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Learning Objectives

1. Understand the safety relevance of site selection

2. ldentify the main steps in the siting process and
the site evaluation process, and the resulting
products of each step

3. ldentify the typical tasks within each of the stages
of the siting process and the necessary data

4. Understand the different types of siting criteria and
their roles in the siting process
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1. Introduction
— Background of SSG-35
— Requirements in IAEA SSR-1
— Scope of SSG-35
— Workflow of SSG-35
— Related IAEA Safety Guides

2. Overview of the Siting Process and Site Evaluation
Process

— Siting (definition of terms)

— Site evaluation (definition of terms)

— Stages in site selection and site evaluation

— Implications for safety — Regulated and non-regulated
activities

— Outcome of the process

— Role of the future nuclear operator



Contents of the Lecture

3. Recommendations for the Siting Process
— Workflow of the process

— Tasks to be considered within each of the stages of the
process

— Siting criteria to govern the process

4. Classification of Siting Criteria
— Safety related criteria
— Criteria relating to nuclear security
— Non-safety-related criteria

5. Summary of Main Points
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* |AEA Safety Fundamentals SF-1:

All practical efforts must be made to prevent and

mitigate nuclear or radiation accidents (Principle
8)

The primary means of preventing and mitigating
the consequences of accidents is ‘defense in
depth’ (Para. 3.31)

Defense in depth (IAEA INSAG-10) is provided

by a combination of measures, one of which
IS:

Adequate site selection and the incorporation of
good design and engineering features providing

safety margins, diversity and redundancy... (Para.

3.32)

Background of SSG-35

IAEA Safety Standards

Fundamental
Safety Principles

by
Euralo FAO IAEA ILO  IMO OECDINEA PAHO UNEP WHO

-.w@@&a@u&@

Safety Fundamentals

No. SF-1

Qf@’} IAEA
International Atomic Energy Agency




Introduction (2/12) Background of SSG-35

° IAEA Safety ReqUirementS are Safety Standards Series hierarchy
iIntended to implement Safety $
iIdamentals

Principles. Safety Fuf
Safety Requirements must always be met.
* |AEA Safety Guides provide iy i)
guidance on how to meet the
requirements.

Guidance is consistent with international
practice. The safety guides are consensus
documents among Member States.




Introduction (3/12) Background of SSG-35

« |AEA Safety Requirements SSR-

1 . IAEA Safety Standards
The siting process for a nuclear installation is

divided into two stages:

Site Evaluation for
(a) Site survey, in which candidate sites are Nuclear Installations
identified after the investigation of a large region
and the rejection of unsuitable sites;

(b) Site selection, in which the candidate sites

Specific Safety Requirements

are assessed by screening, evaluation, No. SSR-1
comparison and ranking on the basis of safety
and other considerations to select one or more @ IAEA

preferred candidate sites. (Para. 1.15)




Introduction (4/12) Background of SSG-35

« |AEA Safety Requirements SSR-

1 . IAEA Safety Standards

The suitability of the site is then confirmed in the site
evaluation process. The site evaluation process Site Evaluation for
starts with the second stage of the siting process Nuclear Installations
(i.e. site selection), and continues throughout the
entire lifetime of the nuclear installation. (Para. 1.6)

Specific Safety Requirements
No. SSR-1

()1aea




Introduction (5/12) Background of SSG-35

To apply the fundamental safety principle 8, it is
required that (Requirement 4):

4.6 In the assessment of the suitability of a site for a nuclear IAEA Safety Standards
installation, the following aspects shall be addressed at an
early stage of the site evaluation:

(a) The effects of natural and human induced external Site Evaluation for

events occurring in the region that might affect the site; Nuclear Installations

(b) The characteristics of the site and its environment that
could influence the transfer of radioactive material released
from the nuclear installation to people and to the

environment;

) ) ) o ) Specific Safety Requirements
(c) The population density, population distribution and other No. SSR-1
characteristics of the external zone, in so far as these could
affect the feasibility of planning effective emergency @ IAEA

response actions, and the need to evaluate the risk to
individuals and to the population.




Introduction (6/12) Background of SSG-35

To apply the fundamental safety principle 8, it is
required that (Requirement 4):

{.67 Thg sit.e shall be deemed unsuitable for a {wclefar IAEA Safety Standards
installation if one or more of the three aspects listed in para.
4.6 indicates that the site is unacceptable and the deficiencies
cannot be compensated for by means of a combination of
measures for site protection, design features of the nuclear Site Evaluation for
installation and administrative procedures Nuclear Installations

Specific Safety Requirements

No. SSR-1
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* |AEA Safety Guide SSG-35:

Provides guidance to address
requirements in SSR-1 in relation with:

v’ Establishing a systematic process for site
survey and site selection for a number of
candidate sites (siting process)

v Consideration of safety in the siting process
(i.e. in the selection of a site)

Criteria and approaches for identifying suitable sites that
comply with established safety requirements are provided

Scope of SSG-35

IAEA Safety Standards

Site Survey and
Site Selection for
Nuclear Installations

Specific Safety Guide
No. SSG-35

International Atomic Energy Agency
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Introduction (1012 General

Remarks

* From a nuclear safety perspective, a properly
selected site provides two distinct levels of ‘defense in
depth’:

— The first level is prevention of accidents: it aims at decreasing the
exposure to external hazards.

It involves a comprehensive process of screening out sites where hazards are
dominant and complex design safety measures would be necessary.

— The second level is mitigation: it aims at decreasing the impact of
an accident on the environment.

It involves the selection of a site with good dispersion characteristics of
radionuclides (air, surface and sub-surface water, terrain), population and
infrastructure that are conducive for the implementation of an emergency plan




Introduction (11/12) General Remarks
* The siting process is a multi-faceted process (nuclear

safety, politics, social acceptance, environmental issues... see IAEA NG-T-3.7)

L] L] L] L ] L] L] L ]
¢ Site survey and site selection are n |uIt|d|SC|pI|nary
ff t - 3.6.2. Disciplines required for the project
e O r S = The siting team must include disciplines which will be available according to the needs of carrying

out the specific activities of each stage. In principle. a division between technical disciplines specific
1o site related aspeets and other disciplines canbe indicated as follows:

Power Engineering Civil Engineering

Technical disciplines

] ] — Geo[mphy ;ud pogaphy.  Managing Siting Activities for
/ / — Geology and tectonies,

Nuc ear Englneerlng Geo Og:y — Seismology. NPPS, NG-T 3.7 (ReV 1)
— Extemal hazards specialists,
— Volcanology.

Radiologicalprotection Seismolog)} — Geotechnics, earthwork & foundation engineering,
— Oceanography.
— Meteorology.

Z d l — Hydrology and hydrogeology.

— Human activities and external human induced event assessment,

ECO Ogy Hy ro Ogy — Land and water use,
— Socioeconomics,
— Demography and population distribution.

Demog’ﬂaphy / Geog}/‘aphy Meteorolog)} — ‘Allalysis of feasibility of enlergex‘my-plﬂunjng. . ‘ ‘ )
— Environmental assessment, monitoring and environmental impact assessment (radiological and

non-radiological).

— Archaeology and historical monuments.

Emergency planning Security — Grid infrastructure.

Other supporting disciplines

— Nuclear technology.
see see see — Nuclear safety and nuclear security,
— Human resource, training and capacity building,
— Stakeholder involvement,
— Community development/sociology.
— Physical layout planners,
— Procurement of goods and serviees for executing the Project,
— Legal,
— Project management,
— Quality management,
— Geographical information systems specialists,
— Permitting & licensing. in conventional and nuclear facilities,
— Sustainability.
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Guides

IAEA Safety Standards

Sar protecting pecpls and the snvironment
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Site Survey and
Site Selection for
Muclear Installations
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N sscrs T o S56.8 (Rew 1y = = e ns6E
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$5G-79, Hazards N5-G-3.2 Dis persion of $5G- (Rev. 1) Seismic 55G-18 Meteorological and 55G-21 Volcanic Hazards in N5-G-3.6 Geotechnical 55G-35 Site Survey and Site
Associated with Human Radioactive Material in Air Hazards in ISi'le Evaluation Hydrological Hazards 5ite Eval uation for Nuclear Aspects of 5ite Evaluation Selection for Nuclear
Induced External Events and Water and Consideration  §or Nulcear Installations in 5ite Evaluation for Install ations and Foundations for Nuclear  Installations

of Population Distribution
in 5ite Evaluation for
Nuclear Power Plants

Nuclear Installations

Power Plants



Actions - Siting and Site Evaluation

e Site selection

* Site Acquisition

e Site Characterisation

* Site preparation



Siting and Site Evaluation Processes

There are two processes relating to the safety considerations for the
site of a nuclear installation:

i. siting process
i. site evaluation process

These two processes are further split into five stages:
- site survey stage; .
o + Siting process (SSG35)
- site selection stage; “
- site characterization stage;
- pre-operational stage; and

- operational stage

O N R N R R R N S R NN S S R R S R R

site evaluation process

- SSR-1
- Other safety guides covering all hazards

O T ——————
N ———————— -



Siting and Site Evaluation Processes

The “Siting Process” = Site Survey + Selection

Siting is the process of surveying and selecting a suitable
site

In the site survey stage, large regions are investigated to
find potential sites and to identify candidate sites

In the site selection stage, unsuitable sites are rejected
and the remaining candidate sites are assessed by
comparing and ranking them on the basis of safety and
other considerations to arrive at the preferred candidate
sites



Siting and Site Evaluation Processes
The “Site Evaluation Process”
= Site Selection + Characterization + Pre-operational + Operational stage

Site selection stage is the overlapping stage between the siting
process and the site evaluation process. A final site is selected through
the ranking of candidate sites.

The suitability of the site is confirmed according to predefined site
exclusion criteria and a complete site characterization is performed,
together with finalizing the derivation of site-specific design parameters
during the site characterization stage. This process eventually leads to
the preparation of the site evaluation report.

All the site related activities involving confirmatory and monitoring work
are taken up in the pre-operational stage.

The site evaluation at the operational stage includes all confirmatory,
monitoring and re-evaluation work conducted throughout the
operational stage.



B
Siting and Site Evaluation Processes
—

Stages
SITING PROCESS

e A
™

SITE EVALUATION PROCESS

ul

FIG. 1. Stages in the siting process and site evaluation process in the operating lifetime
of a nuclear installation.




Siting and Site Evaluation Processes

Site Survey Stage Site Selection Site Characterization Pre-Operation Operation Stage
Identification of Stage Stage Stage Confirmatory and
potential regions, Evaluation and Confirmation of Confirmatory and monitoring work,
potential sites and selection of final acceptability and monitoring work. re-evaluation as per
candidate sites site through the complete site Periodic Safety
through screening ranking of characterization; Reviews
and comparison. candidate sites derl.vatlon of site-specific

design parameters.

OUtcome Site is selected

Site Survey Site Selection Site-specific design
parameters are derived
@ >

Site is confirmed

SITING PROCESS

Characterization ¥

Pre-operational
SER

PSAR FSAR’ Operational

SITE EVALUATION PSR-Report

@ >




Siting and Site Evaluation Processes
Licensing and Site Suitability

In most States, siting is a non-regulated activity and no
licence is required

The site should be deemed unsuitable if it is concluded
that:

= N0 engineering solutions exist to design against
external hazards that challenge the safety of the
nuclear installation,

or

= there are no adequate measures to protect people
against unacceptable radiological risks



SSG-35 : General Recommendations

The “Siting Process”

Q is intended to select suitable location for nuclear installation

A has three distinct steps starting with the region(s) of interest
as given,;

» Regional analysis
» Screening
» Evaluation, comparison and ranking



SSG-35 : General Recommendations

Remarks

I Identify Region of Interest I

I Screen to Candidate Areas I i
Candidate

Areas =
Potential
Sites
(15-20)

| candidate | |
1 Sites
(4-6)

I Identify Potential Sites I Proposed

| Screen to Candidate Sites |

'/ Compare \‘

Select Proposed Site [ { Select Alternative Sites

Siting Process steps

Conceptual Siting Process



SSG-35 : General Recommendations

Regional analysis: potential sites

Screening of potential sites: candidate sites

Evaluation, comparison and ranking of
candidate sites:

selected/preferred site(s) 7

REGION(S)
oF
INTEREST

(1)

REGIONAL
ANALYSIS

REJECTED
AREAS

REGIONAL
CRITERIA

EXCLUSIONARY
CRITERIA

POTE
SITI

NTIAL
ES
) ] L L

REJECTED
POTENTIAL SITES

SCREENING
CRITERIA

REASONABLE
NUMBER OF
CANDIDATE SITES

RESET
DISCRETIONARY
CRITERIA

DISCRETIONARY'
CRITERIA
L] J

B
EVALUATION,
COMPARISON
AND
RANKING

RANKING
CRITERIA

PREFERRED
CANDIDATE
SITES

SELECTED
SITE(S)

A Schematic Flow Chart for
Siting Process

REJECTED
CANDIDATE SITES

J\

SITE SURVEY STAGE

SITE SELECTION STAGE

Figure 3, SSG-35



SSG-35 : General Recommendations

Steps of the “Siting Process”
1.Regional analysis: region(s) of interest are analyzed to
identify all potential sites

2.5Screening test: potential sites are screened to exclude
unfavorable sites using safety and non-safety considerations

3. Evaluation, comparison and ranking:

— to ensure that there are no features that would preclude
the construction and operation of a nuclear installation

— to compare the candidate sites and rank them in order of
their attractiveness



SSG-35 : General Recommendations

Remarks

 Potential sites (in case of nuclear power plants)
v' Close to the load centers
v’ Close to transmission line
v Heat sink available

« Candidate sites: apply safety and non-safety
criteria
v Geology & seismicity
v Population centers
v’ Potential natural/human-induced events

v' Economic aspects (site specific works, infrastructures)



SSG-35 : General Recommendations

Remarks

« Selected/preferred site(s)
Balance between advantages and drawbacks
The final choice is normally strategic or political

Detailed site characterization of the selected site in the following
steps may lead to a selected site being found unsuitable from a
safety point of view and, thus, excluded.

In order to cater for such situations, a preferred site and an alternative-
preferred site need to be selected as a result of the process.



SSG-35 : General Recommendations

Remarks

» Tasks to be considered in the regional analysis:

1. Review of previously performed studies
Methodology, data and criteria used

2. Update previous studies

Check validity of previous results and whether or not other sites can
be identified in the region.

3. lIdentification of new potential sites

|dentify potential sites using the updated criteria and methodology, if
applicable.



SSG-35 : General Recommendations

Remarks

- Data requirements in the regional analysis:

— Only available data, either from previous studies or from
public sources
No site-specific investigations need to be made

— Required data refer to topics such as:

Population density Topography & Bathymetry
Proximity to towns and cities Meteorology & Hydrology
Land use Geology / Geotechnical
Access and transportation Seismicity

Proximity to hazardous activities Grid connection
Availability of cooling & industrial water



SSG-35 : General Recommendations

Remarks

« Typical tasks in the screening of potential sites:

1. Establish screening criteria (discussed in upcoming slides)

2. Data collection and verification

Collect additional available data, associated to screening criteria

Visit sites. Collect a limited amount of new data through basic site
investigations.

Initiate a systematic, consistent and uniform database for each potential site
and regarding each considered topic
3. Screening and identification of candidate sites

Using the established criteria and the collected data, identify a reasonable
number of candidate sites (for example, 3 to 6)

Visit each candidate site once again to confirm the results



SSG-35 : General Recommendations

Remarks

« Data requirements in the screening of potential

sites

Data used in previous phase need to be enhanced in two
ways:

1. Data related to topics not covered in previous phase should
be collected

2. The data need to be uniform for all sites, if a reasonably
comparative basis is to be established. For this reason,
further collection of data may be needed for sites where
information is lacking.



SSG-35 : General Recommendations

Remarks
» Typical tasks in the ranking of candidate sites:

1. Confirmation of the suitability of the sites (no exclusion factors)

Identify the potential weakness of each site that may be the basis for
excluding it from further consideration.

Conduct appropriate site-specific investigations and analyses to decide
whether or not the site is confirmed (i.e. it does not possess any negative
features to be considered as a suitable site).

2. Establish criteria for comparison and ranking (discussed in
upcoming slides)

3. ldentify the preferred candidate site(s)
Using the established criteria quantify the selected attributes of each site.
Select the site(s) that ranks highest as the preferred candidate site(s).



SSG-35 : General Recommendations

Remarks

« Data requirements in the ranking of potential sites:

For Task 1 (confirmation of suitability), it is possible that

detailed data is required for some sites.
Specific site investigations (boreholes, pits, trenches, geophysical)
will be required in that case

Data about construction and operation costs is required
Design details are not required, since ranking is made in relative
terms

Data needed for simplified assessment of external hazards and
other design parameters related to the site should be collected

This will allow performance of quantitative comparisons from site to
site



SSG-35 : General Recommendations
Siting Criteria

There are three categories of siting criteria:

1. regional criteria;
2. screening criteria; and
3. ranking criteria.



SSG-35 : General Recommendations

1. Regional Criteria

The regional analysis should be carried out to identify
potential sites using well established regional criteria.

No site should be discarded without appropriate justification

Regional criteria are generally related to:

— national domestic policy,
— national economic policy,

— national and international environmental protection or other related
policies of the State

Technical and infrastructure constraints and availability of
resources (e.g. water) are also important considerations



SSG-35 : General Recommendations

2. Screening Criteria - are of two types:

Exclusion criteria: used to discard unacceptable
sites based on site attributes for which there are
no generally practicable engineering solutions.

Discretionary criteria: associated with attributes
for which protective engineering solutions are
available. Used to eliminate less favourable sites
from a large number of sites

Table I-1 can be used as screening criteria.




SSG-35 : General Recommendations

2. Screening Criteria — Availability of Data

Siting process is expected to be completed using existing
data,

-~ However, good quality data may not always be available,
at the early site survey stage, to make certain decisions

In such a case, additional data should be collected to confirm
the suitability of the site



SSG-35 : General Recommendations

3. Ranking Criteria

provide bases for comparing and ranking the candidate
sites to arrive at a list of preferred candidate sites

are generally developed by using considerations relating
to discretionary criteria together with relevant non-
safety-related consideration

sufficient amount and quality of data should be collected
before a comparison between two (or more) sites

Limited field investigation, if required, should also be
conducted at this stage



Classification of siting criteria

» Screening criteria or Ranking criteria used within
the siting process fall into one of three types

- Safety related criteria
— Criteria relating to nuclear security

— Non-safety-related criteria



Classification of siting criteria

Safety related criteria

« Safety related criteria to be considered in the siting process
should be consistent with the safety requirements
established in IAEA SSR-1

 These criteria are classified into four thematic sets:

Potential impact of natural hazards on the safety of the nuclear installation
(Para. 4.3, SSG-35)

Potential impact of human-induced events on the safety of the nuclear
installation (Para. 4.4, SSG-35)

Characteristics of the site that could influence the transfer of radioactive

material to people and environment (Para. 4.5, SSG-35)

Feasibility of implementation of the emergency plan (Para. 4.6, SSG-35)




Classification of siting criteria

Criteria relating to nuclear security

* Nuclear security aspects should also be considered in
siting nuclear installations, taking account of the guidance
provided in the IAEA Nuclear Security Series Nos. 10, 13
and 19.

« Typically, this includes consideration of site
characteristics that could affect:

— The ability to implement physical protection measures

— The capabillity to deter, detect, delay and respond to
nuclear security events



Classification of siting criteria

Non-safety-related criteria

Non-safety-related criteria are concerned with aspects that
are not directly related to nuclear safety, such as:

— Availability of cooling water

— Topography

— Access to electrical grid

— Non-radiological environmental impacts

— Socioeconomic impacts

Such criteria should be considered together with the
considerations relating to nuclear safety, especially in the
ranking of the candidate sites.

------
e el W S L . hel RS

Managing Siting Activities for
Nuclear Power Plants (NG-T-3.7
(Rev. 1): 19 Infrastructure
Issues




Table I-1. Screening and Ranking Criteria for the Purpose of

Site Selection

Criteria

Primary

Earthquake

Geotechnical

Volcanism

Flooding

Extreme meteorological events

Humanimduced events

Muclear secumty
Dispersion
Feasibility of implementation of emergency plan

Implementation of emergency plan
MNon-safety

Type

Ground vibration

Surface mpture

Slope instability (massive landslide)
Slope mstability (minor)
Subsidence

Maszive hquefaction
Liquefaction

Karst (massive)

Lava flow

Pyroclastic flow

Ground deformation

Tephra fall

Volcanic gases
Lahars(maszsive)

Biver

Dambreak

Coastal(storm surges, waves, etc.)
Tsunami

High straight winds
Tomados

Tropical stonms
Precipitation

Sand storms and dust stonms
Aircraft crashes

Explosions

Gasreleases

Extemal fires
Electromagnetic interference

In air and water

Topography

Availability of cooling water

Access to water

Awailability of transport )
Access to national or regional grid

Non-radiological environmentalimpacts

S0C10-2COoNonc Hnpacts
Land-use planning

Exclusionary

LR S

%,

Screening

Category

Discretionary
v

o
o

LR

R T N N N N N N NN

Ranking

v

o
v

LNEY

SRR N A N A N A N Y

R




Table I-2. Site Selection Issues Crossed-Referenced to IAEA

Safety Standards
Site selection 1ssue 32.1 fety Safety Guides relevant to site evaluation Safety Gmdels relevart
Requirements - to design
Primary Effect NS-R-3 NS-G-3.1 | N5-G-32| B55G9 88G-18 | 55G-21 | NS-G-36 | N5-G-13 | N5-G-16
Earthquake Ground vibration v v v
Surface mipture v v
Geotechnical Slope instability v v
Subsidence v v
Soil Liquefaction v v
Extensive oil and gas v v
extraction history
Volcanism v v
Flooding River v v v
Dambreak v v v
Coastal v v v
Teunami v v v
Extreme High straight winds v v
meteorologeal events
Tomadoes v v v
Precipitation v v v
Humannduced Amrcraft crashes Y ’ Y
events
Explosions v v v
(Gas releases v v v
Extemal fires v v v
Population Density v v
Distance from centres v v
Dispersion Inair v v
Inwater v v
Feazibility ofthe v v
emergency plan




Example of Functional Application of Site Selection Process

Step

1 - Region of Interest

Action Basis
. Business plans and
Define ROI e—— purpose/need

=

Tool(s)

Areal Screening to
Candidate Areas

Siting Criteria—
Exclusionary & Avoidance

Geographic Information Systems

Factors
2 - Candidate Areas
Siting Criteria Google Earth®
Canve?ss f?r e Exclusionary & Avoidance Aerial photographs
potential sites Factors USGS topographic maps

3 - Potential Sites

Adequate potential
sites?

4 - Candidate Sites

Site Screening*

Siting Criteria - Suitability
Factors + Refine
Exclusionary & Avoidance
Factors

Available data for locations
where potential sites have been
identified

5 - Proposed and
Alternative
Sites

Modify criteria and re-evaluate as necessary

Issue analysis

Siting Criteria - Suitability
Factors +
Non-quantifiable issues

Local knowledge of applicant
team personnel; aerial and on-
site reconnaissance site visits

Acceptable proposed
site?

Select Proposed Site

- vES
& NO

* Apply criteria using utility functions and
weight factors to develop composite site
suitability ratings




Example Results of Screening Criteria used in Candidate site
identifications

Site | Seismic | Cooling | Flooding | Population | Hazardous | Ecology | Wetlands | Heavy | Transmission Land Site
Name Water Land Uses Haul Access Acquisition | Rating
Supply Access
Weight Factor of Criterion
82 9.5 46 8.1 6 5.7 6.2 5.1 78 3.3
Site 1 3 4 5 4 2 1 1 5 1 ] 191.7
Site 2 3 5 1 5 2 1 1 5 2 5 1987
Site 3 2 2 1 4 2 2 2 5 2 5 165.8
Site 4 5 1 5 4 4 1 3 5 2 ] 2118
Site 5 5 5 4 5 3 2 5 4 3 5 268.1
Site 6 4 3 9 4 2 4 3 3 3 5 2253
Site 7 3 3 4 3 2 2 4 3 3 ] 199.2
Site & 1 5 4 4 2 2 4 3 4 5 2177
Site 9 1 5 3 4 1 2 4 3 4 4 2038
Site 10 2 3 5 5 2 3 4 2 3 4 2091
Site 11 3 3 4 4 2 2 5 2 3 5 2084
Site 12 4 5 2 5 2 2 4 4 4 ] 2463
Site 13 5 5 4 1 2 2 5 4 4 4 2342
Site 14 3 2 4 3 2 1 5 1 4 4 1845
Site 15 4 2 ] 2 3 2 5 5 5] 4 2291




Detailed Siting Criteria (Ranking and Scoring) — Sample Results

Criterion® Weight Site 5 Site 12 Site 8 Site 8 Site 15 Site 13 Site 10 Site 6
Factor | Rating | Score | Rating | Score | Rating | Score | Rating | Score | Rating | Score | Rating | Score | Rating | Score | Rating | Score
Cooling system requirements 96 25 24 3 28.8 3.25 32 3 288 3 288 3.25 31.2 275 264 3 2588
Flooding 39 5 19.5 1 39 3 M7 2 7.8 3 1.7 3 1.7 5 19.5 3 1.7
Nearby hazardous land uses 42 4 16.8 3 12.6 4 16.8 4 16.8 3 12.6 3 12.6 4 16.8 3 126
Extreme weather conditions 46 3 13.8 3 13.8 3 138 3 13.8 3 13.8 3 13.8 3 13.8 3 138
Air radionuclide pathway 74 4 29.6 4 296 4 29.6 4 296 4 296 4 29.6 4 296 4 29.6
Disruption of important species/ 6.4 4 256 4 256 4 256 4 256 4 256 4 256 4 256 4 256
habitats
Dewatering effects on adjacent 56 4 224 3 16.8 4 224 2 11.2 4 224 4 224 3 16.8 4 224
wetlands
Socioeconomics: construction- 52 3 156 2 104 2 104 3 15.6 5 26 4 20.8 3 15.6 3 156
related effects
Civil works 48 3 14.4 2 96 3 144 2 96 5 24 3 14.4 3 144 2 96
Railroad access 6.7 3 201 4 268 3 201 3 201 5 335 4 268 3 201 4 268
COMPOSITE RATING 202 178 196 179 228 209 199 197




Scoring Example for Flooding

Area Flooding Potential Rating
Site is not located within a 100-year floodplain, and no potential upstream flooding concerns 2
(such as dam failure) exist.
Site is not located within 100-year floodplain, but potential upstream flooding concerns exist. 4
Site borders a 100-year floodplain, and potential upstream flooding concerns might exist. 3
Site is located within 100-year floodplain, but no potential upstream flooding concerns exist. 2

Site is located within 100-year floodplain, and potential upstream flooding concerns exist.




Scoring Example for Population Density and proximity

Host County Population Density Rating
Fewer than S0 persons per square mile (pam) 5
Between 50 psm and = 100 psm 4
Between 100 pam and < 250 psm 3
Between 250 pam and < 500 psm 2
200 pam or more 1
Distance to Nearest Populated Area Rating
Mo populated area within 20 miles* 5

Populated areas between 15 miles and < 20 miles

Populated areas between 10 milez and < 15 miles

B | o |

Populated areas between 5 miles and < 10 miles

Populated areas less than S miles 1
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Selection process for SMRs

Screening for Population

The population data to be collected and processed for an SMR
depends on the external zone to be considered necessary;

External zone would be smaller than that for a large NPP, depending
on the number of modules planned and whether or not the extent of
the external zone is determined conditional to the failure of a single
module;

In case if external zone is determined conditional to failure of a
single module, it is necessary to ensure that all common cause
scenarios have been taken into account;

Screening values for the population data should be selected
following a performance-based criteria commensurate with specific
SMR design;

In case specific design is not yet selected, an enveloping criteria
may be selected.

The consideration for 51 level of DID for SMRs is under debates.
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Selection process for SMRs

Screening for Population

The type of data to be collected regarding population is not different
from one type of facility to another;

Size of the region (the radius) has to be adjusted according to the
source term and the engineered safety features of the SMRs.



Screening of Hazards during Site

Selection process for SMRs

Screening for Feasibility of Emergency Response
Action

Regardless of the size of the external zone, following three major
potential impediments need to be taken into account:

1. Geographic and/or topographic conditions of the site that may
cause hindrance to transportation and communication within and
outside the site;

2. External hazards which may have played a role in the severe
accident, and which may also destroy infrastructure needed for
transportation and communication within and outside the site;

3. Collocated nuclear installations that may also have concurrent
severe accidents due to a common cause.

All these points have to be considered for site selection even if the
external zone for the SMR is reduced (or even within the site area of
the SMR)



Screening of Hazards during Site
Selection process for SMRs

Screening for Capable Faults

Fault capability is an exclusionary external hazard, no grading for
application of the requirements is recommended,;

Even though if the size of the footprint of an SMR is smaller in
comparison to a large NPP, screening distance for fault
displacement should be considered similar to that of large NPPs.
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Screening for Volcano Hazards

TABLE 1. VOLCANIC PHENOMENA AND ASSOCIATED CHARACTERISTICS THAT COULD AFFECT NUCLEAR
INSTALLATIONS, WITH IMPLICATIONS FOR SITE SELECTION AND EVALUATION AND DESIGN

Grading is

possible

Considered an Can effects be mitigated
¥ ] '] 1 ¥ ¥ ] " 2
Phenomena Potentially adverse characteristics for nuclear installations  exclusion condition at by measures for design®
site selection stage? and operation?
1. Tephra fallout Static physical loads, abrasive and corrosive particles inair and No TEs
water
2. Pyroclastic density currents:  Dynamic physical loads, atmospheric overpressures, projectile Yes No
pyroclastic flows, surges and  impacts, temperatures =300°C, abrasive particles, toxic gases
blasts
_ not
3. Lava flows Dynamic physical loads, floods and water impoundments, Yes No
temperatures =700°C
4. Debris avalanches, landslides  Dwnamic physical loads, atmospheric overpressures, projectile Yes No
and slope failures impacts, water impoundments and floods
5. Volcanic debris flows, lahars  Dynamic physical loads, water impoundments and floods, Yes Yes
and floods suspended particulates in water
6. Opening of new vents Dynamic physical loads, ground deformation, volcanic Yes No
ear‘thqlmke':
7. Volcano generated missiles Particle impacts, static physical loads, abrasive particles in water Yes Yes
8. Volcanic gases and aerosols  Toxic and corrosive gases, acid rain, gas charged lakes, water No Yes

contamination
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Selection process for SMRs
Screening for Volcano Hazards

TABLE 1. VOLCANIC PHENOMENA AND ASSOCIATED CHARACTERISTICS THAT COULD AFFECT NUCLEAR
INSTALLATIONS, WITH IMPLICATIONS FOR SITE SELECTION AND EVALUATION AND DESIGN (cont.)

Considered an Can effects be mitigated
Phenomena Potentially adverse characteristics for nuclear installations  exclusion condition at by measures for de&iignz
site selection stage? and operation?
9. Tsunamis, seiches, crater lake  Water inundation Yes Yes _ Gl‘adlng 1S
failure and glacial burst not
10. Atmospheric phenomena Dynamic overpressures, lightning strikes, downburst winds No Yes possible
11. Ground deformation Ground displacements, subsidence or uplift, tilting, landslides Yes No T+
12. Voleanic earthquakes and Continuous tremor, multiple shocks, usually earthquake No Yes
related hazards magnitude M < 5
13. Hydrothermal systems and Thermal water, corrosive water, water contamination, Yes Yes | o
groundwater anomalies inundation or upwelling, hydrothermal alteration, landslides,
modification of karst and thermokarst, abrupt change in
hydraulic pressure -

Note: A “Yes' in the site selection stage column indicates that the presence of a significant hazard from this phenomenon in the site vicinity generally
constitutes a site exclusion criterion, i.e. the site is not suitable for a nuclear installation. The design and operation column indicates the general
practicality of mitigating the potential hazard associated with particular phenomena, by either facility design or operational planning. A *Yes” in both
columns indicates that, in principle, this phenomenon constitutes a site exclusion criterion, although for some cases a design basis may be achievable.

% Design also includes the design of site protection measures for some of the hazards.
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Selection process for SMRs

Screening for Volcano Hazards

For the exclusionary volcano hazard, no grading for application of
the requirements is recommended;

Usually, large NPPs have more design robustness against impact
and blast loads, therefore screening distance values for SMRs
related to some volcano effects of may be larger than that for a large
NPP;

Theoretically, it is possible to apply a graded approach for non-
exclusionary phenomena, however, there is no significant advantage
in terms of human resources or time as these involve standard
engineering approaches;

Tephra fall out phenomena may be graded if SMR design covers this
hazards.
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Selection process for SMRs

Screening for Floods
- Flooding events may not be screened out in general;

One possibility of screening of floods is if the design of the SMR is
such that it is not located near a river, lake or sea. However, flash
flooding due to local intense precipitation has to be evaluated,;

Since flooding could lead to common cause failures involving more
than one module, sufficient margins are needed for safety against
flood hazards;

Marine based SMRs are particularly vulnerable to coastal flooding.

Even though protective measures be adopted against flood hazards
caused by tsunami, seiches, storm surge, waves, rivers and
precipitation etc, however may be not cost effective for SMRs.

As flooding is a major safety issue for nuclear installations, it is
recommended that flooding issues be avoided through the site
selection process



Screening of Hazards during Site

Selection process for SMRs
Screenmg for HIEEs

Two types of screening including SDV and SPV are recommended
in SSG-79 for screening of HIEES;

SDV for large NPPs is indicated for each HIEE with respect to the
design of the NPP for loads such as impact, blast, thermal, and
vibration. It is expected that in general, SMRs may not be as robust
as large NPPs with respect to their design against these loads which
may lead to larger values for the SDVs;

On the other hand, the exposed profile of SMR structures may be
significantly smaller than those of a large NPP, especially if the
safety related parts of an SMR are embedded. This could be a
consideration for the possibility of screening out of some missile
impact scenarios including, for example, aircraft crash;

This may not be a case for marine based SMRs where the plant is
exposed, and the impact of a large aircraft would potentially result in
unacceptable consequences.



Screening of Hazards during Site

Selection process for SMRs
Screening for UHS

Ultimate Heat Sink requirements for large NPPs and SMRs may
differ significantly ;

Accordingly, the data needed and the uncertainties involved may
also be different;

For example, some SMRs have passive means of extracting
residual heat;

In general, grading of data collection and protection of the UHS for
SMRs is a possibility in comparison to large NPPs. However,
potential for grading depends on specific UHS design that may be
different for different SMRs.

Screening for UHS during the site survey needs to consider the
SMR technology. The water requirements for the UHS may vary
from one type of SMR to the other.



Summary an

1. Adequate site selection is important for social,
economical and nuclear safety reasons

v' From a nuclear safety point of view, an adequate site selection belongs
in Level 1 of the Defence-In-Depth principle (‘prevention of abnormal
operation and failures’), as defined in IAEA INSAG-10, and also in
Level 5 (‘mitigation of radiological consequences of releases’).
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2. Site selection is performed by means of a siting
process

v The siting process has two main steps: site survey and site selection.

v’ Site survey consists of a regional analysis, to identify potential sites,
followed by a screening of potential sites, to identify candidate sites.

v’ Site selection is performed by evaluation, comparison and ranking of
candidate sites.

v Balance between advantages and drawbacks (no site is perfect)

v' Final choice is made with a strong strategical or political weight
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3. The main focus of Safety Guide SSG-35 is on the
siting process

v The siting process results in the selection of a site, for detailed
characterization and safety evaluation.

v The siting process is normally a non-regulated process. However, the
selected site must meet the site safety requirements in IAEA SSR-1.

v' Detailed site characterization of the selected site in the following
phases may lead to a selected site being found unsuitable from a
safety point of view and, thus, excluded.

v' A badly selected site can have serious consequences downstream, in
terms of over-costs and delays in the nuclear programme.
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4. Siting process makes use of an increasingly
detailed data collection and evaluation activity

v’ Site survey is based on information and data collected mainly from
existing sources

v’ Site selection works mostly at the local scale of candidate sites and
may require acquisition of new (i.e. non-available) data.

v Acquisition and processing of data should be performed according to
the quality requirements of a Management System.

v All data should be collected in a systematic, transparent, retrievable
and traceable manner.

v' A database, containing all gathered data, should be established
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5. Pre-defined siting criteria provide the basis for a
rational decision-making process in site selection

v There exist three types of criteria:
Safety related: intended to facilitate meeting SSR-1 requirements.

Security related: intended to facilitate physical protection measures,
and capability to deter, detect and respond to threats

Non-safety related: technical, economical, environmental, etc.

v The criteria are used in the different stages of the process.
Regional criteria: mainly, non-safety related criteria
Screening criteria: focus on safety-related criteria
Ranking criteria: mainly non-safety related discretionary criteria
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6. A management system for siting should be
established at the earliest possible time

v' The management system will need to cover:
Organization Planning
Qualification of personnel Work control / Verification
Required documentation

v' The goal is to have a documented, traceable process, with reliable results

v' The key management document is a Project Plan.



Summary o

/. Siting process may be graded, for installations
other than nuclear power plants

v’ Site survey and site selection process, by their own nature, are difficult
to grade.

v" Considering deployment of potential SMRs technology in the siting
process is helpful for screening of hazards.

v’ Possibility of grading depends on the radiological hazard category of
the installation, which is determined by a consequence analysis.

v For high hazard installations, no grading is possible.

v' For medium and low hazard installations, grading may be applied to the
extent and level of detail of the data to be collected and analyzed for
application of safety-related screening criteria.
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