reconfirmation of temperature reactivity feedback in
case of nuclear design change
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v Applicability of licensing technologies of
RRX to NPP

« Refer to the practices of KOREA, applying mutatis
mutandis those for NPPs

v'International cooperation to utilize the
experiences available globally

KINS



v What is capacity building?

Y
KIiNs

Institutional and legal framework development
Making legal and regulatory changes to enable

organizations, institutions and agencies at all levels
and in all sectors to enhance their capacities

Organizational development
Elaboration of management structure, process and

procedures, not only within organizations but also

managements of relationships between the different
organizations and sectors

Human resource development

Process of equipping individuals with the
understanding, skills and access to information,
knowledge and training that enables them to perform
effectively
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